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I UNITED STATES
f

2 NUCLEAR REGULATORY COMfiISSION

3 ___

4 1717 H Street, M. W.
Washington, D. C.

!

Wednesday, March 26, 1980
6

The Advisory Comrnittee on Reactor f
7

Safeguards, Ad Hoc Subcommittee Meeting on Natural
3 |

Circulation Heat Removal, met, pursuant to notice, at
9 i

,

8:40 a.m., Mr. Max Carbon, Chairman of the Subcommittee
10

presiding. f

12 i

PRESENT: Dr. Shrock |
13 j

ACRS MEMBERS: Dr. Zudans
la

'Mr. Etherington Dr. Catton

i
Dr. Plesset Dr. Theofanous;

Mr. Carbon Dr. Lienhardg

Mr. Bender

! fir . Ebersoleg

Mr. Bates,
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SUBCOMMITTEE MEMBERS:.

21
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|
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8:40 a.m.-

. ..
*

CHAIRMAN CARBON: The meeting will now come to
' d*

,
order. This is a meeting of the Advisory Committee on

4 -

' reactor cafe guard subcommittee on natural circulation and
-

e
~

#eed and bleed heat removal. '

|
6 '

My name is Carbon. I'm the subcommitte chairman. !

7

The other ACRS members present are Dr. Plesset, Mr. Etherington):

8 !
Shr . Ebersole. Mr. Bender will be joining us later in the day.

9 :

Me have Dr. Catton, Schrock, Theofanous, Zudans, and Lienhard i

10 !
'

p'ith us today as consultants.
A

11

; The purpose of this meeting is to review the present
1:

9 state of knowledge with regard to natural circulation and:

13

| feed and bleed removal methods and plans to obtain additional
14 ,

e
i

i information in the future. !

15 !

This meeting is being conducted in accordance with |
16 |

the provisions of the Federal Advisory Committee Act and I

17 |

AndrewBatesisthedesignatehthe Government Sunshine Act. Mr.
18 |

{
I Federal employee for the meeting.

19 '

1
I The rules for participation in today's meeting i

20 I

|have been announced as a part of the notice of this meeting
21 !

,

! and previously published in the Federal Register on March 10, j'

12

i l980. A transcript of the meeting is being kept and will be
'

!
: made available as stated in the Federal Register Notice.

,4 ,

'

As usual, it is requested that each speaker first !,,
_

,
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!

OI himself and speak loudly and so on. |
- f

|
'.

' We received no written comments or requests for

3 >

j time to make oral statements from members of the public.
*

#
!We will proceed with the meeting, and I will call upon

t
~ '

Mr. Wayne Hodges.
;

'

MR. HODGES: I am Wayne Hodges with the NRC
I

7 i

; staff. I am currently with the analysis branch and soon to

3 i

|
be with the reactor systems branch.

9 I

I will start out this morning talking a little
,

|'i
10 : ,

bit about what the NRC requirements are for natural ''

11 '

| circulation and then follow roughly the outline that had
12

been given in the agenda. There may be some slight
913 ;

;

| deviation.
14

i The criteria that the NRC presently has for |
'

15

natural circulation are specified in Reg Guide 1.68, i'

l16

revision 2, which was August 1978. The same words appear,

17 ,

also in Reg 1, which was issued in 1977. So, these words
18 i

' apply to any plant whose OL application was docketed in
19 i

i

i 1977 or later.
20 .

1
Basically, what these words say is that all thei

'
21

|
1 plants that get an operating license application have to

22 i

I perform a natural circulation test. They either have to
23 -

I
; do it themselves or justify referencing the prototype plant, |,,-
>

||h | which essentially says they have to run a test. So, new plants

,

i
'
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!

I
have to run natural circulation tests in water solid condi-

2 !
tions except for the pressurizer.

3 I

Before 1977 they could reference a prototype plant,;

4

and so we have natural circulation tests on only a few plants. '

5 I

;We also have -- ;
'

6 |
CHAIRMAN CARBON: Excuse me. i

7 I
*

MR. HODGES: Yes, sir.
|

3 !

CHAIRMAN CARBON: I have been told by reactor'

'
9

! operating people -- plant operating people that you really
'

to
: can't depend on the results of a test at one plant being

11
<

: applicable at another even though it is the same design.
12

ggg Could you commen on that?

