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j _P R O C_ _E _E D _I _N G_ _S__ _

2 MR. CARBON: The meeting will now come to order. Thiss-

3 is a meeting of the Advisory Committee on Reactor Safeguards,

() 4, Subcommittee on Advanced Reactors. My name is Dr. Carbon. The

5g other ACRS member present is Dr. Kerr. Dr. Plessett will be here

@ 6|
"

; soon. Dr. First, a consultant, will also be here soon.
R
e
" 7 .

The purpose of this meeting is to review the NRC
n
2

8f sponsored research on advanced reactors. The meeting is beings
d i
* 9
}. conducted in accordance with the provisions of the Federal

h 10 |i
0

Advisory Committee Act, and the Government in the Sunshine
= i

5 II | Act.
a
" 12
E Paul Boehnert is the designated federal employee for
=
J

13(. )5 the meeting. The rules for participation n today's meeting
v _.

m
y 14, have been announced as part of the notice of this meeting,
=
= 15 |g previously published in the Federal Register on June 24, 1980.
=

d I0 | A transcript of the meeting is being kept and will be
^

\

h I7 i made available as stated in the Federal Register notice. It is

2
g 18|i requested that each speaker identify himself and speak clearly.
P !

19 I' We have received no written comments or requests to make oral
"
g
n

20 statements. We will proceed with the meeting in just a moment.

2I I will call upon Dr. Kelber of the NRC at that time.

22
; I would like to suggest, Charlie, that you ask each of the people

23 i to stick almost religiously to the time schedule because we have
,

- 24 got t'o be out of here at 1:00.
-

25 There is another meeting scheduled in here.
!

i
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.bfm3 1 MR. KFLBER: We have impressed upon them the serious-

gg 2 ness of allowing adequate time for discussion.

3 MR. CARBON: I would propose to forego the executive

[] 4 session and simply try to move everything up five minutes. So,

5g at 8:35, I will call on you Charlie.
9
h 0 MR. KELBER: I am Charles Kelber, Assistant Director
i:t
*
D 7 for Advanced Reactor Safety Research. I want to summarize today
s

8M our understanding of the concerns raised by the ACRS about the
d

}".
9 work in this area.

o
$ 10 (Slide.)
!

$ II
'

We will discuss.what our response has been to that.
B:

f I2 We have attempted to reapond positively to ACRS recommendations
:

(] f 13 regarding the aims of our research. This response has taken two

z
E! I4 forms. One, the redirection or change in emphasis on existing
9j 15 work, such as the work with the super-system code and Branda;
=

a[ I0 and two, the development of new approaches that focus clearly
us

h I7 I on ACRS concerns, such as the fuel testing sensitivity program.
=

{ 18 These efforts, we judge to have aihigh promise of
i";
t- I9
} success, if the research is continued at the level of effort

20 requested by the Office of Research. The effort will be con-

2I cent';ated on these concerns.

22(m There will be a certain level of code development and

23 - code support to improve computing efficiency. .You have heard

24 some of that last week in the discussion of the SIMMER code.

25 The major.use of the codes will be their application to these
.

t

I
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4

sfm4 1 concerns.

q
L/ 2 We antic'ipate some testing to continue as well, par-

3 ticularly to improve our knowledge of key processes and develop-
m

j 4 ment through key models. On the succeeding vu-grapbs, we summarize

5j the major efforts, responding to each recommendation.
e
@ 6 It is noteworthy to remark in this, the benefit from
R
$ 7 participation in exchanges w'ith foreigh programs. As early
s
j 8 recommendation of ,the ACRS made several years ago was to derive
d
c; 9 maximum benefit from such programs. We are obviously doing just
z

h 10 that.

E

$ 11 As you know, the emphasis on core melt accidents and
3

g 12 core disruption accidents varies from country to country, being
5

() '13 somewhat similar to our own in Germany, being somewhat similar in

h 14 England, and noted practically only in passing in France. We
$

15 have had considerable benefit from the discussions with our

d 16 foreign partners in this matter, as well as with the broader
w

{ 17 range of accidents. .

18 The accend delineation phase one report was discussed
A
"

19g with you last week. Today, you will hear some about the SSC code
n

20 and the COMMIX code, which will be used to study a variety of

21 problems in the area of flow transients.

('/)
22 As has been described to you, we are carrying on -- I

x-
23 , apologize for the vu graph, the misprints there are pretty bad.

,

i

:

24 ' We will be reporting further on the heterogenous versas homoge-

25 | nous core study that has been under way now for some while.
,

! |

|
|
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bfm5 1 First at Argonne, and now at Los Alamos.

([ ) 2 MR. CARBON: Let me interrupt here, if I may. The first

3 recommendation we made when these reports started coming out was

"'

(Qi 4 to place a lot more emphasis on accident delineation, analyzing

5 accidents of a very broad spectrum. It is quite true that lasto

6j 6 week, or whenever it was, there was a mentionx.of the accident

it

11, 7 delineation phase one report. I did not think of it in terms

s
y 8 of a discussion. I don't feel I have mush of an understanding

'

d
q 9 or appreciation of what you are doing there.
2
0

$ 10 I wish you would expand on that at the moment.

E
j 11 MR. KELBER: The accident delineation effort started
B

j 12 as a response to an attempt by the CRBR project to introduce
5

% y 13 risk. analysis into the licensing stream. It was a defensives
s = .

! 14 reaction.
w
k
2 15 Up to that time, despite the ACRS recommendation,
5
g 16 we have been prohibited from doing this work.by the director --
w

d .17 MR. CARBON: Our recommendation was on a generic basis.

5
5 18 MR. KELBER: The effort then started purely as an
F
e

{ 19 accident delineW; ion effort.. That is, no probabilistic input.
M

20 This is in keeping with a tradition which has not yet changed

21 within the Office of Research, although it may be changing to

r3 22 restrict participation in these matters to a particular group.

\-)':

23 , The claim is that peculiar expertise is needed to do

24 probabilistic studies which may be correct. Then, we suffered
. ,,

O
25 j a number of managerial problems in thes effort, particularly

i

I
,
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bfm6 1 when the -- after the licensing of CRBR was deferred.

(,h
r

/ 2 The effort within DOE in this area also decreased. We

3 lost some focus. We took some stet- to redress this deficiency.

() 4 We now have, I believe, a first rate manager in charge of that

5g effort, Milt Clauser, from whom you heard last week.
9
$ 0

; We are making significant progress. We also had some
'R

*
S 7 conceptual difficulties. The conceptual difficulties were how
A
i 8s to deal with all the phenomena encountered in treatment of
d
" 9~. core melt accidents; yet significant progress had been~made inz

10 the discussion of accidentrinitiators and events that might
=

5 II lead uputo core melt accidents.
E
''

s
12 I believe this is where you thought there should

=

f]) f 13 be more emphasis. Under Clauser's direction, we have gotten over
w I4| those road blocks. Ne believe there has been perspective put
$
.g 15 into the pregram. We are now ready to have very wide-spread
=

f 16 review of.this work.
e

17 MR. CARBON: How long has he been at it and how many
=

{ 18 people does he have?
~

"
19g MR. KELBER: Six months, and three people.

n

20 MR. CARBON: Plus himself?

2I MR. KELBER: Plus himself. He also directs the effort

(~) 22 | on the CONTAIN code. Now, we did have a draft report which was
%J

23 f extensively reviewed.- That review was then factored into this !

I

24 latest report, which is now in pretty good shape.

25 j On this we will have a review group meeting. Of course,
!

:
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.

sfm7 I the ACRS will be notified of that review group meeting when it

pQ 2 is scheduled.

3 We would propose then to discuss these questions in

() 4 a wider arena, particularly, there are two aspects of the report

g 5 that~.I think are very interesting.
O

@ 6 I know they are of great interest to DOE as well. That
R
$ 7 is the sensitivity of the system to the loss of heat sink. Of
a
j 8 course, all reactor plants are sensitive to the loss of heat
0
0; 9 sink. There are many varieties of choices available to the
z
o
@ 10 LMFBR to remove residual heat.
E

h 11 DOE has been going through a very considerable
'

3

g 12 study of the way to remove residual heat. They are trying to
5

V(~; j 13 arrive at criteria to decide whica is best. I think it would
:::
m
5 14 be a review group meeting for *he ac;idetn delineation report
5
2 15 to focus on this issue of how ta ensure reliability of residual
5
'

16.j heat removal._ That would be mutually rewarding, both to us and
s-

d 17 ! DOE.
w
5
3

18 I think I look forward to that aspect of it. Somewhat
P

$ 19 surprising to me, and I think surprising to a number of us, was
n

20 at the opposite end of the spectrum. The finding that the favored

21 mode for containment failure, though not necessarily from a

r~ 22 consequence point of view but from a frequency point of view,
b)

23 ' ; was estimated to be base mat melt-through.

7~S 24 | This probably contradicts NASH-1400. It certainly

(_) !

25 i contradicts the Zion-Indian Point study, which indicates that
i
i

j ALDERSON REPORTING COMPANY, INC.
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bfm8 i base mat melt-through is probably unlikely at all, particularly

(]) 2 if you have a thick base mat.

3 So, we are going to have to look at that as well. I

'~

N' .')\
4 do believe that from the point of view of the design criteria,

e 5 and accident prevention, focus on how you establish the greatest
9
8 6 reliability for residual heat removal is a topic of mutual
I
N

g 7 interest, both to us and DL ,

n
8 8 That, I think, is what the focus of our review group
N

d
d 9 meetings should be. We would anticipate having that as soon as

Y

$ 10 the report becomes widely available. We now have a rather thick
E
5 11 draft.

'

$
d 12 MR. KERR: Is this a review group that is now in
$
E 13 being?s

\m.
=

2 14 MR. KELBER: Do we have a regular review group?
d
u

! 15 VOICE: We had a review group meeting on the first

$
16 draft in October --

B
z

VOICE 2: January '79.d 17 ;
4
5 18 VOICE: I would estimate we would try to --

5
7 19 MR. CARESN: Excuse me, I am very confused here. I

A

20 thought this report -- I thought this was six months. You are
q

21 talking about a review 18 months ago?

3 22 VOICE: That is correct. There was a previous draft.

'D
23 , MR. CARLON: He just started on this six months ago.

24 VOICE: This has been under -- we have had three

O_s .

25 managers c. this problem.

i

h'
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Dfm9 1 MR. CARBON: I see. Does this report reflect what has

(]) 2 been done in the last six months?

3 VOICE: It reflects the entire work; however, there

('; were enough serious problems raised in the review of 18 months4

5 ago that the report was essentially completely rewritten overe

5

$ 6 the preiod.

R
S 7 MR. CARBON: Okay. So, then there is or is not a review

s
j 8 group at this time?

d
d 9 VOICE: We would -- to what extent we could reconstitute

10 the same people is problematic.

!
-

j 11 MR. KELBER: We will get some of the same people.
B

g 12 VOICE: We will get some of the same people and get

5
x y 33 some new people.

. = !

h 14 | MR. CARBON: Give some examples of how many and who

$ I

2 15 i will be on it.
s
j 16 MR. KELBER: Well, the review group itself consists
W

d 17 of federal employees. I assume we would have someone from

5
5 18 DOE. We usually have had their cooperation in this.

5
E 19 There will be Dr. Curtis, who will be the chairman.
!

20 We well attempt to get stT.aone 'com 1RR, but as you know, they

21 have no expertise anymore in t! .3 's ea . Whether they will par-

22- ticipate in this or not, we do not know.gx
I !v

23 We would attempt to get someone from the probabilistic
t

24 i analysis staff. Again, in the past, we have had perhaps grudging

(/ f,
'

s-
25 ' cooperation. It is improving. We will hope for better.

I

!
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10

sfml0 1 In addition, we.will have a wide range of consultants.

() 2 one difficulty that we do have is that a great deal of the

3 outside expertise that we do rely on is at Sandia, itself. They

() 4 have done a lot of peer review, but it would not be reasonable

e 5 to ask them to take part in a critical review of a Sandia
A I

h
6je.*

, report.

R
$ 7 We may have them on hand anyhow to lend expertise. I

sj 8 think we will go to Los Alamos,.to Argonne, and we will attempt

d
d 9 to get some of the GE people who have been doing work for DOE
i
O

$ 10 to come in as well.
6
5g 11 We will aslo consult with DOE, whether there are some
a

y 12 others that might be appropriate.
5

,Q y 13 (S lide . )
(_/ =

$ 14 Now, the next issue is natural convection, and do we

$
E 15 need a new facility? That will be the focus of a number of -

5
y 16 at least two talks today. We did have a very good specialist
A

d 17 , meeting at B & L this last February to develop some concerns.
5
5 18 Out of that, we developed the viewpoint that, at least,

5
$ 19 some doe work on a new facility wbs very well thought out. This
M

20 is the work at AI. We think th"b they have done a good job of

21 analyzing the need.

(~S 22 It does appear to be reasonably specific to the design.
'QJ

23 In scale, it is not.too much different from the tests, I believe,

24 that you saw, Dr. Carbon, on Carl's work. The unanswered ques-cs
(_)

25 ; tion is to what extent we need full-scale tests.

!
1
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sfmil 1 I know that in a sort of academic or generic way,

(n_) 2 there are tests being done at Grenoble at essentially full-scale.

3 These are to address problems associated with very low flow rates

() 4 where the conductivity of the sodium makes a big difference in

5 the behavior.

@ 6 MR. KERR: I do not remember the language in the ACRS
R
*
E 7 report specifically, but my memory was the last ones adjusted
s
! O that you determine whether a facility was needed to settle the
d

9 question; I presume from what you are saying, youradetermination
o

h
10 is yes, a facility is needed.

=

! II MR. KELBER: At this. time, we see no reason to
3

{ 12 contradict the AI point of view. The sum total of all of our
C

I''t g 13 investigations to date is yes, a new facility is needed. It
\_/ x

z

f .4 should be reasonably specific to the design involved.'

A
15.g MR. CARBON: Have you addressed that parcific point?

x

j 16 YOu simply did not pass over it and go on to designing a facility?
A

h ~I7 MR. KELBER: No, we are not going to design a facility.
=

{ 18 DOE is doing that.
=
b I9g MR. CARBON: Have you specifically addressed the ques-
n

20 tion though of whether a facility is needed?

2I MR. KELBER: No. We did a review of the AI paper

22/-} f
and felt that their analysis was good.

(/

23f MR. CARBON: Did they analyze whether one was needed?
;

24gm. MR. KELBER: 'I think, yes. That is the in the pro-
G

25 [ ceedings of the Brookhaven report. 'I guess -- when will that
i

f
i ALDERSON REPORTING COMPANY. INC.
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bfm12 1 report be out? It should be out very soon.

({) 2 VOICE: The Chairman should be here shortly.

3 MR. CARBON: Is that item number two? That is out, I

( })
4 think.

g 5 MR. KELBER: I have not seen it, but it should be

8
@ 6 our very shortly.

R
d 7 MR. CARBON: The papers are out.

A
j 8 MR. KELBER: Yes. I don't know what DOE's feeling is

d
d 9 on this to tell you the truth. We have not really discussed
i
o
g 10 with them their plans. I think one of the reasons is.that they
3

| 11 themselves are trying to make up their minds. We are going to
k

y 12 urge them to continue to support that work.
=

(~- | 13 MR. CARBON: Our question was determine whether, also
I

y 14 ! it referred to commercial size. Is this working?

$ l
2 15 MR. KELBER: The AI work is aimed at the conceptual
u
j 16 design stuff.
W

d 17 MR. CARBON: For both loop and pool?
$
$ 18 MR. KELBER: The point they make is it should be

5"
19 reasonably specific with the design. I think, therefore, if one

i

20 were to -- that their argument is that you have at least the

21 conceptual design in mind when you design the loop.

22 MR. KERR: I think this question grew out of a7- .

kJ
23 ! discussion of the validity of existing or planned codes to

i

24i analyze the natural circulation situation..s

-]
25 At the tir.ie , it was not clear whether the codes needed

t
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13

sfm13 1 validation in an experiment that was near commercial size.

rx
(_). 2 Since that time, apparently the conclusion is that,

i

3 indeed, in order to have confidence in-the goals of that regime --

<3 4 MR. KELBER: Let me comment on the regimes where the(y
5j size effects are apparently important. The IA paper points

n
@ 6 out there are two types of regimes. Scaling is not too bad
R
o
S 7 to do.
a
| 8 We are, as you kr.ow, cooperating with DOE in making
d
c 9
2,

an independent review of the FFTF natural convection tests.
o
G 10 That report has been out. .The work that is now being done is
E
_

$ II to relate the values predicted by the code to what will be
3

g 12 measared by the instruments.
E

/~y g 13 As you know, there is a tranfer function to the instru-
\~) =

b I4 ment. We want to anticipate that as well, particularly since
$

$
15 we have the time.

=
y 16 MR. CARBON: I did not know you were making this review.
A

I
N I7 Who is doing that?
w
2
3

18 MR. KELBER: Brookhaven.
A

h I9 MR. CARBON: This is a joint NRC-DOE?
5

20 | MR. KELBER: Yes, DOE has furnished us with the test

2I conditions, the instrument locations, and the other input data.

22
(-} We -- plant description of FFTF.
v

23 MR. CARBON: Is this what will be or what was run?

24 | MR. KELBER: What will be.r3
(/ I

25 | MR. CARBON: What will be.
i
5
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hfml4 1 MR. KELBER: We have made these prodeictions. The
,(,) 2 report has been published. So, these are true predictions. We

3 have also done code comparisons. DOE has also done code compari-

( )) 4 sons. As I say, we are now looking at the questdon of how the

e 5 what is actually measured, how it relates to what the code
$

@ 6 actually does. The two things are not synonymous.

R
$ 7 If I can summarize the question of code validation

4
| 8 very briefly, it would be this way: The early part of the

d
d 9 transition to natural convection, while the flow is still in the

$
$ 10 turbulent regime, there seems to be little doubt in people's

!
j 11 minds that comparisons with tests substantiate the use of
M

f 12 the code for larger scale.
5

(~) $ 13 As you make the transition into the laminar flow
s/m

$ 14 regimes, a variety of scale effects become important. As you go

5
2 15 out longer and longer in time, it is -- and particularly as
s
j 16 new heat transfer paths become significant or as conductivity
w

d 17 i paths become significant -- then the validation at small scale
5
5 18 becomes less and less assured.
:
e

{ 19 Let me put it that way. Validation on small scale is
n

20 a usefule basis for extrapolation to large scale. There are

21 also details of design that may heavily influence the output.

22 For example, I am told -- I cannot cite any authority on this --(^-v}
23 , but I am told that PFR,_which is a fairly large-scale machine but

24 not. commercial scale, has vortices in the outlet, also arund theg-)
V

25 entrance to the IHX where the dip heat exchanges are located.

t
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Gfm15 1 That is a function of design detail. Whether you could

(n) 2 reproduce -- expect to reproduce that in a full-scale design, or
_

3 even one to us is a good question. It certainly influences the

f'l 4 tenperature distribution at low flow rates.
N_/

e 5 MR. CARBON: Lettme interrupt.

@ 6 MR. KELBER: Those experiments are not well instrumented .

R
& 7 I know that Dr. Plessett is very pessimistic about our ability
n
j 8 to do a great deal with that.
O

o[ 9 MR. CARBON: Let me interrupt there. I think you

!
$ 10 said you are told about those PFR tests. Is it correct that the

!

@ 11 British have been unwilling to give you enough detail to really
W

p 12 analyze --
5

13 MR. KELBER: This was taken up'at the last coordinator's

| 14 conference that was held this June in the UK. The statement

$
2 15 that was made there was that the British side thought that
E

j 16 Colin Gradtry and Bill Sha -- Bill is here today -- have an
A

d 17 | understanding on data transfer. I suspect Bill will be happy
5
M 18 to tell you his knowledge of the PFR test in whatever detail you
_

? I

{ 19 wish.
n

20 MR. CARBON: I will ask now or then, do we have enough

21 of the information -- do we have all of the. information, so

2273 to speak, on their natural circulation test, that we know why
V-

23 ! they could not predict natural circulation results?
!

24 They were unable ahead of time to predict what was

(/ i

25 , going to happen,
i
i

!
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bfm16 1 MR. SHA: I had two lengthy discussions with Colin

2 Gradtry. They are very open-minded and very willing to give us

3 all the knowledge and results they have on PFR. That is what he

[~ 4 promised me.(.)/
5 MR. CARBON: So, they are willing, but we do not haveg

c?

] 6 it yet.
R
& 7 MR. 5n04: They do-not quite understand the phenomenon
sj 8 going on at the PFR. Certain portions, they are still in
d
o; 9 doubt. That is why they asked us to come in, use the COMMIX
z
oa

@ 10 code to try to close this gap.

!

@ 11 MR. CARBON: Does this imply that there is a real
3

g 12 coordinated effort to try between us and them to understand
3

13 what is going on?

m

3 14 MR. SHA: I think the emphasis is real, but the
$

15 problem is funding situation. That is the problem. They are

y 16 waiting -- both sides are waiting to cooperate to a full extent.
W

b' 17 They are anxious for our he,lp. We would like to understand what
i N

{ 18 is going on over there.
A

{ 19 They provided all the data they have, all the knowledge
5

20 they have. We will give all the code capability to try to have;

1

21 joint ~ efforts to try and understand the situation.

22 MR. CARBON: The funding problem on our side is NRC3
_],

23 funding to support this?
,

i

24 | MR. SHA: Yes.
[~D |

: %!

| 25 ; MR. KELBER: As our budget situation becomes clear, we

!,

'
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sfm17 1 have had discussions with Bill Sha on what is needed to support

O) 2 this work. As our fuding situation becomes clear, we will attemptis ,

3 to see whether we can provide funds for this. When we provide

(} 4 funds for a special corroborative effort, we generally like to

e 5 have a memorandum with the other partner as to what we are going
$

$ 6 to do.

R
$ 7 We have to justify our expenditures somehow. We would
2
j 8 like to have, therefore, at least a memorandum in this repsect.

d
d 9 I should say that my opposite number in the UK, Harry Tieg has

N
b 10 promoted to another position, as you may know. His position
E

| 11 right now is being taken temporarily by Ernie Gilpe. I do
a
g 12 not know when they will appoint someone else. When that happens

5
( 3 y 13 and assour funding situation does become clear, we can put this
Uu i

-

@ 14 on a solid basis.

$
2 15 Obviously, we are going to go ahead. We are going
$

f 16 ahead mych more slowly than we originally anticipated. There
w

d 17 are some real problems here. They are not academic. I was

$
5 18 talking with Carl Anderson from Westinghouse, who is in charge of
=
-

{ 19 some key design efforts. He feels that understanding these
n

20 problems, which I believe are characteristic of low flow, is very

21 important from the design point of view since it is under these

22 conditions that many components objected to their highest tempera-es
( 1

\_/
23 ture and to their highest thermal cyclic stress.

,

24 MR. KERR: We are all convinced that it is important
,_
(_/ :

25 , to understand natural convection.
,
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5fml8 1 MR. KELBER: There is a large community of interest

e
i 2 between us and DOE and the vendors, also abroad.s,j

3 MR. KERR: The conclusi.n is that existing codes

() 4 probably cannot be dependent upon to predict natural circulation
U

g 5 behavior, and an experimental facility is needed.

8
3 6 MR. KELBER: I think that is our present position.

R
& 7 I have great hopes that with highly detailed codes like COMMIX

Z
j 8 and others that it is perhaps -- we can learn enough to

d
d 9 construct useful models for what I might terms." production

5
g 10 codes."

,

3j 11 I might say that Bill Sha has made immense strides in
W

y 12 speeding up COMMIX to the point where it is not -- it does not

3
13 require unreasonable amounts of time. Nevertheless, I think

| 14 there has to be a distinction between highly detailed codes like

$
2 15 COMMIX and production codes, such as SSC.
E

j 16 Whethre or not these codes make a good prediction
A

g 17 | depends very much on whether there exists multi-dimensional

5
$ 18 effects and paths which are not modelled. If the -- if doing the

5

{ 19 test or experiments with the reactor -- if the rate is reason-
n

20 ably represented one-dimensionally -- in other words, you can

21 anticipate the flow path when you model it, and you can probably

r3 22 predict natural circulation as well as the other.

U
23 MR. CARBON: The evidence would seem to indicate

24 though that the codes.'are not going to be modelled properly
(s)us

25 because we do not know how to model them. We don't know what

-| ALDERSON REPORTING COMPANY, INC.
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.)fm19 1 ! goes in.
|

2' VOICE: The point is that where multi-dimensionalj

3 effects such as vortices -- when they become important, clearly

c d|htl
4 a one-dimensional model is sufficient.

5 MR. CARBON: We'd better stop.

9
~

You had betterbgn t2

j 6 proceed rapidly.
R
$ 7 (Slide.)
;

| 8 MR. KELBER: The final effort I want to review with
a
& 9 you is our program on safety test -- fuel safety test needs,
$
D 10 and review of our testing capabilities. This was a point that
i

@
11 you brought home to us about a year or so ago.

a
p 12 At that time, we had received from our contractors
5

(' , y 13 a rather extensive discussion of a proposed safety -- fuel
LJ=

m

5 I4 safety testing program that covered all parameters and all
5j 15 situations with some attempt at prioritization. It was largely
=

E 10 a judgmental attempt.
e

h 17 { We decided, in view of your concern which we share,

5 i

j 18 | and in view of the rather poor documentation for some of the'

-

s
19 assigned priorities, we would attempt to do some analyticalg

|5

20 | work to find out what do you really need to test.

21 Some early work has been done, particularly in coopera-

22 f tion with the English by Harry Hummel, who is here today, andr
~J !

23 | some of the others in that group at Argonne. We are continuing

24 some ef forts at Los Alamos and Sandia.-~

v
25 It may well be that the types of tests you want toi

h

!
!
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ifm20 1
make are far fewer in number than we previously thought. In

II 2\> particular, we are trying to concentrate some of the work that

3
Harry has done into the description of what the A-3 tests should

(,y) be a Cabri. That is a test scheduled for late this year.
,

3 There is a developing consensus that one wants this
n .

3 6
test to be large enough to cause a significant failure ofe

n
R 7
; the clad, and to summarize what is an extensive piece of work.
n
8 8a What is of interest is how the clad fails. Does it fail
d
c 9
g by a rapidly prolongating rip, or does it fail at a point, and
c
P 10
i essentially fuel just widens that breech as it gets expelled?
=
2 11
g Now, how successful Cabri would be in determining this

6 12
E is another question. We probably would have at this time -- we
9

()f would have to pin our hopes on a fairly clued resolution.
3 14
@ We have one of our people working there. We would
k
9 15
g hope to get as much information as we can on this topic from

? 16
y this experiment. This work is continuing. We hope to be able

F 17
d to report more conclusively to you next year.
E !
$ Let me summarize that our program as the tools and
C ,

| capabilities to investigate key areas of safety concerns deline-j
20

ated by you and others. Given an adequate level of support, we

21
should be able to continue to produce notable results that help

^T(O set the stage for any future licensing actions that may arise.

23 : It is not easy to forecast when such actions may be

24|
(~s}

i needed. Just a few years ago, we were in a very difficult
u

25
i discussion.with respect to licensing CRBR. We do not know when
i
l
i
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sfm21 1 an PPortunity like that might present itself again. The esti-

(^'i 2 mates range from one year to 20 years. They are as much political
V

3 as technical in nature. When the opportunity does come up, we

{} 4 should be prepared.

e 5 I think that the budget we have requested is a bargain

b
8 6 price for making sure NRC has resources available to act, if and
e

7 when needed. I think that even at a somewhat higher level, it

8 is still a bargain considering the nature of the problem.

d
c 9 That concludes my statement.
i

h 10 MR. CARBON: I am going to ask one quick quesiton. One
3 -

5 11 of our recommendations was to study the advantages and disadvsn-
<
S
d 12 tages of alternate containment design. What have you been doing
$
3 13 in that area, just real briefly?

( S

E 14 MR. KELBER: We are starting some work under the
w
b
! 15 accident delineation study. That is a natural place to do it
5
: 16 because they are also developing the CONTAIN code. We have done

B
A

d 17 , nothing but planning in that effort at the present time.

5
5 18 I think the major question that we face in fast

5
19 reactor containment.is dealing with sodium fires. The tendency"

8
n

20 in fast reactor containment has been to use a design somewhat

21 similar to that of the ice condenser plants, a rather low pressure

22 steel shell.s

23 ; That, I think, is tenable if you do not have to deal

24 with a sodium fire, or at least if you do not have to deal with

25 | a spray fire. There will be a very considerable program in

|

|
'
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22

sfm22 I France, the Esmerelda program on large fires, including spray

r"s
's_) 2 fires in containments, where they are trying to face up to this

3 issue.

() 4 The other side of that coin is what happens when

5 sodium spills on concrete. We are finishing that work. We think

@ 6 we have a good thermal dynamic and chemical model of that
R
e
S 7 process.
M

$ 8 MR. CARBON: That answers my question. Bill, any
d
n; 9 others?
z
o .

g 10 MR. KERR: Will the alternate. containment study -- if
E
_

@ II it is continued to continue -- include features of filter
B

N I2 vented containment systems?
5

Sj 13 MR. KELBER: That is a reasonable way to look at it.-

, .) x

| 14 Here are the questions you have to look at. Can you suppress !
$j 15 spray fires with deflection pans, things of that nature? !
=

1
y 16 Must you have a steel liner in the secondary cells

'

A

6 17 , to protect the concrete? Can a simple pressure relief system
E

{ 18 work effectively? The filters pose a special problem for
C
&

19g such a system.

20 ; I do not -- in this respect, we may be able to get

21 some help in connection with the filter vented containment

22 studies for the LWRs. I am trying to negotiate an exchange with
(^)) ;

*
.

23 | the Swedish Atomic Energy Commission, who have made a decision

24 to go to.the filter vented containment on their reactors.f s,

(_) !

25 | They are proposing to test filters -- filter efficien-

!

l
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.bfm23 1 cies during the coming year. What I propose to do is to exchange

() 2 their knowledge on filter efficiencies with our predictions and

3 knowledge on filter loads.

[") 4 Between the two of us, we ought to come up with a
(./

e 5 reasonably credible filter design. Whether that can be
3
4

@ 6 extregolated to the sodium case or not, I do not know. DOE has

R
$ 7 been doing a very significant study at HEDL under Bob Hilliard

s
j 8 in this area.

d
d 9 So, between these efforts, we ought to be able to get
7:
o
@ 10 a reasonable guess on the size of such a system for a sodium
E
_

j 11 plant.
B

| 12 MR. KERR: Our knowledge about loads to wh.ich you
5

13 refer is the kind of knowledge that one gets by running --

h 14 MR. KELBER: We have to make some estimate. If you
w
&
2 15 have sodium dumped into the containment --
5
y 16 MR. KERR: I was -- I assumed you were talking about
A

d 17 awater reactor. When you are talking about the Swedish work --

$
$ 18 MR. KELBER: Yes.

5
{ . 19 , MR. KERR: The loading knowledge that you mentioned
n

20 is what you get from running --

21 MR. KELBER: No, we will be doing tests with steam

22 filled atmospheres and aerosols at NSPP starting this fall.

O
23 We will be ---we also will be doing some aerosol sampling at

!

24 I Sandia.
r~s !

(-) !
25 | MR. CARBON: Thank you. We will move ahead. Harry?

i

I
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sfm24 1 MR. HUMMEL: we have prepared a brief presentation
'

,-

k-) 2 this morning at our activities at Argonne. Additional details
,

3 can be found in the background material we have included in

<~s4

4() the handout.

5g Pat Garner will discuss the boiling model development
n
$ 0 work. I will first cover other aspects of the program.
R
F 7d (S lide . )
s .

'

2 8n Let me remind you what our principal activities are.
d

]". We are concerned with in-core accident analysis. We are not9

c
$ 10 concerned with out of core development or assessment. Of course,
E
_

II we would use models of the primary loop and so on as they would

f I2 affect in-core phenomena.
=

(~% y 13 Our principal modelling activities hav - been EPIC,
\m) :

14 which at the moment pretty well completed the BIFLO modelling
kj 15 code is our principal activity at the moment.
=

E I6 Our cooperative studies include participation with
w

.
the UK in comparative studies of the WAC group. We have

=

b IO engaged in various assessment activities as shown on the vu-
:
"

19
8 graph.
n

20 MR. CARBON: What-is the WAC group?,

21 MR. HUMMEL: It is a committee concerned with whole

22
j'] core estimate analysis.

,,

23| (Slide.)

24
(~%

Our activities are focussed on the initiating phase
\_/ !

25 i of whole-core accidents, initial conditions for a transition
!
:
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Gfm25 1 phase. BIFLO is concerned with looking at incoherent effects

2 within. subassemblies. It is currently just looking at radial
(~)T%

3 symmetric effects with the possibility of going to see if skews

(-} 4 exist in the future.
U

e 5
~

We would expect that BIFLO would be incorporated.in
A
9

@ 6 SAS-4A, which is currently being developed. We would expect

R
$ 7 them to consider the possible effects of intra-subassembly
sj 8 incoherence on clad and fuel motion, although we do not have any

d
C 9 definite plans at the moment for any modelling work in that area.
i
o
@ 10 The first thing we are going to do, I think, is get

E
j 11 hold of the LEVITATE code that is being developed by DOE and
3

y 12 do studies with.this and try to use this in some way to try to

4
: 13 assess the importance of these incoherent effects.

(
! 14 It is our thought that as we go through heterogenous

$
2 15 designs, that the intra-subassembly incoherence effects become
5
g 16 more important because boiling is a slower process and it takes
W

b' 17 longer to get to the point of flow reversal so that the radial
N.

$ 18 temperature variations could be more important.
5
$ 19 Also, clad motion effects become more important for
5

20 heterogenous design because the lower boiling ramp rates, there

21 is more time for clad motion to occur. So, this could be more

22 of a concern for heterogenous than a large homogenous design._

.)
23 ; (Slide.)

24 The current status of EPIC is pretty well finished.
: (~)

25 The users manual has just been issued. EPIC is used by the''
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Bfm26 1 UK. EPIC was incorporated into SAS/ EPIC, which has been the

kaJ 2 only code so far that has been able to give respectable
,

3 treatment to the KfK. We have thought about other possible
,

/~T 4(_) improvements in EPIC such as particularly the plugging model.

5g We have to consider what is being done with SAS-4A,
"

@ 6 and whether we want to switch over to that or not. So, we have
R
*" 7
; not made any decision.on where to go on that.
N

j 8
(Slide.)

d

}". The UK bilaterial program, we have not really been9

o

h
10 doing too much in the last year. The UK has been fairly-active

=
5 II in calculations. They made some corrections in the code, so

; *

g 12 they re-ran the calculations. I was just over there last

3I'i 5 13 month.LJ=
14 We sort of cleaned up a report on the first phase of

&
15- the analysis. So, we hope that will be issued in the next

g
16 | several months. I think that will pretty well tie it up. The

w -

I.

h
I7 I chief thing we have gotten out of it so far has been in the

m

b I8 area of trying to understand things about fuel pin failure
P
"

19g conditions, and the comparison of SAS and the more appropriate
n

20 French boiling model was also of some interest.

21 The UK indicated they were very pleased with the

22(~N initial development of the program. They are quite' anxious
V

.

23 to develop it. It is our thought that we would focus for the

24r" next couple of years on individual phenomena rather than a lot
(>3

25 ; of whole-core accident calculations, awaiting development of
i
,
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sfm27 1 a whole-core accident model.

() 2 The two principal areas of concern at the moment are:

3 sodium boiling and fuel pin mechanics. In both of these areas,

I~h 4 the UK has excellent programs. The Harwell work and the
V

e 5 Winfrith work is of great interest to us.
E
9

3 6 (Slide.)

R
$ 7 The WAC studies, we have finished a TOP calculation.

Z

@ 8 The next step will be an LOF calculation. We expect that next

d
d 9 November. The most interesting thing that is coming out of that
i
o
@ 10 at the moment is comparison of steady state fuel characterization
3j 11 which is nothing I knew much about, but realizing there is a
3

j: 12 whole uncertainty of events here -- well, it turns out --

5
r-s y 13 MR. KERR: That just means a desctiption of the fuel

- m

| 14 at steady state.

$
$ 15 MR. HUMMEL: Yes.
$
g 16 MR. KERR: It is an initialization.
-A

y 17 , MR. HUMMEL: It is a description of the radiation
$
$ 18 history, which is important for accident analysis because it

5 !

3 19 gives gas distritubtion, the swelling of the fuel clad gap, this |
5 \

20 cart of thing. It is interesting from that point of view. It

21 turns out that SAS-4A was originally being calibrated against

- 22 the more detailed code, but LIFE is sort of a first principals

V
23 code.

24 It was nou too successful in some aspects. So, SAS-4A

O
25 j has been recalculated against the Belgian code. So, naturally,

|

I
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bfm28 1 SAS-4A -- the calibrating -- but FRUMP, we had sort of an inter-

( ))_ esting discussion of this at the June meeting. We had been2 -

3 struggling with the questions of how much fuel swelling you got

f') 4 and how much densification.
\s

e 5 Apparently, this is a pretty difficult area. It was

0
@ 6 sort of an interesting discussion.'

R
8 7 MR. CARBON: Where in here do you compare all the

%j 8 codes against real life?

d
d 9 MR. HUMMEL: Well, this -- of course, this has been
7:

h 10 done -- as I say, some have been pretty well calibrated against

3j 11 experiments.
3

d 12 MR. CARBON: Over a wide range?
3
c

r g y 13 MR..HUMMEL: I'am not much of an expert on this.
Om

| 14 MR. CARBON: Okay.

$
2 15 MR. HUMMEL: I don't really know, but certainly a

=
g 16 certain amount of this has been done. I mean, that's -- I think

A

6 17 i FRUMP has also -- I have bee trying to find out more about
'w

=
M 18 FRUMP, and expect to in the coming months.
~

e
E 19 Certainly, there has been a certain amount of calibra-
!

20 tion of experiment there also. As I say, a big problem with LIFE,

21 It is sort of a first principal code. They had a lot of coeffi-

22 cients. When they went around to sheck the experiment, thingsg-
V'

23 , did not work out too well. That is what I have been told.

24 I am not much of an expert in this crea.
73
(_)|

25 : (Slide.)
I
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29-

@fm29 I our assessment activities are designed to be of aid

() 2 to NRC and the ACRS. There are a couple of areas I have sort

3 of pinpointed here. Charlie alluded earlier to a view of the

() 4' initial work on studying the question of heterogenous cores and

5y recent conclusions about what would be reasonable there.
n
j 6 A target of about $2.50 is a reasonable range. If

R
$ 7 you go down to $2.00 -- then you have to start worrying about
a
j 8 how much actual expansion you have and what the clad motion does.
O
q 9 That sort of thing.
z
o
g 10 Another study we have.done has been concerned with
!

$ II inlet plenum pressure rise during sodium boiling. You do get a
3

I 12 large pressure rise.
E
a

/~% 5 13 We have been concerned about whether this is being
\J =

m

5 14 accurately calculated or not. We found elasticity and compres-
$
2 15 sibility effects were not important. Another aspect is fuel
z

g' 16 pin failure studies. Last year, we did some calculations, trying
w

d 17 to understand mechanical inte action.
U
$ 18 Lately, I have been focussing on fission gas models
c
h 19 for release of solid fuel and concluded from this that the
5

20 NEFIG code looks pretty good. It is fast enough to put into

21 SAS-dA.

22 I think that the background from this work will be

23 helpful in getting-parameter studies, because we are. starting
,

1

24 -to find out a little bit more about fission gas release from-

%/ .

i

25 ' solid fuel.
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sfm30 1 It gives us a better idea of what the uncertainty
'

(]) 2 range is and what a reasonable range for parameter studies is.

3 I would like to conclude my presentation now and turn

[O~)
4 it over to Pat, unless there are questions.

e 5 (Slide.)
A
n
j 6 MR. GARNER: My name is Patrick Garner. I am with

R
$ 7 Argonne. I will tell you a little bit about what we are
s
] 8 doing in modelling in the BIFLO code for sodium boiling, then
d
o; 9 the current SAS code fuel assemblies collapsed into one-dimen-
z
o
$ 10 sional treatment.
E
_

j 11 What wa are doing in BIFLO is expanding this modelling
3

p 12 to consider several different regions within the fuel assembly.
5

(m $ Each having coolant and an associated typical fuel pin. In the
% b =

13

m
g 14 typical breakdown we are using right now, it would be about four

$
2 15 or five coolant rings from the center, then two coolant rings for -

5
g 16 the next channel and on out.
w

b' 17 This is just typical for now. We are working with a
5

} 18 symmetric model for the time being, mor development pruposes.
c

h 19 We feel we can expand it easily to handle the cases where you
n

20 would-have a power skew across >.c fuel assembly. In. terms of

21 the way we see the modelling progressing or the calculation

22g3 progressing, in BIFLO you would begin boiling in the high power

L.)
23 ' to flow region.

,

24 This boiling would then grow axially and radially as,_

V
25| the lower power to flow regions reached boiling conditions,

i
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Bfm31 1 This means you would initiate boiling at a time prior
!

() 2- to what you would predict with a one-dimensional code, just

3 using average conditions for the subassembly. It may indicate

{ that you have different times to flow reversal.4

5y It would certainly indicate different times to reach
n
j 6 initial clad melting within the subassembly. We have programmed
R
*
E 7 up such a model. Right now it is a stand alone code. We are |

A i

| B doing some computational studies and some benchmarking studies.
d

Ed t2 $ 9 (Slide.)
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/~S 1 Some of the comparisons we are doing at this time
V

2 are between the BIFLO code and some experiments done out at

3 Gak Ridge. These are electrically heated pins 36 inches,s

k- 4 long, fission gas plenum on top. They are currently doing

5 some 61 pin tests which we hope to use in th e f uture.

6 Other tests which we will be considering for use

7 are 19 and 37 pin tests in the sodium loop safety facility

8' which are run in pile out at Argonne West, and work thst is

9 coming in from the Europeans. We are also doing comparisons

10 of BIFLO versus other codes, in particular COMMIX, which you

. 11 will hear more about today, and the COBRA-4 code. Both of

12 these are subchannel codes so they have highly detailed

13 geometry. It will be very helpful.

() 14 We are doing a few comparisons with available SAS

15 calculations and are beginning to get a better feeling for

16 one-dimensional versus two-dimensional effects. A sort of

1'7 third part of the comparison, I think, involves conparison

18 of the subchannel codes to the experiments.

19 (Slide)

mo For exemple, this is a description of the 19-pin

21 experiment in Thors. These tests are very well instrumented

22 for studying sodium boiling. There are about 100

23 therm.: couples concentrated in the region where they expected

em
( 24 and did find sodium boiling. In terms of modeling these

25 tests, the subchannel codes such as COMMIX and CO E P. A would

ALDERSON REPORTING COMPANY, INC. ,

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



35

() 1 give you a very detailed geometry by modeling all 19 pins,

2 and COMMI.X would break this down to somewhere between 32 and

rg 3 92 coolant channels, depending on which partitioning option

4 you used.

5 COBRA would give you about 40 subchannels, so you

6 can get very good comparison between the point-wise

7 measurements in the test and the subchannel temperatures you

8 would calculate with the code. It makes the comparison a

9 little bit easier. Then you can take results from the

10 subchannel codes and average them into region-type results

11 that we would then compare with the BIFLO modeling where,

12 for example, we would, say, have only three coolant rings.

13 (Slide)

144 The status of where we think things a re right now,

15 we have an initial version of the code running and we are

16 doing comparisons against the 19-pin test, both at steady

l'7 state and for a transient test that went into boiling.

18 There are some future things we have to do. We have an

19 assessment of some assumptions in the modeling. We have to

20 examine the question of how many regions do we need to model

21 within the subassembly to get a good two-dimensional

22 description, how should those regions be assigned.

23 We need some work on the boiling and nonboiling

( ). 24 regions in the code, and we need some work to speed up our

25 boiling computation. It is rolling fast on a per-time-step

CJ
,

ALDERSON REPORTING COMPANY, INC.

400 VIRGINIA AVE. S.W. WASHINGTON. D.C. 20024 (202)554 2345
y - -~ - -w - w -- -



- _

n. - - 30

(~h 1 basis. But we are being limited by material velocities on
V

2 time step. We are doing studies on other computational

3 methods at this point.
b
\''' 4 The other steps would be to incorporate this

~ modeling into SAS-4A and examining the impact of the 2D

6 treatment on various accident scenarios. The other things

7 are we need to make the geometry in the modeling more

8 flexible so we can handle the power skews across

9 sub-assemblies and do benchmarking continually at large

10 bunde size.

11 That is what I have for you. I would be happy to

12 answer any questions.

13 MR. KERR Your validation of this version -- one

( 14 of tne validation efforts is a comparison of your code

15 prediction with Oak Ridge experiments?

16 MR. GARNER: Yes.

17 MR. KERR: Is that, in your view, a suf ficien t

18 validation? Will you have the data you need to give you

19 confidence that the code will work in a variety cf

20 situations?

21 MR. GARNER: I think the 19-pin test taken alene

22 vill not be sufficient. Combined with the 61-pin test -- I

23 have not seen the test matrix for those experiments to know

-( ) 24 what they are really going to do on the transient tests, so

25 I guess my answer would be no, it would not be a sufficient

( ''
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() 1 validation.

'2 MR. KERR: Will the 61-pin test be done with your

3 validation needs in mind?-~
,

4 MR. CARNER: Will they be done --

5 MR. KERRs Yes.
b.

6 MR. GARNER: No, they will not. They are being

7 conducted by DOE.

8 MR. KERR: Aren't they part of the same government

9 under which we operate?

10 MR. GARNER: I suppose so.

11 MR. KELBER: May I comment on this?

12 MR. KERR: Yes, sir.

13 MR. KELBER: If after this initial trial it
,

N- 14 appears that we can get significant benefit from code

15 development or validation f rom those tests, we would, of

16 course, ask DOE to consider including in their test matrix
,

l'7 such tests as might specifically pinpoint problems with

18 BIFLO, and I think they are, in fact, familiar with the work

19 we are doing. I would anticipate no difficulty in getting

20 them to at least consider that question.

21 Whether they would be able to because of

22 programmatic. reasons, I do not know. We are not far enough

23 along yet to come to a specific proposal for tests. I an

() 24 sure that if we did, they would give it --

25 MR. KERR: It seems to me --
.

O
,
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( [j 1 MR. KELBER: -- significant consideration.

2 MR KERRs With a test of this magnitude being

es 3 designed and experimental validation being what I think all

4 of us agree it is, it would be worthwhile trying to have

5 some input into the testing system. It seems to me one of

6 the purposes of a test at this time is to give people

7 information which will assist in modeling.

8 MR. KELBERs Precisely.

9 MR. KERR: The earlier that you can get involved

10 in the test planning, the more likely it would seem to me it

11 is that one gets information that is needed. I recogniz-

12 your resources are limited and all these constraints exist,

13 but I would think it would be --
A

J 1<4 MR. KELBER: We will follow that up.

15 MR. SHA: We do have input to --

16 MR. KELBER If you have some material which bears

17 on Bill Kerr's question, you should give it.

18 MR. SHA: We have input, actually. You see, we

19 have DOE thermal hydraulic working group, and I am one of

20 the members in that meeting. So we have frequently

21 discussed this problem.

22 MR. KERR4 Do you two gentlemen know each other?

23 Have you two met each other?
rm(,) ' 24 MR. SHA: Yes.

'

25 MR. KELBER: He wants to know if you hcVe

O\s
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1 discussed in the working group the problems that might be

~}
2 run with Thors that would help the development of SIF10.

3 That is specifically the question that Bill raised.

4 MR. SHA That is regarding the instrumentation in

5 general, how to get the code validation.

6 MR. KERRs I do not know what sort of information

7 he needs. What I am asking is is there some way you'two can

8 communicate so that his needs can become part of the

9 planning for this experiment. I mean the first requirement

' 10 is that you know each other. If you don't, somebody ought

11 to introduce you.

12 MR. SHA: I will answer yes because our common

13 interests are the same.

) 14 MR. KERR: Okay. But it isn't enough to have a

15 common interest. You have to --

16 MR. SHA: Yes.

I'7 MR. KERRs I feel --

18 MR. SHAs We actually express what we need through,

19 this working group, so we get input from the code validation

20 process.

21 MR. KERR And once in a while you talk to each

22 other as well as in working groups.
,

|
'

23 MR. SHA Yes.

() 24 MR. KERRs You pick up a phone, maybe, or go down

25 the hall to his office, some thing like th a t , right?

[h(> j

I
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/~T 1 MR. SHA4 Yes. We meet twice a year, and also
V

2 frequent discussions.

3 MR. KERR Okay.

4 MR. GARNERS Speaking for myself, we have had good

5 relations in talking to the Oak Ridge people so far. The

6 19-pin tests are completed, the 61 pin tests. They are at

7 ' the end of our steady state phase I test. They are getting

8 ready to do the transient tests. We will talk to them and

9 see what they are planning to do. Based on what they did on

10 the 19-pin test, they did some nice work, and I expect them

11 to continue with th e 61 pin test.

12 MR. KERR: If they and you talk, it seems to me

13 that it is possible that you might think of some things you

14 need before they run the test that you otherwise might not -

15 get.

16 MR. GARNER: Right, I agree.

17 MR. CARBON: The BIFLO code is to predict the
|
I18 onset pf sodium boiling and the growth of bubbles and so on.

19 MR. GARNER: That is correct.

20 MR. CARBON: Does it tell you when you micht get

21 into film boiling, some such thing? It has nothing to do

22 with clad melting directly.

23 MR. GARNER 4 Up to clad melting, there is a clad

() 24 and fuel pin temperature calculation with 3IF10. The
11

|
25 continuation of the calculation into clad melting is

(~J
h

i !

i
i
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f. 1 so me thin g we hope would be a follow-on to th e work we are
v

2 doing on the boiling conditions right now.

3 MR. CARBON BIFLO itself right now is specifically

4 the growth of the boiling phenomenon.

5 MR. GARNERS Yes.

6 MR. CARBON: Initiation and growth.

7 MR. GARNER: Yes.

8 MR. CARBON: Thank you.

9 MR. SHA: I am Mr. Sha. I work fo r Argonne

10 National Laboratories. I am very happy to b rief you on some

11 of the progress we ha ve made on the COMMIX code. We have

12 two versions of the COMMIX code. One is COMMIX-I, itnd

13 COMMIX-II is a two-phase flow. I understand that Dr. Kerr
,-

( >1 14 said same time ago -- he made a detailed discussion on
r

15 COMMIX-I and some of th e results. For my talk I will

16 concentrate on COMMIX-II, on the two-phase ficw area.

I'7 COMMIX-II treats the normal equilibrium

18 temperature of both phases. This code has recently added a

19 set of coordinates, so now we have XYZ, and the formulation

20 in the COMMIX code is slightly different than subchannel.

21 In there we use the volume porosity surface permeability and

Z2 distributed resistance and heat souce.

23 Recently we added a new solution technique. An

(m
( ) 24 IMF solution technique was developed at Los Alamos, but we

25 added a rebalance technique, which is speedup conversion.

(D
m-
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1

1
,

l

(]) 1 Recently.we added another new solution technique called th e

2 SIMPLER. We actually revised and added an additional

- 3 feature to this.

~' 4 The results presented we used the SIMPLER--

5 solution technique, and this code can treat both continuum

6 or quasi continuum. They treat all structure with boundary

7 conditions, quasi-continuum, treated the fuel assembly.

8 There are many applications in the use of the COMMIX code.

9 COMMIX-I code is widely distributed. Practically every

10 laboratory in this country has COMMIX-I code, and many

11 laboratories actually use this code.

12 We have assisted them. If they have problems,

13 they call us and we help them. Another code is the 20DYFIT

I')\_- 14 code, which at the present time we 'are working on the

15 single-phase version only. This code is primarily for fuel

16 assembly and the fo rmulation , the boundary fits, the

l'7 coordinates transformation, which I will show a little bit

18 later during my presentation.

19 MR. CARBON: What does BODYFIT do?

20 MR. SHA4 Make transformation f or com plex

21 geometry. I will show you the slide a little later.

22 MR. KERR That is to make a simple problem look

23 complicated?

(f 24 (Laughter.)

3 MR. SHAs No, no.

O
~
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(~)T
1 MR. KERR: To make a complicated problem simple.

%

2 MR. SHAa After the transformation, now, for

3 laminar' flow we are in a position to solve this prchlem for

'

4 laminar flow only.

5 (Slide)

6 Now, I would like to show the progress in the

7 two-phase flow area.

8 MR. CARBON: I don 't know the purpose in life of

9 BODYFIT.

10 MR. SHA: The objective of BODYFIT -- for

11 instance, a few applications for small-rod test for

12 two-phase flow. Two-phase is so complicated. You perform

13 this analyis. You have data. You perform the analysis.

14 MR. CARBON: Two-phase flow to calculate pressure

15 drop?

'
16 MR. SHA: Distribution.

I'7 MR. CARBON: All right.

18 MR. SHAs The problem is you have two analyses.

19 One is physical modeling, the flow region, the heat transfer

20 coefficients, all this kind of thing. Another is due to

21 uncertainty in geometry because you cannot treat geonetry

22 rigorously. As a result of this, if you use subchannel

23 analysis you cannot treat geometry rigorously, correctly,

() 24 certainly. The geometry lump into the physical modelina and

25 to the end you could not differentiate. You can fit the

.
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1 coefficient to get a good agreement. Then you move to(,,
2 another situation. You find there is a disagreement, the

3 reason being because we really did not understand this

4 problem fully. There is some uncertainty due to geometry.

5 MR. CARBON: You are using the word " uncertainty,"

6 but you mean, frequently, instead of uncertainty, inaccuracy.

7 MR. SHA: Inaccuracy may be an appropriate word,

8 but this method separates -- no inaccuracy in the geometry

9 part, so now I can concentrate on modeling. So that is the

10 significant advantage, especially in the two phase flow

11 area. I think this makes a tremendous contribution.

12 Another thing you can do is, for instance,

13 subchannel analysis code. They are the two subchannels.

('/)N- 14 Empirical constant for subchannel mixing. Those are

15 emprical constants. If I use the BODYFIT code, I can detail

16 calculation. I can generate those empirical coefficients

17 feeding into the subchannel analysis.

18 MR. CARBON: Okay, th a n k y o u.

19 (Slide)

20 MR. SHA: I would like to present some of the

21 results in the two phase flow area. We are struggling very

2? hard. We are working very hard to have some kind of
,

23 calculating two-phase flow, sodium two-phase flow. It ic a

(~b
() 24 real difficult problem. Lately actually I claim we have

_

25 made a breakthrough. We can generate numbers. And today I

--

w-
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~( ) 1 am happy to report some of those. There is a lot of room

2 for improvement, but the breakthrough means we have a stable
,.

3 system and can calculate two-phase flow.

4 But there is a lot of room for improvement. I

5 mean don't aisinterpret this. There is a lot of work ah ea d

6 of us.

7 MR. KERR: The problem is not finished yet.

8 MR. SHA: Far away from it.

9 MR. KERRa I feel better.

10 (Laughter.)
.

11 MR. SHA4 But it is a breakthrough in terms of

12 computation. Now I will show you the three results, three

13 calculations. One is two phase flow in heated duct. We

1-4 have experimental data to compare with. Second is NRC
~

15 standard problem number 1, flashing due to depressurization.

16 The third is the first time, as far as I know in my

I'7 knowledge for two-phase flow, a calculation for sodium

18 system.

19 (Slide)

20 This is the simple geometry of the heated duct.

21 (Slide)

22 There are a bunch of data available, one by St.

23 Pierre. This is the comparison between the experimental

I) 24 data and the code prediction for void fraction. The

25 pressure heat flux is shown here. COM.5IX-II prediction --

O
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1 MR. CARBON: This is not meaningful, is it?

2 Simply you have some heat and some boiling, and this is just

3 telling you how much void you have with a certain flow.
,f-

O 4 This does not mean anything, does it?

5 MR. SHAs This is the initial step. You have to

6 start from a simple case. That is what I am trying to do.

7 MR. CARBON: You have made no mistakes so far.

8 MR. SHA: This indicates the physical modeling we

9 use looks reasonable for this. It is initial step for test.

10 MR. KERR Two-phase flow of what, sodium?

- 11 MR. SHA: This is water, in this case. Wa te r. I

12 will show you later. First two cases are water. The third

13 case is sodium. Lack of experimental data in sodium --

n
1<4 MR. CARBON: It is still just a simples-

15 thermodynamic heat balance.

16 MR. SHA4 There is a homocaneous -- it is

17 temperature in the liquid phase, velocity in vapor phase,

18 liquid phase --

19 MR. CARBON: Is this in a regime where there truly

20 is much slip?

21 MR. SHA: Yes. I will show you the result. This

22 is 400 psi case, and this is 800 psi case.

23 (Slide)

7~
\o) 24 We are not doing very well in here, the reason>

25 being we do not take into concept of subcool boiling.

es
~
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() 1 NR. KERR Why not?

2 HR. SHA: lie are going to do that. We just got the

3 result for the last two months. See, we working on this to

4 improve this. This is the actual initiation of two-phase

5 flow calculation -- come on line. Lots of room for

6 improvement.

7 (Slide)

8 This is the 2,000 psi case. Again, we are not

9 doing very well. We are not taking the subcool boiling in

10 the calculation. This is the velocity measure.

11 (Slide)

12 This is velocity, and this is liquid velocity--

13 measure. This is slip. This is not simple thermodynamic

1-4 equilibrium calculation.

15 (Slide)

16 This is at 800 psi. As you know, when pressure

17 increases, then slip decreases. This is 800. This is 400.

18 See, the slip is much larger.

19 (Slide)

20 This is 400 and 800, and 2,000 we do not have f.ata

21 on, so I cannot really compare. This very simple problem

22 indicates our model works out all right. It looks

i 23 reasonable, let's put it that way. Again, there is still a

() 24 lot of room for improvement. For instance, in this case,

25 subcool boiling we should have taken in to account.

O
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r'$ 1 In the next case we compa re NRC standard problem 1

(/ |

2 number 1. i

.

3 (Slide)

4 This is flashing. The first section looks like

5 this.

6 (Slide)

7 At the other end of the pipe -- essentially the

8 pipe is 14 feet long. Pressure was at 1000 psi and 515

9 degrees Fahrenheit. That breaks the disc, so pressure is

10 decreased. Then follow the pressure distribution and

11 compare with, you know, measurement and prediction. They

12 are the instrument station gs-1, gs-2, gs-3.- There are

13 seven instrumentation stations.

() 14 We compare two of them because they detail

15 pressure measurement, gs-1, os-5. This is a difficult

16 problem, flashing due to depressurization.

17' (Slide)

18 This is pressure calculation at instrument station

19 number 1, and you notice we did not present tine to zero --

20 maybe a few milliseconds. The next Vu graph will cover this.

21 So you can compare the calculation --

22 DR. KERR: That does not look so good to me. Does

23 that look good to you?

(} 24 MR. SHA: It is a subjective evaluation. It looks

~

25 to me for first crack as reasonable, but I am not very

O
'.
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(]) 1 happy. I have to find out more about -- try to get better

l' 2 agreement. It looks reasonable at the beginning.

3 MR. KELBER: As a former code developer, I would

4 want to know why the pressure gauge always reads high.

5 (Laughter.)

6 MR. KERR: If you take a round pipe and fill it

7 with water and fill it up and rupture the end, you ought to

8 be able to calculate that on the back of an envelope.

9 MR. SHA: Very difficult.

10 MR. KERR: These mechanical engineers --

11 MR. SHA: Mechanical engineers --

*
12 (Laughter.)

,

13 MR. KERR: Why should it be such a tough problem?

(Ds/ 14 MR. SHA: It is a difficult problem, Professorr

15 Kerr, I assure you.

16 (Laughter.)

17 MR. KERR: You are pulling my leg.

18 MR. SHA: We show you another pressure calculation

19 at station number 5. Like I said, we are happy to have this

20 result presented nere, but I really am not too satisfied and

21 I have to dig in more to find out a lot of things that are

22 going on which need more investigation. It looks reasonable

23 again.

( 24 Now, here is the pressure. Now we talk about

25 different time scale,- milliseconds. The previous Vu graph

O
\J
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{} 1. did not show. Now, in here we use two dif f erent time steps

2 in our calculation. One is 10-3, one is 10-4. Results

3 change. And further, 10-5. It would be very close to-

'' 4 10-4 So we stop there. What this Vu-graph shows you is a

5 lot of parameters come into play, the reason being that

6 change in thermal physical properties if we take larger time

7 step.

8 HR. KERRa What does this show -- it shows me

9 that a lot of parameters come into play. All it shows me is

10 if you use different time steps, you get a different answer.

11 MR. SHA: A different answer. We examine the

12 reason behind it. The reason is due to flashing. It

13 happens so fast, and when you do calculation assuming the

1-4 coefficient of the energy equation as a constant for that

15 time step, that may not be good. If you cut it down to

16 small time steps then treet it as a variation of

17 coefficient, although the point I try to make is we have

18 very stable numerical part of the equation, but physics

19 dictates wha t the physics --

3 MR. KERR: How do you know that is physics rather

21 than numerics?

22 MR. SHA: Well, this we have the data to compare

23 for our calculation.

() 24 MR. KERR: You are getting a different kind of

25 oscillation depending on the time step you use.

ALDERSON REPORTING COMPANY, INC.
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() 1 MR. SHA The trend is the same. Results vary.

2 MR. KERR Yes, I agree. In each case you are

3 getting the same number of cycles for oscillation, I guess.2

'' 4 But seriously, how do you know it is the physics rather than

5 something th a t we do with a numerical solution?

6 MR. SHA: That is what we have to do some time

7 step evaluation. Once we know time step varies 10-5,'that

8 did not change it. We follow on the time step at 10-4, so

9 we knew that answer is true answer we are looking for for

10 this particular case.

11 MR. KELBERs If I may comment on this, there are

12 two aspects to this question. One is does the code contain

13 sufficient description of the acoustic propagation down the
O
L/ 14 pike? That is a relatively difficult problem for a code

15 like this to handle. I think it is clear it can be handled

16 because I think, for example, TRAC handles problems like

17 this reasonably well.
!

18 The second question, from a programmatic v.iew, is

19 do we need such capability, and that is a decision yet to be

20 . made. I do not know that we are going to have to go into

21 this time regime, so we may be able to make a p hy sica l

22 approximation which says --

23 MR. KERR: I did not express my question well. It

(-)s( 24 is a naive question.

25 MR. CARBON: It is a good question.

b
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f) 1 MR. KERRs I wonder how you tell just from looking

2 at that whether it is numerics or physics?

3 MR. KELBER I don't think you can just from that,

0 4 Bill. There are a number of conceptual problems that you

5 have to do to discern the difference.

6 HR. CARBON: You hit on one question I was

7 wondering about. Suppose you get the code that fits this.

8 Is this kind of test calibration really neaningful for your

9 needs?

10 MR. KELBER: I suspect that by and large it is

11 not, and I think this is something that Bill Sha is drivinc

12 at. If we are looking at problems which take place over a

13 longer time scale, the agreement out at the longer time
,,

's s' 1-4 scales may be good enough that we do not have to worry about

15 acoustic effects. I think it is very useful to know what

1 16 are the boundaries on the models that you do have in your

l'7 code.

18 MR. CARBON: All righ t .

19 (Slide)

20 MR. SHA: This is the comparison for the void

21 action.

22 (Slide)

23 This we don't have data on. This is velocity

l ~ | 24 distribution at exit for vapor phase and liquid phase.
\_,/

25 There is no data available.

,.

( !
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1 (Slide)

2 This is temperature distribution compared with

3 experiment data at gs-5.

4 (Slide)

5 Okay. Now, the third problem we talk about is the

6 7 pin -- we try to predict boiling. This is sodium, and

7 sodium is very difficult to get a solution.

8 (Slide)

9 This is test section. It looks like 7 pin. The

10 reason we choose 7-pin is, you know, for validation

11 purposes, relatively cheaper in terms of computer renting

12 ti m e .

13 (Slide)

14 - This is the flow transient, essentially ten-second

15 transient.

16 (Slide)

17 This is temperature calculation of theraccouple

18 number 9. The location of thermocouple numher 9 is shown in

19 the previous Vu-graph. It starts from single phase and goes

20 to two phase. Boiling starts at 9 seconds. ''e predict

21 boiling starts at 8.8. Actually, experimental data start at

22 9 seco'ds.

23 (Slide)

! 24 This is, again, another comparison between the

25 prediction and the experiment dats for thermocouple 25.

1

O
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~
(Slide){}

2 Now, I guess this is of great interest to us.

3 This shows the radial boiling distribution at exit, at

4 outlet, at end of heat section. This is the center of the

5 rod bundle (indicating). It is conceded incoherency right

6 here.

7 (Slide)

8 This is, again, radial voided distribution at the

9 exit. You remember, th e re is heat section a bove heat

10 section, which is exit, and so you can see tremendous

11. incoherence exists f or this particular --

12 MR. CARBON: Is this all calculation?'

13 MR. SHA Yes. Now, I will show you some

() I'4 experimental thing. Again, we are not doing too well but we

15 are not too far off. This indicates measurements, the

16 loca tion of inception of boiling comprising this test. Here

l'7 ou r prediction sideline is COMMIX-II prediction , and here at

18 center of rod bundle, this is inlet, this is outlet. This

19 is a voiding pattern. It grows as time goes on.

20 Now, at the 9.115, we predict inception boiling at

21 this location. The reason is we can improve results very

22 readily. There is one node almost ~ as big as tnis one. So

23 if we get the fine mesh in there, we can get a better
.

(~T 24 resolution. It is not too bad. We can fairly predict.
Q.),

25 There is a lot of room for improvement, as I mentioned at

-

7
( -
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() I the beginning. This is starting to come out results. It is

2 really not bad results for the first time.

3 (Slide)

4 Let me go over special features of COMMIX-II

5 code. With this code we can treat the continuum problem as

6 well as quasi-continuum. The code is structured that you do

7 1-D calculation, 2-D calculation, 3-D calculation, and we

8 can do single-phase calculation and two-phase calculation

9 both at the same time.

10 We have two fluid mod e l. We now implement
,

11 homogeneous model to save time sometimes. We have sodium

12 property, we have water property, perform wa ter experimente,

13 perform sodium calculation. We have steady state and we

1<4 also have transient. ~

15 (Slide)

16 Now, we have spent in the past year all efforts to

17 develop COMMIX-II. Most effort is spent to develop

18 numerical solution technique. We try all kinds of methods.

19 We use line-by-line, plant-by-plant, cell-by-cell, direct

20 inversion. We have various options f or sxplicit and

21 implicit, steady and unsteady calculation.

22 Now, there is a difference between this code --

23 instead of steady calculation, we drop time-dependent

( 24 terms. Many transient calculations include time-dependent

25 terms. In here we actually drop the tim e-d e pe nd en t terms.

O
km
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1

{'} 1 We have two options for.the solution procedure. One is IMF,

2 one is SIMPLER. SIMPLER is the latest newcomer.

3 We also have a combination of central difference.

O)\- 4 If my time is up, I can cut off any time.

5 (Slid'i

6 MR. CARBON: If we could in a couple of minutes or
,

7 something.

8 MR. SHA All right. I will vrap it up.

9 Those are features in the COMMIX code. We have

10 hex geometry. We have fuel pin model, wire wrap model, duct

11 vall model. We are probing modular form because we

12 recognize all coefficients, heat transfer, so many

13 correlations available.

('/ '

t
s_ 14 So if user prefers something else, he can readily implement

15 it in the code.

16 We have four boiling models, 15 momentum exchanga

I'7 coefficient models. The user can implement it in code.;

18 Let me wrap up and talk about BODYFIT code.

19 (Slide)

20 Like Professor Kerr mentioned, the BODYFIT code is

21 very exciting. Basically, it gives you bett er restO t u, more

22 accurate results. This design only applies to .< 'le.,

23 In BODYFIT-I, actually we use two-dimensional '

() 24 transformation. Actually we use three-dimensional

25 calculation. I remember last ti m e I made a presentation in

OV
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I'l 1 front of the Committee, I think Professor Kerr mentioned --
U

2 I forgot who he is -- wanting to implement wire wrap. If we

3 include wire wrap in the bundle, then transformation is

4 complicated. But e think we have found a way to solve the

5 problem.

6 So, what we would do, so f a r BODYFIT-I. If you

7 vant to include a wire wrap, we have to have a 3-D

8 transformation. Actually, we did that. I skipped some

9 presentation on BODYFIT-I.-

10 (Slide)

11 It is not completed ye t, but I think we found a

12 way to handle the problem. If you look at rod bundle, this

13 is a unit cell for hex geometry. This is wire wrap. You

i4 imagine this is like rubber so wire can squeeze to any

15 location you want and then tries to stretch. That is the

16 basic concept.
,

J
'

l'7 This is to show you the mesh at that location, the

18 wire showing there.

19 (Slide)

20 This is the equation.

21 (La ugh ter. )

22 This is a differe..c location. Now, if you want to

23 analyze 7 pin, 19 pin rod bundles, you see --

() 24 MR. CARBON: Bill, maybe we had better stop.

25 MR. SHA What I am saying ic the wire wrap model

()
.

=
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1

(} 1 has not been completed yet, but what we found a way to solve

2 this problem. But we are still working on it.

3 (Slide)-

V 4 Current status. Right now all men are in COMMIX-II

5 at present time, so COMMIX-I, we will clean up the document

6 and try to release it by December 1980. This is an advanced

7 version of COMMIX-I, which has tremendous -- a lot of people

8 requested this code. On COMMIX-II, as I mention here, all

9 the physical models are semi-complete and semi-implemented.

10 Nothing is complete in two-phase flow because everything is

11 always making improvement, so we have a lot of work that

12 needs to be done, but I show you here far from completion in

13 any one of them.

14 So, we will try to release the draft version of

15 COMMIX-II by December 1980. A lot of people like to use the

16 code. BODYFIT-I, we finished 3-D transforma tion. We

17 deve_ sped the X-epsilon turbulence model. We implemented

18 fuel rod and duct wall heat transfer model. Now we try to

19 document by September this year, but that version does not

20 have wire wrap model in there.

21 This the last Vu-graph.

22 (Slide)

23 MR. CARBON: Ten seconds.

() 24 Validation application. We are going to

25 concentrate on FFTF, and Dr. Kelber mentioned we are working

(~)
\>

' 'ALDERSON REPORTING COMPANY, INC.

|400 VIRGINTA AVE, S.W., WASHINGTON, D.C. 20024 (202)554-2345
:



_

59. . . .

() 1 on the PFR, so hopefully we will get additional funding. We

2 work at this. There are two more options we would like to

3 add in COMMIX-IA. One is full core analysis. If you wants

b
4 full core analysis, you need a parabolic approach. You back

5 off. You do not solve this -- you solve an entire --

6 MR. CARBUN Bill, I have to stop you. Let us

7 read that. We have it here.

8 I would like to ask Charlie a question. Tell me

9 in sort of an overall statement, where does this work fit

10 in? What is its aim? What is its goai? Why have you had

11 this done? I have some appreciation, but I want *; hear

12 what you have to say.

13 MR. KELBER: The aim of this work is to provide as

14 accurate a calculational tool as we have or we can get to

15 calibrate codes proposed for use in licensing cases.

16 Questions kept arising during CRBR and, to a lesser extent,

l'7 during FFTF on the adequacy of the representation of

18 two-dimensional effects, particularly in the relatively
.

19 complex subchannel geometries that we do have.

20 The COBRA codes at the time used an almost

21 empirical descri, tion and even judgment description of

22 interchannel flows, and this is fine for steady state

23 problems. But for transient problems this has caused a lot

O
(j 24 of problems. I would say there have been many improvecents

25 in COBRA-4, and COBRA-4 is getting to have many festures

V)
(
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{; 1 similar to those discussed today.

2 There are some problems when using COBRA-4,

3 however. I think the people working with BIFLO can tell you

4 some of the gory details about using COBRA-4.

5 MS. CARBON: How long will it be before this work

6 is to the point where it can help in licensing, and then

7 what influence will it ultimately have on licensing?

8 MR. KELBER: COMMIX-IA is useful now for

9 calibrating codes used to give you a one-dimensional

10 description of flow in a sub-assembly during coastdown to

11 natural convection. So that work is essentially complete.

12 MR. CARBON: '4h a t influence does that have on

13 licensing?