; MR. HODGES: There will be differences, maybe,
14

1 i
- in the fuel if they've got an improved fuel design or i

15 !

!
! something like that in the cases I have referenced, older i

16 i
1

. tests.
17

,

; For this particular type of test, though, which
18 !

i

again, it's water solid. There's no boiling. It's a veryt

I' |
' simple case.

20 .

;

Unless there's a drastic difference in the systems'

| I don't see any problem -- a big difference. The biggest,,

;

f problems come about, really, in measurement. The measurement,,
4. ;

}

! uncertainties are larger probably than the differences you
44 :

j will see from plant to plant, with minor changes.,,

, _ v . ._ i.
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O
1 If it's two B&W plants with a lower loop steam

2 i generator, we may have, say, small differences in fuel design

3 or some small differences on the secondardy side. You are

a probably going to see more differences in the measurement

5 i uncertainties.

6 DR. PLESSET: If you change from 15 by 15 fuel |

I to 17 by 17, is there any noticeable difference?;

|
3

| MR. HODGES: Well, you could get some differences !

9 '

in the resistance in the core. And so --

f10 DR. PLESSET: Would they run another test if they i
i

II made that change in fuel?

1 MR. HODGES: Well, now they will. In -- in

13
the past --

14 |
DR. PLESSET: Well, if you -- j|

MR. HODGES: -- not necessarily.,

16 i

DR. PLESSET: Okay.

17
DR. ZUDANS: It would probably result in establishing'

18 |
different steady state temperature.j

19 !

{ MR. HODGES: A slightly different steady state

20 |

| temperature. But again, we're saying that probably the

21 |
! differences are going to be lost in the scatter of what

U !
; you could measure because it is not easy to measure what your

23
natural circulation flow is. And we will get into that

h ! in a little bit of detail.
25 : i

'
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h I
; DR. SCHROCK: Does the Reg Guide include standards
|.

'
! on t he measurement accuracy?

i :*

MR. HODGES: No. No, sir.;

t >

{ DR. SCHROCK: Okay.
I*

MR. HODGES: We also have reactor safety -- or
,

'
6

j reactor systems branch technical position 5-1 and Reg
;

7

|
Guide 1.139, which say that they have to demonstate the

S i
j adequacy of mixing of borated water added to the -- reach
I

9
. cold shutdown concentrations, and also have to demonstrate
tto :

the ability to cool the reactor coolant system within a'

11 '

'

reasonable time.
12

ggg DR. CATTON: I understand that they have certain

| conditions that they can go over into natural circulation.
14 I

Like a certain delta T has to exist between the steam generato$:I

13 !

and the core. When do they establish that? Or is that
16

,to be just calculated on?
17 ,

MR. GRAVES: It is established to a certain -- you;

18 i

! mean in the test?
19 |

f DR. CATTON: I'm asking when do they establish it?

:
; MR. GRAVES: When do they measure it? By established

you --

DR. CATTON: Is it based on measurement?
23 j

i

i MR. GRAVES: You have measurements of delta T plus

Ih I

the core.-s
|
,

- twrumaricosa6 Veematten Repentest inc
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I
i

!el i DR. CATTON: During natural circulation?
! '

f
I MR. GRAVES: Yes.

3 i DR. CATTON: And then those are built into the
I

d ! reg specs?

3 MR. GRAVES: Well, this goes --

|6 CHAIRMAN CARBON: Wayne is probably going to cover
i

I
this later in terms of the -- it's a matter of a heat balance

3 as we -- power.

'

! MR. HODGES: No, no. I think he's asking a
l

10 i

different question, Chuck.

11 ! DR. CATTON: The operators are --

l '' ' MR. HODGES: He said in his criteria. You're talk-

13 !

ing about the criteria to go to natural circulation.
,

14 \

| DR. CATTON: Whether or not they can go into
'

15
i that --
t
'

14
'

MR. HODGES: Well, if you, for example, have an
17 ;

.

event where you lose off-site power, the system doesn't know
.

18 |
| that you've got criteria. It's going to go there. The

19 '

operator has certain criteria that he has to try to

| establish to maintain these temperature differences within
21 !

| certain range. So, he will try to control levels of the
'=
j steam generators and this sort of thing.

23 !

! The natural circulation is going to occur.
'

24

l ||| DR. CATTON: I understand. Where;does he get
=

. ;
|

?
I

i
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!

I
.

those temperatures he tries to maintain? Does that come: ,

2 I

his initial experiments? Does the temperature --:

3 I

I MR. HODGES: No, no, it's -- it's a very rough
'

i

3
'
guidance. His temperatures are less than his operating.

|

temperatures.. He's operating delta T. And he's told, for.

'
6

I example, his cold leg temperature should be steady or
'

7 i

! decreasing.
S |

' DR. CATTON: Okay.
9 i

,
e

j MR. HODGES: All right. So, it's not pay you've
10 i '

'got to have 27 degrees. It's that it's got to be less than

your full power or your delta T at the time cou are operating.

ggg DR. CATTON: Okay,

i MR. HODGES: A number of these slides you will
14 i

i have seen before in various forms probably. |
:

Traditionally when we've discussed natural circula- |'

g

tion and what -- what we've referred to in these requirements
1 |/

3 |
that are in the Reg Guides is for natural circulation in

i

79
; PWR's with a water solid system except in a pressurizer,
i

! and to try to calculate this involves a simple balance bet-
20

:

i ween the elevation head and the friction and the acceleration21

losses. So, it is not a sophisticated calculation. It's;; ;

i

23 strictly a trade-off between the density differences and thei

I.

| friction losses. This is just shown schematically here, so - ,;4

i !

O ,' CHAIRMM4 CARBON: Mr. Ebersole.
I
'3
l
(
l
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!

I
i MR. HODGES: Yes, sir.

2 !
MR. EBERSOLE: Is this information all based on

3 !
i the thesis that you retain and pressurize the heaters?

.t i

| I know you lost the points. But many designs
! |

| don't have duracarbon heaters or get hot earlier.
'

6

! MR. HODGES : In the first half-hour to an hour it
I

i makes very little difference because you have just little
3 i

j heat loss from there. If you --
9 |

| MR. EBERSOLE: I understand. It's just the long-
10 I

' '

term I'm talking about.
11 '

,

MR. HODGES: In the long term, if you lose that youi

10

g start depressurizing. But these calculations are assuming

!

I that you are at pressure.

! MR. EBERSOLE: Under the pump head.
,

I
MR. HODGES: Yes.;

16

i No , rac .
1,4

,

i

MR. EBERSOLE: Under the -- under the upper pump

I
head; right?i

19
;

'

You are at pressure because you are sustaining
,0.

| 1

,1 |
pressure with the pumps, upper injection pumps? If you've

4
I

| lost the heaters?26
,

| DR. PLESSET: No..,
;

.

MR. HODGES: No, no.3

MR. EBERSOLE: No.oc
!

-
,
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|

!

i

i
; MR. HODGES: No.

DR. PLESSET: He has no pumps.

1 i*

| MR. HODGES: You don't actually have any pumps on.
.

MR. EBERSOLE : No pumps.

DR. PLESSET: No pumps.'

,

'
6

MR. HODGES: Yeah, your heat loss from the system'

7
j is sufficiently small that you will have only a small pressure
1

8 i
j decay anyhow. So, without that you would remain at almost
,

9
;

at a steady state. Just a very gradual decrease. Okay.
!10

'
| MR. EBERSOLE: Very well. Thank you. Fine.

11

MR. HODGES: Some of these slides we'll hit rather; ,

12 |
quickly. Just illustrating the nomenclature that's used9 13 i

j in the calculations refering to the hot leg density to cold
14 I

| leg density and an equivalent length for the driving head. !

'
15

i As I've said a little bit earlier, the natural
'

16
'

circulation in the plant is relatively difficult to measure.
17

There are several techniques that are used during the testing.
18 |

I have shown here a curve from -- an opponent test where'

19 !

f they use what they call the induced transient temperature
20 ,

circulating time approach.
21

What they do in this case is they open a steam dump
~2 |

i valve on the secondary side so that they cool the cold leg
23 i

i

: temperature about 10 degrees. And then they wait and see
|

24 , !

|h how long it takes for this temperature front to pass to the |
25

i I

terrumeanoma6 Vapaan=a Rsm:sters, luc.
,
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i

I

hI
; hot leg temperature thermocouples, or RTD's.

i-
' ' They know how much water volume they've got between

i'

those two locations of the cold leg RTD and the hot leg RTD.*

|

4 1

'And so they can back out a flow rate just based on a transient
.

e :
'

i time. That's one approach.
I

6 And then there are two approachs that basically
;
;

'
7

; use a heat balance where they will calculate a decay heat
8

fand apply that to a delta T to get the flow, or they will
9

: try to get the heat output from the heat balance on the steam

10
; generators and use the core delta T to calculate the flow.