' ) 14 MR. KELBER: The problem here is -- I should say

15 not just a sub-assembly, but also the plena. The question

16 here is whac are the maximum temperatures reached durino the

17 transition to natural convection and the construction of

18 adequate models to represent that. The SSC work is a

13 one-dimensional code. As you heard from DOE earlier, they

20 are considering the implementation of a similar code with

21 two-dimensional capabilities.

22 All of these require some extensive modeling. They

23 will be benchmarked against COMMIX-IA, and DOE may even

() 24 decide to try and incorporate a special version of COMMIX-Il

25 in their new code.

O
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([]) 1 MR. CARBON: But before you really can place crea t,

2 significance on the results from these codes, there is goinc

3 to be a tremendous amount of valida tion work, I think.gg
V

4 MR. KELBERs I think so. The boiling problem, I

5 am not sure how far we want to go. That arises from a

6 dif f erent consideration . The boiling problem arises from

7 the consideration raised during the CRBR hearings that the

! 8 natural incoherence in a channel says that the reactivity

9 rate induced by boiling is lower than you would calculate

10 with a code such as SAS because there are a large number of

11 code channels.

12 They lag behind, and therefore the predictions

13 used by SAS of the reactivity rate from voiding are too
_,

14 high. I think we want to go far enough to have some-

15 understanding of what that effect is, and it will be useful

16 in assessing a heterogeneous core, pa rticula rly where there

17 - is incoherence-both on a large scale and a small scale.

18 I do not think we want to push that as far as we

19 have pushed COMMIX-IA.

20 MR. CARBON: Did the NRC licensing people urge you

21 to do this kind of work ?

22 MR. KELBER: It is an outgrowth of their

23 concerns. They started with a two-dimensional model. It is
/"%

(_) 24 part of Professor Theofanis' technical assistance plan.

25 MR. CARBON: -You initia ted it.

[ \
U
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() 1 MR. KELPER: Yes.

2 MR. CARBON: They did not reques t it.

3 MR. AlfBER: By the time they got this work goinc,
[s\

4 they were winding down the efforts of C3BR. I do not think"

5 we ever got a user need out of them. During the whole CR3R

6 discussion, we never got a user request, as far as I know.

7 But it would seem to us that if they were spending technical

8 assistance money in this area, it was because they had an

9 obvious need and we felt we had better try and build th a.t on

10 a more permanent. basis.

11 MR. CARBON: Questions, Bill?

12 MR. KERR: No questions.

13 MR. CARBON: Fine. Let's go on, then.
~~
(Vs,

i 14 (Slide)

15 MR. GUPPY: I am Jim Guppy from Brookhaven

16 National Labora tories. I want to give a presentation on

17 what we are doing in the Super Systems code at Brookhaven. '

18 (Slide)

19 I will initially give a brief overview of the

20 scope of the work, the present status, and then give sone

21 particulars on some of the results that we genera ted from

22 one of the versions of SSC and SSC-L for various types of

23 transients that we have conducted, some that are applicablo

() 24 to validation efforts, some th a t are applicable to no r.T.al

25 applications, and then touch on future plans at the end.

) ;

:

$ !
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() 1 (Slide)

2 For the develcpment program, our basic scope is to

- 3 develop a series of computer codes that simulate the thermal

4 hydraul'ics of the entire plant, and with the purpose of
,

5 studying operational transients and other system-wide

'

6 transients, and with particular emphasis on natural

7 circulation events.

8 Included in the modeling are the plant control

9 systems and the plant production systems, and our overall

10 goal is to adequately model all components and processes

11 throughout the plant that are essential to heat removal.

12 AnothEr goal of the code is to execute simulated transients

13 in real time or faster on the machine.

14 One of the overall uses is that it can be used to

15 do system-wide analyses and to kind of pinpoint some areas

16 where you might get into trouble. There you might vant to

l'7 use some of these other three-dimensional codes that have

18 - been discussed for those cases where you get into trouble.

19 (Slide)

20 The basic objective of the validation program is

21 to qualify SSC as an independent licensing tool. 'ie a r e,

22 pursuing various -- well, two main avenues of validation.

23 One is by experiment and one is comparison to analytical

() 24 results, inter-code comparisons.

25 (Slide)

/~,

.
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() 1 As I mentioned before, we are developing several

2 versions of SSC. We designate the various versions by

(~ 3 tacking on another character at the end. "L" is for

~' 4 loop-type LMFBRs. "P" is for pool-type LMFBRs. Another

5 with "W" is for LWRs, and the last version is SSC-S , where

6 "S" stands for shutdown.

7 The first three are meant for short-term

8 transients, up to a half-hour of simulation, and SSC-S would

9 then pick up where these others leave of" to simulate

10 intermediate and long-term transients where other effects or

11 components that are not important at full power, full flow,

12 such as the shutdown heat removal system, where these come

13 into effect.
'

14 (Slide)

15 Briefly, the background. We have been funded by

16 ARSR since the beginning of fiscal 1976. In other words,
i

17 late calendar year 1975. The major accomplishments that we

18 have produced are that SSC-L has been operational since

19 September 1977. During the recent fiscal year, we have made

20 two other major milestones, one with the SSC-P code. It

21 hecame operational in November. The SSC-W code, the first .

|

|

22 version became operational in March of this year. '

23 (Slide)

(q,) 24 Now I am going to start gearing the discussion

25 more' towards just the SSC-L code, which has been operational

O
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() 1 for the longest. I will concentrate on that mostly. We have'

2 distributed the code to a number of external users, and in

rm 3 keeping with one of the basic goals of the Project, that is,

4 to develop a generic code that is applicable to different

5 system designs.

6 We feel we have accomplished this in part because

7 we have successfully applied SSC-L to four diff eren t plant

8 designs up to presents CRBR, FFTF, the German SNR-300, and

9 also Babcock & Wilcox in some of their conceptual design

10 study applications.

11 MR. CARBON: You words there were that you"

12 successfully applied it.

13 MR. GUPPY We have taken plant geometric da ta and

O which SSC has14 been able to because of the generality wi .4

15 been developed. It is not specific to any one plant. That

16 is what I meant. It can be applied through input just by

I'7 manipulation of the input variables available.

18 MR. CARBON: Go ahead, then. And after the next

19 slide up th e r e , I want to return to the question of how

20 meaningful is it when you are in the application stage and

21 the development stage.

22 MR. GUPPY All right.

23 VOICE: Dr. Carbon, some of the previous versions

t0
\_/ 24 had specific plant design detail embedde'd in the actual

25 coding, to the point that to apply it to a somewhat

O
.
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() 1 different system would require a major overhaul of the

2 calculation system.

3 MR. CARBON: Hold up, if you will. Go ahead, and

b 4 then I will.come back.

5 MR. GUPPY: What I am trying to say here is that

6 SSC-L has moved out of the developmental stage into more of

' n applications development verification stage. It is not7 a

8 just purely developmental now. We are trying to a pply it to

9 various experimental tests, and the moment we are giving

10 particular emphasis to the FFTF acceptance testing phase.

11 I wanted to note that I will discuss it in the

12 next slide. Because of the way SSC is constructed, a lot of

13 the validation that is applied to SSC-L is also valid for

1-4 the other versions of SSC.

15 MR. CARBON: Then going back to the line that is

16 at the applications developmental verification stage, how
a

l'7 much verification have you done? Where does it stand in that<

18 regard? .

19 MR. GUPPY: In regard to verification, com- of the

20 not too far. In summary, not too far. We have t; saated-
--

21 several components, like the uppper plenum, against

22 experimental data, steam generator against some steady state

23 data. At the moment, as I mentioned, we are giving

() 24 particular emphasis to being able to predict the FFTF

25 acceptance tests.
,

O
.
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() 1 I have a report here that I am going to leave tnat

2 gives our pretest predictions. FFTF has not as yet executed

3 these acceptance tests, which are really of interest to us,-),

( I
''

4 on an individual component basis. Some of the components

5 have had limited validation done with them. The whole

6 system together, essentially none at this point.

7 MR. CARBON: Okay, fine.

8 MR. GUPPYs The validation against experiments --

9 MR. KERR: Have you had feeback from those users

10 of mistakes, errors, inconsistencies in the code?
,

11 MR. GUPPY: Yes. The most prolific users to date;

+

12 have been the Gesellchaft fur Reckforsicherheit in West

13 Germany, and the B&W conceptual design study group, and both

(3'

1-4 of them have given us feedback, not so much as to errors,

15 but perhaps improvements that we could make in ease of the

16 user so that they can use it more readily.

I'7 In one instance BEW has applied it quite

18 extensively, and they have supplied us back with steam

19 generator coil modules so we can implement those in our

20 steam generator, in our present steam generator capability.

21 We had a straight tube, but since they are interested in one

22 of their applications on hel.i 'l coil, they supplied us back

23 with coding to work with that.

A
' (,) 24 MR. KERR: They have not had any mistakes?

25 MR. GUPPYs Not really mistakes. They have

( =

;
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() 1 stretched some of the applications, particularly, say, ECW

2 because they wanted to do some --

f- 3 MR. KERRs Roughly how many FORTRAN statements in

'' 4 the "L" version ?

5 MR. GUPPY: Roughly 25,000, of which about half

6 are in the innot processing stage. We do a lot of work to

7 verify and to manipulate the data on input.

8 MR. KERRs I was just trying to ge t some kind of

9 idea how extensive -- I would think if they had not found

10 any mistakes, they had not really looked at the guts of the

11 code very carefully. With that many statements, there are

12 almost some mistakes.

13 MR. GUPPY: Either they have not looked at it that

O\' 1-4 carefully or else they have not exercised 'it past the peints

15 that we have exercised it.

16 (Slide)

17 I want to comment briefly on the basic structure

18 of SSC. One way of looking at it is essentially a set of

19 building blocks of models and components tha t then

20 interconnect together, and then it is basically, in my way

21 of looking at it, how these blocks are interconnected

22 together and what input the user uses. Tha t is wha t

23 differentiates one version from another.

(O_j 24 There is a lot of overlap between the models and

25 the components. A couple of examples would be that for the
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() 1 (Slide.)

2 MR. GUPPY I really will not dwell on this. This

('N 3 is some of the main features. You can look at those for
( !

''
4 yourself.

5 (slide.)

6 MR. GUPPYs Just looking at an overall schematic,

7 as I mentioned before, we simulate all the major . components

8 from the vessel out through the steam generator. This is a

9 little misleading. There is no physical model for the

10 turbine and the condenser. The pump in the steam generator
,

11 is modeled, and the civility inherent in the steam

12 generating simulation capability is such that we can handle

13 various types of steam generator geometries that come up,
~.

' '
14 plant to plant.''

15 The code is written in variable dimension format

16 such that you can have any number of loops, any number of

17 nodes, any number of pipes. The components need not be in

18 this arrangement. They can be shifted around. In other

19 words, with variable dimensioning, the detail is there if

20 you want it. It it not there if you do not want it,

21 depending upon the transient or the application you are

22 making.

23 MR. KERR Co nside ring the complexity of the code,

77
( ,/ 24 is it likely that other users, that is, users other t h a r. the

25 developer, can understand it well enough to use it

/~

Q}_

ALDERSON REPORTING COMPANY, INC,

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



o . - g *

ned J o 7y

(^) 1 intelligently?
s-

2 MR. GUPPYs We have gone, I think, to a great deal

3 of pain to make it user oriented. I skipped over that
S

<
,

4 previous slide.

5 MR. KERR I am not interested in your slide. I

6 am interested in your comments.

7 MR. GUPPY: We.have laced it very liberally with

8 comment statements, and the documentation we supply is such,

9 I feel that you can look at the documentation, and we give

10 the various users -- as you know, it is a large code, and it
.

11 encompakses many pages of microfiche. -

12 The user can take the microfiche. We give them an
,

13 index. We give them the documentation. It says that such

14 and such a module does such and such. This is the name of

15 the module. We have a nsming convention. Very readily the

16 person can take the documentation, then with the microfiche

17 look at the code and, I feel, be able to understand what

18 physical models are there.

19 ' MR. KERRs Is it well enough documented so tha t

20 the user has a fairly good f eel for the limitations of the

21 code over what range of variables and situations it makes

22 sense to use it?

23 MR. GUPPY I think so. Yes, in my opinion, yes,

( )- 24 whether it is one dimensional in the primary _nd secondary

25 loops, whether it is single phase, and so on and to forth.

I
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(~} I analyses. I will show some natural circulation transients
V

2 and operational transients.

3 (Slide.)

(1)-- 4 MR. GUPPY: Various methods of code validation

5 that can be done are line by line compa rison with

6 experiment, such as the FFTF acceptance tests. I do not

7 vant to mislead you here, because the comparisons that are

8 embodied in this document that I believe are really pre-test

9 predictions, because the tests have not been done yet.

10 Then, also, I will show some -- the other way that

11 you can validate -- in some aspects, validate a code, but

12 really just to show whether -- in m y mind, to show whether

13 there are any gross coding errors or modeling errors is also

( 14 by intercode comparisons, and I will show comparisons

15 between SSCL and the FFTF -- the Heddle version of FFTF

16 called IANUS.

17 For the FFTF applications, what we had to do was,

18 since we can use SSCL as is, with the exception of the

19 tertiary system, they used air blast heat exchangers, so we

20 had to devise what they call a DHX, dump heat exchanger

21 module.

22 (Slide.)

23 MR. GUPPY: That was then interfaced with the

() 24 steam generator. Normally, this coding effort is not all

25 wasted, because we will use the same module, this sane

/~T
(/

. . .

>
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5.

. () 1 concept of this sodium to-air heat exchanger for shut down

2 heat removal system applications. So, this is what the FFTF

3 looks like with the SSCL simulation.

4 (Slide.)

5 MR. GUPPY: The acceptance test that will be run --

6 MR. CARBONa Let me in terrupt a second. On the

7 last slide, the SSCL overview of the FFTF, how many nodal

8 points do you have in the various loops?

9 MR. GUPPYs That is one of the things that I will

10 discuss a little bit under natural circulation events, but

11 typically we have in the primary system -- well, excuse me.

12 For the FFTF we have -- You asked a premature question -- In

13 the loops, they typically have 100 nodes -- mainly that is

14 because for natural circulation transients you need a lot of

15 nodes, like on the order of 30 to 40 axial nodes, because

16 under these very low flow, low power conditions, you get

17 axial skews, and if you do not have fine enough

18 nodalization, you get non-physical results coming cut of it.

19 MR. CABBON: To get good results that you can rely

20 on, are 100 nodes anywhere near adequate?

21 MR. GUPPY We have done parametric studies where

22 we for a given transient -- I will show one of them later ona

23 -- for natural circulation analyses, where you get different

(Q_j 24 results for what I call coarser noda11:ation. We feel that
t

25 f or the natural circula tion cases that we ha ve run, about

|
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() 1 100 nodes in the primary loop doesn't -- when we run 100

2 nodes versus 200 nodes, we get no difference in the computed

3 results.

4 MR. KERR I do not have to remind you what that'

5 demonstrates.

6 MR. GUPPYs That demonstrates --

7 MR. KERRs It demonstrates increasing nodes from

8 100 to 200 does not cause any change.

9 MR. GUPPY Right. It does not invalidate the

10 experiment, however.

11 (Slide.)

12 * MR. GUPPYs The FFTF acceptance test, this is a

13 summary of the initial conditions. They are going to run

14 four tests that are of interest to us. Natural circulation

15 tests, one starting at 5 percent power, 75 percent flow,

16 another from 35 percent power to 75 percent flow, 75 and 75,

17 and then 100 and 100.

18 These are the various initial conditions for thoca

19 tests. To analyze and predict -- to pre-predict the

20 acceptance tests -- I might just as well hand this over --

21 these tests predictions are summarized in that repcrt.

22 (Slide.)

23 MR. GUPPY We have come up with for the fuel

() 24 - assemblies -- we have divided the core into 18 channels. ;' a

25 have an 18-channel core model along with these, say, roughly

A.
V-

.
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(_J 7 1 100 nodes throughout the piping, and the IHX, and so on.

2 This was devised -- they are grouped according to orifice

3 zone. There are three orifico zones in the FFTF

4 subassemblies, and so these are the FFTF assemblies, and

5 these are the SSC corresponding channel numbers.

6 We have grouped them according to orifice zone,

7 and th en , according to power flow ratio. These are the FFTF

8 designation numbers.

9 What this then shows -- Our Channel 1, what we

10 call SSC Channel 1 is the hot channel in the FFTF. In o' er

11 words, it has the highest power to flow ratio. There are

12 two what they call fuel open test assemblies which are

13 highly instrumented. There is one in Row 2 and Pow 6.,_

I a
i/ 14 These two subassemblies we have modeled alone.

15 Then I will jus additionally point out that what

16 ve call Channel 15 can be construed to be an averace

17 channel, average meaning it has that steady state

18 operation. That is what I mean by average.

19 (Slide.)

20 MR. GUPPY: I will just show one typical result.

21 IT is discussed in a lot more detail. This is a typical

22 natural circulation transient. You get an initial peak, an

25 initial rapid peak, then an overcooling, and then an
._

_' 24 undercooling, and natural circulation flow is established.

25 Then you get what is called the second peak, and here it is

-

r

-
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({} 1 plotted from the 18 fuel channels. There is the hot cnanne]

2 and the average channel.

3 We have done various parametrice analyses with the

O 4 SSC version, va ryin g such things as the power of inertia,

5 the core pressure drop, and computed results with and

6 without the flow rate distribution being calculated. Just

7 one minor parametric here shows the response of the average

8 channel when 75 percent of the nominal decay heat was used,

9 The nominal decay heat being 25 full power days, which is

10 what they anticipate they will run the FFTF at to get the --

11 25 hours of full power operation before they conduct these

12 tests.

13 One of the big unknowns is actually the power that

1-4 is going to be there. We have done some parametrics varying

15 the power and other important parameters. Again, these are

16 all pre-test predictions.

17 I will skip over to Page 17.

18 (Slide.) .

19 MR. GUPPYa I will briefly just show now what

20 these next series of vu-graphs embody -- they are nov

21 intercode comparisons, and really our basic purpoce in

22 running them is to see if we have any gross modeling or

23 - coding errors when we compare our results to that of ancther

() 24 code, and in this case, it is comparing SSCL to the FFTF --

25 to the comparable FFTF code, called IANUS, anc the cases

.

V i
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(]) 9 i that we have compared on this intercode comparison are

2 no rmal scras , loss of electric power, pipe ruptures before

3 check valve, after check valve, large and small break, and

O
,

4 another what they call tornado.

5 All of these are not here. A repo rt is

6 forthcoming in the next couple of months that summarizes all

7' these results. I will just show one of them for the normal

8 scram.
.

9 (Slide.)
,

10 MR. GUPPY This is plotted here, normalized. The

11 time scale does not start at zero. But this is normalized

12 flow and normalized power. They both start at unity and

13 come down. This is a case of normal scram, typical
!

\ 1-4 normalized flow and power, and the IANUS predictions f 0r th e

15 power and flow.

16 (Slide.)

17 MR. GUPPY: And then, similsrly, for the maximum

18 temperature in the core, the discrepancies in the

19 temperatures are attributed to the differences -- minor

20 differences -- although they really are not minor --

21 differences in flow rate shown on the previous slide.

|22 'You can look at the rest of them. I will discuss

23 thes if you want, but they are basically to show that for

() 24 the transients we have analyzed on an intercede comparicon

25 basis, the results seem to be -- we do not seem to have any

O
V

|
1
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1 gross errors.
.

2 (Slide.)

3 HR. GUPPYs What I want to do now is precent some7s

4 of the other results that are now using CRBR geometry, and

5 this is the simulation capability that we now have with the

6 SSCL and also with the other versions of SSC as they have,

7 come of age to handle pipe breaks, scrams, loss of electric

8 power, natural circulation advance, as well as various other

9 operational transients.

10 The transients I will show in a moment are going
,

11 to be concerned with natural circulation events and a couple

12 of operational transients, reactivity transients and

.

13 operator-initiated events.
| (3

\, ) 14
-

(Slide.)

15 HR. GUPPYa We have quite a wide variety of

16 ' applications work that we are working at, basically, broken

17 down into roughly ten categories, and that is summarized on

18 Page 26.

19 As I mentioned, I wanted to touch upon natural

20 circulation results.

21 (Slido.),

22 MR. GUPPY: And some of the important factore to

23 adequately model natural circulation are pointed out here.
! /~

(_N) 24 The flow rates are small, typically in the 5 t 10 percent|

25 range. Frictional pressure losses drastically are reduced.

(l
,
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1 Small differences in the locations of the thermal centers

2 are now important. It is necessary to have a detailed

3 accounting of density distribution throughout the system, so

4 you can trap the natural circulation driving heads, a nd also

5 important are the heat capacity effects, the coolant

6 interacting with the wall, because there are very long

7 piping runs.
,

8 (Slide.)

9 MR. GUPPYs The specific results that I will show

10 in a minute are for an LOEP, for loss of electric power,

11 natural circulation event. I am showing this to show the

12 impact of system nodalization on the results. On the

13 primary sida, it is a one-channel simulation, and two cases

O 14 are presented, one which I call detailed nodalization, and

15 one which I call coarse nodalization.;

16 These are roughly 100 nodes for the detailed node

l'7 and about ten for the coarse nodalization.

18 MR. KERRs Mr. Guppy, if one goes back to the

19 previous slide, if I may, for just a minute, is the

20 difference in nodalization an effort to achieve those points

21 that you are making here? For exam ple, does one cet a

22 better description of small differences in location of

23 thermal centers with fine nodalization and better track of

O
s

24 -thermal centers and density changes?

25 MR. GUPPY: Yes.

O
'
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(} 1 MR. KERRs All right.

2 MR. GUPPY 4 One other point I did want to make

3 here is that in keeping with trying to make this

Om 4 computationally efficient, I would just point out the

5 results here. This is for a CDC 7600. The transient ran

6 out to 360 seconds of simulation time. For the detailed

7 nodalization case, it required 226 seconds of CDC, 7600

8 time. Nodalization was 141 seconds. It is what I call real

9 time or better simulation.

10 (Slide.)

11 MR. GUPPY: This is the results of the detailed

12 versus the coarse nodalization for the primary loop flow

13 rate. You can see there is indeed a difference in the

(3s/ 1<4 natural circulation flow rate achieved which is directly

| 15 attributable to the degree of nodalizetion that was used.

16 The next vu-graph on Page 30 shows tne tamperature

17 respone for the peak coolant temperature, and there is a

18 difference in time to the second peak as :tell as a

19 difference in the actual magnitude of the peak. It is

20 roughly 39 degrees Kelvin here.

21 Now, this difference in the temperature is

22 directly an effect of the flow rates being different and the

23 flow rates being different are f: an Fuch things as are shown

O 24 on the next slide.gy

25 (Slide.)

g%
'

Q. ~

.
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() 1 MR. GUPPYa What I have plotted here is just the

2 gravitational pressure drop plotted in Newtons per square

3 meter. This is about 9 psi. The transient was run 10

4 seconds at steady state before the rafter was scrammed.

5 This is for the core gravitational pressure drop.

6 You will see the differences. They are minor.

7 This is a blown up scale. This is roughly 1,000 Newtons per

8 square meter, but the driving force under natural

9 circulation is on the order of a psi or so.

10 So, there are diff erences in the -- there are

11 differences in the various components for the natural

12 circulation head. That is just for the core.

13 The next vu-graph shows the next gravitational

14 head. It is plotted in Newtons per square meter. There are

15 minus values in the SSC terminology. A minus pressure drop

16 is a pressure gain. You can see that it is on the order of

17 3,000 Newtons per square meter, roughly one-half a psi or so

18 for the natural circulation driving head.

19 As is evidenced here, there is less of a natural

20 circulation driving force for the detailed nodalization cane.

21 MR. CARBONS Excuse me, Mr. 3uppy. Let me ask you

22 to wind up within five minutes if you could.

23 MR. GUPPY: Oh, all right. I thought I was

C)q 24 allocated 45 minutes.

25 MR. CARBON: Try and close it off a little sooner

0
V
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1 if you could. we are henind schedule.

2 MR. GUPPY: Okay. The next few slides were to

3 show -- again, these are intercode comparisons, trying to
U(g

4 show some multidimensional effects down at low flow, low

5 power conditions. Intercode comparison 1-D versus 3-D for a

6 section -- horizontal section of pipe, a severe transient,

7 that is about as- severe as you are going to get for a

8 natural circulation type of event.

9 The purpose of showing it was to show that, Number

10 1, the agreement was not that bad, and also, you can use the

11 one-dimensional results to indicate areas where potentially

12 the three-dimensional code would be necessary.

13 (Slide.)

14 MR. GUPPYs Page 34 indicates the input response.

15 (Slide.)

16 MR. GUPPYs Page 35 shows for various -- the 17.7

17 meter long horizontal pipe, these are at five and a half

18 meters, 11.6 meters, and at the end of the pipe, these

19 results are with coolant wall interactions. These are

20 without coolant wall interactions (indicating).

21 The dashed lines are the SSC one-dimensional

22 results. The solid lines are the tempest code results,

23 which is out at Pacific Northwest Labs, and the dots here

() 24 are from the comics code results (indicating).

25 That is the agreement for the one-dimensional

O
:

'
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() 1 versus the 3-D.

2 The other thing that I wanted to indicate from

,e 3 that was that we did use a correlation that was derived by
(

4 Jackson and Fewster from water experimental results to

5 de-.ve a dimensionalist parameter in terms of the heat and

6 momentum transfer numbers.

7 This gamma, which is in this form, and they found

8 for water experiments that if gamma was greater, it should
-4

9 be 1.0 times 10 The buoyance effects in a round pipe.

10 would be important, and potentially earmarked areas where

11 three-dimensional ef f ects were impo rtant.-

12 Page 37, I just show the three axial locations., by

13 using our one-dimensional results, again, where significant

O\' 14 buoyance effects could come into play, and if you look at

15 this and go back to Page 34, you can see some of the -- like

16 the five and a half. The thing starts to -- You should note

17 that Page 34 starts at 40 seconds. It does not start at

18 zero.

19 (Slide.)

20 MP.. GUPPY: You can see that the comparison is ,

|

21 poorer during a period when significant thermal effects |
'

1

22 could be shown. I
;
,

23 To summarize that, wha t I was trying te show there
|

() 24 was natural circulati.on effects, coolant mixing in the pipes

I
25 and heat capacity effects between coolant and tne vall are l

|

( ))-
I

I

I

ALDERSON REPORTING COMPANY, INC. 4

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



co - - - 85

16

() 1 important. The 1-D results for the case study were in

2 reasonable agreement with the 3-D code results. It was good

3 for a fairly severe case, and also that the 1-D results

O 4 could be used to predict where 3-D codes could be useful.

5 (Slide.)

6 MR. GUPPY: I will not show the specific results

7 of the next few slides. What I will do is just say, we do

8 have operational transient capability, because we have the
i

9 plant protection system and the plant control system

10 models. We feel fairly generic -- the generic models for

11 input. The user can add more. We do not have -- we do have

12 control systems for the reactor, multiple control banks,

13 pump controls both on the primary intermediate and also on

1-4 the feedwater and at the turbine and turbine bypass. --

15 In the succeeding pages, are sample results of

16 operational transients that were generated. As I say, we

l'7 can do operational transient analysis and study the impact

18 of control systems on the plant protection system actions.

19 Okay. We have some future plans that are noted en

20 Page 43.

21 (Slide.)

22 MR. CARBON: Let us just read thcLe, if you will.

23 MR. GUPPY: In summary, we do have versions of

O) 24 SSCL PCW that are operational. We have a wide range ofq,

25 applications work that is under way. The SSCS work is undar

O
. .
%
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1 way. Code validation work is proceeding. It is not

2 anywhere near complete. We do have continuing effort going

3 on in user su pport, not only in this country but in foreign(y
'~')(

4 countries, and model improvements and extensions are being

5 implemented as required.

6 MR. CARBON: Fine. Let us take a ten-minute break.

7 (Whereupon, a brief recess was taken.)

8 MR. CARBON: Go right ahead.

9 (Slide.)

10 MR. KRESS: I am Tom K ress, from Oak Ridge

11 National Laboratories. I manage the aerosol release and

12 transport program. I would like to remind you what the

13 aerosol release and transport program is about.
,
! !
x/ 14 It is a consequence assessment program for severe

15 accidents, and our studies are focusing in two areas, those

16 relevant to the primary containment and those relevant to

T7 the secondary containment.

18 The primary containmen t studies we are releasing

19 highly energetic molten UO2 under sodium. The study --

20 principally the transport of this material to the transfer

21 area -- in th e second ary studies, we are focusing on

22 validating aerosol behavioral codes under conditions where

23 you have mixtures of nuclear aerosols, sodium oxides, and
r~() 24 uranium oxides.

25 Also, I would remind you the primary containment

p
\ ,/
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() 1 experiments are conducted in a small scale model vessel

2 about one-tenth the scale of the CRBR. The vessel is about

3 two feet in diameter, about six feet tall, and in this(S
U 4 vessel we heat samples of UO2 by electrical means,

5 electricity stored in capacitors, put it in very high molte

6 energy states, on the order of 4,000 joules per gram, and

7 then we study the dynamics of the vapor bubbles that are

8 created to iden tif y the things that occur just to see what

9 happens, and then to quantify the dynamic behavior,

10 primarily to look at the transport of the material.

11 (Slide.)

12 MR. KRESS: This is a photograph of the fast

13 sodium facility as it exists today, just to show that it is

O 14 in place.'

,

15 (Slide.)

16 MR. KRESS: This is more illustrative of what we

l'7 do. This is a diagram of the system. Samples of UO2 are

18 mounted in a low position in the vessel. The discharge

19 condensers -- we put them in a high energy molten state, and

20 these essentially disassemble, much like a scall scale

21 reactor event, and the UO2 vapor bubbles grow and form under

22 the liquid, whether it be water or sodium.

23 We are presently conducting water experimente.

() 24 The type of measurements we make and the type of information

25 we look for, in water tests, we have a point not shown in

O
.
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() 1 which we take high speed motion pictures to try to identify

2 the dynamics of the bubble formation.

3 There are rapid ~ response submersible pressure

4 transducers. There is a train of thermocouples, a matrix,

5 so to speak, in the path of any rising bubbles that might be

6 created that are intended to respond to a thermal transient

7 so one could map the position of the inter; ace.

8 There are also -- Not shown is the pressure

9 transducer, and the cover gas space respond to movement of

10 liquid and the compression of the gas and could be used as a

11 measure of the volume of this bubble at any ti.n e .

12 We also take samples of the material that reaches

13 the cover gas, so we can determine the quantity that

" 14 survived the transport. We look at these samples to

15 determine their characteristics in terms of aerosol sizes.

16 Finally, we are developing a system in "hich we

l'7 mount acoustic transducers on the exterior of the vessel and

18 use pulse echo techniques to image this bubble. This is a

19 development item we are trying to use because we cannot see
:

20 the bubble with motion pictures when it is u nder sod iu.m . "e

21 use the acoustic device as a measure of the size, cosition,

22 and velocity of this bubble.

23 (Slide.)

( 24 MR. KRESS: These fast primary vessel experiments

25 are being conducted in tnree separate phases. First, we are

n
( '
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() 1 not' having any liquid present, just an arcon environment.

2 Following that, we are doing disassemblies under water, and

3 then we will proceed to under sodium experiments.

J' 4 We have presently reached the milestone in which

5 we completed the second phase of the experiment work. This

6 morning I want to discuss what we have found out in these

7 two phases, and the implications -- what I think the

8 implications are.

9 (Slide.)

10 MR. CARBON: Is the work that you have done of

11 importance to the LMFBR people?

12 MR. KBESS: I think it would be, because it

13 essentially is releasing molten fuel under water, and

1-4 looking a't the events that occur. I th;.nk they should be

15 interested in it, although LWR's are not projected to get

16 quite this high in energy state. So it does exceed what
.

17 they need.

18 First, the system model is one-tenth of the

19 primary vessel. What is this disassembly in terms of
;

20 scale? Is that the same scale?
.

21 MR. KRESS4 Linearally, it is the same scale. In

22 terms of surface to volume ratios, the bubble is much

23 different. We produce bubbles on the order of one foot in
n(,) 24 diameter. The LMFBR postulates that, so surface to volune

'
25 ratio to scale is one of the diameters -- it is like the

(
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(]) 1 one-tenth. The objectives of the non-liquid experiments,

2 the argon environment experiments a re first to develop and

3 understand the electrical capacity discharge system for,s

!V} 4 producing these disassemblies.

5 This was an item that was a development item to

6 begin with. It had never been done before. The use of
.

7 electrical energy produced high energy bubble states in UO2

8 had not been done before. We did these argon tests. It is

9 a way to produce UO2 condensa tion aerosols , and it serves as

10 a way to characterize these condensation aerosols which can
.

11 be viewed as source aerosols that might get produced at the

12 source, and the argon tests serve as relatively unattenuated

13 tests in the sense it creates maximum amount of vapor

14 without any liquid and structure around to cool the system

15 off. So, it serves as a base line -- not a calibration, but

16 a base line determination of what the maximum amount could

17 have been available to transport to the sodium, and we will'

18. use that compared with what actually ge ts th rough as a

19 measure of attenuation.

20 (Slide.)

21 MR. KRESS: Looking first at the kind of results

22 we got in terms of characterizing the aerosol, we conducted

23 a series of tests at different energy inputs, different

("N l

() 24 energy. levels. We selected several of these that scan the

25 ranges of energies all the way up to just tolten to just

O
(> j

1

l

|
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(~T 1 under the 4,000 joules per gram, and we took '

%.)
2 photomicrographs of the aerosols produced and determined the

3 size distribution of the primary aerosols, and determined
i

4 that they were indeed log normally distributed, and they

5 were, as expected, small condensation aerosols on the order

6 of .014 micrometers.

7 I will discuss possibly the significance of that

8 kind of data in just a moment.

9 MR. CARBON: I would appreciate it if you would.

10 This is in argon?

11 MR. KRESS. This is in an argon atmosphere. It is

12 rela tively rapid cooling .

13 Another type of information we get is the quantity

\_j 1-4- of vapor that gets produced. Here I plotted it as a percent

15 of the initial sample. The initial sample is about 20

16 grams. The percent -- the fraction of that 20 grams that

l'7 becomes vapor after this high energy ma terial expands down

18 to one atmosphere -- *his is a function of the energy

19 output. This upper point here would correspond to just

20 about 3,500 joules per gram in this case. It is just barely

21 above the molten state.

22 What I plotted here is experimental data in th e

23 middle, and it is bracketed with two extrenes of analytical

( 24 calculations. The three points represent a condition -- we

25 have to preheat the samples. These three points are at

, ~)Q. \

s
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') 1 . identical preheats that are comparable to these;

2 calculations. The other points are data that essentially

- 3 had a different preheat history, but they were close enough,

(' s!' 4 we felt they would fall in the same sort of comparative
i

5 poin t.

6 Other data follows in kind of a range around this,

7 the only difference being the prehea t. The differences in

8 the calculations involve, first, no changes in physical

9 properties of the liquid as it goes through the melt. That

10 is this curve. But as it goes through the melt, UO2 changes

11 its electrical conductivity, changes its thermal

12 conductivity, and changes its density. If you include what
,

13 we think are realistic values for those changes, and redo

14 the calculations f or the e'lectrical energy discharges, it

15 moves this curve over here.

16 By putting in appropriate physical properties of

17 the changes we are able to bracket -- these are adibatic

18 expansion calculations. It tends to show an adibaric

19 calculation is an appropriation way to determinen the vapor

20 yield which you would expect.

21 (Slide.)

22 MR. KRESS: The implications of th ese argen tests,.,

f

23 looking first at the size distribution, these are

() 24 co nd ensa tion aerosols we are looking at, and the production

25 of condensation aerosols is by homogeneous nucleation. The

)
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1

(') 1 . size you get depends on competition between nucleation rates
'

ss
2 and growth, and a difference on the supersaturation ratio.

3 So, if in the gas tests we think the dominan t mode of heat-)
\- 4 transfer is radiation -- we also believe that will be the

5 case in the under liquid test.

6 If so. they have comparable cooling rates. You

7 expect to see the same sort of size distribution for the

8 primaries. If when we go to the liquid test we get a

9 different size, it will be an indication to us that perhaps
.

10 there are different modes of heat transfer. If we get the

11 same size, we feel relatively confident in our assessment of

12 radia tio n , that that is the major mode, and it gives us

13 confidence in our experiment.
O
\m/ 14 Also, knowledge of these --

15 MR. KERR: Tell me again why you would get

16 different sizes if you have a different mode of heat

17 transfer.

18 MR. KRESS: Not a different mode, a different rate

19 of heat transfer. It does not' depend so much on the mcde as

20 the rate of heat transfer. It depends on the

21 supersaturation transfer. So, it is the rate of heat

22 transfer.

23 MR. FIRST: The agglomeration rate ic the same.

A 24 If you have more tine, you get more agglomeration.(j

25 MR. KRESS: Agglomeration is not a facter. It is

n -

...
.
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() 1 strictly a production of a fundamental particle from the

2 vapor state to the liquid state.

3 MR. FIRST: If you have a lot of particles, you

4 ace going to get agglomeration nonetheless.

5 MR. KRESS We separate >those out.

6 MR. FIRST: This is a calculation.

7 MR. KRESS: In looking at the data. In looking at

8 the photomicrographs, we do not look at agglomerates. We

9 look at the individual particles.

10 HR. FIRST: What do you do with the agglomerates?

11 MR. KRESS: We look at the parts that make up the

12 agglomerates.

13 MR. FIRSI: You try to count the particles in the

(V~h 14 agglomerates?

15 MR. KRESS: Yes.

16 MR. FIRSTS What fraction, roughly, of the

l'7 particles you count are in the agglomerated state?

18 MR. KRESS: Ira these experiments, all of th em .

19 HR. FIRST: All of them are? You never see a

20 single one?

21 MR. KRESS: We collect these samples at some time

'E during disassembly, and they are allowed to agglomerate.

23 MR. FIRST: How many particles do you get?

() 24 MR. KRESS: Thousands.

25 MR. FIRST: Thousands?

-
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1 MR. KRESS: Yes.

2 MR. FIRSTS I don't understand how you can size

3 those optically.

4 MR. KRESS: It is difficult.

5 (General laughter.)

6 MR. KRESS: You count many. That is why we only

7 looked at a selected number. You can use these primary

8 sizes to synthesize properties of agglomerates. Properties

9 of agglomerates -- it is important to know those, and the

10 implications of the yields mostly to understanding our

11 experiments -- th ey give us the- base line da ta so we can

12 find out how much gets attenuated during transport, but it

13 also shows the relevance of using adibatic calculations to

(_h
/~

) 14 establish vapor qualities on expansion mode of fuel down to

15 some lover energy state.

16 (Slide.)

117 MR. KRESS: The scope of the under water

18 experiments, the purposes of th e se were to validate the

19 particular capacity for discharge design that wo would use

20 under sodium by testing it out under water first, and t.y the

21 use of high speed motion pictures under water, we hope to

22 identify the expansion phenomena to see what happens as the

23 bubble is produced.

(") 24 We use these high speed motion pictures to
c/

25 correlate our instrumentation from other instru.ments th a t

(~;
( _/
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( ) 1 are discussed, so that we can be confident that we crn
w./

2 interpret the sodium results when we get them.

3 We would like to quantify the condensation and

4 transport rates under water for comparison with sodium and

5 comparison with our analytical models that we have, and we

6 are trying to develop this ultrasonic imaging system I

7 discussed earlier.

8 Those are the objectives generally.

9 MR. KERRs That ultrasonic imaginc system measures

10 pressure pulses?

11 MR. KRESS: Yes, it is a system in which the

12 acoustic transducers are emitters, and --

13 MR. KERRs You are not measuring something like

k' 14 b'ubble collapse?

15 MR. KRESS: We send out a signal and let it bounce

16 off the bubble, and it comes back. It is a sonar type.

T7 MR. KERR: It measures sizes?

18 MR. KRESS: It measures sizes and positions. We

19 hope -- We are developing that. We hope that is what -

20 MR. KERRs You hope it will. That makes me feal

21 better.

22 MR. KRESS: We have some experience with it.

23 (Slide.)

(~j%q 24 MR. KRESS: I am not going to dwell on this

25 slide. These are the test matrices of the water tests we

/^;
( )
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() 1 have completed. We varied the quantity of xenon that was

2 included in with the sample as a non-condensible gas. We

3
,f-

varied the water temperature over two levels, one a

V) 4 relatively cool level and another one at essentially boiling

5 point or close to it. We varied the height of the liquid

6 above the sample by two values, something like almost four

a little over two feet above the sample,7 feet and almost --

8 and the energy input from the capacity discharge was varied.

9 So, that is the kind of test matrix results I am

10 going to discuss now.

11 MR. KERR Why did you measure the high

12 millimeters rather than centimeters?

13 MR. KRESS: Because millimeters is the ANSI

14 acceptable standard. We are converting over at Oak Ridge.

15 MR. FIRST Are these numbers purposeful in all

16 cases, the numbers for energy? Is this just something you

17 got?

18 MR. KRESS: The energy is. The rest are

19 controllable. The energy is not controllable. We tried to

20 set the system up so we could get energies between 30 and 40 1

l

21 kilojoules. Energies less than that are really not --

22 MR. FIRSI: In your gas pressures, I see you have
4

23 three decimal places. Were those purposeful also?

() _ 24 MR. KRESS: Not in terms of the decimal places.

25 The important ones are the first two decimal places. Ihose

.

.:
|
|
1
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I are like .1 .1 mil 11pascals in atmosphere --(v; -

2 MR. FIRST: These come'from conversions?

3 MR. KRESS: Yes.

4 (Slide.)
,

5 MR. KRESSs A summary of observations from these

6 tests -- well, maybe I ought to look at this slide here

7 first.

8 (Slide.)

9 MR. KRESS: This is the kind of result we might

10 get. These are pressure events produced by the CDV charge

11 as measured by our submersible pressure transducers in the

12 liquid itself. On discharge we got'an initial pressure

13 burst hollowed by an expansion of the bubble. That lowers
(~
\/ 14 the pressures. At ;ats lower than normal system pressure.

15 The bubble collapses again and creates a second pulse, and

16 the oscilla tion con tinues in ever-decrea sing amplitudes.

17 One of the things we can measure it this period

18 between these pulses and compare that with some analytical

19 models we have, and this is a kind of -- if you vary the

20 system pressure at the start the cover gas pressure fron --

21 this is like the atmospheres. One atmosphere. Cne

22 atmosphere with a change in temperature of the water and

23 lower than one atmosphere.
;"\

( ,) 24 You can see how sensitive this period is to these

25 variables. It is a sensitive measure that we can compare

(Dv
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(]) 1 with our analytical models.

2 (Slide.)

.

3 MR. KRESS: Speaking of the analytical model, this

4 is an example of the UVABUBBLE code being developed at the

5 University of Virginia. It predicts the same pressure

6 pulse. This is the initial prediction. This is in

7 millipascals. This is a bubble expansion. As a parameter,

8 since radiation heat transfer is an important mode in this

9 model, they varied the emissivity of the vapor to see what

10 effect it would have on the second pulse. It had very

11 little influence on this period. It does influence the

12 second pulse considerably.-

13 So, by measuring period, we can check a lot of

k/ 1-4 hydrodynamics. By measuring the pulse, we can check out

15 some of our parameters to see what are the appropriate

16 emissivity values to use in the code itself. Our da ta ao

l'7 far indicates an emissivity value of about .15 seens to

18 describe our second pulse.

19 MR. KERR: Does it make sense physically?

20 MR. KRESS: We do not know yet. It is not -- It

21 has to do with geometry also. We are looking at that to see

22 if it matters.

23 MR. KERR So you think these emissivity nunters

() 24 have some physical significance and are not just a fudge

25 factor which permits you to --

O
%)

,

)
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m

1 MR. KRESS: Yes, I do believe that. We are not()
2 altogether convinced yet that radia tion heat transfer is th e

3 primary mode, because we do see entrainment of the liquid.

8 4 These entrained liquid droplets can have a strong influence

5 on heat transfer. In this case, it may not have physical

6 significance.

7 To summarize the fast water observations, the

8 disassemblies do produce single coherent oscillating bubbles.

9 (Slide.)

10 MR. KERR: What is the significance of the word

11 coherent as used there?

12 MR. KRESS: It did not produce several bubbles,

13 and it did produce a spherical type bubble that was not a
p
(s' 14 jet -- it was definable as a spherical entity.

15 MR. KERR: I was not being critical. I wanted to

16 know what it meant.

17 MR. K3ESS: Definable as a bubble with a clear

18 interface.

19 MR. FIRST: These are all just one bubble

20 formation.

21 MR. KRESSs Yes.

22 MR. FIRSTt Is there somewhere along here you are

23 going to connect this up with a continuous heat source?

/m

( ) 24 MR. KRESS: No. No. We are talking about single

25 bubbles. The films indicate there is enough coolinc of this
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32 1 bubble so that aerosols are formed in place within the('/;
x-

2 bubble. I guess that should have been obvious, but I was

3 not sure that it would do that.,__
,

! i

kJ 4 MR. KERR: What is an aerosol in this sense? You

5 get little droplets?

6 MR. KRESSs Yes. Droplets and solids.

7 MR. FIRST4 I should think so.

8 MR. KRESSs These vapor bubbles have been observed

9 to rapidly condense within the first couple of hundred

10 milliseconds during the oscillation phase before they have

11 time to rise significantly through the liquid. They

12 condense completely. We have measured very little transport

13 of any of the UO2 to the cover gas except in very special
r%
's J 1-4 cases in which we place the water temperature very near the

15 boiling point.

16 In those cases, we do measure a little bit the

l'7 transport, and we think this is because of the position of

18 the water. It may produce a more persistent bubble, and

19 these measured bubble oscillation periods which depend on

20 the hydrodynamics and heat transfer have been in generally

21 good agreement with the prelictinary calculations using the

22 University of Virginia UVABUBBLE.
i

% P
c
( s) 24
~ ,

25
1

,
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It7 (Slide . ) I

fl "Tjl
t6 - A quick look at the status of the instrumentation,

3 we have been satisfied with the response of the submersible

bf 4 pressure transducers under water. One comment, they require ;

5g insulation from ground to prevent interference from electrical
a
3 6
; discharges.

E
n 7
; When we get to sodium, we don't think we can use the ground, so we
N
2 8s will lose the first impulse. A good measure of the bubble-
d

}". isolation frequency as compared with what we see on the high
9

0
6 10
g speed motion pictute films -- and the measurement of the
=
2 11
g pressure level is what we would have expected from calculations

'J 12z and by calibration using static pressures.
c

/~'s d 13',g We think these are now ready for under sodium use.(
z

$
'4

MR. KERR: The CDV electrical interference comes from
=
0 15
b a magnetic field?
=

y 16 MR. KRESS: Yes.
A

MR. KERR: The sodium may provide a good insulation
=
6

$ against that.
-
"

9
8 MR. KRESS: It may. In the water test, we had to
n

20 ground it. The cover gas measurements, they were effective in

21
measuring the cover gas pressure. We were able to interpret the

( ) 22 | response as a measure of bubble volume, as compared to the
em

vi i ,

23 ' |

motion picture films.'

(~') The particular transducers we had were much too big

25 : by a factor of 10, so the sensitivity was not good. We have i

V |

| |
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I now changed those out and put in a smaller range unit.
n

2v. MR. KERR: Were these commercial units?Bfm2
3 MR. KRESS: Yes. The ones in the cover gas are a little

4 different than the ones in the submersible, but they are on the
* 5
z same principle.
?

@ 6 (S lide . )
R
*
5 7 I guess.I ought to cover the rest of these. The thermo-
A
| 8 couple array was disappointing because our bubbles condensed
d
C 9
z.

so rapidly that they really did.not have an opportunity to contact
o
y 10 our thermocouple. There were a couple of thermocouples close
3

II to the bubble position. There was some limited contact there.
3

I I2 It indicated to us that we have too slow a response of
:

[) 13 thermocouples to be able to track the bubble. That is the chang.et=
A

5 I4 that.is needed. As far as development of the ultrasonic bubble
$~

,.2 15 imaging technique, we first tested it out using an auxiliary
-

E I0- tank with fixed spheres.
-

m

d 17 Bubbles, tennis balls, things like this at different
3
t.

g 18 sizes and just let them rise up past a fixed transducer. We
=
-

c- I9g were able to determine the size and the velocity and the position
n

20 of these fixed spheres with the ultrasonic devices.

21 We then attached them to our water system and were able I

22('~N, to get them on in time for four tests. In two of the tests, we
1

23 { had faulty mounting. One of the problems is bow do you mount

24 these?

25 They have to be mounted on wave guides. So, mountingi

I
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I is critical. We had faulty mounting that came off during a couple
bf ' .

/ 2 of the tests. The other two tests, we got signals that were

3 interpretable in terms of the first extension of the bubble

| 4 size, but the signals -- I think there is still a mounting prob-

g 5 lem.
E

@ 6 We were not able to see the subsequent oscillation of
R
*
S 7 the bubble in these things, although the films show they were
s
j 8 there.
G

9
z,

MR. CARBON: Tom, why don't you plan to wind up within
o
g 10 five minutes and give us a couple of minutes for questions?
E

II MR. KRESS: Okay. Let me switch then to the aerosol
M

g 12 part of the program. The secondary containment part is being
=
"

('5'5 cenducted.in our nuclear safety pilot plant vessel. What we do13
,

a =
m
- I43 there is we use a plasma torch technique. At the same time,
$

{ 15 we introduce liquid sodium. We mix these primary LMFBR aerosols
=

j 16 in different proportions and in different mass concentrations
e

h I7 | and make a full battery of measurements of the aerosols so we can
=

{ 18 validate the computerized models that are being developed for
C
s l9a the natural attenuation of these aerosols, with the view in mind I

'5

20 | of eventually determining quantities that might be released in

21 secondary containment.

22
('^') (Slide . )

23 ' We have completed another major milestone in that part

24
'

| of the program in that we had outlined a test matrix that would()
I

25 | scope the parameters for these mixed aerosols. This is a matrix
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I we had outlined which varies the total concentration, the mass

o
BfR,_) 2 ratio of the two different species and the natural size difference

3 between'the aerosols by varying the time at which they are mixed.

() 4 We are now completing this matrix of mixed aerosols.

e 5 The typical kind of results we see with the mixed aerosol test --
A
N

$ 6 first, there is a burn to produce U O After about an hour's.

g 38

$ 7 time to allow this stuff to age, and to agglomerate, we introduce

s
j 8 sodium,

d.
d 9 This is aerosol concentration in the vessel versus time.
i
o
@ 10 At this time, there is no abrupt change in slope, a concentration
3
h, 11 decrease and the U O follows the sodium. This is the typical
* 38
y 12 kind of evidence that we get, that the two aerosols are acting
5

(N $ 13 together.
\_/ =

m

5 14 They co-agglomerate. They act as a mixed species

$
2 15 aerosol. The dashed lines compare them with equivalent runs in
$
'

j which this component was put into the vessel just by itself16
A

i 17 without the other. So, you can see there is a change in

s
5 18 behavior when they are mixed together.
E

$ 19 (Slide.)
n

20 If you look at a single component, UO run the data
38

21 of the dots. The curve is HAARM-3 calculation. Starting from

22 a known condition of concentration and size distribu...an, you~

us
23 f can see that appropriate choices of the parameters allows you to

|

24 | do a pretty good description of the mass concentration.
I) I -2
m

25! You should not really believe that data below 10 .

I ALDERSON REPORTING COMPANY. INC.
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I This is strictly for U O aerosol alone in which these

2gf parameters correct for the f act htUO aerosols go together
38;

3 in long chains and become fluffy aerosols. These are parameters

4 that correct for that.

g 5 If you mix the two aerosols, sodium oxides generally
0
3 6 exist as solid spheres rather than as chains. So, you would
R
$ 7 expect a different behavior. This was a case in which we mixed
M

| 8 a sodium to uranium aerosol, with about a one tenth ratio of

4
* 9 mass, where one is sodium and ten is the uranium.
z.
O

$ 10 You can see in this event, this is what you would use
_3

$ II in a code to describe a pure sodium aerosol with a spherical
B

N 12 behavior. This is what you would use for U O a chain aerosol.,

E 38
, a

( )5 13 You can see a one tenth aerosol, which is primarily U O .

3g~--

z
5 14 You can still describe the behavior better by using
$
y 15 the U O properties.
= 38
y 16 (Slide.)

Y |

$ 17 Shifting now to a one to one ratio, where they are
5

{ 18 equally in there in terms of mass, you can see you still do better
=
s

l9; by using strictly a U O properties, se the chain-like properties
E 38

20 of the mixture tend to dominate the behavior. If you go even

21 further to four times as much sodium, four times as much of the

22~') sperical property,'

i/ ,

23 | You see at this point, you are beginning to part a

24(~') little bit from the dominance of the chain.
'

_ :

25 (S lide . )
i
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It took a four to one ratio of the sodium to get that.
,c

2' So, you do not strictly use a mass waiting system to describe this
bfm6

3 kind of behavior. There is a dominance of chain-like behavior.

4 We think this is new information that is of significance.

5
3 ( Slid ~e . )
n
3 6g I would like to summarize the observations from this
E"
; program. We feel now that the HAARM-3 code is adequate to
n
8 8

describe the single component U O or the NA O aerosol.n
,

4 38 22o 9
j Co-agglomeration is, in fact, the case. These two
o
H 10
j aerosols when mixed in all proportions -- by this kind of data
E '

z 11< here, it was shown that U O chain-like species appears to
'

38
e. 12z dominate the behavior, even up to a four to one ratio of the
-

(~' E 13
(_) s| sphere.

3 14
% I will skip these, too. We also have shown that these
ej 15 chain-like characteristics of the U O tend to disappear if you
* 38, . I0y have a lot of moisture present. I would like to show that
a
" 17 I'

d before I quit.
=

IO
(Slide.)

P"
19

8 This is what U O aerosol looks like in a very dry
"

38
20

condition. A chain-like fluffy -- it looks like a cobweb type

21 cf thing. If we ran a test, just like this dry test, the same

r> 22 concentration but we introduced a lot of steam into the vessel,
!ni} i,

23 ' about three times the saturation values, it looks like this.'

2#~

() (Slide . )

25 | So, moisture tends to destroy the chain-like appearance.
F

i
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I MR. KERR: The size of the larger particles is about

f'%bfL_) 2 what?

3 MR. KRESS: This would be on the order of 2 to 5

(~% 4(_,I microns.,

5g MR. CARBON: We are really out of time. Do you have
9

@ 6 questions -- I think it would be more important for you to ask
R
b 7 questions if you have any, than for more presentation.
;
j 8 MR. FIRST: What is this intended to simulate? That
d
y 9 is nor clear.
z
o
@ 10 MR. KRESS: The aerosols?
3
_

'$
II MR. FIRST: The experiments, what particular accident

s

I 12 or sequence are you simulating?
5
a

13 MR. KRESS: We are trying to keep it accident scenarioe 5A =

$ 14 independent.
$j 15 MR. FIRST: Do you mean this is a pure aerosol study?
=

g 16 MR. KRESS: Right, but we fixed the ranges of our
a

b' 17 , things so that you can postulate releases of sodium into the
$
w
g 18 secondary containment for an LMFBR.
P"

19 | You-can postulate releases -- how much UO gets ing
" 2

20 there. You talk about concentration levels on the order of one to

21 ten grams per cubic meter. We are in that range with these things .

22 In fact, we have exceeded it. We try to produce the
}

23 ; aerosols that have the same properties and the .= ae behavior as

e's 24 sodium.
%)

25 i MR. FIRST: Ralph seems to --
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) VOICE: Let me clarify something. Up to now, the NSPP

g 2 tests were working in the dry conditions, fuel aerosol sodium,
bfM

3 aerosol under different sequences. In other words, different --

4 which could imply different sequences the way he has introduced

s 5 the sodium first or the UO first.
; 2

@ 6 The program would now move over to tne more generic

R
$ 7 core melt aerosol, where later in the accident, when you start

sj 8 to get into a core melt, you start to get moisture from the

d
d 9 interaction from **.e heating of concrete within the containment,
i
o
y 10 which now would bring you into a new condition; no longer a dry
'ij 11 condition.
D

g 12 Also, it brings into play large mass quantities of

5j 13 other aerosols besides sodium or UO<s .

V" 2

h 14 MR. FIRST: That is an altogether different regime.

$
2 15 VOICE: That is right. That is the regime that he is
$
j 16 just starting to get into.
A

d 17 i MR. FIRST: What is the relation to what he is doing,

|
E 18 i to what you are coming to? This, I do not understand.

5 I

[ 19 I MR. KELdER: This regime is the early part of that.
5

20 MR. FIRST: IF none of the aerosol gets out of the

21 pool to start with, what are we worrying about? What the particle
.

!

22hsizeofthecondensedUO is and whether it agglomerates or,,

/ i 2
i'"' 23 doesn't. If it all remains in the pool.

24 VOICE: No, but --
i7-

~

25 , MR. FIRST: You are talking about an altogether different

i
!

|
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1 accident now, which is a vessel release.
I

x_) 2 VOICE: First, we are starting with the vessel release,

bfm9
3 which includes fuel and fission products.

4 MR. FIRST: He is not talking about that. He is talking

e 5 about a bubble inside the vessal.
A
n
@ 6 VOICE: Assuming failure of the vessel, now you have
R
$ 7 a source term.
%
j 8 MR. FIRST: But you L,"e an altogether different

d
n; 9 aerosol generating mechanism. This does not have anything to do
z
c
$ 10 with spillin sodium out of your system into the containment
3
_

g 11 vessel -- into the large vessel.
3

g 12 MR. KELBER: Let's back up a bit. In the CRBR licensing. ,

5

(~'-)$
13 the primary source was from.a possible HCDA in which material was

x- m ; -

$ 14 transported in the bubble through the sodium out of the upper head
$
2 15 by virtue of -- by virtue of the pressure exerted on the upper
5
g 16 head, which causes it to lift and open up a path.
A

6 17 ,! That gave the o called one percent source term. Ne,

d
$ 18 as well as DOE, have wanted to understand that source term for
=
H

$ 19 | some while. We are now concluding that work.
5

20 There is a second cause of accidents. One which is

21 common to LWR and LFMBRs. That is the core melt accident where

73 22 we are not concerned with the energetics, but with the fact that
,I

23 eventually you spill the core on the floor and then you have a

!

24 | problem.
!,

I
-

25 , That is where we are going. In addition, you do have

I
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1

I to worry in the case of the LMFBR about how these two situations

interact. That is, if there were an end of spectrum accident in

3 an LMFBR an aerosol produced in the course of an energetic

4 recriticality would be expected to escape from the primary vessel.

3 "his comes along after the initial burst. This was
a
3 6
3 another part of the program. This comes during recriticality
E
"

when almost all the core is molten. There probably would not be
n
8 8 a great deal of transport through sodium under the a conditions.a

d

}". That aerosol would then be in the containment during9

o

h
10 the time that core melt is going on. Then, you have this

=
I II rather complex species. That is an end of spectrum type accident.
B
" 12
E I.do not know how much priority that is going to have in the
=

(~'i a 13
, scheme of things.

t_/ m 4

'A \

$
I4 i Our first priority in the comin years however is going

5
15j- to be the aerosols produced when you get the core on the floor.

-

d As I say, the thrust there will not be toward LMFBRs, but really
W

- I

h
I7 toward LWRs.

=
$ 18

MR. KERR: I misunderstood because I thought his descrip-_

#
8 I9 | tion of the experiment -- he was talking about energy densities
n !

20 that you would only get in some sort of peak pulse situation.

2I MR. KELBER: Tnal work is now coming to a close.

22
] MR. KRESS: There are two parts of the program. One

,

vJ
23

,
is the energy density relative to the primary containment, then

1

,- . 24| was the second pac phich I showed later with the aerosols,
LJ l

25
! which is relevant to the secondary containment.
I

!
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I It is a fundamental aerosol study applicable to the
bfmil

2 secondary containment.

3 MR. KERR: How do you get to the aerosols?

4 MR. KRESS: We make them.

5 MR. KERR: Can you get them from a water reactor core

@ 6 melt down?
R
*
S 7 MR. KRESS: Oh, yes . You get aerosols produced from
s
! O concrete.
G

". 9 VOICE: There are -- in the sodium case or the case of"

z
o

h
10 water over the debris or melt that is interacted with concrete,,

|=

$ Il you get a sparging of aerosols, fission products as well as
a

f I2 fuel coming up through the liquid.

[-
=2

15 13
.

This has been seen in the Sandia experiments.
s/m

3 14
g MR. KERR: You get them when you start getting the
f

15g concrete interaction.
=

d Ib- VOICE: Yes.
W

f I7 , MR. KERR: Not before, as far as you know?

IO |5
3 VOICE: Some of the more volatile ones would be coming
?"

19e off first, but then the --
R

20 MR. KERR: Some of the moe volatile what?

2I I VOICE: Fission products, without having to require

22^' the spargin effect, once the gases from the concrete sparge, then
( / iv

23 ' they would take the lesser volatile materials too.
1

('; 24 | MR. FIRST: I do not want to hold up the proceedings
'L)

25
! here. Maybe somebody would, at the end of this, take a few
I

1

!
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1 minutes and try to explain to me what connection the work that

2 you are describing has to what you are talking about.
bfm

3 I cannot see the connection.

4 MR. KELBER: I think it is extremely clear. I do not

g 5 understand the confusion. Let me put it very simply. To calcu-

0
j 6 late the radiological source term, you have to know how much

R
8 7 aerosol remains suspended. Whethet you postulate a certain

sj 8 amount of core evaporization or you rely on the measurements.

d
d 9 However licensing does it, someone has to, as a function
i
o
y 10 of time, know how much radioactivity is available.

_E
g 11 MR. FIRST: I don't have any quarrel with --
3 .

:j 12 MR. KELBER: Let me finish please. That is the function
5(') j 13 of NSPP tests, to check whether or not we have a satisfactory

v=
$ 14 need for calculating. When we started this work, it was not

$
2 15 clear that the codes were conservative.
5
g' 16 The way we got started, and it was in fact a request --
A

d 17 | I cannot remember whether it came from standards or from NRR.
5 i

5 18 It came -- a request from them to do something about the un-
:
r

C 19 satisfactory state of affairs in this calculation.
5 8

n

20 This calculation is quite independent of whether the

21 aerosol arises from a postulated source, from an actual source,

22 or the core on the floor, which is my own view, or from a release7,

x_J
23 to the primary vessel.

24 i - The other question that was discussed, which is what
6

( )

25 ; happens --

!
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bfm13 1 MR. CARBON: Excuse me just a second, Charlie. Is he

I I 2 answering your question?

3 MR. FIRST: No, not at all..

4 MR. KELBER: There is a complete miscommunication.

e 5 MR. KERR: Maybe you should get together at the end.
3
N

3 6 VOICE: Let's try to do it at the end.

R
$ 7 MR. CARBON: Do you want to follow anything further at

M
j 8 the moment?

d
d 9 MR. FIRST: No. I would like to get a little itore
1:
o
$ 10 detailed explanation. I assume you would like me to respond to
E -

_

-g 11 this. I'do not feel I have enough information.
s

j 12 MR. CARBON: We would appreciate it very much.
5

0 y 13 MR. FIRST: Since the meeting is brief, I would 1-60e
x

$ 14 to get the information later. If that is satisfactory with you

5
2 15 and everybody else.
$
g 16 MR. CARBON: Fine. Do you have any more questions
A

d 17 at the moment?

$
$ 18 MR. KERR: I have no more questions at the moment.
=
H
E 19 i MR. CARBON: Fine. Let's move on to the next speaker
5 '
n

20 then.

21 MR. GIESEKE: I am Jim Gieseke from Battelle-Columbus.

22 | We are talking about aerosol code developments and verification

23! qualification as part of an effort which constitutes our efforts
i

7, 24 | in modelling the fast reactor safety study.
! / t |-

25 , (S lide . ) i
i

|
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1 The program can be visualized, I think with this sort

2 of a breakdown that shows the major activities divided between

3 the code development and the code verification part of it.

f 4| Code development has gone through some analytical

s 5 work, development of the HAARM-3 code, which incorporates the

$
] 6 characteristics of the aerosols, the morfological parameters

R
8 7 such as the mobility correction, and collision cross section

4
| 8 that were mentioned in the code,

d
d 9 There is some question about the assumption that is
i
o
@ 10 integral to the HAARM-3 code, which is that the aerosol is
E

'| 11 always of a log normal distribution. Because of that, we have
s

g 12 moved on to two additional types of codes: The CRAB code and
5

f j y 13 the QUICK code.
(_- m j

| 14 CRAB code used a continuous representation of qualifi-

$
2 15 cation of nodes. There are two QUICK codes, actually.
E

16 | There..is a histogram type approach to divide the
M i

g 17 f distribution up into sections. So, we have really three

5
M 18 different analytical solutions as a way to make sure that the

5
{ 19 . analytics are giving us good answers, or at least comparable

|n

20 | answers and consistent answers between the codes.

21 MR. KERR: You get the same results from all codes?

'N 22 MR. GIESEKE: In most cases we do. We can find extreme
' '

-

23 cases of concentrations and so on where there are some differences
i

e' 24 in the codes in support of the analytical work, and also in
C/

25 support of the Oak Ridge -- the NSPP experiments.
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1 We are doing some fundamental studies in the properties

bfL ) 2 of aerosols and agglomerates. Materials we.are worried about are

3 sodium, sodium oxide, fuel materials, structural materials such

4 as steel and the effects of the environment or the gas in which

e 5 they exist such as argon, air because of its oxidizing effect on

$
@ 6 the sodium; and water vapor also reacts with sodium and has some

R
$ 7 effect on the structure.

%
j 8 So, we are looking at the gases. This is work under

d
o 9 way. Code verification, we work thorugh sensitivity analyses.
i
C
g 10 We have gone through some code comparisons, as I mentioned.
Ej 11 We have developed a verification plan which provides a
a
p 12 very orderly procedure for going through experimental verifica-

5
(',d 13 tion of the codes and selection of the experiments that one would
VE

y 14 like to have. We are in the process of beginning some comparisons

$
2 15 with data.
w
X

j 16 (Slide.)
r;

g 17 To put it in a time frame perspective a.little bit
E
-

E 18 better, the first item on the list is sort of a special item.

5

( 19 . The question has come up regarding mixing in the containment.

fA

20 We have a code that is the ZONE code that divides the containment

21 up into three zones.

22 Zone one, which is near the source. Zone two whichc~ ,
( ) |

23 ' is some sort of a natural convection area. Zone three where

24 you can have deposition on the walls.,_,s

LJ '

25 (Slide.)
i

i !

!
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I It is arbitrary. It could be applicable for a compart-
,,

2 mentalized containment. We were looking, in this case, at a(_j
bfm16

3 sodium fire situation. We estimated mixing rates that go with

rs 4 different zones.(}
e 5 (Slide.)
U

$ 6 We get this sort of a result where you see up to the
R
b 7 end of the fire or the time where there.is a source in zone one.
s
[ 8 There are some differences between the different zones, but the
d

]". mass concentration quickly assumes the same result as you get if9

o

h
10 you assume it is well mixed from the beginning.

=
k II MR. KERR: From that I get the impression it occurs at

y 12 zero time.
3
"

13 MR. GIESEKE: It is very very fast. It is a little bit
{]}m]

' I4 of function of how fast you want to assume the flow rates are
$

{ 15 amongst the zones. It never carries that very far in time. It
=

g' 16 is very relative to what you would expect for a long -- compared
W

- d 17 , to what you --
s
h 18 MR. KERR: Does that picture have any physical signifi-
-

G .-
'#a cance?

a
20 MR. GIESEKE: Yes. It tells you the well mixed assump-

21 tion is a good assumption.

22 MR. KERR: I thought you just said it occurs rapidly,

23 ! if the flow velocities are rapid.

24 MR.GIESEKE: There is a slight deviation in here. You
73NJ i

25 are saying it is zero. If you get in there, you can see littlei

I
i
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1 bits of differences, maybe.

bt- M
i ) 2 MR. KERR: I am trying to find out whether you have

3 a nodule in the code.

4 MR. GIESEKE: Yes. We have changed the mixing rates

I
e 5 over a much broader rate than you would expect. It would not
E
nj 6, make any difference on a graph of this sort that you could see.

I l
g 7 If you took the numbers, you could see a slight deviation.

3 |

h 8 So, it is essentially a very very rapid mixing process I

d I
d 9 that it carries on.
i
o
3 10 (S lide . )
3 '

E 11 The second item on the list is a comparison amongst
<
5
'd 12 the codes. I mentioned we mapped out -- we really tried to find
3
=

(3 d 13 areas where they would disagree as a more severe test.
a

RJ=
E 14 (S lide . )
d
'

=
2 15 Just some examples of a typical source of agreement
s

.- 16 for sodium aerosol case. In most cases, they tend to agree like
B
'^ \

@ 17 | that.
w t
: I

$ 18 | (Slide . )
5
E 19 Here is another case where we used UO again. It is
5 2

20 quite good agreement. We actually have two QUICK codes that
.

21 have slightly different assumptions of mass amongst the

'r w. 22 . different channels.
! |' .; 4

23 | MR. KERR: Are these four distinct codes?

i

24 i MR. GIESEKE: Yes. HAARM-3 assumes a log normales
I ) !
a

25 ; distribution for the particles. CRAB is the collication of the

i
;

i
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I nodes. QUICK uses the histogram approach. There are two QUICKS --
Bfml8

||| 2 when you take two size ranges, you can take the smallest of the

3 two size ranges. You can agglomerate those to a bigger particle.

4 You get a different size than if you take the larger end out.

p 5 So, that was in a different channel. Basically, the

9
@ 6 difference between QUICK one and QUICK two is how you smear the
R
$ 7 ranges in the larger size ranges.
Aj 8 What it does show is that for -- those are typical of

d
$ 9| most cases. There is one other case. This is the biagest
z
e
$ 10 disagreement that we were finding. You see, there is a rather
5
_

j 11 significant difference here, even in this short a time.
M

j 12 ' It does occur after the concentrations drop off a couple
E

('~i$ 13 of orders of magnitude. We are still in the process of sorting
(_/ = |

m
g 14 out the difference. This is a high concentration aerosol when

$
2 15 this occurs. The differences are related, not only to the high
w
M

j 16 concentration, but also to the spread of the distributions that
W i

i

b. 17 i you have.
5 i

5 18 I MR. FIRST: Why are you using number concentrations
=
H

h 19 I instead of mass?
5

20 ; MR. GIESEKE: We use number concentrations. We use

21 mass concentrations. They all come out of the code.

22 MR. FIRST: My point is that a difference in numbersc

~] !

23 ' concentration may be an insignificant mass concentration since
: !

I

24 | mass is the primary parameter we are concerned with in terms
(,,) :

_

25 of releases. Is this concealing something that it should not'
1
1

|
,
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1

1 MR. GIESEKE: No. I

bf/ ) 2 MR. FIRST: Or revealing something that is unimportant?

3 MR. GIESEKE: No, there is a difference. I would like

4 to show you all -- I think we have 30 curves like this, but I

y 5 don't think we have time.

0
@ 6 MR. FIRST: Ar- inese all on number, or are some on raass?

R
$ 7 MR. GIESEKE: Mass, size, distribution, number. We

s
] 8 are preparing them in a report right now that is coming out.

d
d 9 All I wanted to illustrate with that one vu-graph was that we
i
o
@ 10 can find some places that are really unrealistic sset of condi-
3

| 11 tions. You can assume ccme conditions where the codes do show
u
d 12 some disagreement.
E
o

jfg N 13 MR. FIRS,T: May I ask another question on this
~W=

| 14 disagreement part which I think that really gets at the essence

$
2 i5 i of it?
w I=

g 16 None of these numbers have any confidence intervals
'^

\

p 17 ' associated with -- none of these curves have confidence intervals
w
=
5 18 associated with them?
2

h 19 , MR. GIESEKE: They are all calculated.
M |

20 | MR. FIRST: There are some uncertainties in the
I
i

21 ! calculations, shall we say? Certainly, there are some uncertain-
h

ties in the data from which the codes were derived.7-
'~

,

(/ !

23 | MR. GIESEKE: The codes assume a source and some
1

24 size that goes in there. All of them take the same thing.s
t .