11
So, there are basically three ''.fferent ways of

;

12
doing the measurement of the natural circulation. In this:

!
13

approach here you've got the problem that introducing the,

14 :

! temperature transient increases your natural circulation.
15

So, the measurement techniques effects the results.
16 !

They can adjust this a little bit by doing tests
17 ,

; at 0-power isothermal tests where they will do the same
18 i

sort of thing and see what the effect is and try to factor
19 i

i that in. But the measurement technique does effect the
20

measurement itself.,

21 |

! If you are trying to use the heat flux with a
2 ;

; delta T to back out the flow, you've got rather large
23 :

! uncertainties if you're trying to calculate it, say, from
24 ,

h j an ANS curve, or if you're trying to measure it on the f
i

""
,

!
'

.
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!

||h I
| secondary side at those low power levels.
I

2 So, either way you do it there are large un-

f3 certainties.

I>

; DR. THEOFANOUS: What do you mean large or --*

i

Ie |well,what is large and what is small? And what is adequate?*

I
6

. MR. HODGES: Okay. I'll show you some curves
!
'

7 ; and show you how the tests compare with data and the
1

2
| differences result from both measurement uncertainties and-

I

9 |
the fact that the vendors in doing their calculations don't

10 | know the resistances in the loop very well, so they assumei

11 i
! conservative values of the loops. So, there are several
i

12
i

! things that go in. But you can look at -- scatter some9 I
13

f of the data points.
14

| DR. CATTON : But the spread that was removed ;

15
would be a good indication --.

'
16

MR. HODGES: The spread of the what?
i

-

17 ;
DR. CATTON: The spread that you get in calculating

18 |
| it three different ways.

19

MR. HODGES: Yes.

20
And you may be talkingabout -- maybe one and a half.

21 |
| DR. THEOFANOUS: What do you mean one and a half?

3 i

I MR. HODGES: The factual diff -- well --
'

23
|
4 DR. THEOFANOUS: More than one?
'

24 ,

h f MR. GRAVES: There has been one test at Connecticut -

U i

!
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I
i

}

II believe Connecticut Yankee or Maine Yankee. I'm not

2 !
jsure about the -- where they compared this result with the

3 I

jresult of heat balance. They happened to get just about
4 i

|the same answer. ,

3 ! l
I

| CHAIRMAN CARBON: We can't hear you.
I

6

i MR. GRAVES: There was one test that -- there
7

| is only one test that I know where people compared two
8 |

| methods. This particular method would be heat balance method.
9

And that is, I believe, Connecticut Yankee. And I could

! verify that very shortly.
11

'

They have to be getting very close agreement between.

12 !

||| a
the two results. But they believe this was rather unusual.;

'

l MR. HODGES: No, I think on Iconee they did the
14 i .

I I
same thing, Chuck, and they got about a 50 percent diff- ''

IS :
! Ierence.
'

16

i MR. GRAVES: 50 percent.
17 ;

[ MR. HODGES: Yes. It can be --
18 i

,

MR. GRAVES: So, we have two cases. You found one

and I found one where one case the two methods--the heat'

20 ,

!

; balance from the energy input was compared to the transient
21 .

I
! time method when they got closer together. And Wayne has :

u ; |
,,

|
- found another one where there was a different percentage..,u

But there is -- part of it depends on the problemy

h,, I

that you do have a fairly significant heat loss for a system |4
,

| ! I

!
'

; i.m rie u vo.=rio nam.v.= i,.c
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i
i

!
,

hI that's not known at the time of these tests.