Q.)
MR. FIRST: I understand that.25j

,

! ALDERSON REPORTING COMPANY,INC.



t u~ - 141

1 MR. GIESEKE: It has been set up -- just the question

gg') 2 of, for instance, time intervals. We worked it that to where --

3 beyond any change in results with time intervals.

4 MR. FIRST: That is not the question I am asking.

e 5 The question I am asking basically islooking at your last slide

N
j 6 before this where you said you had some significant deviations

R
$ 7 at some points on the curve. My question is, are these really
~

$ 8 deviations of significance, or are the error limits of each of

d
: 9 these codes such that this is really telling you the same thing?
i
c
y 10 MR. GIESEKE: I am not sure I understand. The code
3

| 11 results -- I could go to 1 millionth of the time interval.
a
p 12 MR. KERR: We will accept'as an answer, I have not
=

( ) h 13 | thought about your question before. I will provide you anf3
:

- m
g 14 answer.
w
$
c 15 MR. GIESEKE: Okay. Thank you for an answer to the
$
j 16 question. I think there was another item.
* |

d 17 ' (Slide.)
'

5
5 18 We are in the process, as I mentioned, of looking at
5
$ 19 the properties of mixed aerosols. I think you have sean the
n

20 difference from Tom Kress of the different types of particles
i

21 on airborn mass concentration.

_
22 This is the same scale sodium oxide aerosol down at

\ / >

I23 the corner relative to UO aerosol. I think it illustrates the''

2,

24 i difference in the particles.
!

nd m 25 . MR. KERR: Those are the same scale?
,

'

c flwa
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NRC
Parkar 1 MR. GIESEKE: Yes. The primary sites are much smaller
T J 7

2 for the UO2, and the shape of the agglomerate is much different.

3 (Slide.)

4 We are in the precess of measuring the properties, not

5g only of the individual components, which we have done, but we
c.*

3 6 are in the mixed materials right now.
R
R 7 Another effort, as I mentioned, was the verification
s
| 8 plan. We are busily trying to get some consensus among the people
d

% 9 working in the area.
z
o
b 10 As I mentioned, the plan was prepared, and it has been
E
_

j 11 out for comments on an informal basis. We have a meeting scheduled
M

I 12 for later this month where we are going to go over our verifica-
E

(~ $ 13 tion plan.Rs; -=

@ 14 ! (Slide.)
5
2 15 Just very quickly, we are working down to this sort of
=
y 16 an outline. We have gone through sensitivity analyses with the
w

d 17 : codes. We have tried to decide what sort of agreement the code.

$

} 18 should have. With experiments we have tried to set ranges for
P
"

19g the variables of interest and select ranges for the validation i
n

20 experiments.

21 Now, the way we selected the ranges for the validation |
|

22
~~1 experiments --
x> ,

23 ; MR. FIRST: I do not have that in my folder here.

24r MR. GIESEKE: I think you have this.m

(s !

25 , (Slide.)
|

|
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1 The shaded areas represent assumed accident conditions

l) 2 plotted with dimensionalist groups representing wall deposition

3 relative to gravitational loss and coagulation relative to gravi-

4 tation or sedimentation loss, to map out areas where the accidents

; 5 or assumed accidents are likely to occur and to tell us where to
8
@ 6 run experiments so we can match it up with the accident.
R '

$ 7 There are some other considerations, I think in your
s
j 8, handout, that are sort of outside this sort of an approach.
J
d 9 (Slide.)
i
o
G 10 This is based on the controlling mechanisms. Spatial

,

E
_

j 11 inhomogeneity, as I mentioned, we have been covering with the zone
B

j 12 code, and also there is some input from experiments on that, large-
5

/~ig 13 scale experiments such as at HEDL, the interaction rates for
V=

$ 14 mixed aerosols; that is basically the NSPP experiments, items
5
2 15 3 and 4. As I mentioned, those are coming out of our experiments
5
y 16 at Battelle as well as the NSPP experiments.
W !

,

b. 17 | Localized thermal effects I think we can handle with
w -

=
M 18 a crde, but there have also been some experiments in the Netherlanc s
E

h 19 directed towards that question; that is, if you have a hot spot
5

20 on the floor where you might have some thermal fretting repulsion,

21 that sort of a mechanism is included in the code.

r's 22 Possible particle heatup or charging because of the
J

23| specific activity of the material -- this has been evaluated

24(m analytically and some conditions mapped out for it. It may or

25 may not be of any importance.

!

|
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1 And the question of resuspension has been approached

() 2 and limited -- from limited, small-scale experiments, as we have

3 done it at Battelle.

4 (Slide.)

e 5 I think the only other thing I would want to do is say
E
e
] 6 where we should get by the end of the year, and other items that
R
R 7 are planned or anticipated. We would like to be or hope to be
3
j 8 completing our comparisons among the codes, the napping out of the
d
d 9 regions and trying to understand the regions where the codes are
z"

h 10 in some degree of difference.

E
j 11 The other -- the next item would bc we are working toward .s
B

y 12 an improvement of the QUICK code in this case to handle the mixed
=

f N f 13 materials or mixed aerosols a little more adequately. And we are
~

\J=
.$ 14 beginning now to do work on comparing experimental results with]
$
2 15 our verification criteria to see what additional 'xperiments may
$
y 16 be needed.
A

d 17 j| Other efforts that I think are down the line that need
5
$ 18 ' to be completed in this whole area, as I mentioned, are improve-
5
$ 19 | ments, the code to handle the mixed aerosols, that will continue
M

20 beyond this fiscal year.

21 (Slide.)

7 - 22 In addition to that, the extension of our measurements
( )
''

23{ on agglomerate properties, both'the effects of the materials and

247, of the gases such as water vapor, air, and the -ef forts toward

N) !

25 ; code verification, as more experiments are completed, and we put

|
'
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them all together to see how the codes do at. predicting the experi-
)

ments.(T 2V
That completes what I have to say. Do you have any

3

questions, any further questions?g-) 4
V

MR. FIRST : What are the criteria for a successful
e 5
3

} clarifi ation of the code?
6e

j 7 MR. GIESEKE: We are trying to set that in terms of --

,

E 8
we arbitrarily have chosen two things that we think are of

N

N importance. The first is what people really need in doing assess-
9

z
ments of radiological consequences of accidents: the mass of10e

z
j jj

material that has leaked from the containment vessel, and since

5
[- the timing of a release may be of some question, maybe if there12
Z

$ is any containment failure what you really.need is sort of two
13

)S
things -- an integrated mass leak as well as an airborne concentra-E 14w

$ tion at the time of an opening in the containment, if you want9 15
G
=

to assume that would occur.~

3-
16

A
MR. FIRST: I know what the function of it is. What-

j7
w

b-18 are your criteria for verifying the code? Supposing at the end

2
6 of your work I said is this code verified or not? How are youj9
9
5

20 g ing to judge this? That is the question.

MR. GIESEKE: I was trying to get at what parameters21

- 22 you are going to zero in on and use as your index. Tia first

~'

23 , thing, airborne mass concentration, is one parameter that you want

:

0) -
24 to predict.-

'' MR. FIRST: How closely is the question. I am asking
25|
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1 you a quantitative question and getting a qualitative answer.
( ,)
!. 2 MR. GIESEKE: Let me go one step further. The other,

3 parameter of importance we feel, because it leads to understanding

4 of the processes involved, is the particle size.

g 5 Now, to answer your quantitative question, after discus-
0
3 6 sions with people that use the codes and expectations or uncertain--
R
{ 7 ties in dispersion calculations and that sort of thing,,we feel
s
[ 8 it would be more than adequate -- and the number is not tied down,
d
d 9 but we feel the code should predict within a factor of two on the
2:
C
g 10 conservative side -- if you do an experiment, the code should be ---
3 '

j 11 the experimental results should be a factor of two higher on the
a
p 12 mass concentrations. On particle size I think the coda shculd
5

nf~]j 13 calculate plus or minus one. and. a half times.:the mean diameter.
vm

E 14w
b '
_

2 15
w
=

i 163
w

d 17 i
W
i
w 18
_

P
E 19
s
n

20

1

21
|

|.- 22
N-)y

|
I23

i

24 |,
!tLj;
i

25
.

!

|
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7-9 i Those items relate to what the users of the code need
Co ally

2 in terms of analyzing the whole consequences question.

3 MR. KERR: Why do you think it has to be a factor of

f 4i two higher rather than a factor of two lower, for example?

e 5 MR. GIESEKE: Maybe it does not have to be. We are
h
3 6 still struggling with these particular --

R
8 7 MR. KERR: I am not being critical. I am just asking
M
8 8 why.
n
d
= 9 MR. GIESEKE: I think it should be conservative. I think
i
o .

b 10 it should predict on the high side.
3

| 11 MR. KERR: As 'long as you know it is off by a factor
a
e 12 of two why does it matter if it is on the high side or the low3
m

(~'; y 13 side, as long as you know what it is?
v_ e

E 14 MR. GIESEKE: That is okay with na.w
$
2 15 MR. KERR: I am not saying that is the way it should

i

j 16 | be. I am asking why it is you picked the high side as desirable.
A !

g 17| MR. GIESEKE: My feeling is the code should be on the
E
$ 18 .servative side.
= i

[ 19 , MR. KERR: But the code cannot be either conservative5
n

20 or non-conservative. People can be.

21 MR. GIESEKE: The code can make a prediction in that

7-s 22 it overpredicts --
\_/ ,

23 ' MR. KERR: The code can make a prediction either accurata

,r ' , 24 | or inaccurate. What you do with it determines whether the results ^|
|

(
ss -,

25 j are used to make a conservative design.

ALDERSON REPORTING COMPANY. INC.,



cc 2

128, , . .

1 It seems to me -- from my point of view I would want

( ) 2 the code to make as accurate a prediction as I coulu Then I

3 can introduce a conservatism in the design or whatever I do with

4 it. There may be something I'm missing that says the code should

e 5 always be conservative.
A
N

@ 6 MR. KELBER: I think, Bill, you are absolutely right.

R
g 7 In a way we should view this as a kind of best estimate code.

A
j 8 Obviously, if we know, for example, that this code is within a

d
c 9 factor of two, even if we do not know whether it is high or low,
i
o
B 10 the regulatory people can use that knowledge in making their
$ .
_

E 11 assessment. You're absolutely right. No question at all.<
?
d 12 MR. KERR: I was not really try ing to make a statement,
3
=

(^'; y 13 beca2se I have not thought about this.
(J = ' i

| 14 MR. KELBER: I think as Jim has pointed out, they are
$
2 15 struggling. At the end of this month they are going to try to
$
J 16 come to some final criteria.
E

g 17 MR. GIESEKE: I would like for the licensing people to
5 i

5 18 tell me what sort of reliability or predictability they want in
5
[ 19 the code.
!

'

20 MR. KERR: That seems reasonable.

21 MR. GIESEKE: They will not answer that question.

22 MR. FIRST: I think that gets basically to the question

23 | I was trying to get you to answer, and that is, if you do not

-) 24 | have any criteria for validation, how are you going to do it?z

J \

25 | MR. GIESEKE: We are setting the criteria.
:
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1 MR. FIRST : But who?

() 2 MR. GIESEKE: I have said them. He disagrees.

3 MR. FIRST: Nobody is disagreeing with you.

,-

( 4 MR. KELBER: Just made an observation.

e 5 MR. FIRST : Who should set the criteria? Should this

h
@ 6 be your function? Should it be NRC's function, whose? And why
R
g 7 have we gone 25 years with these models and nobody has set a

a
j 8 criteria for validation yet?

d
d 9 MR. KELBER: In the first place, validation is being
N
@ 10 carried out in a range of activities, in the water reactor program
3

| 11 particularly.
D

g 12 MR. FIRST: Are there criteria for that validation?
5

(} 13 MR. KELBER: They are oftentimes home-grown. The primary

@ 14 mechanism by which we do it is through the research review group,
E
2 15 and quite frankly, it is a function of research at this time by
5
y 16 default to make the major judgments as to how accurate the code

@ 17 | should be.i

$
5 18 Where the final -- where push finally comes to shove is
E

$ 19 when the code is used in a safety assessment, and someone decides
M

20 how much safety factor they have to put on the calculated results.

21 MR. FIRST: There is no way of knowing that without

22 knowing what the reliability of the code is.

23 ; MR. MELBER: NRR has yet to face up to this issue.
i

24 MR. CARBON: Go ahead.7-<-),
25 . MR. FIRST : I will try and get some more information on

ALDERSON REPORTING COMPANY, INC.
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1 it later.

) 2 MR. KERR: Is.there someone who could tell us -- maybet

3 you already know what the relationship between his work and the

| 4 Oak Ridge work. If you already understand it --

g 5 MR. CARBON: No, I do not. Would you tell us what the
9

$ 6 relationship between this work and the preceding Oak Ridge work

G
g 7 is?

A
8 8 VOICE: This work has been -- that Jim has described

d
d 9 has been aimed at the analytical models used for making predictions
i
o
G 10 of aerosols within containment under accident conditions as a func--
3
'j 11 tion of time. The fundamental properties -- some of the fundamental
s

j 12 properties that go into the code, namely as Jim described on some
5

(~~;@d 13 of the mixed aerosols he has been measuring at Battelle-Columbus,
L/

j 14 the NSPP work that Tom Kress described is checking in a reason-

$
2 15 able scale whether or not the predictions that one would make --
w
=

J 16 whether or not the analytical methods do represent the -- what
E |
g 17j is seen in the NSPP for aerosol mixtures.

$ 18 | Now, let me say tha t in the past there have been tests
-

O
19 with sodium oxide and some tests with the UO but in much lower2g

5

20 concentrations. And the NSPP has in this nominal test matrix

21 combined the two together, and the two pieces of work will now

22 come together.(s
w.-

23 Now, unfortunately Jim's work was delayed by five months

~ 24 as explained -- this fiscal year, as I explained in my remarks
,

~J t

25 ' on June 13 -- in some of the things he was doing on property
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j measurements to keep in phase with the pace of the Oak Ridge

work, but his five-month delay in his contract has given him that( ) 2

3 much delay, so there is some -- he is having to catch up now with --

4 to put the two together,

MR. KERR: Could you explain that to your class?c 5

5
8 6| VOICE: One program is analytical with some properties --
e

MR. CARBON: I could make a fair effort, I guess.7

MR. KERR: Thank you.8

N MR. CARBON : Let's go on then to the next discussion.9
1:

$ 10 (Slide.)

E
-

MR. GINSBURG: My name is Ted Ginsburg. I am from3 jj
<
U
d 12 Brookhaven National Laboratory. I would like to present to you
3
-

,e ' E 13 Brookhaven's experimental program.
2( :

_h' 34 (Slide.)
''

w
b
! 15 In today's discussion, after an overview including the
5

h* 16 scope of Brookhaven's work, I would like to discuss with you very

G

g- j7 , briefly some of the recent results we have obtained from some of

5
E 18 our programs , and then to indicate within the budgetary uncertain-
=
5 ties where we are heading.jo
E
6 I

20 (Slide.)

21| This gives you an indication of the scope of the

{
22 i charter for BNL's activities in the area of the fast reactor

23 f
safety experiments. We are basically charged to investigate

'

24 various kinds of thermal hydraulic phenomena of importance in fast
( <

25 . breeder reactor safety analysis and to apply the phenomenological
i

.

! ALDERSON REPORTING COMPANY, INC.



j32.* .cc 6

1 principles to accident analysis.

e) 2 (Slide.)

3 The scope of our activities, as you can see here, vary

| 4 from experimental simulations of phenomena related to post-accident

e 5 heat removal, transition phase of the LASL flow accident initiator,
E
n
3 6 and post-disassembly bubble expansion.o
R
R 7 In addition, this year we undertook a task involving an
s
j 8 assessment of transition phase technology.
d
d 9 MR. CARBON: Hold up on that item. Tell me what the
$
@ 10 goal of this work is. Where does i; fit in the picture? Where
3

h 11 does it fit in the NRC picture?
3

y 17 MR. GINSBURG: These experimental simulations are related.
5

(~^; j 13 to safety considerations involved in hypothetical core disruptive
s- m ,

h 14 accidents. Basically we are asking in these various kinds of
N
2 15 simluations how can we obtain information relevant to various
5
y 16 processes occurring core disruptive accidents. For example, what
w i

I( 17 j happens following a loss of flow accident in an LFMBR, sodium
N
$ 18 boiling, fuel melting, how do we characterize the resulting
E

{ 19 processes?
n

20 MR. KELBER: This work is related to the SIMMER studies

21 of the transition phase. You may recall during the LASL expositior

22 last week some reference to the Brookhaven work on the transition-m

L ../
23 phase. This is the work being referred to.

>
\

24 MR. KERR: Does this have any relationship to the

25 Sandia work?
I
i i

I
'
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I

!

1 MR. KELBER: Yes. This is out of pile. Sandia is in

() 2 pile. Sandia is designed to test as best one can the various --

3 what is called their multi-role -- th:se folks have done a good

4 job in --

o 5 MR. CARBON : The goal of this work and the Sandia work
A
n
@ 6 is basically the same.

R
S 7 MR. KELBER: They are related to the understanding of
A >

| 8 the transition phase, that is correct.

d
d 9 MR. CARBON: Out of pile. Sandia is in pile. Both of
i
c
h 10 which are aimed as input to S1 'mIR.
E
_

j 11 MR. KELBER: That is correct. Input or correction,
u
j 12 MR. CARBON : Presumably a basic understanding.
5

(^) y 13 MR. KELBER: That is. correct.
\_/ =

h 14 MR. GINSBURG: What I would like to discuss with you
$
2 15 today is a task that we spent some good amount of time on during
a
=

j 16 , the past year, and that is in transition phase assessment.

|
*

@ 17 : (Slide.) .

w
=
5 18 very briefly, however, I provided you with basically a
=
H

{ 19 list of major BNL accomplishments during the past year for each
n

20 one of the tasks that we saw on the previous page. Again, we

21 do not have time to go into each one in detail. I would like to
i

$
|

,cy 22 | stress the assessment of transition phase technology.
'

) \ |
- s 23 ; MR. KERR: Mr. Ginsburg, would you tell me briefly what |.

24| you mean by the transition phase?7,.
r i,
\ -,/ '

25 MR. GINSBURG: I define the transition phase as that
!
l

,
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I phase of an HCDA initiated by a loss of flow without scram, that

() 2 period of the accident following fuel disruption during which the

3 core material is molten and is contained within the original

4 boundaries of the core -- of the initial design core. So we have

g 5 a mass of molten fluid existing with various processes going on

0
3 6 within the original confines of the core volume.

R
R 7 MR. KERR: Everything is molten now. There are no solid
el

j 8 materials.

d
C 9 MR. GINSBURG: It is not clear.
*/
o
$ 10 MR. KERR: I am not trying to put words in your mouth.

$
j 11 I am trying to understand what you mean by the transition phase,
u
j 12 MR. GINSBURG: The core proceeds following fuel disruption
5

}
13 to a fully molten configuration. During any time slot there may

$ 14 be a small fraction of the core still solid, but it is heading
$
E 15 towards a full core melt.
$
j 16 , MR. KERR: People refer, I have discovered, to different
* !

@ 17 | things when they say transition phase. I want to know what you
S ic
5 18 mean. It is after some major fraction of the core has become
5

{ 19 f molten.
n |

20 ! MR. GINSBURG: The core is undergoing a sequence -- the

21 core is belt.7 disrupted.

r' 22 MR. KERR: Yes, sir.

./

23 ! MR. GINSBURG: It takes a finite time to go from a

24| fully solid configuration to a fully molten configuration. Ine
i

25| the work that we h' ave done we have considered the transition phase
!
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1 to be that portion of the accident in which most of the core is

') 2 in a molten configuration. We have not in the work we have done

3 made fine distinctions about when we should go from what I call

4 the fuel disruption part of the accident to a transition phase.

e 5 The point is that most of the core is in a molten con-
A
n
@ 6 figuration.

R
$ 7 MR. KERR: Say 95 percent of it? I am trying to find

K

| 8 out what you mean by "mos t. "

d
o 9 MR. GINSBURG: In the work we have done we have not pin-
$
$ ,10 pointed.--
z
= |

j 11 MR. KERR: Five percent?
5
d 12 MR. GINSBURG: We have not defined that. In order to
E

(~'; 13 define --
v m

j 14 MR. KERR: I don't want to be difficult, but it seems

$
2 15 to me there is a tremendous difference between a core in which
s
j 16 5 percent is molten and 95 percent is molten.
*

i

d' 17 | MR. GINSBURG: In order to go into those kinds of
E |
5 18 ! detail to describe the progression from fully solid to fully
= |

$ 19 |g molten, we need to have an accident analysis such as SIMMER. We'

5
20 did not use SIMMER in our analysis, and therefore, we tried to

21 scope out what we did in terms of broad categories.

22 We looked at the fuel disruption mode. We looked at

23 the fully molten configuration, and we said for the purposes of

f3 24 our analysis we had to consider a fully molten core. That is what^

RJ !

25 we did.
,

ALDERSON REPORTING COMPANY, INC.,



Ec 10 136. . . .

MR. KERR: Okay. So you looked at the fully moltenj
~

(1 2 core.

MR. GINSBURG: We looked at a fully molten core.
3

MR. KE RR: I don't want anything except to know what4

e 5 you are talking about.

b
MR. GINSBURG: That is what we did in the analysis. We8 6e

, 7 considered the fully molten core. We completed our assessment of
,

j 8 the transition phase accident sequence. What we did was to scope
n

d
g 9 out accident sequence paths and to assess the adequacy of current
7:

h 10 understanding of what we feel are major phenomena.

3
5 ij What we found out as a result of our analysis were the
$u
d 12 major results -- they were that first of all a concept of fuel
5
-

-z2 13 dispersal does not rule out the potential for recriticality during
i ;a
wJ G

E 14 | the transition phase. And we found that the acci<ient is likely to
W I

b
! 15 progress from a -- to a -- to a configuration of corewide fuel

5
J 16 motion coherency. I will describe that in a moaunt.

O
(Slide.)d 17 ;

d
E 18 Okay. So I will describe some recent results. I would
=
H

19 like to stress -- focus my attention on our assessment of the"

8
n

20 transition phase phenomenology and brief discussion of these

21 remaining tasks to perhaps questions after my presentation.

<- 22 (Slide.)
'

'

s/

23 The scope of our assessment of transition phase

24( technology was first of all to review previous related work
: \,

25 directed toward the transition phase, to assess the state of the

,
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) art of various phenomena, important phenomena related to the transi -

([]) 2 tion phase, to scope out what we feel are reasonable accident

3 sequences for the transition phase, and on the basis of all that

4 work to focus in on research needs and priorities.

e 5 The work that we did is primarily related to oxide fuel

h
3 6 element FBR and homogenous core LMFBRs.
o
R
$ 7 MR. CARBON : Your work meshes closely with the SIMMER

A
y 8 work. Doesn't SIMMER define " transition" totally differently?

d
d 9 MR. KELBER: No, not really differently. The SIMMER
i
o
g 10 code starts with the core at equilibrium and traces it all the
Ej 11 way down. Computationally most -- it usually starts at some point
B

j 12 when a significant amount of damage has been done. This is the
5

g y 13 transition from SAS.
i ! =

j 14 The reason it is called a transition phase is this is

5
2 15 the phase of the a -ident in which the core is making a transition
5
.j 16 from a badly damaged state but where it is still largely solid
W

17 and largely in its original gecmetry, to one in which it is fully
=
5 18 or nearly fully molten. And either it goes subcritical by dispersal
=
H

[ 19 , of fuel in massive amounts, or it goes through recriticality.
M

20 Now, the definition given to you was, I think, more

21 restrictive than the work that is concerned., The point of the

22 definition given to you earlier today was that the phenomenology~x
/ )

23 }, that are being looked at are the -- the phenomena being looked at

24 are the phenomena associated with the molten portisn of the fuel.-(s
25 MR. CARBON: Okay. I really do not care much what words
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1 are given to this in one sense. I am just concerned that they

() 2 are not being mismatched between what they are doing at Brookhaven

3 and --

4 MR. KELBER: Let me say quite frankly and plainly, we

e 5 do have a problem with parochialism among contractors. It is
3
9

@ 6 a serious problem with us, and it extends not only to us but to

R
R 7 other places, too.

s
[ 8 I think it is incumbent on our project managers in the

d
d 9 various organizations, a) to avoid the NIH syndrome and b) to
i
o
b 10 be more cognizant of the work of others. We really knock heads
3_

'

E 11 together in the review groups.<
B
d 12 MR. CARBON: You can also take the contract away from
3
=

/~'; y 13 someone.
' - =

j 14 i MR. KELBER: I hate to do that when good work is being
5
9 15 done, but it is a problem. We are not the only ones who face it.
N

g' 16 We are not the only ones who face it, but it is a problem which
*

I

b^ 17 | we continue to have; and that is that our contractors do not
N
$ 18 take adequate cognizance of the work by others.
P '

[ 19 MR. CARBON : Did you want to say something?
M

20 MR. KERR: I wanted to say with all due respect to Mr.

21 Kelber, my answer to your question would have been yes, it is

,3 22 different. I don't think there is anything wrong with that as long
N | .

.

23 | as both groups know what they are talking about.

,f~ . 24| MR. CARBON: If they know what they are talking about,
,

;

-

|

25 j it is quite all right.
!
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: , MR. KELBER: We did bump their heads together at a review
|/m

f 2 group, so at least they know what each other is talking about.,

3 MR. CARBON: Okay. Go ahead.

4 MR. GINSBURG: In our assessment of major transition

e 5 phase phenomenology we chose to address ourselves to pher.amena
3
n ,

d 6| which we think -- which we thought -- think had a major impact one

R
a 7 the course of the transition phase, and those areas which we

s
j 8 concentrated on were the areas of plant dynamics, boiling heat

d
d 9 transfer, boiling hydrodynamics, and fuel motion and freezing
z'
o
t 10 phenomena.
E
3 11 In the~ assessment work that we did we a . tempted to look<
3
'd 12 at the models and experiments available for each one of these
3
a

/'T d 13 creas and to assess the state of the art in each one of these
(v/ 2-

E 14 areas; and I have summarized them on this slide,
a
$
2 15 We feel that perhaps the most important area of
$
y 16 phenomenology with respect to the transition phase is with respect
^
g 17 |ito fuel motion and freezing. The state of the art, as we see it, ;

5 l

j 18 ' for that area of phenomenology is that we feel that the available '

|

c
*

19 evidence heems to indicate that fuel will penetrate -- that fuel
8
e

20 penetration into the axial blankets following fuel disruption is

21 limited by freezing of the fuel on the available structural

7, 22 materials.
,! !

'

is

23 | The freezing mechanisms are still not well understood. |
.

1

,3 24 j However, there are limiting models available with which one can i

%) t

25 , at least bound the observations of freezing rates observed in I
) i

! |
\ \

l

! ALDERSON REPORTING COMPANY. INC.
|

,



cc 14 140* * -

experimsnts.

What we feel is necessary to be done in the future are
(m-)
f-

2

to do prototypic tests to verify the penetrations observed in

prior experiments, and these experiments.are being planned and

(v~) 4

implemented at Sandia Laboratories.
g 5
n-

$ MR. KERR: What is meant by saying that the freezing
2 0

$ mechanism is uncertain? I would have thought the stuff froze
l"

A because it got cold.
8 8n

4 MR. GINSBURG: The question is how does it get cold and
c 9

$ how rapidly does it get cold.
h 10
E
= MR. KERR: It gets cold because heat is transferred out
E 11<
3 of it, doesn't it?
c. 12
3
$ MR. GINSBURG: The fuel material, the multi-phase fuel'

(~)9''
G. material is ejected from the molten core region into axial
g 14
s
* blanket structure, which is indeed coal. The structural material

. r 15
x
* represents the heat sink, okay?

16g

'$ Available evidence seems to indicate that the freezing
g 17
x

g rates fall between two limits conceptually -- one in which the

: -

# molten clad material is postulated to stay fixed on the structural
19

8
"

material, and a fuel crust forms on that structural material.
20

Fuel crust limits the heat transfer, insulates the rest of the
1

flow from the heat transfer, and freezing rates are low.
22gS

k '' The other limiting case is one in which it is assumed
23 ,

that the fuel crust does not form, that there is a ,large temperature

-f3\> difference available for heat transfer, and that the heat transfer ,25 ,
|

!

ALDERSON REPORTING COMPANY, INC.

|
|



cc 15

141
rates are large and freezing rates are very rapid. The available

)

r^g evidence seems to fall between those limits.
(-) .2

MR. KERR: Thank you.
3

(Slide.)gS 4d
MR. GINSBURG: In our assessment of the transition

3

P ase accident sequences this is the approach that we took. Weh
6

-

E assumed that the loss of flow initiated would indeed enter a
2 7

transition phase rather than go directly into a hydrodynamic dis-8

j assembly, and we attempted to scope the behavior of the molten9
i

re nfiguration on the basis of a single channel, and we$ 10
E
g jj attempted to identify mechanisms wnich would lead to perhaps re-
<
S

criticality events.d 12
3

We attempted to reassess prior arguments related to('T 13
%-) Ds =

fuel freezing -- fuel and steel freezing and their impacts on theE 14a
b'

transition phase and also to reassess prior fuel dispersionE 15
G
=

? 16 arguments and their impacts on the course of the transition phase.
B
w

MR. KERR: Did you find any major errors or major dis--

j7 ;
a

b 18 crepancies in your view between what had been done previously and
=
$ - what your conclusions were?j9
8
n

MR. GINSBURG: Yes, we did. I will point out a couple20

2F of them right now.

(Slide.)
- 22
\''/ First of all, to get straight that question, the second23 ,

item, we found that.the transition phase recriticality events ;24

(~) - 1 1

25 ; cannot be ruled out on the basis of fuel dispersal arguments. It
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I had been previously proposed in CRBR licensing issues that fuel
/~T(s/ 2 dispersal would indeed terminate the accident early by transport-

3 ing fuel from the molten core directly to the sodium plena and
4 thereby lead to permanent subcritical configuration.

5g We found on the basis of our work, previous experiments,
?

] 6 our analysis of the phenomena, that the major retarding effect,

R
*
E 7 is the formation of fuel and steel blockages at the axial extremi-
3
| 8 ties of-the core damage, and that this would limit very early the
d
C 9
z, flow of molten fuel away from the core region. This was a major
o

h
10 finding of the study, one in which we -- there is a major dis-

=
@ Il crepancy between previous work and --
3

g 12 MR. KERR: That is an area of uncertainty, or you are
3

()f13- sure freezing will occur, and it will prevent dispersal?

| 14 MR. GINSBURG: The available evidence, as we see itu

$
15

[n now, seems to indicate that this fuel freezing will occur. This
=

d I6 evidence is based primarily on relatively -- on a series of
w

g! 17 experiments done at Argonne National Laboratories. We feel the
=

{ 18
tests need to be verified in more controlled experiments, and

e
G I9g these experiments are being planned by ARSR at Sandia Laboratory.
n

20 This is the way it appears to us today on the basis of the

2I experiments.

22
Entrapped molten pools existing within the core region

23 | does seem to be a likely configuration, and they are likely,
24 according to our analysis, to grow to a whole core scale before

,

25 | blowdown to the sodium plena, which means you go from subassembly
i
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1 Pools t-o large-scale pools before you can eject much of the fuel
,

(_j 2 to a permanent subcritical state. And due to the fact that you

3 do develop large-scale pools, you have to worry about possible

4 coherent core-wide fuel motion during the whole core stage. And

g 5 you have to worry about recriticality, which we did not do but
N

3 6 which the SIMMER code is capable of doing.

R
R 7 So the fuel dispersion process is limited by predominantly
Mj 8 the geometry imposed by the axial blockages and by other effects

d
d 9 which we have also identified,
i
o
@ 10 (Slide.)

_3
E 11 MR. CARBON : We are going to have to close off in about<
3

g 12 five minutes.
= i

[^') f 13 MR. GINSBURG: Okay,. fine.
ss =

| 14 MR. KELBER: While Ted is looking for his slide, let
5
2 15 me say the picture he has just given you appears to be a developing
5 i

J 16}
~

i consensus. We just received a report from HEDL sjnnsored by DOE
$ |
@ 17 ! that comes to similar type conclusions based on their work.
5 i

M 18 ' SIMMER said essentially the same thing.
?
} 19 , MR. KERR: What I heard from SIMMER was SIMMER probably

1

20 treated the plugging very poorly.

21 MR. KELBER: Yes.
'

22 MR. KERR: And they knew that had an influence on theq

m

23 .! progression of the accident, but they had no idea where the

- 24 plugging occurred.

25; MR. KELBER: That is the importance of this work, as

i
!
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I well as the forthcoming DOE tests that are now being planned, the-

fs
( ,) 2 RX tests.

3 MR. GINSBURG: One of the affirmative recommendations

/~) 4 that we made out of the work that we did related to the transition
( /

g 5 phase was that verification of the thermite test results with

8
'

@ 6 more controlled systems are indeed called for. The fuel freezing

R
$ 7 process we feel is a dominant consideration in the transition

K

$ 8 phase, and even though we have some information, at the moment we

a
c 9 need verification.
i
o
g 10 Whnt I have outlined here --
E

h 11 MR. KERR: You are an experimentalist?
B

g 12 MR. GINSBURG: Yes.
=

13 MR. KERR: In your view are there experiments that

h 14 are likely to give one a good answer to the question of freezing

$
2 15 blockage that can be generalized?
$
g 16 .R. GINSBURG: I believe that the available -- that the"

A

d 17 ' available evJdence, together with the information that is going

$ 18 to come out of the Sandia tests, will give us a larger degree of

5

{ 19 confidence than we have ct th,e moment.
n

20 That does not give you a definite yes or no, but that

21 is my opinion.

22 MR. KERR. That is enough. I would say that is a goodg-
't./

23 answer.
!

- 24 MR. GINSBURG: This indicates the direction that we see
ss

25 for the future. Of course, we have budgetary concerns, as does
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1 everyone else. The assessment report is complete, and we do

h 2 intend.to issue a final report.

3 The remaining -- this gives you an indication.of where

f3 4 we are heading in the remaining tasks that I did not have time
V

e 5 to talk with you about today.
A
N

8 6 Any questions?
e

7 MR. CARBON: Anything further?

8 MR. KERR: I have no further questions.

d
ci 9 MR. CARBON: I believe not. We thank you. I thank you

i
o
h 10 all.

E..

I will adjourn the meeting in a moment, but we would5 11<
is
'd 12 like to continue with Dr. First's questions and everything.

$n
13 The meeting is adjourned.

| 14 (Whereupon, a t 12 : 5 0 p .m. , the meeting was adjourned.)
i $

2 15
$

f 16;

us
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$
M 18

5
"

19
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n

20
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3

[~)/ 1 I feel these are adequately documented.'

%s
,

2 (Slide.)

3 MR. GUPPY: In the vessel, there is what we call agg
NI 4 multichannel capability. These are one-dimensional parallel

5 channels. The user can specify any number of these and

6 build it as shown here. There are five axial sections

7 available for the user, any one of which may or may not be

8 there at the user's specifica . ion, such that with this type

i

9 of arrangement, we feel that any type of fuel assembly, )
|

10 blanket assembly, control rod assembly can be simulated '

11 adequately.

12 We have available the various material properties

13 that the user can call upon to use, or else there is the

14 additional flexibility such that if he wants to put in his

15 own material type, he can.

16 Again, there is -- you can divide these into any ;

I
1 17 number of axial modes that you want, and radially there is |

|

18 definition available also.

19 (Slide.)
]

20 MR. GUPPY With that as a little bit of an
,

i

21 overview, I want to go into some cf the results -- some of |

'

22 the results -- Some are for the FFTF transients, which are l

23 in some aspects -- In some aspects, they can te called a

Oq_j 24 validation effort. The ones I will present today are mo re

25 for intercode comparisons, as opposed to experimental

O
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REACTOR SAFETY MODELING AND ASSESSMENT

NINCIPAL ACTIVITIES

MODELING

EPIC CODE FOR FUEL AND S0DIU.9 MOTION

BIFLO CODE FOR S0DIUM B0ILING AND V0IDING (DEVELOPMENT

AND BENCHMARKING)

i
|

COOPERATIVE STUDIES j

i

UK/NRC BILATERAL PROGRAM

WAC GROUP STUDIES

O !
-

:

ASSESSMENT ACTIVITIES

LARGE REACTOR STUDIES

FUEL PIN FAILURE STUDIES .