2 ! MR. HODGES: Well, look at these data points up

3 i here on the temperature. These little plots here are for
i

! tl. s cold leg temperature and the hot leg temperature. Now,#

;

!you're taking a temperature difference which is on the order3

6 of 25 degrees for the natural circulation--25, 30 degrees.

!Andyou'reseeingdifferenceshereofacoupleofdegreesonI

!

feachone.
3

t

9 :

Just from the uncertainty and the temperature
!

10 !
difference when that scatters about you're going to get a

t

11
fair amount of uncertainty. And then you've got uncertainty

.

!.

that you back out of the heat flux measurement or the calcula-

13
,

tion itself. So --
,

14 |

DR. PLESSET: What's this WK mean? WK scale?
,

15 i

MR. HODGES: Oh, that 's a WR. It's on a wide I,

I

16
'

range scale.

17
MR. EBERSOLE: Oh, what is WR then?

18 !
i MR. HODGES: Wide range.

19 !

| MR. GRAVES: Wide range.

20 .

| MR. EBERSOLE: Have there ever been tests run

|
in which progressively larger, but in any case,

21

| small amounts
22 ,

i of noncondensables have been injected into the system?
23 !

MR. HODGES: No.
24

. i

MR. EBERSOLE : To observe the effect on this type ofgg
: i

i
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|

|

hI curve.

i.
' i MR. HODGES: Not to my knowledge.

3 MR. EBERSOLE: Why not?
!

# MR. HODGES: I don't think you want to do that in

e
,a plant that is generating efficient heat.-

i
5

: MR. EBERSOLE: It's a fear that something will
!

7 !

Ihappen.
|

3 ! MR. HODGES: If -- you may call it that, yes.
I

9
MR. EBERSOLE : But you even have the pumps with'

10
; which you normally scrub out these tests, and yet fear still

11
predominates.

12 !
| MR. GRAVES: Well, the tests to-date, such as

13
| Wayne has described,is really based on the idea of trying
i

14 i

!to prove such. If your plant had this scram, say, you ;

15 I
. lost off-site power, and you're scraming in auxiliary feed

16
'

' water --

17 ,
'

MR. EBERSOLE: Yes.

18 |
| MR. GRAVES: -- and you want to remain at hot stand-

19 i

|bywhichwastheinstrumentposition. Let's say at that point
20

,

|and WASH 1400 as well, this test is to demonstrate -- the
21 !

| purpose of these tests is to demonstrate that you could reach
2: i

i a stable condition, remove heat by natural circulation.
23

; Everyone of those tests has had a month -- this particular
24 , ;

O25
; series of tests came out of the Reg Guide 1.68. |
,' i.

imrensariosi46 Vspearine RrpowTwes. lasci
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i

i

|

i I And so you will find that they will measure, they

|-

: will -- the standard description of the test is that they'

3 will try to be in the range of a few percent power, sometimes
!

| going up to four or five percent and compare this with the
#

i

! values that were predicted in the final safety analysis
I
-

i
0 report to demonstrate the test has shown natural circulation i

7 I
; rates --
|

a MR. EBERSOLE: I understand.

9 i

MR. GRAVES: -- in excess of what was used in the
i

10
! safety analysis.

11 i

! MR. EBERSOLE: I guess my problem is this, though.
i n

12
!'This test is carefully sterilized against having any --

'

'

13
'

i MR. GRAVES: Yes.
I

14 !

| MR. EBERSOLE : - perturbing influences?

15
MR. GRAVES: That's right.4

16 I

MR. EBERSOLE: Even though the pumps are present, l
,

17 ;

to eradicate problems should the problems arise. And this
18 |

is what bothers me.
19

MR. GRAVES: Well, some of the tests have been --e
'

20

! will go from the actual trip of the pumps, and you will have
21

data all the way down to approach the natural circulation
22 !

I in approaching a stable condition in natural circulation.
23

j There have been other tests in which the system
24 , ,

|h was allowed to go into natural circulation, and the reactori

13 -

, ,

'
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!
j

hI was fisioning. In other words, it wasn't scrammed. They
. :
' .were simulating decay in the fision power.

3 MR. EBERSOLE: How long --
i

f
#

MR. GRAVES: A series of study state type tests,
t

|' The transients have been the transients following the trip-

6
of the coolant pump down to the establishment of natural ;

i I
7

icirculation.
i

MR. HODGES: If a test like this can at all be
'

9
run outside of core, and you can set up tests and do this,

10 !
iand there are some that are going to be done by research.
i

11 '

;
It would seem prudent to do it there rather than in the core

12 | i

where you might get something with a reactivity insurgent |

te m i

,
transient or something like that. It would cause a problem.

14 i

| MR. EBERSOLE : Even though you have the pumps

,to --
16 l

MR. HODGES: Even though you Pave the pumps, yes.,

17 ;

MR. EBERSOLE: You know, the pumps are normally
18 |

jused to scavenger out the heat --
19 I

| MR. HODGES: Yes. But the problem may not come
20 ,

| from -- from the other.
21 !

| MR. EBERSOLE: How long do these tests -- how long
22 i

lis it require that they persist? I notice this cuts off in
23 |

about an hour? |24 , ,

{|g | Do jou do tests that call for a time span, of say,
; ,
'

!

imnc 6 vom n Roo= rom t c I
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|

91 |
<two days, three days?
| '

. I

| MR. HODGES: Across a time span of a long time like'

i-

that, it would take a long time for things to come at equili-~

!
4 i

;brium so you can run the test.
I

t
e

f So, the test may not last more than an hour itself,~

6 !but the time involved in running the test is a couple of days.

7
In fact, I --

3
MR. EBERSOLE : During which it is on natural

9
! convection?

10 !
i MR. HODGES: No, no, I don't think so. No.

11
. MR. EBERSOLE: I'm looking at, you know, the

I2
possibility of problems arising in the course of a long time?

| h 13 |

| MR. HODGES: No, this is -- during which it's got --

14 i

! MR. EBERSOLE : Well, this is really short-term.

13 '

|
An hour?

16

MR. HODGES: Short-term under the natural circula-
,

I7 |

: tion conditions, yes.
18 |

| DR. ZUDANS: You know to reach this point how much
19 i

j time does it take from the time the pumps are shutdown to
20 ,

! reach the equilibrium stage so that you can perform the --
'

21

MR. GRAVES: That's minutes.
*2

I MR. HODGES: Minutes, yes.
22

DR. ZUDANS: Minutes?
i

24
i

||| 23 |
MR. HODGES: Yes.

i

! i.m = = vi - rn m - i.c
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i

|h1 f MR. GRAVES: See, this particular test is --
i
:

2 !usually you've got to watch it when you see a test like
:

3 |this. This happens to be the transient type test. You
i

! have very lu 7 transient time -- minutes at these powers.4

* At a one percent power generation your flow rate is about

I.
I

6 3 percent of the flow design value. And that's a factor of,

i

f 33 and the typical loop transient times at full power would I7

i

8 | be in the order of 10 or 15 seconds. So , you' re talking-

I
9 about 30 times that.

i
10 ; DR. PLESSET: Do they start from stagnant conditions?,

1

II MR. GRAVES: No, this is --
i .

I2 MR. HODGES: No.

h- IId
, MR. GRAVES: -- a steady state. And then they
I

jog the system to try to get a temperature -- |i

] *C I
'

; MR. HODGES: If you've got some heat in there

16
already, it's very difficult to start from stagnant condi-

,

7 ;

' tions.

18
DR. PLESSET: That's true.

19 |

|
MR. GRAVES: If you exceed -- Wayne, you have

'
20

j another curve probably showing what happens after a trip.

21
MR. HODGES: Yes, I've got one set in here from

22 i

j ANO --
'22
! MR. GRAVES: That's from a point of time test
I

24
i

ggg I we're talking about. j
u .

.
, .
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i
i

|hI MR. HODGES: A loss of off-site power event.
! )
I

I CHARIMAN CARBON: I'm not sure I understood all

fyousaid. To start these tests they are operating, are they,3

!

A 'at something like a steady state of 5 percent, and then trip
i

3 !out the pumps and --

6 MR. HODGES: Well, they probably start operating

fat 20 or 30 percent. It depends upon the plant and what'sI

:
S |beenrecommendingforthem. But it will be operating

i

'
'

initially at some power level, and then they will trip.

10 CHAIRMAN CARBON: Trip both the rods and --

I MR. HODGES: And then they would be sitting there
:

on decay heat.