,

e

O

.

t
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MODELING ACTIVITES ARE RELATED TO INITIATING PHASE OF WHOLE-CORE
ACCIDENTS AND TO DEFINING INITIAL CONDITIONS FOR TRANSITION

|-

PHASE.

( BIFLO ADDRESSES PROBLEM OF RADIAL TEMPERATURE VARIATIGN IN
LMFBR SUBASSEMBLIES, WHICH LEADS TO INC0HERENCE IN BOILING

AND VOIDING.

IT IS EXPECTED THAT BIFLO WILL BE INCORPORATED INTO SAS4A.

CALCULATION Ur INTRASUBASSEMBLY RADIAL TEMPERATURE VARIATION
|

EFFECTS ON CLAD AND FUEL MOTION BEING CONSIDERED AS NEXT

STEP.

(]) INCOHERENCE IN VOIDING IS LIKELY TO BE MORE IMPORTANT FOR )

HETEROGENEOUS LMFBR DESIGNS THAN FOR CORES WITH LARGE POSITIVE j

SODIUM VOID EFFECTS, IN WHICH VOIDING PPnoAGATION AND FLOW f
REVERSAL WILL OCCUR MORE QUICKLY. A CAREFUL TREATMENT OF

CLAD MOTION IS ALSO MORE IMPORTANT FOR A HETEROGENE0US

DESIGN.

I
1
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EPIC AND SAS/ EPIC STATUS

|
*

SOME MODEL INPROVEMENTS RECENTLY MADE AND CODING CLEANED UP

TO PREPARE CODES FOR EXPORT.

EPIC USERS MANUAL COMPLETED.

EPIC CURRENTLY USED BY UK AND KFK; WILL BE USED BY JRC AT

ISPRA. SANDIA HAS USED EPIC FOR EXPERIMENT ANALYSIS.

SAS/ EPIC BEING SENT TO KFK AND JRC.

1

FURTHER DEVELOPMENTS BEING CONSIDERED ARE ADDITIO:4 0F PLATEOUT
AND PLUGGING MODELING, IMPROVEMENT IN AXIAL MOTION DISASSEMBLY

|
. MODEL, AND MECHANISTIC CALCULATION OF CLAD RIP EXTENSION.

I

i
1
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UK/NRC BILATERAL PROGRAM..

.

REPORT ON CURRENT PHASE OF PROGRAM, INVOLVING COMPARISON OF

() RESPECTIVE WHOLE-CORE ACCIDENT CODES (SAS/ EPIC AND FRAX-2)

IS ESSENTIALLY COMPLETE. <

CHIEF VALUE TO US SO FAR HAS BEEN IN AREA 0F FUEL PIN FAILURE=

CONDITIONS. COMPARISON OF SAS AND FRAX BOILING MODELS

ALSO OF INTEREST.

UK INTERESTED IN CONTINUING PROGRAM. NEXT PHASE IS TO FOCUS=

ON STUDY OF INDIVIDUAL PHENOMENA PENDING FURTHER DEVELOPMENT

OF WHOLE-CORE ACCIDENT CODES. IMMEDIATE EMPHASIS ON

O
- 1. SODIUM BOILING - INVOLVING BIFL0 AND COMMIX DEVELOPMENT ON

USNRC SIDE AND SABRE DEVELOPMENT ON UK SIDE.

2. FUEL PIN MECHANICS AND CLAD FAILURE - INVOLVING WORK AT ANL,

LASL, AND SANDIA On US SIDE AND WORK AT HARWELL AND

WINFRITH ON UK SIDE. |

l
1

i

O
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WAC STUDIES
,

1 USEC T P CALCULATION ON IRRADI ATED CORE COMPLETED. DEFINITIONO
OF LOF CALCULATION EXPECTED AT NEXT MEETING IN NOVEMBER.

1

4

COMPARISON OF CALCULATIONS OF STEADY STATE FUELS CHARACTERIZATION
AMONG UK (FRUMP), BELGONUCLAIRE (COMETHE) AND US (SAS4A)

0F CONSIDERABLE INTEREST.

?

O
'

.
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ASSESSMENT ACTIVITIES

.

LARGE REACTOR STUDIES-

O
A REVIEW OF AVAILABLE SAS CALCULATIONS ON A RANGE OF CORE ?ESIGNS

,

'

INDICATED THAT A SODIUM VOID WORTH IN THE RANGE OF $2-53 IS A
REASONABLF. TARGET FOR HETEROGENEOUS CORE DESIGN. CLAD MOTION

EFFECTS IN HETEROGENEOUS DESIGNS NEED ADDITIONAL STUDY AS THEY

MIGHT CONTRIBUTE TO LOF-TOP POTENTIAL.

PARAMETER STUDIES ON WARD CDS. DESIGN ARE BEING STARTED.

DEPENDENCE OF INLET PLENUM PRESSURE RISE DURING SODIUM BOILING

ON ELASTICITY AND COMPRESSIBILITY EFFECTS AND ON LOOP VS POOLO DESIGN STUDIED.

FUEL PIN FAILURE STUDIES

A REVIEW AND COMPARISON OF AVAILABLE MODELS FOR FISSION GAS

RELEASE FROM SOLID FUEL IS UNDER WAY. THIS REVIEW LED TO THE

DECISION TO INCORPORATE THE NEFIG (UK) MODEL INTO SAS/ EPIC.

.

THEORETICAL AND EXPERIMENTAL RESULTS NOW BECOMING AVAILABLE ON

FISSION GAS RELEASE FROM SOLID FUEL WILL BE HELPFUL IN SPECIFYING

() PARAMETER STUDIES OF FISSION GAS EFFECTS, ALTHOUGH UNCERTAINTIES

ARE STILL LARGE. UNCERTAINTY IN FISSION GAS RELEASE FROM OR
PRESSURIZATION OF MOLTEN FUEL IMPORTANT IN LOF-TOP EVENTS, WHICH

HAVE MILLISECOND TIME SCALE.

:
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B I FLO BD C.- V A T< NG

.

O BIFLO vs. EXPERIMENTS,

THORS

19 & .61..P I NS ...

OUT OF PILE
SLSF

19 & 37 PINS
IN PILE

EUROPEAN

O BlFLO vs. CODES i

COMMIX

COBRA-IV |.

SAS

SUB-CHANNEL CODES vs. EXPERIMENTS
'

MIXING BETWEEN CHANNELS

A!D IN EXPERIMENT INTERPRETATION-

.

O
.

'
.

!

|
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Br O S ATiS_

o
a INITI AL VERSION IS RUNNING

(s t an.d-a I one oc de)

aBENCHMARKING IN~ PROGRESS

(19-p i n l evel)
|

FUTURE INVESTIGATIONS:
,

O ASSESS MODELING ASSUMPTIONS |
NUMBER & ASSIGNMENT OF REGIONS |
BOILING /NON-BOILING COUPLING

'

EFFICIENCY OF BOILING COMPUTATION

lMPLEMENT IN SAS4A
lMPACT OF 2-D TREATMENT ON ACCIDENTS;

GENERALIZE GEOMETRY FOR ASYMMETRIES
~

BENCHMARKING FOR LARGE BUNDLES

O
,

-
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Benefit to Our Program from Cooperative
,

Studies with Europeans

The exchange of views on fast reactor safety is helpful. The European
viens are of ten based on different experience and experimental data (sometimes
not available here) as well as on differences in philosophy. The Europeans() have their own safety experimental programs which are not necessarily duplicates
of the U.S. programs and they are in the process of actually building LMFBR's.

During the course of the calculations, certain effects which had been
neglected in our modeling were shown to be important in certain circumstances
(e.g. aspects of the thermodynamics of sodium and single phase regions in
the coolant channel separated by a boiling zone).

iIt was most helpful to compare the results of calculations when very
different modeling assumptions were made. This provided greater understanding
in areas such as disassembly modeling where our 1-D calculation could be
compared to 2-D calculations used by others other such areas are pin failure

modeling, sodium boiling and fuel characterization. The European work in fuel
characterization is of considerable interest to us. This is an important area

for safety in that transient pin failure is strongly affected by the initial
conditions thereby defined.

Different design features of European plants (bottom f.g. plenum, low
smear-density pins, etc.) provide a new perspective on our reactor design

[}
from the point of view of reactor safety.

Results from Initial Phase of
UK/NRC Bilateral Program

In the initial phase of the UK/NRC program, comparison of the SAS boiling
model with the simpler one in FRAX showed that the latter gave somewhat higher
' boiling voiding ramp rates (up to ~$?O/see vs $10-$15 for SAS). Voiding
patterns were somewhat differen'_, al:: hough LOF-TOP potential was roughly the

Calculations with SAS/ EPIC in general gave more benign results thansame.
those with FRAX-2 because of the negative reactivity effect contributed by
fuel metion, not taken into account in the UK calculation, for the above
core-centerline pin failures assumed in the calculation.

Interesting points of discussion with the UK in the area of fuel pin
failure have been the following:

1. Possibility of fuel pin failure by fuel-clad mechanical interaction.
*

Calculations with the FRUMP (UK) code have indicated that this is unlikely
because the fuel will sof ten before enough clad strain occurs to cause failure.

( US FFIN calculatioas using irradiated clad properties reflecting the fuel
adjacency effect do indicate possible failures of this type. However, the
calculated failure times for TREAT TOP experiments are early compared to those
measured. A stronger clad must be assumed to match the observed failure
terms, and under these conditions the fuel melt fraction is high enough that
the fuel sof tens and failure occurs by fission gas pressure, in agreement with

j the UK experience.
1

|
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2. Possibility of clad meltthrough. Based on Petten experiments, the
UK incorporates in FRAX-2 a criterion that clad meltthrough' can occur at a
combination of at least 0.80 fuel melt fractin and 1280*K clad temperature.
This was a new idea for us and helped justify use of a fuel melt fraction clad
failure criterion, particularly for higher fuel melt fractions.

3. Equilibration of fission gas pressure in a slow TOP. In the FRESS
O model we make the same assumption as the UK regarding radial pressure equili-

bration, that all void space and fuel porosity is available to fission gas.
The UK assumption of axial pressure equilibration over the core in a slow TOP

,

seemed reasonable to us and was adopted in our calculations for the bilateral
program. The situation is less clear for a more rapid TOP or an LOF-TOP.4-

Continuing contact with the UK in the areas of fuel pin failure and
sodium boiling will be helpful.to us particularly because of the UK research,

programs in these areas being carried out at Harwell and Winfrith respectively.

LOF-TOP Potential in Large LMFBR's

A review of SAS calculations on LMFBR's with a considerable range of sizes
and reactivity coefficients has been carried out to assess the merits of,

reduction of the sodium void effect as a way of avoiding LOF-TOP development.
It was concluded that there is no significant tendency for such development for,

an LMFBR with a core sodium void worth of about $2. For a $3-$4 void worth the
potentiality depends on the size of the Doppler and axial expansion feedbacks,
and also on the degree of incoherence among the channels in power and power / flow,

O particularly the latter. The amount of incoherence that is realistic from a
design standpoint,10-20% in power and power / flow, is large enough to have a
considerable effect on LOF-TOP development. It is important to have an adequate j
modeling of this incoherence. Assumptions affecting clad motion, including the
fuel-clad gap conductance and modeling of clad motion itself, could have a
significant effect on LOF-TOP potential in the $3-S4 void worth range. For
larger void worths LOF-TOP development is likely regardless of design details
and parameter assumptions.

l !The $2.5 void worth chosen in the ANL heterogeneous LMFBR EPRI design
seems to be a reasonable target for LOF-TOP prevention on the basis of current
information, assuming that no axial expansion feedback is available. It seems

likely that scue such feedback will be effective; obtaining more definite
information on what fraction of that theoretically possible can be relied on
under various conditions would be important in determining the reduction in
sodium void effect necessary to prevent LOF-TOP development. Because design
penalties, particularly with respect to needed core decoupling, start becoming
' severe as the soidum void effect is lowered from $3 to $2, it is desirable not

to lower it more than really necessary. Because clad motion is increasingly
likely to occur with a reduced sodium void effect, more parametric studies of

(} clad motion effects, including variation of parameters affecting clad velocity
as well as variation of the gap conductance, seem to be worthwhile for hetero- |

geneous designs. It will be helpful to have the improved modeling of clad I*

motion to be available in SAS4A. Increased clad motion could be important from

the standpoint of plugging coolant channels regardless of its reactivity
effects.

i
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Fuel motion reactivity effects appear unlikely to be important in leading
~ to LOF-TOP conditions. This should become evra more evident in SAS calculations

when model improvements are made epnsistent with recent experimental results.

Fuel Pin Failure Studies

The transient fission gas release routine FFRATE in the SAS/ EPIC Code has() been recoded to include as a-third option the British NEFIG model (Ref. Journale

of Nuclear Materials 87 (1979) 167-174). In this option, first a user specified
amount of grain boundary gas is released linearly with temperature between
1773*K and 2173*K, then the NEFIG model is used to compute the release rate of
the intragranular gas between 2173*K and the fuel solidus, and lastly the
remaining intragranular gas is released linearly with fuel melt fraction
between the solidus and the liquidus.

A review of available models for transient fission gas release from
reactor fuel is under way. Codes under study are FRAS3, NEFIG, GRASS-SST, and
FASTGRASS. The latter two codes have been developed under the LWR program.
NEFIG and FASTGRASS are fast-running codes in which only a single bubble size
is followed. With currently used parameter assumption, NEFIG and FRAS3 give
similar results, although there is compensation between different assumptions
about fuel lattice vacancy availabiliy and bubble diffusion coefficient.
NEFIG simulates the average bubble size of FRAS3 quite well. The reasonable
results obtained with the code and the variation in gas release rate possible
through input parameter variations led to the decision to incorporate it into
SAS/ EPIC.

() Different parameter and modeling assumptions cause GRASS-SST and FASTGRASS
to give lower gas release than FRAS3 and NEFIG. FRAS3 and NEFIG give reasonably
good agreement with some of the FGR transient gas release results. Recent
HEDL results available in a draft report show a considerable retardation in
gas release following an initial heating period of 10-20 see at 1200*-1500*C.
This effect is not predicted by any of the above models.

This work is discussed in more detail in the Physics of Reactor Safety
Quarterly Report for January-March 1980, ANL-80-54, NUREG CR-1526 now in press.

Ef fect of Sodium Compressibility and Steel Elasticity on Inlet Plenum
Pressure Rise from Boiling in an LMFBR Loss-of-Flow Accident

.

The rise of inlet plenum pressure in an LMFBR because of sodium boiling
and consequent downward sodium slug ejection can have an important inhibiting
effect on the velocity of such ejection, which might in turn have an important
effect on an accident sequence. In the SAS code compressibility of the sodium
in the inlet plenum is used to smooth pressure fluctuations in calculating the
coupling of the in-core sodium flow to the sodium flow in the primary loop.

Os
It seemed to be of interest to investigate whether sodium compressibility and
structural elasticity effects are of real physical importance in accident
calculations.

.
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These effects have been investigated using the one-dimensional Pressure
Transient Analysis Code PTA-2,2,3 using a single channel to model the core.

i

'

The reactor model used was based o,n the CRBR, with the geometrical elevations |;
and dimensions taken from the CRBR desf gn. The free sodium surfaces in the !

reactor and pump vessels hcre been explicitly modeled. In addition to the
loop-type CRBR design, a pool-type reactor has been simulated by using a pipe i

length between the pump outlet and the inlet plenum of 50 f t rather than 500 |,

| () ft. The initial coolant flow and the bubble pressure-time history data input j
to the analysis were bas 2d on a SAS-3A calculation of a loss of flow accident
for the CRBR. |

!
It was found that the inlet plenum pressure buildup in the loop case was |

considerably larger than that in the pool case, implying an important difference
in the retarding effect of the pressure buildup. This difference was caused
by the difference in inertia effect of the two different liquid lengths in the
inlet pipe. In either case the effect of sodium compressibility and steel

,

elasticity on the inlet plenum pressure itself was small. For the loop case,
however, the pressure difference between core and inlet plenum was relatively
considerably g;aater when these effects were taken into account, resulting in
an increase by about a factor of two in lower sodium slug ejection rate (from
1.5 ft/see to 3.1 ft/sec). However, this ejection velocity was still small
compared to that in the pool case, which was 14.3 ft/sec. Thus compressibility
and elasticity effects resulted in a small reduction in the difference in plenum
pressure buildup effect between pool and loop cases. In the pool case the
compressibility and elasticity effects on lower slug ejection velocity were
negligible. It does not appear that these effects are large enough to require
consideration in accident analysis, although it would be desirable to carry out() PTA-2 calculations in which the core is modeled by two or more channels with,

different pressure-time curves to see if the effects are larger with such a
'

treatment.
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Development of TJFLO to Calculate Intra-Subassembly Incoherence
Effects During Sodium Boiling and Voiding in Whole-Core Accident Calculations

|

'

Background
i

The need to consider multidimensional effects in the calculation of
'

sodium boiling and voiding within a subassembly arises from intra-subassembly
,s nonuniformity in the local power / flow ratio which can lead to large radial

variations in the temperature. For the case of an FFTF subassembly, Chawla
|

And Fauskel reported the results of calculations with detailed steady-state '

thermal-hydraulics codes indicating differences between the maximum and
minimum temperatures at the top of the active fuel region varying between 170 K
and 240 K at boiling inception in a loss-of-flow transient. Chawla et al.2
later calculated the prehoiling portions of loss-of-flow transients in a FFTF )subassembly using the COBRA-IIIC code and obtained temperature ditferences at
the top of the active fuel region of ~220 K at boiling inception (for a pump

coastdown). Relative to a one-dimensional description, radial variation in
|

the temperature within a subassembly is expected to result in earlier initiation i
of boiling in the higher power / flow subchannels and delayed boiling in the |
lower power / flow regions. Incoherence could prolong the time following |
boiling initiation required to attain reversal of the inlet flow and gross
bundle voiding. Moreover, the potential also exists for early local dryout |
followed by cladding melting and mction within the higher power / flow portions !
of a subassembly. Thus, cladding relocation might begin earlier than would be '

indicated by a strictly one-dimensional treatment. 1

1

Two-dimensional calculations of sodium boiling within a subassembly have l
y been performed by Miao and Theofanous.3 Their code, HEV-2D, models a pin |

bundle as a porous medium in a cylindrical (R-Z) geometry. Within boiling j
regions, they assume that the liquid and vapor phases remain in thermodynamic j
equilibrium and move with identical velocities (i.e. no-slip flow). For a '

loss-of-flow transient in a CRBR subassembly, they found significant differences
between one and two-dimensional calculations performed with their code.
Although their studies predicted that at normal power inlet flow reversal
followed boiling inception by 4 .6 s for a one-dimensional calculation, 1.4 s
was required to reach flow reversal in a two-dimensional calculation. This
effect was partially offset by the fact that boiling was initiated 0.8 s lator
in the one-dimensional calculation. However, the peak cladding temperature |within the subassembly was calculated to be ~200 K higher for the two-dimensional -

calculation at the time of flow reversal. Several investigators <+ ,5,6 have
studied void propagation in pin bundles by treating the boiling region as a
blockage and calculating the void growth with a single phase thermal-hydraulics
calculation modified by the presence of the blockage. The calculations of

4Chen, Ishii and Grolmes performed in this manner suggest that about 0.5 s is .

required for the void to grow to the radial extent of the bundle for a loss-of-
flow transient in a FFTF subassembly.

|
Multidimensional sodium boiling effects are indicated by wire wrap thermo-

couple data obtained in the 37 pin P3A and P3 Sodium Loop Safety Facility (SLSF) |

in pile experiments.7 Analysis of the test results indicates differences between
test data and SAS which are thought to be due to incoherence effects.7
For the P3A experiment, it has been reported that better agreement is obtained
with multidimensional calculations 8 than with one-dimensional calculations.

.
1
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Similarly, for the P2 19 pin SLSF. experiment, Marr9 obtained better agreement
between test results and two-dimensional calculations than with SAS calculations.
Multidimensional effects are also illustrated by thermocouple data obtained
from out of pile sodium boiling tests 10 performed in the THORS Facility
using a 19 pin electrically heated bundle simulating FFTF geometry.

While studies such as those noted above have indicated that intra-
subassembly incoherence efects can strongly influence the boiling and voidingO behavior in a suba,ssembly under hypothetical accident conditions, the capability
to account for such effects in a whole-core accident analysis calculation does
not exist. This is because all current whole-core accident codes for the
calculation of the initiation phase (e.g. SAS4All) assume strictly one-
dimensional modeling within subassemblies. Consequently, a whole-core accident
calculation incorporating the effects of intra-subassembly incoherence has
never been performed. To fill this gap, we are developing the BIFLO code to
calculate sodium boiling and voiding within a subassembly while modeling the
effects of radial temperature incoherence. BIFLO is currently being developed
as a stand-alone code with the objective of achieving a computational efficiency
high enough to permit its incorporation within a whole-core calculation. When
this objective has been achieved, we intend to replace the one-dimensional
boiling model in the SAS4All code with BIFLO to create the first core-wide
accident analysis capability modeling intra-subassembly incoherence.

BIFLO Modeling

|

The initial BIFLO version models a subassembly in terms of a multidimen-
sional Eulerian grid containing axial channels which are assumed to be inter-

connected so that sodium is free to flow between adjacent channels. While the() number of channels is currently variable, it is anticipated that for whole
core applications the bundle channel representation may be limited to the
use of only two or three channels to minimize computational storage. Although
the initial BIFLO version has been programmed assuming that each channel
corresponds to one or more of the hexagonal coolant rings in a pin-bundle
(this geometry is appropriate for our early benchmarking calculations and
computational studies), this restriction could be readily removed to permit
the treatment of a subassembly subjected to a power skew. In the initial
' version of BIFLO, different Eulerian numerical methodologies are employed for
the calculation of thermohydrodynamic motions in two phase and single phase
regions of the numerical grid. This permits the computational efficiency of
calculations within each type of region to be optimized. In single phase
regions, axial flows are calculated with the aid of an assumption that the
local axial pressure drop is approximately the same for all single phase
channels.12 A transverse momentum equation is not solved in the single phase
regions. Instead, the effects of crossflow induced by the wire wrap spacers
is modeled through experimentally calibrated crossflow terms specifying mass
transfer between channels. There is also a calculation of crossflow due to

,

flow diversion which can be significant near the boundaries of two phase
regions. Within two phase regions, the numerical formulation is based on a

l3(' methodology for calculating multidimensional two phase flow at saturation.
The two phases are assumed to remain in thermodynamic equilibrium at saturation'

and slip between the phases is modeled with distinct liquid and vapor velocity
fields. The effects of radial flow are codeled with the help of transverse
momentum equations as well as crossflow terms (analogous to the single phase
crossflow terms) intended to account for the effects of wire wrap induced
crossflow. An uncertainty involves the modeling of radial, two phase frictional
effects within pin bundles.

,
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BIFLO Benchmarking

The benchmarking of BIFLO involves a comparison among*BIFLO, other codes
' (e.g. COMMIX, COBRA-IV, and SAS), and experiments (e.g. THORS and SLSF). An

important part of this task involves comparison of the codes employing subchannel
geometry to the experiments of interest. This process lends credence to the
modeling in the subchannel codes, and the results of subchannel codes are more
easily compared to the point-wise measurements in the experiments; region-average

() conditions obtained from the subchannel codes are then useful for comparison
to BIFLO results. Confidence in the codes used for comparison is required
since for large bundle sizes the benchmarking comparisen will be between BIFLO
and other codes rather than between BIFLO and experiments.

The COMMIX code was selected to be used for BIFLO benchmarking at the
beginning of this work. The numerics of the boiling model were undergoing
significant revision at that time, and use of the code was deferred until the
improvements could be completed. The boiling model, although still being
developed, is ready for limited use at the present time.

The COBRA-IV-I codel4 was the only other subchannel code found to be
available which claimed to be able to handle boiling and flow reversal. An
IBM-compatible version of this code we obtained from Oak Ridge National
Laboratory (ORNL) along with associates preprocessor routines and made opera-
tional at ANL. Progress in using this code has been frustrated by convergence
and instability problems. (Attempts to eliminate these problems by using the
production version of the code, which is maintained by personnel from Battelle
Pacific Northwest Laboratories on the CDC computers at Brookhaven National
Laboratory, were unsuccessful.) Circumventions have been found to eliminate

() convergence problems which occur prior to boiling inception. Although there
still seam to be instabilities present after boiling inception, there is a
more general problem concerning the applicability of the assumptions in the
boiling model to sodium systems. The code is, however, being used to examine

,

steady-state and pre-boiling transient cases. Some limited use has recently |

been made of the COMMIX-1A code 15 (i.e. the non-boiling version) to supplement I
the results obtainable with COBRA-IV-1. (Indeed, use of COMMIX-1A may eliminate |the need for using COBRA-IV-I.) l

|

Comparisons are being made between the several codes and the experiments ,169

which were run in Bundle-6A in the THORS facility at ORNL. Bundle-6A used 19 |
wire-wrapped electrically heated fuel pin simulators cooled by flowing sodium. |
The bundle was instrumented with ~100 thermocouples located on the inner
surface of the pin cladding, in the wire wraps, and in the hexcan duct wall.
The data records for all steady-state tests and for three transient tests have
been obtained from ORNL. The steady-state tests include runs with all pins
powered at various total bundle powers and coolant flow rates; analysis of

'these tests will aid in uaderstanding mixing in bundle geometry. The three
transient tests for which the data has been obtained are at different bundle
power levels; all three tests experienced boiling and local dryout was indicated

g in two tests.
{/

Selected tests from THORS Bundle-6A are now being analyzed
s. using BIFLO, COMMIX-1A, and COBRA-IV-I. Other test data which may be useful |

in the benchmarking process are the 61 pin tests now being performed in the '

THORS facility and the 19- and 37 pin tests in SLSF at ANL.

|

!

|

|
_ _
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Future Work

Calculations with the initial version of BIFLO indicate that it runs too
slowly after the onset of boiling to be used for whole core accident analysis
applications within the SAS4A framework. It is believed that an improvement in
running time of about a factor of ten is required (the present running speed is
not a hindrance to performing calculations for a single bundle). It has been() determined that the slow running times are due to the necessity of using time
step sizes for the two phase calculation which are limited by a Courant
stability restriction based on the two phase material velocities (i.e. U6t < 1)

6zwhich results from using an explicit formulation of finite difference terms
accounting for convection within the two phase methodology. Thus, while the
current scheme is relatively efficient on a computation per time step basis,
too many time steps are required to calculate two phase conditions over the time
scales of several seconds or longer anticipated for accident analysis applica-
tions. We note here that when two phase flow conditions do not exist, the
single phase portions are routinely run with time step sizes exceeding the,

Courant limit by an order of magnitude or more.

The initial version of BIFLO is currently being used in assessing the
adequacy of modeling assumptions incorporated in the code. The comparison
with experiments performed in THORS Bundle-6A is underway and has been discussed
above. Otb r BIFLO calculations are addressing the problem of derermining the
minimum number of channels required to adequately represent incoherence within
a subassembly during a loss-of-flow transient. Two modeling assumptions which
need to be carefully examined are the assumption of a transversely uniform
local axial pressure drop in single phase regions and the assumption of satura-() tion conditions within voiding regions (particularly at high void fractions).
A comparison between BIFLO and COMMIX-2 should provide useful information
about the suitability of these and other assumptions. We are considering
alternate numerical fluid dynamics methodologies permitting the use of time
steps greatly exceeding the Courant stability limit during the two phase
portions of the calculation. The SETS methodl7 for the calculation of two phase
flow, recently developed within the TRAC program at the Los Alamos Scientific
Laboratory, appears to have the patential of achieving our requirements for
fast running times. Other candidate schemes (e.g. Refs. 18-19) will also be
examined for possible use in BIFLO. Assuming that our objectives for running
times can be met, we plan to write a significantly faster running version of
BIFLO for incorporation into SAS4A. Until a faster running version becomes
operational, benchmarking activities and computational studies will continue
using the current version.

Intraaubassemblyincoherenceinvoiding0,21and dryout gives rise to inco-
herence in the melting of cladding. Studies of cladding relocation in the
hypothetical loss-of-flow accident have indicated that multidimensional ,

effects can significantly influence the relocation of cladding. For hetero-
geneous cores, cladding relocation may assume a relatively greater significance
in determining the potential for achieving loss-of-flow driven transient overpower%

accident conditions. Development of a cladding relocation calculation modeling
the effects of incoherence would be a logical follow on to BIFLO which would
provide the framework within which the development of such a model could be
carried out. At the present time, however, no decision has been made concerning
the development of a cladding relocation model.

- -_
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h St tem:nt to ACRS W:rking Grcup 6, Adv:necd Rncter S:faty Rssurch

July 9,1980 by: Chtries Ks1h:r
,.

You have asked me to summarize our response to ACRS recommendations concerning the
" '

cims of our program.

The Advanced Reactor Safety Research program on Fast Breeder Reactor Safety has

attempted to respond positively to ACRS recommendations regarding the aims of our

(! research, and this re iponse has taken two forms:
1. Re-direction or emphasis of existing work, such as work with the Super System

Code and Brenda; and,

2. Development of new approaches that focus clearly on ACRS concerns, such as
the fuel testing sensitivity program. We judge these efforts to have a high promise

_

cf success. If the program is continued at the level of effort requested by
the Office of Research ($ 8 million in FY 82), the effort will be concentrated on
the ACRS concerns listed in my first viewgraph. While there will be a certain level
of code development and support to improve computing efficiency, the major use of
the codes will be their application to these concerns. We anticipate some testing
to continue,as well, particularly to improve our knowledge of key processes and develop

a few key models.

On succeeding viewgraphs we summarize the major efforts responding to each recommendation.f3
It is noteworthy to remark the benefit from particpation in exchanges with foreign
programs. An early recommendation of the ACRS was to derive maximum benefit from such

programs and we are obviously doing just that.

In summary, the Advanced Reactor Safety Research program has tne tools and capabilities
to investigate key areas of safety concerns delineated by the ACRS and others. Given
an adequate level of support the program should continue to produce notable results
that help set the stage for any future licensing actions by the NRC that may arise.
Clearly it is not easy to forecast when such actions may be needed. Just a few years
ago the ACRS and the NRC geners11y were in a difficult discussion with respect to
licensing CRBR. We do not know when such an opportunity might present itself again-
estimates range from a year to twenty years, and appear to be political as much as
technical in nature-but,when it does, the NRC should be prepared. The budget requested

{U] appears to be a bargain price for making sure NRC has resources available to act if and when
needed.
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| ACRS CONCERNS

| 0 ANALYZE ACCIDENTS OVER A BROAD SPECTRUM, LESS
:
! EMPHASIS ON CDA AND CLINCH RIVER.

I INVESTIGATE TRANSITION TO NATURAL CONVECTION -.

[ NEED NEW FACILITY?

! I DEFINE FUEL SAFETY TEST NEEDS AND REVIEW TESTING.

CAPABILITIES,>
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O ANALYZE ACCIDENTS OVER A BROAD SPECTURM, LESS EMPHASIS

ON CDA AND CLINCH RIVER.

8 ACCIDENT DELINEATION PHASE 1 REPORT IN JUNE.

8 SHIFT SSC FROM CODE DEVELOPMENT TO APPLICATION -

STUDY OF ACCIDENTS WITH SCRAM IN PROGRESS.
<

8 HETR0 GENE 00S VS HOMOGENE0US CORE STUDY UNDERWAY,
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O
INVESTIGATE TRANSITION TO NA!:RAL CONVECTION - NEED NEW

FACILIT'|

;

0 FOCUS ANALYTICAL METHODS ON PROBLEM - SSC AND

COMMIX, PRETEST PREDICTION OF FFTF NATCON TEST
-

IN APRIL,

8 SPECIALIST MEETING AT BNL IN FEB, TO SHARE CONCERNS i

WITH DOE AND COMMUNITY,

0 CSNI INITIATIVE TO ENC 0URAGE INTERNATIONAL APPROACH

TO PROBLEMS - SPECIALIST MEETINGS MARCH AND SEPT.(])
8 JOINT ANALYSIS OF PFR TESTS (PENDING),
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DEFINE FUEL SAFETY TEST NEEDS AND REVIEW TESTING CAPABILITIES
'

0 SENSITIVITY STUDIES TO REFINE NEEDS.j

O CLOSER COMMUNICATIONS WITH DOE FUEL TESTING PROGRAM.

0 PARTICIPATION IN CABRI PROGRAM.
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SSC DEVELOPMENT AND CODE VALIDATION PROGRAMS AT

BROOKHAVEN NATIONAL LABORATORY

.

PRESENTED BY

JAMES G GUPPY

Q ACTING GROUP LEADER

.

AT ACRS REVIEW MEETING

WASHINGTON, D.C.
|

JULY 9, 1980 |
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|

e SCOPE,

|

e PRESENT STATUS
:

!

e SSC-L RESULTS
4

| - FFTF TRANSIENTS

!O - NATURAL CIRCULATION TRANSIENTS

: - OPERATIONAL TRANSIENTS .:
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SCOPE OF SSC DEVELOPMENT PROGRAM
L

>

SSC SERIES OF COMPUTER CODES SIMULATE THERM 0 HYDRAULICSe

OF ENTIRE PLANT INCLUDING REACTOR CORE AllD HEAT TRANS-.

O PORT SYSTEMS

SSC CODES ARE DESIGilED TO STUDY. OPERATIONAL AND OTHERo

| SYSTEti-WIDE ACCIDENT TRAtlSIENTS, WITH PARTICULAR
v

EMPHASIS Oil NATURAL CIRCULATION

SSC CODES ARE DEVELOPED TO PROVIDE AM INDEPENDENTo

ANALYTICAL TOOL APPLICABLE TO A WIDE VARIETY OF

POTENTIAL SYSTEM DESIGNS

e PLANT CONTROL SYSTEMS ARE INCLUDED

O
PLANT PROTECTIO!! SYSTEM IS INCLUDEDo,

-

.

,

i

MUST MODEL ADEQUATELY ALL COMPONENTS / PROCESSES ESSENTIALe

TO HEAT REMOVAL

CODE TO BE FAST rut!NING; REAL TIME OR FASTERe

.

.

O
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SSC VALIDATION PROGRAM

OBJECTIVE - PROVIDE A DATA BASE OF SUFFICIENT SCOPE TO
-

e

O QUALIFY SSC AN AN INDEPENDENT LICENSING TOOL

VALIDATION BY EXPERIMENTAL COMPARISONS
e

ON A SYSTEM BASIS
-

FFTF

EBR-II

SNR-300 (GERMANY / BELGIUM /NOLLAND)
ON A COMP 0NENT BASIS

-

UiEC - (PUMPS, DHX)

Q AI - (STEAM GENERATORS)

ANL - (UPPER PLEllUM MIXING)

GElMANY - (SNR-300 PROTOTYPE SGT
.

VALIDATION BY ANALYTICAL COMPARISONS
e

ON A SYSTEM BASIS
-

CRBRP/ DEMO

FFTF/IANUS i
'

'

-

ON A COMPONENT BASIS

O COMMIX - COMPONENTS, PIPES

COBRA - CORE
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O VERSIONS OF SSC

e SSC-L - SIMULATES SHORT-TERM (UP TO~h HR)

TRANSIENTS IN LOOP-TYPE LMFBRs

e SSC-P SIMULATE SHORT-TERMS TRANSIENTS IN-

POOL-TYPE U1FBRs

SIMULATES SHORT-TERM TRANSIENTS IN LWRse SSC-W -

O . SSC-S - SIMULATES INTERMEDIATE TO LONG TERM

(BEYOND h HR) TRANSIENTS. IT INCORPORATES,

OTHERHEATTRANSF5RMODESANDLOOPS
'

-

.
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SSC BACKGROUND

SSC PROGRAM FUNDED BY USNRC/ARSR SINCE FY 1976',: e

e SSC-L; OPERATIONAL SEPTEMBER 1977

BUFF BOOK MILESTONE - SEPTEMBER 1977
!

.

e SSC-P; OPERATIONAL NOVEMBER 1979

BUFF BOOK MILESTONE - NOVEMBER 1979
4

e SSC-W; WORK BEGUN MID-MAY 1979: O
OPERATIONAL MARCH 1980

BUFF BOOK MILESTONE - MARCH 1980 -

[
,

;

-

.
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SSC STATUS

i

e SSC-L

PERATI NAL SINCE SEPTEMBER 1977O
-

,

- USERS IllCLUDE

(1) Bill
l

. (2) NRC/ARSR
4

(3) GESEl.LCHAFT FUR REAKTORSICHERHEIT,
!