I1"-
MR. ZUDANS: And that is a short period between

!
'

14
;that midpoint and the point that you conduct all the tests?

IS !
MR. HODGES: Yes. |

,

16 !

CHAIRMAN CARBON: Well, you are performing the
17

test as soon as you trip; aren't you?
i

I8 I

| MR. HODGES: But it takes awhile to reach the

f19

natural circulation. You've got a minute or two to coasti

20 .

! down and get everything stabilized. So, you're talking
I21

|about a matter of minutes.
Z2 |

CHAIRMAN CARBON: It's part of the experiment in4

22 ;

jgetting onto --
:4

i
,

G MR. HODGES: Yes.
|3 '
;

INTUneancreat VtmeaTine RN lac
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|

i

h!
j DR. SCHROCK: The pre-existing flow in that kind

|e
'of test certainly aids the onset of natural circulation, and*

I'

jthere may well be some circumstances in accident scenarios~

.

4 !

|where the things are really stagnant before the onset of
e !
~

' natural circulation is necessary. Are you concerned about that?

6
MR. HODGES: We are concerned aboutthat, and we have 1-

l7
jasked research to do some tests. We don't have the tests yet.
i

3 i
We don't have any datra under those cir --

|
9 '

| DR. SCHROCK: What we've heard is that the onset

10 !

is very slow in terms of time.'

11 i

| MR. HODGES: But you don't want to run a test like

12 |
that in a reactor, you know.

j DR. SCHROCK: Well, I'm not arguing it needs to
14 \

| be run in a reactor, but I'm curious about --
13

| MR. HODGES: Some people do, I think.
16 !

DR. SCHROCK: -- whether information of the type
l'7 |

that you are describing here is adequate to answer questions

| about adequacy of natural circulation as a mechanism for --
19 !

MR. HODGES: Under accident conditions, the answer
20

! is "no."
21

DR. SCHROCK: Okay.,

22

MR. HODGES: What I am going through now is what
23

has been historically done. There was some interest
24

h expressed in what the data base is on plants, and so I was
y

!
"

,

i
'
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|
:

hk1
; just trying to show a little bit of that flavor. We will

|-

| get in a little bit later as to what additional we requested
'

' i-
- from research and what we think we need. See, this is what
!

4 1

| Just now exists..

i

e i
MR. BAER: I'm Robert Bayer of the NRC staff,*

'

!
|

6 i
'

and Wayne ended up saying much of what I was going to say.;

'
7 IBut I just wanted to point out that the tests we are talking

;

S ;

; about, pretty much as Wayne said, is something to demonstrate
1

9
a normal design capability, and it's for the transient where

,

'
10

; you have lost offsite power or lost the reactor coolant pump.

11 i

|And the pumps have an additional rotational momentum built
II !

into them in terms of a fly-wheel to give you a reasonably --
I ,'

13

f I don't know how to say it, but so the flow doesn't decrease
14 i

! too rapidly, so that during the first part of the transcient i

15

; there is adequate flow rate in the core so you don't go --
i

16

; depart from nuclear boiling during the first part of the
17 ;

; transient. And that's about a minute or so of coast-down,

18 |
! and then you get into the natural circulation.

19

i And I think that at least some of the tests that
'

20

Wayne is talking about are tests, really just to demonstrate,

21 !
I that capability. That if the pumps were --'

D |

| MR. HODGES: That's right.
-, ,
--

t

stripped from full power that you !,
| MR. BAER: --

i
24 ,

||h would achieve during the transient flow rates high enough to
:-

,
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:
I

!

||h 1 |precludeDMBRinthecoreoranacceptableDMBRratiointhe i

i.
' ! core, and then you would be able to, as Wayne said, to

! stay at hot standby or in fact slightly cool down the plant3

i
-

4 :

| power in that condition.
5 !

It is not an accident -- the test he is describing'

'
6

|are not to demonstrate capability following an accident
7 |

: like a small LOCA.
i

8 I

| CHAIRMAN CARBON: Is this done during startup of

9 i

a plant, or is it done -- I mean initial startup, or is it:

10

repeated at shutdown?'