W. GERMANY (SNR-300 LICENSING ANALYSIS)

(4) B&W (LARGE SCALE LMFBR DESIGN STUDIES)

(5) CE (LARGE SCALE UiFBR DESIGN STUDIES) ;

(6) GE (LARGE SCALE UiFBR DESIGN STUDIES)

(7) UNIVERSITY OF ARIZONA (ACCIDENT
'

O DELINEATION STUDIES)

(8) PNC - JAPAN

- HAS BEEN APPLIED TO FOUR (4) DIFFERENT SYSTEM DESIGNS

(CRBRP, FFTF, SNR-300, B&W CDS)

- AT APPLICATIONS / DEVELOPMENTAL VERIFICATION STAGE

- BEING APPLIED TO VARIOUS EXPERIMENTAL TESTS

(PARTICULARLY FFTF)
<

- VERIFICATION OF SSC-L VALID FOR OTHER VERSIONS OF SSC,

C)
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SSC STRUCTURE

O
*

BASICALLY A SET OF BUILDING BLOCKS OF MODELS/ COMPONENTS

(CORE, PUMPS, PIPES, IHX, SG, CONTROL SYSTEMS)

HOW THESE BLOCKS ARE INTERCONf!ECTED IS MilAT DIFFERENTIATES
*

ONE VERSI0il FROM ANOTHER

* THUS, THERE IS MUCH OVERLAP AND MAi!Y MODELS/ COMPONENTS

ARE IDENTICAL BETWEEN VERSIONS

- SSC-L AND SSC-P IDEilTICAL PAST IHX
O - SG MODELS IDEllTICAL, BUT PHYSICALLY TURI 1ED

INSIDE OUT BETWEEN SSC-W AND SSC ,L, SSC-P

- .- i
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SSC 7: . .

,

MAIN ~ FEATURES

COMPLETELY VARIABLE DIMENSIONED - ANY NUMBER OF USERe

SPECIFIED LOOPS / PIPES /N0 DES

O
e IN-LINE MESH REPRESENTATION

I1ULTI-CHANNEL CORE REPRESENTATIONe

DETAIL IS AVAILABLE, OR NOT, AS DESIRED (INPUT)e

PRE-TRANSIENT INITIALIZATIONe

MULTIPLE TIMESTEP SCHEME FOR TRANSIENT SOLUTIONe

e DECOUPLED MOMENTUM EQUATION
.

O CMPUTATIONALLYEFFICIENT'(REALTIMESIMULATION)e

GENERAL' SYSTEM TRANSIENT CODE (NOT PLANT SPECIFIC)e
.

e TRANSIENT RESTART

e EXPORTABLE (IBM OR CDC) i

e HIGHLY USER ORIENTED

HIGHLY MODULAR AND READABLE- e

EXTENSIVE VERIFICATION OF INPUT -e

O FULLY DOCUMENTED (INCLUDING USERS' MANUAL)e

!

. .
.

. -
'.

e

i



_

-.

O. O O ~

-

_

...

: .

- -
.

.

.

.

COVER GAS PUMP
.

STEAM
.__ GENERATOR

_
'

=::====n
a__

db

SURGE.

| TANK I
'-I*

TURBINE
| | ..- - |

.

N-
, __

% A :
1 I i Q

CHECK | | CONDENSER1 i
VALVE _ L_J " '

lM
CORE

_ i __

, IHX PUMP + -

co
.

_ __

PUMP
.

.

Sketch of One Set of Loops in an LMFDR System-

*
,

i

k

Co.

. '

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



,
_ _ _ - - _ - - _ _ - - - - - -- - - - - - - -

!
i,

-

: 9.

\-

,

l

l
|

A
'

>

, . e_

*

i N

h mxx\xNNN
t

NNNNN\\\\

l

/ sNxxxxxx\x
~ ~

x\\\\\\\\\'
i
q ~ msm'

|.

O |
-~~~,

/ L_ z i

/, /'/,
\

-
.,

_} }<
/ \' I

f \ LL.]
'

/ \ O '

/ \ o'
\ 2O /,/ \

<: : '

h si b: .- -

I \ CO
' \ Uj '

/ \ >
I \ \/ \

/ d\
/ '

/ \
- / \

/ \
/ \-

/ \
/ t .

x\\\\\\NNNNNN'
.

/////////////
'////////////
!!!!s?s!Mi@3ni?!GM
NNNNNNNNNNNN'
sNNNNNNNNNNNN
NNNNNNNNNNNN'
s\NNNNNNNNNNN
s%%NNNN%NNN%4

_ _ h % % NS%\ % %



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

..: 10;

.
.

.

: I

-
;

5

4

!O

i

j SSC--L 'RESULTS

:
4

e FFTF TRANSIENTS (VALIDATION)
.

I

i e NATURAL CIRCULATION TRANSIENTS
i
i

e OPERATIONAL TRANSIENTS.
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METHODS OF CODE VALIDATION t

!
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|e LINE BY LINE
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'
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Q FFTF

SUMMARY OF ACCEPTANCE TESTS c
,

!

I

:

POWER (%) 5 35 75 100,

;

PRIMARY FLOW (%) 75 75 75 100

SECONDARY FLOW (%) 75 75 75 100
'

: PRIMARY COLD LEG (F) 590 625 659 680

PRIMARY HOT LEG (F) 607 745 917 938,

.,-

O=
'

SECONDARY COLD LEG (F) 585 595 595 595
?

'

.
.

:

:
i

i

^

O
4

BROOKHAVEN NATIONAL LABORATORY])3j]

A5500ATED UNWERSITIES, INC.(llli
4
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i

f
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Grouping of Fuel Assemblies into Channels

.

SSC Channel Number Assembly Designation
-

}1 2101 ' Hot Channel)
2 1201, 2201, 2202, 3201, 3202
3 1202 (Row 2 F0TA)

4 Orifice 1301, 1303, 1304, 2301, 2303,
Zone 1 2304, 3301, 3303, 3304

5 1401, 1403, 1405, 2401, 2403,

2405, 3401, 3403, 3405
6 1402, 2402, 3402v
7 3508

8 1501, 3506, 3507,
/"N.,

lv 9 Orifice 1505, 1506, 1508, 2506, 2508,
Zone 2 3505|

10 1507, 2501, 2505, 2507, 3501
11 1503, 2503, 3503j
12 ) 3609

13 1601, 1609, 2609, 3606, 3607,

3608 -
,

14 Orifice 1605, 1606, 1607, 2601, 2605,
'
- Zone 3 2606, 2607, 3601, 3605

15 1602, 1604, 1608, 2608 (Average)
O 16 i603, 2602, 2604, 3602, 3604

17 2603, 3603

)18 3610 (Row 6 F0TA)
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18 CHANNEL SSC SIMULATION OF FFTF

L0EP FROM FULL POWER

_

g 900
-

v

g - hot CHANNELj
b

AVERAGE!

$ CHANNEL'' s.H
800 / '''

b s\g ,

- ~~,
o j -

,/ AVERAGE CHANNEL WITHo

E - 75% NOMINAL DECAY HEAT
O ,/

/ /
700 r '

,-
I ,-

,- ',
'x

, , . , , , .

0 40 80 120 160

TIME AFTER L0EP (SECONDS) g
m
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i t

O. COMPARIS0N OF SECOND PEAK TEMPERATURES
,

TRANSIENT ACCEPTANCE TESTS (F) |
;.
-

.

i
IANUS/Ft.oorsc SSC

!

' AVERAGE ASSEMBLY 975 1023.

;

| HOT CHANNEL 1097 1115
100 %<

i 'R0W 2 F0TA 1048 1106 '

'

R0W 6 FOTA 1040 1112t,

'
>..

' O
fj. AVERAGE ASSEMBLY 897 937

HOT CHANNEL- 1002 1015
75 %4 .

R0W 2 FOTA 957 1007-

e

(R0W 6 FOTA 950 1009

!.
,

t'

O. .

BROOKHAVEN !!AT10ilAL LABORATORY g3 g)|

A5500ATED UNIVERSITIES, liK.O U 3*

i

r

:

- _ _ __. _. . _ _ _ . _ . . . , . . . . _ . . . , _ . . . ~ . - . . . , . . _ . - . -



a - m

' 17''
-

: .

.

FFTF

O TRANSIEllTS SIMULATED

e NORMAL SCRAM

o LOSS OF ELECTRIC POWER

o PIPE RUPTURE

BEFORE CilKV

AFTER CHKV

RVI (SMALL)

RVI (LARGE)

o TORilADO

,

fO
BR00XHAVEN f1ATIONAL LABORATORY]3 g)|i

A5500ATED UNIVERSITIES, INC.G 13 2
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Il0RilALIZED POWER AilD FLON FOLLO'dlllG NORiiAL SCRA!1
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CORE EXIT TEMPERATURE FOLLF!ING NORMAL SCRAM
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NORMALIZED PONER AND FLOW DURING LDEP |,
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. CORE EXIT TEMPERATURE FOLLOWING L0EP-
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| Il0Rt1ALIZED LOOP AND CORE -FLOW (.048' M PIPE BREAK)2 .i
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NORMALIZED FLOW THROUGH PIPE RUPTURES
.

,

;
-

!
;.

'

' DOUBLE ENDED BREAK .!
*

3
. .

:
.

; ;

L '

. SSC-

'
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'

;

i
; , , ' ' ' ' ' '

.

0 . -

.03 .06 .10 .3 .6 1 3 6 10 30|
!

i TIME (S) 7

m,

V4

'
i
i

l
4

-
tw__ _ - _ _ _ _ _ . _ _ _ _ _ _ - . _ -- -- .: - -- . - . . - - - .~. - - - . - .



_. . -- .- -. ... . _ - - . _ . - . . . - - _ _ _ - . . _ - - - - -. .. . - . - . - _ . - . - . ;. . . . , . .

^

O O O :-.

.

i

.:
.

.

4

CORE EXIT TEfiPERATURE FOLLOWING -PIPE BREAK'
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SSC-L

SIMULATION CAPABILITIESO.

e ANY 9IZE PIPE BREAK IN ANY SODIUM LOOP

e REACTOR SCRAM, MANUALLY AT ANY TIME OR PPS INITIATED

e PUMP MAIN MOTOR TRIP - ANY OR ALL PUMPS, MANUALLY
'

AT ANY TIME OR PPS INITIATED

e PUMP PONY MOTOR FAILURE - ANY OR ALL PUMPS,

MANUALLY AT ANY TIME OR PPS INITIATED

. C ASTDOWN TO NATURAL CIRCULATIONO
.e. OPERATIONAL TRANSIENTS

REACTIVITY TRANSIENTS-

SINGLE PUMP FAILURE-

- VALVE MALFUNCTION / FAILURE

- CONTROL SYSTEM MALFUNCTION

- OPERATOR INITIATED EVENTS

- TURBINE TRIP

O
!

BROOKHAVEN NATIONAL LABORATORYj) g)| |
|

A5500ATED UNIVERSITIES, INC.(llll |

| |

,
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i
,

i.
'

,

. APPLICATIONS-0F SSC-L
.O

I. NATURAL CIRCULATION ANALYSES

'II. PIPE BREAK ANALYSES-

;

i

III. SCRAM TRANSIENTS

i .

L IV. REACTIVITY TRANSIENTS
t

V. PUMP MALFUNCTION TRANSIENTS

iO VI. VALVE MALFUNCTION TRANSIENTS
,

i VII. CONTROL AND PLANT PROTECTION SYSTEM

{ MALFUNCTION TRANSIENTS

: --

[ VIII. COMPUTER TIMING REQUIREMENTS' STUDIES

| IX. .N0DALIZATION STUDIES

X. PARAMETRIC STUDIES1

,

!

. - .

.Q
f

BROOKHAVEN NATIONAL LABORATORY]) g} |

ASS 00ATED UNIVER$1 TIES, INC.(llll
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.

LO irie0RTANT FACTORS r1ECESSARY TO

ADEQUATELY MODEL tlATURAL CIRCULATION

o SINCE FLOW-RATES ARE SMALL (10% OR LESS)

FRICTIONAL PRESSURE LO.SSES DRASTICALLY

REDUCED (BY-FACTOR OF APPROX, 100)

o. SMALL DIFFERENCES IN THE. LOCATIONS OF THE

THERMAL CENTERS ARE NOW IMPORTANT

o TO ADEQUATELY TRACK THE THERMAL CENTERS

(~')- NEED A DETAILED ACCOUilTING OF DEllSITY

DISTRIBUTION THROUGHOUT SYSTEM

o ALSO VERY IMPORTANT IN TRACKING THE TEMPER-

ATURE DISTRIBUTION IS THE-PROPER ACCOUNTING

0F HEAT CAPACITY EFFECTS AND TRANSPORT DELAY

,

.

:[')~

BROOKHAVEN NATIONAL LABORATORY])33|
A5500ATED UNIVER5lilES, INC.O 13 5
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NATURAL' CIRCULATION (L0EP) EVENT*

e TO SHOW IllPACT OF SYSTEM N0DALIZATION ON RESULTS

e CRBRP PROT 0 TYPIC
'

1

e PRIMARY SYSTEM DETAIL
,

. COMPONENT N0DALIZATION

DETAILED C0 ARSE

f CORE 18 1

PIPE 1 18 1
~

'

PIPE 2 7 1

IHX 40 5

Q PIPE 3 5 1

PIPE 4 15 1
_

TOTAL 103 10
.

e COMPUTER TIMING REQUIREMENTS, CDC-7600, 360 SECOND

SIMULATI0tl

DETAILED - 226 SECONDS

C0 ARSE --141 SEC0flDS>

,

O .

BROOKHAVEN NATIONAL LABORATORY |} g)|

A5500ATED UNIVERSITIES, INC(IIII

_. - . - . - - . - .- . .-.
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CRBRP PRIf4ARY LOOP FLO!I f: ATE RESPONSE TO L0EP

-
1

80
-

DETAILED N0DALIZATI0il

_ _
h ---- C0 ARSE N0DALIZATION

\e .

=
\-
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2- t t .. i i i , ,
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l. MULTI-DIMENSIONAL EFFECTS-
t

!

!
i e 1-D vs. 3-D

! e 'SECTION OF PIPE
!

i

i e SEVERE TRANSIENT IMPOSED .

i

e CAN USE 1-D RESULTS TO INDICATE WHEN 3-D
.

MAY BE NECESSARY>

O
i
!

i
'

:

!

i
!

'

!
E
r

|-
i

O-i
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TRANSPORT. NUMBERS INFLUENCING HEAT AND MOMENTUM
~

TRANSPORT ARE:
1-

RE, GR, PR
:

h AND OTHER COMBINATIONS:

RI = GR/RE2 = EUOYANCY FORCE
MOMENTUM FLUX

4-

.

FOR TURBULENT FLOW INSIDE ROUND TUBES, JACKSON AND|
FEwSTER DERIVED

'

:

{ f= RI

RE.6 5pg .50

;

AVAILABLE DATA, . (HORIZONTAL AND VERTICAL PIPES) SHOWED

THE EFFECT OF BUOYANCY TO BE 10% OR MORE IF
4

3

[ 0(10-4) '

,

f

1

i

.

,

IO
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A(SCCIATED UN!VER5!T!ES, INC.O U 2

J

-

* 'r-- '- -+w .' * - .m---m.,- - - - - , * - - - , --**--wr4 is nr wn . mr,.c-*-re' *ww-+=P w - 1*r-+r- *-w--w+'~ r



._ _ __ _ .- .

100 r- , r- - - r- -- r - , r-- r --- -

[ n = 5. 5 m :

, .

- -

37 )
~

-

IO .

' S IGNIFIC A N T~ :

e - THERMAL :
9

~

BUOYANCY, EFFECTS ;
x

-

1.0 -

_: :
: -

0
- :
-

|

.
-

\

O10 * ' > 1 ' 2- ' ' '

0 20 40 60 80 10 0 120 14 0 16 0 180 200

TIME (set)

|

10 0 , , , , , , .

-
_

\

x=ll 6 m '

' N .'.
. '1?|%:ps, |'| _

'

, ,, , < ,

I0
";f. gu 's s' u ;;. ' , '-

/

c/
-

w - g;,.

SsGNIFI ANT
?yb'f' ~

, , , .
Q :

[f >f4b;dSUOYANCY EFFECTS % ',-

THERVAL
"x -

ym 3/ Op::, ;,, , i y; ''. g-y| ._

, -JS$(wyf/g j ,,jyh7
_ y. , , . -

C -

: :
_

-

.
.

O.10 ' ' ' ' ' ' ' '

O 20 40 60 60 100 120 14 0 16 0 180 200

Ti r/E (se.:)

,

|

100; i , , , . , 1 i q
- x=17.7 m '

/ |-
,
.

|

IO g- - ' - ~ SIGH!hC ANT' 3y

[ TFERYAL .

0 : "

"
- / BUOYANCY EFFECTS '

'

>- e
J/ ]/ \'

10 '
.

.
.

_

t _- _- 1

i

l -

,

Oi u_a __t . . a _ _ t_ #'

O 20 40 60 80 100 120 14 0 160 18 0 200

O Ilr/E (sec)

Period Of Significant Thermal Buoyancy At VariOus
Axial Positions

BROOKHAVEN NATIONAL LABORATORY |} g} |

ASSOCIATED UNIVERSITIES, INC.(llll
|
|
1

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



.

., f ,
38-

FPS /PCS SIMULATI0il

. GENERIC MODELS FOR PPS FUNCT10f!S AVAILABLE

(SPECIFICATIONS THROUGH INPUT)

.

PRIMARY AND SEC0t!DARY REACTOR SHUTD0Hil SYSTEMS

. MULTIPLE CONTROL ROD BANKS MODELED

PUMP C0ilTROL .

. FEEDWATER CONTROL

iO
TURBIT!E C0ilTROL VALVE CONTROL

TURBINE BYPASS
;

O
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| ASSOCIATED UNIVERSITIES, INC. (1 ElI
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Q ' SAMPLE PROBLEM

-

:

1
,

1 LOOP SIMULATION OF CRBRP
'

i - 5 CHAtlNEL CORE
|

h DETAILED N0DALIZATION
|
}
i -

I '

: TRANSIENTS
i
i-

!O o 10e STEe INSERTIONo

a 25C STEP INSERT 10tl -

!- o 10% RAMP CHANGE IN LOAD IN 40 SECONDS
1

i
.

'
i

PLANT PROTECTION SYSTEM WAS INACTIVATED-

.

!

!
!

:

i

i.
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?
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FUTURE PLANS

e RUN MATRIX APPLICATIONS AND DOCUMENTATION

e COMPLETE PPS/PCS INTERFACING AND DOCUMENTATION
.

e IMPROVED STRATIFICATION MODEL

e COP 1PLETIONOFS0DIUMBOILINGMODELING
e

e DRIFT FLUX MODEL INTO SG SECONDARY SIDE

e ADD SAFETY RELATED AUXILIARY HEAT REMOVAL SYSTEM

g MODELS

,

'

e. MEANS'0F ACCOUNTING FOR INTRA- AND INTER-ASSEM3LY

HEAT TRANSFER EFFECTS

e DEVELOPMENT OF SYSTEM-WIDE ACCIDENT DELINEATION

APPLICATIONS

e CONTINUE USER SUPPORT4

!

o
.

BROOKHAVEN NATIONAL LABORATORY |}|g|

A5500ATED UNIVERSITIES, INC.(I|||

i

'

r

.- _ . . _ .,_ _ . - . -. . _ .



- _ _ _ _

~ |..
44'

, .

s

O
SUMMARY

i
i

e V'ERSIONS OF SSC-L, SSC-P, SSC-W ARE OPERATIONAL.

{ e 'flDE RANGE OF CODE APPLICATIONS UNDERWAY,

I
.e SSC-S EFFORT WELL UNDERWAY

e CODE VALIDATION PROCEEDING

e USER SUPPORT CONTINUING

!O . n0 DEL IneR0vEnENTa/ EXTENSIONS 8EING ineLenENTED

i

i
;

i

;

4

|
,

.

i

O
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THERMAL HYDRAULIC ANALYSIS
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COMMIX CODE
. ..

COMMIX-1: THREE-DIMENSIONAL TRANSIENT'| SINGLE-PHASE

O COMPRESSIBLE FLOW WITH HEAT TRANSFER
.

COMMIX-2: THREE-DIMENSIONAL, TRANSIENT, TWO-FLUID MODEL

(LIQUID AND VAPOR) WITH NON-EQUILIBRIllti

TEMPERATURES AND INHOMOGENE0US VELOCITIES -

COORDINATES: CARTESIAN (XYZ) AND CYLINDRICAL (RZO)

FORMULATION: POROUS MEDIUM APPROACH -VOLUME POROSITY

SURFACE PERMEABILITY AND DISTRIBUTFD

RFSISTANCE AND HEAT SOURCE

NUMERICAL. TECHNIQUE: -

0 ST * N D MESH

0 .. _1 CIT MULTIFLUID (IMF) SCHEME
'

~

WITHREBAlINCE

9 SEMI IMPLICIT PRESSURE LINKED EQUATIONS
~

REVISED (SIMPLER)WITHREBALANCE

APPLICATIONS:

O CONTINUUM: REACTOR INLET AND OllTLET

PLENUM, PIPING, ....

O QUASI-CONTIN 00M: FUEL ASSEMBLY, IHX,

STEAf1 GENERATOR, REACTOR !

INLET AND OUTLET PLENUM ).

O i

....

.

!

i: '
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B0DYFIT CODE.
,

.

BODYFIT-1: THREE-DitlENSIONAL, TRANSIENT, SINGLE-PHASE

O COMPRESSIBLE FLOW WITH HEAT TRANSFER

BODYFIT-2: THRF.E-DIMENSIONAL, TRANSIENT TWO-FLUID

'
MODEL (LIQUID AND VAPOR) WITH NON-EQUILIBRIUM

'

TEMPERATURES AND INHOMOGENE0US VELOCITIES

FORMULATION: BOUllDARY FITTED COORDINATE TRANSFORMATION

APPROACH

NUMERICAL TECHilIQUE:

8 MODIFIED STAGGERED MESIi

0 IMPLICIT MULTIFLUID (IMF) SCHEME

! O WITH REBALANCE

~ ~ ~

APPLICATIONS:

CONTINUUM: FUEL ASSEsBLY AS MULTIPLY
'

CONNECTED REGION
.

O

4

,

6
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COMMIX-2 NUMERICAL RESULTS
4

'
.

| 8 TWO-PHASE FLOW IN A HEATED DUCT
.

I NRC STANDARD PROBl.EM NO. li
-

; !

: FLASHING DUE TO DEPRESSURIZATION :

! ;

; e FLOW C0AST DOWN IN A GERMAN SEVEN PIN i

FUEL ASSEMBLY

$
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LIQUID AND VAPOR
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TWO PHASE FLOW IN A HEATED DUCT

1

P= 2.7579 MPa Legend '

Q= 215.63 kW/sq.m0.8 - a COMMIX-2
V inlet = 1.152 m/s
T inlet = 228.61 C o TEST-7 (St. Pierre)Z

o
-
E-' 0.6 -g
<
%
A s-

ooo 0.4 -
~

O
>

0.2 -

0 L i , , ,

0 0.2 0.4 0.6 0.8 1

AXI AL DISTANCE (Z/L)
- - - . . - .. - . . . . . . |

C0f1 PARIS 0H OF T|iE VOID FRACTION DISTRIBUTION WITH THE MEASUREMENTS

OF ST. PIERRE.
,

. _ _ . ___ _ __ _ -_
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TWO PHASE FLOW IN A HEATED DUCT
,

1

P= 5.5158 MPa
-"OSOEd

-

Q= 287.46 kW/sq.m
0.8 ~. V inlet = 1.152 m/s A COMMIX-2

.T inlet = 267.41 C
Z O TEST-13 (St. Pierre)
O

0.6 - '

<
c4
N

o 0,4 - O ^
~

O g> 0
0

U
0.2 - g

0 a C o , i i i

0 0.2 0.4 0.6 0.8 1

AXI AL DISTANCE (Z/L)
. . ,..

COMPARIS0il 0F Tile VOID FRACTIO 1 DISTRIBUTION WITH THE MEASUREMENTS

OF ST PIERRE,
,



O TW0 PHASE FL$f IN A HEATED DU$
' '

1.5

P= 13.79 MPa
Q= 630.5 kW/sq.m LeSend -

V inlet = 1.144 m/s A COMMIX-2
T inlet = 332.2 C

|E o TEST-13 (Egen et al)
O 1-

E
O
<d

( AOu
o

Q
~
O 0.5 - -

> o
-

.

t

O

0, a m i i i i,

0 0.2 0.4 0.6 0.8 1

AXI AL DISTANCE (Z/L)

.-3-
.

C0f1 PARIS 0N OF Tile VOID FRACTI0il DISTRIBUTION WITH THE MEASUREMEllTS OF

EGEN ET AL.
,
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TWO PHASE FLOW IN A HEATED DUCT
.

8

.

P= 2.758 MPa Legend
Q= 215.6 kW/sq.m a commix-2 ugulo

T inlet = ,{.E m/snle b
6- x COMMIX-2 VAPOR.

~28.6 C^ --------

O St. Pierre-7 \%POR

{ O St. Pierre-7 LIQUID X
v -

N'> -xer
g 4- k e, -g- s~

xe0 eo -x e'*J x'eN -e .

> *
2- e p CA A

.

0 , , , ,

0 0.2 0.4 0.6 0.8 1
~

AXI AL DISTANCE (Z/L)

COMPARISON OF LIQUID AND VAPOR VELOCITY DISTRIBUTION WITH THE MEAstlREMENTS

OF ST, PIERRE.
.
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TW0 PHASE FLOW IN A HEATED DUCT

8
.

P= 5.516 MPa Legend -

Q= 143.7 kT(/Sq.m a couuix-2 uquio

V inlet = 0.768 m/S X COMMIX-2 VAPOR^ 6- T inlet = 266.1 C ---------

CD e SL Pierre-12 VAPOR
\

O SL Pierre-12 LIQUID ;

-

g 4-
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O
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g X'7 m o ,a as a O O AU US ^
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0 i i i i
-

0 0.2 0.4 0.6 0.8 1

AXI AL DISTANCE (Z/L)
.

.. - - + =

COMPARIS0k0FLIQUIDANDVAPORVELOCITYDISTRIBUTIONWITHTHEMEASUREMENTS
OF ST PIERRE. .
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NRC STANDARD PROBLEM NO. 1
.

i !

'

: FLASHING DUE TO DEPRESSURIZATION
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g 9 9.

,

Ruptured
End .

.

Closed
End

Z = 4.10 m
,

:

' GS-7 GS-6 GS-5 GS-4 GS-3 GS-2 GS-1

. . _ C _ _ D _ _
E F

_ G_ HA B
~

-

:
'r _1, v ,'

c ,,

\ \
K=1 2 3 4 5 6 7 8 9 10

Dimension m

A 0.079
B 0.835

h\\, Grid C 0.555
' D 0.555

E 0.911-
'

F, 0.835
G 0.158

i H 0.168
_

1

'
GENERAL ARRANGEMENT OF BLOWDOWN PIPE

(NRC STANDARD PROBLEM #1)

tw

; .

_ ______ _________ __ __, . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _
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C$dPARISON BETWEEN MEhURED AND PREDICTED
' '

'ESSURES

7

NRC Standard Problem #)1
Legend

'

s-

Location GS-1 (Z=0.168 m EXPERIMENTAL

3_ PREDICTED
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TIME (sec)
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COMPARISON BETWEEN MEASURED AND PREDICTED PRESSURES

7

.

NRC Standard Problem #1 Legende-
Location GS-5 (Z=2.627 m) EXPERIMENTAL

.

PREDICTED
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Legend j7-
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ChPARISON BETWEEN MEA $ RED AND PREDICTED P ESSURES
' '
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COMPARISON BETWEEN MEASURED AND PREDICTED VOID FRACTIONS
.
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CURRENT STATilso
_

.

8 COMMIX-1A (ADVIOCED VERSION OF COMMIX-1)
!

O CLEAN-UP, DOCUMENT AND RELEASE (12/80)
O

I COMMIX-2

4 INTERFACIAL COUPLIi1GS:
'

MASS:

EVAPORATION COMPLETED

CONDENSATION IMPLEMENTING
^

MOMENTUM:

INTERFACIAL FRICTION COMPLETED

ENERGY:

INTERFACIAL HEAT
-

TRANSFER IMPLEMENTING

e WALL HEAT TRANSFER COMPLETED

8 WALL FRICTION COMPLETED

8 FUEL R0D AND DUCT WALL

HEAT TRANSFER MODEL COMPLETED

8 WIRE WRAP MODEL IMPLEMENTING

6 DOCUMENT AND RELEASE (DRAFT VERSION) -(9/80) |

0 BODYFIT-1
|

8 3D TRAi1SFORMATION COMPLETED

e K-c TURBULENCE MODEL COMPLETED |O e FUEL R0D AND Di!CT WALL

HEAT TRAllSFER MODEL COMPLETED |
9 DOCUMENT AND RELEASE- (9/80) ~

,

:

e

-

__ _ , - , - _ ,
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'

FUTURE PLAN
.

([) e COMMIX-1A

8 VALIDATION AND APPLICATIONS

FFTF

PFR

ETC.

O WHOLE CORE ANALYSIS

0 PARAB0LIC APPROACH

t COMMIX-2

8 IMPROVE SOLUTION TECHNIQUE

(]) SHORTENING RUNNING TIME

OPTIMIZING STORAGE

I IMPROVE PHYSICAL MODELING

PARAMETRIC STUDY

9 VALIDATION AND APPLICATIONS
,

4 BODYFIT-1
,

0 WIRE WRAP MODEL ,

e VALIDATION AND APPLICATIONS

:
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. , . .
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i
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O
TODAY'S PRESENTATION

j

0 OVERVIEW

e RECENT RESULTS

e FUTURE DIRECTIONS

O

i O

|

{
l

_ _ _ . - .
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BNL FAST REACTOR SAFETY EXPERIMENTS

9 OBJECTIVES

INVESTIGATE THERMAL-HYDRAULIC PHENOMENA 0F IMPORTANCE-

IN FAST BREEDER REACTOR SAFETY ANALYSIS.

APPLICATION OF PHENOMEN0 LOGICAL PRINCIPLES-

TO ACCIDENT ANALYSIS.

i

|
i

BROOKHAVEN NATIONAL LABORATORY |} g3 |

ASSOCIATED UNIVERSITIES, INC.(llll
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.

SCOPE OF Bill PROGRAMS -

.

SIMULATION EXPERIMENT ACCIDENT PHASE ISSUE

e TRANSITION PHASE ASSESSMENT IDENTIFICATION OF KEY SAFETY
ISSUES

S HEAT IRANSFER IN INTERNALLY PAHR STRUCTURE COOLABILITYJ IMPACT
HEATED BOILING POOLS IRANSITION PHASE ON DISPERSION

4 MULTIPHASE FUEL RELOCATION IRANSITION PHASE RECR IT IC ALITY; REACTIVITY LOSSJ
AND FREEZING DYNAMICS BOTTLED POOL

4 CORE DISPERSION (HYDRODYNAMIC IRANSITION PHASE RECRITICALITY; FUEL COMPACTIOrl;
AND VOLUME-HEATED) STEEL VAPOR DISPERSION

0 HCDA ENERGETICS: ENTRAINMENT POST-DISASSEMBLY SODIUM WORKillG FLUID POTENTIAL
BY IAYLOR INSTABILITY BUBBLY EXPANSION

1

BROOKHAVEN NATIONAL LABORATORY |} gy |

ASSOCIATED UNIVERSITIES, INC.(I(11

_ - _ _ _ _ _ _ _ _ _ - - - - _ _ _-
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MAJOR NL A RLISH"Et:TS O,
-

"
TASK ACC0iiPL15HMEfils IMPLICATi0ils

'

o ASSESSMENT OF TRAllSITION - REPORT COMPLETED. - FUEL DISPERSAL DOES tl0T
'

PHASE PHEl!0 MEN 0 LOGY - ACCIDEllT SEQUENCE PATHS TRACED. RULE OUT P0TEllTIAL FOR

- ADEQUACY OF UNDERSTANDIllG RECRITICALITY.
PHEt10MEllLOGY ASSESSED. - ACCIDEllT LIKELY TO PROG-

RESS TO GREATER FUEL

MOTION C0HERENCY.

o BOILING P0OL HEAT TRAllSFER - VOLUME-HEATED BOILING AllD N0ft -

BOILING, EXPERIMENTS COMPLETED.

- BOUNDARY LAYER CORRELATIONS DERIVED.

o FUEL RELOCATION - TWO-PHASE GAS-LIQUID TESTS COM- - DISPERSED PHASE MAY AC-
PLETED. CELERATE FUEL FREEZING

- SCOPING SLURRY FREEZING TESTS PROCESS IN BLANKET

CARRIED OUT. STRUCTURE.

o HYDRODYNAMIC DISPERSAL - TWO-PHASE AIR-WATER EXPERIMENTS

WITH GAMMA DENSIT0 METER INITIATED.

o DISPERSION Ill VOLUME-HEATED - STUDY OF MICROWAVE HEATING SIMULA-
BOILING P0OLS T10rl METHOD COMPLETED.

- CONCEPTUAL DESIGN OF MICROWAVE

IRRADIATION FACILITY COMPLETED.

o HCDA ENERGETICS: - LITERATURE REVIEW COMPLETED. - POTEllTIAL FOR EllTRAINMENT
ENTRAI!' melit BY - ANALYSIS OF IAYLOR INSTABILITY BY TAYLOR MECHANISM

.

TAYLOR IllSTABILITY GROWTH Ill TWO-PHASE HCDA LIMITED BY HEAVY PHASE
COMPLETED. (U0 ).2

- WORK POTENTI AL EllHAtlCEMENT

BY SODIUM VIA TAYLOR

EtlTRAINMEllT LIMITED BY

PRESENCE OF HEAVY PHASE.

_ _ _
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?
RECENT RESULTS)

|

|O

8 ASSESSMENT OF IRANSITION PHASE PHENOMENOLOGY

,

8 BOILING POOL HEAT TRANSFER-

-
,

f

8 FUEL RELOCATION

:
,

8 HYDRODYNAMIC DISPERSAL'

i

i

O4

: . .

i

i

T

1

i

i

O
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TRANSITION PHASE ASSESSMENT

: O
:

SCOPE:
.

|

9 REVIEW PREVIOUS WORK

:
'

O PHENOMENOLOGY

1

1

0 ACCIDENT SEQUENCES

0 RESEARCH NEEDS AND PRIORITIES

O ;
;

i

i

i

1

:

O
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''

TRANSITl0fl PilASE PHENOMEN0 LOGY
'

.

PHENOMENA STATE-OF-ART FUTURE RESEARCH NEEDS

CLAD DYNAMICS AVAILABLE CLAD MOTION MODELS IN-PILE LARGE-BUNDLE IESTS
APPEAR ADEQUATE. PLUG FORMATION TO SUBSTANTIATE SMALL-
LIKELY. SCALE RESULTS.

BOILING HEAT TRANSFER HEAT IRANSFER FLOW REGIME DEPENDENT. EXTEND TO CHURN REGIME.

CORRELATIONS AVAILABLE FOR l-COMP. SUBASSEMBLY SCALE POOLS.
BUBBLY FLOW, SMALL L/D. MULTI-COMP. LARGER POWER

DENSITIES.

BOILING HYDRODYNAMICS DRIFT FLUX 0.K. FOR AVERAGE V0iD MULTI-COMP. POOLS. LOCAL

CHURN REGIME DOMINANT FOR DECAY VOID TRANSIENTS. LARGER

HEAT CONDITIONS. POWER DENSITIES.

FUEL MOTION AND FREEZING FUEL PENETRATION INTO BLANKETS PROTOTYPIC IESTS TO VERIFY
LIMITED BY FREEZING. FREEZING PENETRATIONS. SLURRIES.

ACCELERATED BY VOIDS AND PARTICLES ENTRAINMENT. CRUST STABILITY.
OBSERVED. FREEZING MECHANISM STILL
UNCERTAIN. FREEZING RATES BOUNDED

BY LIMITING MODELS.

BROOKHAVEN NATIONAL LABORATORY |)|g|

A5500ATED UNIVERSITIES, INC.IlIlI

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

TRANSITION PHASE ACCIDENT SEQUENCES..
~

.O

4

0 ASSUME ENTRY.TO FUEL DISRUPTION PHASE

I SCOPE BEHAVIOR OF " REPRESENTATIVE" CHANNEL

,

O IDENTIFY POTENTIAL FOR RECRITICALITY
,

O O REASSESS FUEL & STEEL FREEZING ARGUMENTS AND

IMPACT ON I.P.

0 REASSESS DISPERSION ARGUMENTS AND IMPACTS-

:

$ IDENTIFY DISTINCTIONS BETWEEN FFTF & CRBR

BEHAVIOR

,

;

: O
BROOKHAVEN NATIONAL LABORATORY |}|)|

A5500ATED UNIVERSITIES, INC.(IIll
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_
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. .

CONCLUSIONS

() O LIKELIHOOD OF DEVELOPMENT OF TR ANSITION PHASE

IS DESIGN-DEPENDENT.

I TRANSITION PHASE RECRITICALITY EVENTS CANNOT BE

RULED OUT ON BASIS OF FUEL DISPERSAL.

8 EARLY IERMINATION OF TRANSITION PHASE PROGRESSION

BY BLOWDOWN TO SODIUM IS Uh_IKELY.

8 ENTRAPPED MOLTEN POOLS 4RE LIKELY. THEY ARE LIKELY

TO GROW TO WHOLE CORE SCALE BEFORE BLOWDOWN TO
O(> SODIUM PLENA.

8 COHERENT CORE-WIDE FUEL NOTION DURING WHOLE-CORE

STAGE IS POSSIBLE. RECR ITICALITY ENERGETICS MuST

BE CAREFULLY ASSESSED.

I FUEL DISPERSION IS LIMITED BY

GEOMETRY IMPOSED BY AXI AL BLOCKAGES-

|
1
'

BOUNDARY HEAT LOSSES-

PRESSURIZATION-

o
l

QUENCHING BY COLD STEEL
(~)T

'
-

m
FLOW REGIME-

.--..
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.

RESEARCH NEEDS AND PRIORITIES

,

O IS TRANSITION PHASE LIKELY FOR PARTICULAR DESIGN?

O VERIFICATION OF THERMITE TEST RESTULS WITH OAS-FREE

U0 AND SEPARATE EFFECTS TESTS,
2

:

8 WHOLE-CORE POOL STABILITY

H0w MUCH MOBILE FUEL?-

B0uNo RECRITICALITY ENERGETICS.-

($)
'

8 CONTINUE SEARCH FOR RECRITICALITY MECHANISc.S AND

ESTIMATION OF ENERGETICS,

:

()

.

|

. . .- . .,- - - _ . , _ . . - _ . _ _ , . . - - - ..
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.

VOLUME HEATED BOILING POOL
BEHAVIOR

VOID FRACTION, HEAT TRANSFER,
- DISPERSION

~

OBJECTIVES APPARATUS

o Measure Local Boundary Heat Flux as Function of . liigh Density, Non-Dispersed Small llD Pools for Heat
Wall Angle and Flow Regime Transfer Studies Simulating Whole Core & Plenum

- Geometries
e hlcasure Average and Local Distribution of Void e High/ Low Density, Large UD Pools Simulating Subas-

Fraction as Function of Dimensionless Power and sembly Geometries
Flow Regime. Investigate Effect of Aspect Ratio

* Joule Headng
. Identify Applicable Flow Regime Transition

Criteria: * Hydrodynamic Simulation

* Microwave Heating
Non-Boiling To Bubbly Flow

Bubbly To Churn-Turbulent

o Compare Results to Previous Investigations and
Des clop Correlations and/or Models Applicable for
Performing Analyses Related to PAllR and Tiansi-
tion Phase Conditions BROOKHAVEN NATIONAL LABORATORY |} gg |

AS500ATED UNIVERSITIES, INC.(E|||
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{ LOCAL BOUNDARY HE AT TRAtj$FER FROM VOLUME-HEATED POOLS : f10N BOILING ~'
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M ,,p*4 6 it Y b
gT

9000 SERIES* *

, , y n if,{ * 7500' SERIESx

, , s ,s +a. 6000 SERIES+,,

10" - :* i i i i i ,

10 10 IO 10'0 10" id2 g3 g48

Ra (x,5,0)

_ _ _ _ _ _ - _ _ . _ _ _ _ _ _ _ - _ _ _ _ _ _
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BOILING P00L HEAT TRANSFER

O
'

8 CONCLUS!.ONS

BUBBLY FLOW

- BOUNDARY HEAT IRANSFER MECHANISM RESEMBLES

NATURAL CONVECTION BY VOID-INDUCED BUOYANCY..

- HEAT IRANSFER CORRELATION DEVELOPED.

LOCAL HEAT TRANSFER 6REATER THAN PREVIOUS-

([) ESTIMATES BY FACTOR OF 2.

.

CHURN FLOW

'

BOUNDARY. HEAT IRANSFER MECHANISM UNCERTAIN.-

AVERAGE HEAT IRANSFER GREATER IHAN BUBBLY BY4
-

FACTOR OF IWO.

TRANSITION FROM BUBBLY TO CHURN AT J ,/4 ,=-

a

- MORE WORK NEEDED.

|

|

.

,-
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FUEL RELOCATION DYNAMICS
.

SIMULATION STUDIES

OBJECTIVES

o Predict Potential for Formation of Frozen Barriers
in Normally Open Flow Channels in the Core of an
LMFBR Following a IICDA, Both During Transi-
tion Phase and PAHR. HEIGI-

iiilCE-WATER MIXTUREiEE. - .

o Predict Potential for Formation of a " Bottled" Core E i- ' " ' ' ' " * ' "~

During Transition Phase which is of Interest in - - - ,
_ _

Pressure-Driven Recompaction and Recriticality. j]
N IN L E T --. .2

o Predict the Possible Distribution of Fuel During 9*
Transition Phase. TO HEAT EXCHANGER e TWO PHASE filXTURE

*

,.
, , e9

y SOLID RADIAL CRUST,

:o Determine Subsequent Effects Upon PoolIlydro- -

dynamics and Boundary IIeat Transfer from Fuel 1 :.:, , PMOLE PLPE CO4 DENSER

p

.

Pool Remaining in the Core. - '

,- ]
.. .

:
.

ln.5 h ALCOHOL COOLANT
,

, ,

LOAD CELL

.

BROOKHAVEN NATIONAL LABORATORY |} gy |

,

ASS 00ATED IJNIVERSITIES, INC(llll

_ _ - - _ _ _ _ _
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LIQU ID-VAPOR-SOLID FREEZING IESTS
~

55 C PARAFFIN-WOOD PULP

RUN GAS FRACTI0tt SOLID FRACTION PLUGGING IIME* MASS DISPLACED **

1 .00 .00 27. 143.

2 .00 .00 27. 117. |

f3 .10 .00 24, 81,

4 .-10 .00 22. 73. ;

5 .00 .10 NO PENETRATION OF TUBE ***

7 .00 .10 NO PENETRATION OF TUBE

8 .00 .10 NO PENETRATION OF TUBE

_ . . __

*
SECONDS

**
GRAMS

***
THE TUBE WAS IDENTICAL TO THE ONE USED FOR TWO-PHASE PARAFFlu TESTS.

.
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MULTIPHASE FREEZING DYNAMICS

S CONCLUSIONS,

O
- FUEL MOTION IN ABSENCE OF MELTING WALL DOMINATED BY

CONDUCTION HEAT TRANSFER.

PRESENCE OF VAPOR IN A FLOWING-FREEZING LIOu!D-

ACCELERATES FREEZING RATE.

.

- MECHANISMS OF MECHANICAL CRUST BREAKUP ARE UNCERTAIN.

- CORRELATIONS FOR MULTIPHASE FLOODING AND

'"'"^'""'"' " " ' '*''''O,

- PRESENCE OF SOLIDS IN A FLOWING-FREEZING LIoulD APPEARS
,

TO ACCELERATE FREEZING RATE SIGNIFICANTLY GRE/"ER

THAN VAPOR.

|

MORE WORK IS NEEDED IN THE FOLLOWING AREAS: ;
-

i

SLURRY FREEZING PROBLEMS
l

CRUST INSTABILITY MECHANISMS

Tw0-PHASE FLOODING AND ENTRAINMENT MODELS

|
|

|

_ _ _ _ . _ . . _ _ _ . .
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DISPERSION: TASKS AND OBJECTIVES
.

a

0 HYDRODYNAMIC DISPERSION

O
TASKS-

VOLUME DISTRIBUTED GAS INJECTION

PRELIMINARY FEASIBILITY TESTS
'

,

OBJECTIVES
-

-

FLOW REGIME TRANSITIONS AND MULTIPHASE

FLOW DYNAMICS IN PROTOTYPIC FLUID SYSTEMS

S DISPERSION IN INTERNALLY HEATED BOILING POOLS
.

TASKS-

() ELECTRICALLY HEATED DISPERSION IESTS (COMPLETE),

MICROWAVE HEATED HIGH P0wER DISPERSION TESTS

OBJECTIVES-

FLOW REGIME TRANSITIONS AND MULTIPHASE

FL0w DYNAMICS IN INTERNALLY HEATED POOLS

OPEN, CLOSED, HEAT LOSSES, REFLUXING

.

O)1 s.

BROOKHAVEN NATIONAL LABORATORY |3 |3 |
A5500ATED UNIVERSITIES, INC.(I13 3

'

'
.

f



O O O
.

HYDRODYIAMIC DISPERSAL
'

PRELIMINARY FEASIBILITY TESTS
,

PURPOSE.

*

.

] 'v?I, e CBTAIN MORE DEFINITIVE VISUAL V010,

c, [h AND INSTRUMENTED Volo DYNAMIC BEHAVIOR.

8 PR0vioE DESIGN EVALUATION INFORMATION

FOR HYDRODYliAMIC DISPERSAL JS.

-

f!ITHOUT INJECTOR IUBE SIMULATIONS

';gk. -

k!!TH INJECTOR IUBE SIMULATIONS
A

,

S STATUS
' ' ' '

t

/ i -

t TESTS COMPLETE.>- 4 [-
,

p n
'

- 0 DATA ANALYSIS IN PROGRESS.,-

f \i
e N l.

'

BROOKHAVEN NAll0NAL LABORATORY |} g)|

Q ~

A5500ATED UNIVERSITIES, INC.(Illl

TEST VESSEL AND GAftt1A DENSIT0f1ETER SYSTEM

~ 4
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HYDRODYNAMIC SIMULATION

APPARATUS
,

. . . .4,
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HYDRODYNAMIC DISPERSAL

O
I CONCLUSIONS (PRELIMINARY IESTS)

ANALYSIS OF DATA FOR EFFECT OF-
4

,

INJECTOR IUBES UNDERWAY AT PRESENT.

CHURN FL0w REGIME STABLE TO GAS FLUX-

APPROXIMATEL) 3.5 TIMES KUTATELADZE

PREDICTION.
.

O
,

|

;

i

%

O

- _ - - . _ _ - - . _ _ . . -.. . . _ _ . . . _ . - - . _ - . _ - _ . _. _ _ _ - - .
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O O O
FUTURE DIRECTl0tlS ,-;!

,|-

TASK FUTURE W0i:K

8 ASSESSMENT OF I.P. PHENOMENOLOGY. ISSUE FINAL REPORT. j

t BOILING POOL H.T. COMPLETE.

4 FUEL RELOCATION. ISSUE FINAL REPORT IN IWO-PHASE IESTS. l

INITIATE STUDIES OF SLURRY BEHAVIOR,

CRUST STABILITY EFFECTS.
,

e HYDRODYNAMIC DISPERSAL. INITIATE STUDY WITH ALTERNATE FLulD

SIMULATIONS.

8 DISPERSION IN VOLUME-HEATED POOLS. MICROWAVE SIMULATIONS.

8 HCDA ENERGETICS: ENTRAINMENT I,Y ISSUE FINAL REPORTS.

IAYLOR INSTABILITY.

BROOKHAVEN NATIONAL LABORATORY |} g}|

AS500ATED UNIVERSITIES, INC.(1 L11

______ _ __ _ ___ -____ ____ _ ___ _ _ _ __ - - -_______-_- - _ - .
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AEROSOL RELEASE AND TRANSPORT ( ART)

| PROGRAM AT ORNL

1

I
i

: -

1 - PREPARED BY

: O -

' T. S. KRESS
?

|
t ART PROGRAM MANAGER

|
i

: |
! ,

i i
'

| |
'

!
.

; PRESENTED TO

ACRS SUBCOMMITTEE ~0N ADVANCED REACTOR SAFETY ;
-

.

r

i WASHINGTON, D.C.

;
- -JULY 9,1980

;

LO
!

!

:
;

,

1-
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'

PRINCIPLE ARE AS OF THE AEROSOL RELE ASE AND

TR ANSPORT PROGR AM AT ORNL

( OVERALL OBJECTIVE:

TO PROVIDE DATA AND ANALYTICAL METHODS FOR USE IN

ASSESSING RADIOLOGICAL CONSEQUENCES OF SEVERE ACCIDENTS

PRIM ARY CONTAINMENT STUDIES : ,

INTERACTIONS OF ENERGETIC MOLTEN U0 WITH SODIUM TO2

DETERMINE THE CHARACTERISTICS OF BUOYANT TRANSPORT

OF RADIONUCLIDES WITHIN THE PRIMARY VESSEL (QUANTITY,

AND CHARACTERISTICS OF MATERIAL RELEASED INTO SECONDARY

CONT AINMENT)-

SECONDARY CONTAINMENT STUDIES:

BEHAVIOR OF NUCLEAR AEROSOL MIXTURES IN THE CONTAINMENT

ATMOSPHERE (VALIDATION OF MODELS FOR N ATURAL ATTENU ATION

MECHANISMS TO ESTABLISH RELEASE FROM THE SECONDARY

CONTAINMENT)

|

e

. . . .- _ _ ,
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1

:

i

THE IN-PRIMARY VESSEL EXPERIMENTS ARE CONDUCTED

IN THE FAST FACILITY -
,

-

:

O A SODIUM SYSTEM WITH A MODEL VESSEL ABOUT 1/10

THE SCALE OF- AN LMFBR PRIMARY VESSEL
.

f 9 SMALL SAMPLES OF U0 ('liPICALLY ~20 G) ARE2
!

! ELECTRICALLY HEATED VIA DISCHARGE FROM CAPACITORS
'

I TO MOLTEN ENERGY STATES OF 4000 J/G[]}
!

O THE RESULTANT ~ VAPOR BUBBLES ARE OBSERVED FOR :
f

: PHENOMENA IDENTIFICATION-

: ,

1 - DYNAMIC BEHAVIOR |

- CONDENSATION AND/0R TRANSPORT OF MATERIAL4

THROUGH THE LIQUID TO THE COVER GAS

:
|

)-

: -

.

.

$

- e m w- ,--r. - ,,r 1 -- # -,4e-,_.. .- - - , .-r-. r
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UNION
CARSIDE

A
THE UNDER-SODIUM TESTS ARE CONDUCTED IN THE FAST FACILITY

*3
(O

PLATEOUT
SAMPLER

MASS
SAMPLER

CASCADE
IMPACTOR

- N CAPACITOR

) BANKSs e

,,_

fassvec no) - D
i ,

C,ov e d GM ( 'N w

% h_,.2
; n .-',

FAST PRESSURE( b VESSEL
C
I

N /: hh,
Jh.--j$^' -V0lO DETECTORS (5)9;

.TPRESSURE
I TRANSOUCER m {-_. THERMOCOUPLES (18)

i
i $.-
) N; $

VAPOR l -k
-"

BUBBLES
k ), #p-%

P" ESSURE -
'''

TRANSDUCER m N$-VAPORIZER''
: .I UNIT .".

,4'
9 - , . .

./
,~'

.-
SODIUM FILL AND

. , _

DRAIN TANKS

(v)
k f $Y

,

As h tc) su vas s cL C ( YCh 'J A

|
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4
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;

i

i
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!

4
i

I THE FAST EXPERIMENT PROGRAM USING THE CAPACITOR DISCHARGE
,

VAPORIZATION (CDV) TECHNIQUE TO PRODUCE UO DISASSEMBLIES2
'

>.

; IS BEING CONDUCTED IN THREE PHASES:

i
~

t

i~ 1. DISASSEMBLIES IN ARGON ENVIRONMENTS
i
1

! 2. UNDER WATER
1

I
'

3. UNDER SODIUM ,

t

i

!.
4

4 % .

|O
:

1

i

i.
;-
1-

;
. .

i
,. .-. ,.,._. - ..._.m.._...._,.._... . . . . . . ... ,. ..,,. _ _ . _ _ . ___ - . , , . ._ , , -, _ .,,_. _ . _ , , _ _ . , _ . _ _ . . , . . , , . _ , . , , . , . - . . ,
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i.

, OBJECTIVES OF THE FAST " ARGON" EXPERIMENTS'

!

4 9 TO DEVELOP AND UNDERSTAND THE CDV SYSTEM
! !

O'

9 TO PRODUCE AND CHARACTERIZE UO CONDENSATION2;
4

AEROSOLS
:
!

l 9 TO MEASURE THE VAPOR YIELDS AS A FUNCTION
|
! 0F THE ENERG'. STATE OF THE. SAMPLES
1

i

!

f'
!
,

t

)
,

i O
'

i
;-
;

,

a

q ^ O

I

E
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l

.

uNtos
CARBIDE

RNL

THE PRIMARY SIZE DISTRIBUTION OF CDV-PRODUCED AEROSOL WAS
~

LOG-NORMAL; THIS DISTRIBUTION WAS INSENSITIVE TO
THE TEST SAMPLE ENERGY STATE AFTER CDV

CUMMULATIVE SIZE DISTRIBUTION SIZE DISTRIBUTION FOR FIVE TESTS

500i i 1 i iisiii i i , , , , ,

a10
- MASS BASIS (ASSUMING a - d 'N

*UNIFORM DENSITY o a [ $ / ,

- SPHERICAL o a - w 200 - ,e ( -

a

$ 0.05 - PARTICLES) 0 - $ ~ '

-

5 -

o
~

E 'g
'

b - - g 1M - i .

i
3 0.02 - -

d 1.t"

p \,' ,
c:$ s

[ 53
-

; -
'

<
9 NUMERICAL e-o CDV 21
y 0.01 : BAS!S : O o-o CDV 29
I 2 ^ ^ *

_
d = 0.014 pm f h20 - cg EC 1 -

.

0.005 's = 1.8 - @ CDV 24 }
, - - z ag

i t 1 IiIi1ff I l i 10 ' ' ' '

O.01 0.1 1 10 50 90 99 99.9 0.002 0.005 0.01 0.02 GOS 0.1

PERCENTAGE OF TOTAL HAVING LESS THAN AVERAGE DIAMETER IN INTERVAL (p)

f
'

STATED DIAMETER

I
*

\ ,

$ !

I !
\
\
s . _ _ . . - - . - . . . . . .. . . . . . --

,

_. _ . _ _ _ _ _ _ _ _ _ _ _ _ _____ _ _
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IMPLICATIONS OF THE ARGON TEST RESULTS

(3
(_)

e THE SIZE DISTRIBUTION IS A FUNCTION OF THE LEVEL OF SUPER- i

SATURATION OF THE VAPOR (C001 PETITION BETWEEN HOMOGENEOUS

NUCLEATION AND CONDENSATIONAL GROWTH). IF THE DOMINANT

MODE OF HEAT TRANSFER IS RADIATION, THEN WE WOULD EXPECT

TO OBSERVE SIMILAR SIZES AND DISTRIBUTIONS IN THE UNDER-

WATER AND UNDER-SODIUM TESTS - AND WOULD EXPECT THE S AME

IN THE REACTOR.

O PENDING FURTHER EXPERIMENTS TO VERIFY THE CALCULATED CDV

ENERGY DISTRIBUTION, THE MEASUPED YIELDS MAY VALIDATE THE
b)' #' INHERENT CONSERVATISM 0F THE PRESENT PRACTICE OF MAKING

EQUILIBRIUM ADIABATIC CALCULATIONS iu ESTABLISH THE VAPOR *

) QUALITIES ON RAPID EXPANSION OF MOLTEN FUEL.
t
!

S KNOWLEDGE OF THE PRIMARY SIZES CAN HELP UNDERSTAND (AND

SYXTHESIZE) AGGLOMERATE PROPERTIES FOR USE IN AEROSOL

BEHAVIOR ANALYSES.

'
9 THE "BY-PRODUCT" RESULTS OF CHANGE IN ELECTRICAL RESISTANCE

0F UO ON MELTING MAY INCREASE THE UNDERSTANDING OF THE f2

() MECHANISMS FOR CHANGES IN THERMAL CONDUCTIVITY.

,
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OBJECTIVES OF THE FAST UNDER-WATER EXPERIMENTS

.|

9 TO VALIDATE THE CDV DESIGN FOR UNDER SODIUM USE
,

O TO IDENTIFY THE EXPANSION PHENOMENA THROUGH THE USE OF
,

HIGH SPEED MOTION PICTURES

S TO CORRELATE INSTRUMENT RESPONSES WITH VISUAL OBSERVATIONS
'

FROM THE FILMS

i

O TO QUANTIFY THE CONDENSATION AND TRANSPORT RATES UNDER
4

WATER
.

J

G TO DEVELOP A NEW ULTRASONIC IMAGING SYSTEM SUITABLE FOR

TRACKING BUBBLE MOTION UNDER SODIUM

(:?-
'

1

1

+
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Appendix B

Actual Conditions For Under-Water Testa
Discussed In This Report *

4

Test P (MPa) .P (MPa) T (K) L(mm) Egy(kJ)A y y,

' FAST 22 .122 .135 298 1120 35.7

FAST 23 .123 .135 298 1120 36.5
*

FAST 24 .122 .135 298 1120 23.4

FAST 25 .128' .513 298 1120 35.2

FAST 29 1.029 1.063 298 1120 32.6

FAST 30 2.045 2.073 298 1120 40.7

FAST 31 2.094 2.025 298 1120 30.9,

:

FAST 32 .307 .335 298 1120 36.0

FAST 34 .126 .149 298 1120 35.2

FAST-35 2.059 2.094 298 1120 32.6

? FAST 36 .025 .513 298 1120 34.6
!
'

FAST 37 .025 .513 298 1120 28.9

FAST 40 .108 .513 298 1120 56.3

FAST 41 .122 .513 .364 ,1120 29.4,

.

FAST 42 .108 .513 298 1120 21.4

FAST 43 .111 .513 364 1120 32.1
m.

#

FAST 44 .122 .513 339 1120 41.1

FAST 45 .123 .513 298 1120 35.9-

FAST 46 .122 .513 363 1120 41.4
'

FAST 51' .123 .513 298 710 25.0

FAST 52 .122 .520 298 710 26.6

FAST 53 .122 .513 298 71U 15.6
*
P = argon gas pressure

P " X n n 83S PressureX.
E = CDV energy input
'CDVT = vater temperaure -y

i '

, . , . - . . - -,, , ,. , , . - , . . . .-----n, -, . -., ,



,, . _- __ . .

*
*

-., .

* *
P

,

;

,$% A ,4- - 2%-

GO

Fig. 6. Typical FAST Under-h'ater Test Pressure vs Time Data (from FAST 22).
Pressure Pulses Shown Occurred At 0.9, 58.3, and 86.8 ms After
Sample Breakup And liad .\tagnitudes Of 1.45, 1.40, and 0.23 F1Pa,
Respectively. Pressure Was Efeasured N23 cm From Test Sample. Time
Between First Two Pulses Is Time Noted As T In Text. -'

P

l!casured Initial Bubble Periods T For Various Test Conditions (For 1.12 m
PWater licight)

Test Initial Bubble

Conditions Period T (ms).

P =P = 2.02 f!Pa %4

T* = 298 KO
P, = P = .101 F1Pa s50

T, # 298 K

P,= .101 h!Pa,

.505 b1Pa s55'P =
X

T,= 298 K

.101 b1PaP =

.505 b!Pa %80P =
-X

T,= 363 K

- O' P,= .025 b!Pa

.505 FIPa S180P =
X

'T = 298 K

.

- - , ,,,r. y., - .--e-.
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SUMMARY OF FAST UNDER-WATER TEST OBSERVATIONS

(

e A CDV DISASSEMBLY PRODUCES A SINGLE C0HERENT OSCILLATING

BUBBLE

e INSPECTION OF THE FILMS INDICATES THAT AEROSOLS ARE FORMED

WITHIN THE BUBBLE

e THE UO2 VAPOR BUBBLES RAPIDLY CONDENSE (IN 100-200 MSEC

DURING THE OSCILLATION PHASE)

() e TRANSPORT OF U0 TO THE COVER GAS HAS BEEN VERY SMALL2

| AND HAS BEEN OBSERVED QuL1 IN TESTS IN WHICH THE INITIAL

WATER TENPERATURE HAS BEEN SET AT NEAR THE BOILING POINT

e THE MEASURED BUBBLE OSCILLATION PERIODS (FUNCTION OF THE

HYDRODYNAMICS AND HEAT TRANSFER) HAVE BEEN IN GENERS.L

-AGREEMENT WITH ANALYTICAL PREDICTIONS USING THE UVABUBBLE

MODEL AT THE UNIVERSITY OF VIRGINIA

L
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STATUS OF THE UNDER-WATER TEST INSTRUMENT

DEVELOPMENT OBJECTIVES
i

G FAST RESPONSE SUBMERSIBLE PRESSURE TRANSDUCERS

- EFFECTIVE OPERATION UNDER WATER
i
'

REQUIRE INSULATION FROM GROUND TO PREVENT CDV DISCHARGE-

INTERFERENCE

GAVE GOOD INDICATION OF BUBBLE OSCILLATION FREQUENCY--

GAVE GOOD MEASURE OF PRESSURES PRODUCED BY CDV DISCHARGE-

AND/0R FCI

- NOW READY FOR UNDER SODIUM PERFORMANCE TESTING

G COVER-GAS PRESSURE TRANSDUCERS

- EFFECTIVE OPERATION IN WATER TESTS

- RESPONSE CAN BE INTERPRETED AS A MEASURE OF BUBBLE

() VOLUME VS TIME'

A SMALLER RANGE UNIT WOULD BE MORE SENSITIVE - THESE-

ARE BEING INSTALLED FOR SODIUM TESTS

S THERMOCOUPLE ARRAY

_
LACK OF A RISING BUBBLE IN THE WATER TESTS PREVENTED-

CONTACT WITH MOST OF THESE

- LIMITED CONTACT WITH NEAREST TC'S INDICATED THAT RESPONSE

IS TOO SLOW TO INDICATE BUBBLE INTERFACE POSITION AS

HOPED FOR

(]) G ULTRASONIC BUBBLE IMAGING

-- FEASIBILITY DEMONSTRATED IN AUXILI ARY VESSEL USING RISING
SPHERES AND A SINGLE SUBMERSED TRANSDUCER

-- TWO CDV TESTS WITH ONE TRANSDUCER MOUNTED ON THE OUTSIDE

OF THE FAST VESSEL PRODUCED SIGNALS INTERPRETABLE IN
TERMS OF BUBBLE SIZEj TWO OTHER TESTS INDICATED FAULTY'

MOUNTING. j

- - _ _ _ _ _ .
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! S ULTRASONIC BUBBLE IMAGING (CONT'D) ,
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ADDITIONAL DEVELOPMENT NEEDED:- ,4
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|Q WAVE-GUIDE MOUNTING ON FAST VESSEL TO ALLOW USE !-

j. WITH HIGHER TEMPERATURE (S0DIUM TESTS) i
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1 - TESTING OF SIMULTANE0US OPERATION OF MULTIPLE I

I ARRAYS OF TRANSDUCERS
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9 EXPERIMENTS IN THE NSPP AND IN CRI-II ARE CONDUCTED BY

SIMULTANEOUSLY BURNING URANIUM AND SODIUM TO PRODUCE

AEROSOLS SIMULATINGAIRBORNE MIXTURES OF U 0g AND NA 023 2

SECONDARY CONTAINMENT CONDITIONS FOR SEVERE LMFBR ACCIDENT

C ASES . THE OBJECTIVES OF THESE TESTS ARE TO:

-- PROVIDE EXPERIMENTAL VALIDATION TO THE HAARM-3

AEROSOL CODE

- ESTABLISH VALIDITY OF CO-AGGLOMERATION ASSUMPTION

- FOR MIXTURE AEROSOLS

- CHARACTERIZE MIXTURE AEROSOL P AR AMETERS

-- PROVIDE COMPARATIVE EVALUATIONS FOR DIFFERENT :

SIZE VESSELS (SCALING TO CONTAINMENT SIZE)

i

O
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A test astrix is proposed that would scope the stjor parameters

Size
Total itass Mass 4 o. Density Relationship

'8*1"8 C*"C'"*''*l " R**i* ""*I*. Test Time (!! ass Equiv)
(U 0c/Na2 )(vg/cc) 3 0(U 0s/Na2 )03 D /D,g

1. Sisultaneous $20 10/10 s2=103 1/20(Source Aerosols).

2. Sism1taneous $20 18/2 +2x10' 1/20(Source Aerosols)

3. Simultaneous s20' 2/18 $2x102 1/20(Source Aero+ols)

U 0s First *20 10/10 41 41/1.55"- 4. 3

5. Ne2O First %20 10/10 %3x105 1/100

6. Single Conponent $10 - - -

(U 0 )38

7. Single coeponent s18 - - -

'

(U 0g)3 ,

*8. Single Component %2 - - -

(U 0 )38
.

*9. Single Coepon mt $10 - - -

(Na2 )0

10. Single Coeponent %18 - - -

(Ha2 )0*

I 11. Single Component *2 - - -
,

t (Na2 )0

Any Simultaneous Vary up to 1 S2=103 1/20(Scurce Aerosols)
additional max.
tests obtainable,

.
Test already coupleted

#Approximate size ratio for both nt-ber density end russ conc. ratios to bo 1
6Maximum size differential for this conc. level

_

O
gg- t) 00W N SPP TMf elNTRlY Pa/E ScePtMC

rAWcD ()cPst.ot-. DG d McML tIhS- CCO) COnu'LCTC O o
,

|
- ---

_ _ ...-. _ . _



..

.,
.

,

_ , _. - .

-__

101 = , , i j j j ,, , i j i iiii; i i i i i i et
NSPP TEST 207-

_

5

O - o se^suRsMeNTs
-

-O
'l HAARM-3 CALCULATION:.

2 o a = 1, X = 3, 7 = 10

1$ _ O _

r=._. _

n _ O _

$ 5 - O _

~m
o - O

m -

D 2 -

,g O '

g 10-1 -

CALCU LATION r
HAARM-3 3

_
-

o -z -

o 5 -
-

p _

-

< _

cc -

i- 2 -

C) z
w
S 10-2 _

_

o r _

o -

o -

3 5 -
-

-o _

v1 -

o -

E 2
-

< ,

O _;
10-3 _

I _

5 -
O-

_

-

_

_

-

2 -

10-4 I I I IIIII I I I IIIII I I I I '!Ill
3 4

1 2 2 5 10 2 5 1010 2 5 10

(J3 TIME (min)
'

(% _

_

--

[Yft(t'l- c oszqH frSor) of ff f i ryf. 3 .1Nr> MVP'

tax fcf t |As u r wrrt ()30g ,yg,..c51 f y e,hr,
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SOME OBSERV ATIONS FROM THE NSPP

-( ) MIXED AEROSOL TEST PRQGRAM

S AEROSOL BEHAVIOR MODELING (HAARM-3) IS ADEQU ATE FOR

AEROSOLSOR NA 02DESCRIBING SINGLE COMPONENT U 08 23

AEROSOLS IS EVIDENTAND NA 02S CO-AGGLOMERATION OF U 08 23

FOR MIXTURES IN ALL PROPORTIONS AND P ARTICLE SIZES,

O ON MIXING A CHAIN-LIKE (U 0 ) AEROSOL WITH A SPHERICAL3 8

(NA 0 ) ONE, THE CHAIN-LIKE SPECIE APPEARS TO DOMINATE2 2

(]) THE BEHAVIOR OVER A WIDE R ANGE OF CONCENTR ATION PROPOR-

TI ONS

9 THE BASIC MODEL ASSUMPTIONS CRITICAL FOR SCALING TO LARGER

SIZE VESSELS APPEAR TO BE SATISFIED:
,

THE WELL MIXED COI:DITION-

- GRAVITATIONAL FALLOUT IS GIVEN BY
'

.

I V A Cr
r sr

,

AEROSOLS PRODUCED IN A MOIST ENVIRONMENT LOSE THEIR(]) 9 U083

CHAIN-LIKE AGGLOMERATE APPE AR ANCE

|

|

|

. . -. .-. . .-
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PROPOSED FUTURE DIRECTIONS FOR NSPP/CRI-I_I_

O VALIDATION OF CODE UTILITY FOR DESCRIBING GENERIC CORE

MELT AEROSOL BEHAVIOR (INCLUDES MOISTURE AND AEROSOLS

EMANATING FROM FUEL-CONCRETE INTERACTIONS)

)
0 GENERIC AEROSOL INTERACTIONS WITH VENTED / FILTERED CONTAltlMENT>

COMP 0tJENTS AND CONTAINMENT COOLING SYSTEMS
,

1

|

0 CORE-MELT FISSION PRODUCT AND AEROSOL SOURCE TERMS

|
|

.

( ,

-'



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

,

.

.
.,

AEROSOL CODE DEVELOPMENT AND QUALIFICATION
,

AEROSOL MEASUREMENTS AND MODELING

FOR FAST REACTOR SAFETY

J. A. GIESEKE,
PROGRAM MANAGER

BATTELLE COLUMBUS LABORATORIES

t

.

.

:

NOTES FOR PRESENTATION TO ACRS i

WASHINGTON, D.C.

JULY 16, 1980
! 9

.
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AEROSOL MEASUREMENTS AND MODELING

FOR FAST REACTOR SAFETY

| CODE DEVELOPMENT CODE VERIFICATION

'

- e SENSITIVITY ANALYSES
EXPERIMENTAL AEROSOL

ANALYTICAL e ODE COMPARISONSPROPERTIES MEASUREMENTS

e VERIFICATION-
e llAARM-3 EXPERIMENTS PLAN0NA2 xe

e REFERENCE e COMPARISONS WITHe FUEL MATERIALS
CODES (CRAB, DATA

i OUICK) e STRUCTURAL MATERIALS

e MIXTURES
'-~

(EFFECT OF GAS--ARGON, i

|
AIR, WATER VAPOR)

OBaHelle y. . . . . . . . . . . . . . . . . . . . .

- - - -- - -
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FY 80 ACCOMPLISHMENTS TO DATE

.

e COMPLETION OF ZONE CODE

e COMPARISONS AMONG HAARM-3,

CRAB AND QUICK CODES

.

4 INITIAL PROPERTIES MEASUREMENTS

F03 MIXED AEROSOLS

e COMPILATION OF EXPERIMENTALp,

DATA RELATIVE TO VERIFICATION
PLAN

<

O'

OBattelle
Co'smbus Laboraienes
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SPECIAL C0tlSIDERATI0ilS

(1) SPATIAL INHOMOGENEITY

(2) INTERACTION RATES --

MIXED AEROSOLS

(3) AEROSOL PROPERTIES --

MIXED AEROSOLS

n (14) EFFECT OF AMBIENT GASU
(5) LOCALIZED THERMAL EFFECTS

(6) PARTICLE HEATING OR CHARGING

(7) RESUSPENSION
!

l

O
OBalie!!e 1

m _,_ i m>,_,m.s y -

|.

|
,



'

.
.

o

ACCOMPLISilfiEllTS EXPECTED FOR

ret 1All1 DER OF FY 80

e COMPLETION OF CODE COMPARISONS

e IMPROVEMENT OF CODT '*2"ATMENT

FOR MIXED AEROSOLS

e COMPARISON OF EXPERIMENTAL

RESULTS WITH VERIFICATION

CRITERIA
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AllTICIPATED EFFORTS FOR FY 1981

8 IlEASURE AEROSOL PROPERTIES

EFFECT OF MIXED MATERIALS-

- EFFECT OF AMBIEf4T GAS

o CODE VERIFICATION
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