11

MR. HODGES: There are two types of tests that are
,

I
12

'

normally run. Before the plant is ever started up, they
O13 '

'

will do idiomatic tests where they will just get a driving
14 i

l
i head by cooling down the colag with opening a dump valve i

13

and having the pump have heated the system up.
,

After they have operated for a short period of time
17 ,

so that they can get some decay heat, then they will run a

.

natural circulation test. But now they have had to operate
'

19 |
.

it for a period of time before they can get to that point.
20

,

'

MR. ETHERINGTON: Some natural circulation systems
'

21

are self-starting from rest and some are not. It seems to
,

! me that one ought to be self-starting. Have you an answer

on that? Should it be self-starting?
,4.

i
.

MR. HODGES: It should be, but the tests that have || h.,
!

-
,

I
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|
|

hI been run were from a pump coast-down condition. I don't

ia
' ;think we have any data showing that it absolutely is. I see

, -

!no reason why it should not be. The driving head is there.-

!

f
'

MR. ETHERINGTON: The driving head can be there,
,

e !
:yes. But it has to be there from the beginning. To quote

~

I
4
*

{anexample--
'

7

| MR. HODGES: You've got a heat sink in your steam

3 I
> generator, and you're generating heat in the core, so you've
I

9

j got the density difference, and it should be self-starting.

10 |
| MR. ETHERINGTON: I believe that's right.

11

j I'll give you an example of one that isn't self-

12
starting if that would help.

MR. HODGES: Okay.
14 |

| MR. ETHERINGTON: In the old days of natural draft
IS

furnaces, the furnace in the high level had flues at the:
'

16

low level and a stack.
,

17 ,

; MR. HODGES: Yes.

18 |
| MR. ETHERINGTON: And you could have the furance

19 |

| hot, but you would have no draft. You light a little fire
20

at the bottom of the chimney stack and heat the stack, and,

21 '

then you'd have a system that was operating.
:: !

I MR. HODGES: Yes.
23 |

f MR. ETHERINGTON: That's the kind of possibility
( !

ggg for having a system that isn't self-starting. Idon'tbelieve|
|
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I

I

1

ithat applies to any that we have looked at here.
2 !

! MR. HODGES: On the Westinghouse and combustion
3 !

| plants the steam generators are sufficiently above the core
# |

; that there should be no particular problem. On the B&W
3 ;

reactors it is a function of what the secondary water level is.:
6

I If you get the water level too low you could have a problem.
'

7
i

; So, there are constraints on the water level on the secondary
8 !

| side for the B&W steam generator with the lower loop plants.
9 !

MR. ETHERINGTON: That wouldn't be continued once

! it's started, then, would it?
11

MR. HODGES: I'm sorry. I didn't understand your
,

||| question.
1

I MR. ETHERINGTON: That isn't the case in not
14 ;

being able to start. That would be a case of not having --

i

| MR. HODGES: It would not even continue if the
16 '

:

1, .

level was not --
i

jg | MR. ETHERINGTON: It wouldn't continue if it

started; right.
79

'
MR. HODGES: That's right. So, there are constraints

20
i

21 n the levels on the secondary side.i .

i

!

;; | CHARIMAN CARBON: Have there ever been tests run

!

22 where they started from scratch rather than pump coast-down?:

f
MR. BAER: There are some proposed for near term OL's,24 ;

!
3 |

and I will be talking about those here just briefly. f

< i-ro 6 va-r= mim,. rom e,.c
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!

i

G' |
| CHAIRMAN CARBON: But none have been so far?
.

:.
' MR. BAER: Not that I'm aware of.

:

f.
3 MR. GRAVES: None have been run as a test that

4 i

| has occurred in transient. There have been a few situations
,

!e
~ ; where --

.

'
6

CHAIRMAN CARBON: I'm sorry. I couldn't hear you

7

| Dr. Graves.
i

3 ;

MR. GRAVES: I believe there have been a few;
I

9
reactor transients in the past where a steam generator where

10 |
| there was -- there could have been a restart robinson in the -

11
. loss of cold pump sales,
t
'

12
CHAIRMAN CARBON: Could have been, but you don't

13

| know whether it --
14

| MR. GRAVES: Could have been. I'll raise the
15 '

point, but by the -- there have been a few situations where
t

16
'

there could have been such a case.
17 |

MR. HODGES: Okay, Brian Sheron just reminded me'

18 |
also on my statement on the B&W plant, that if they have'

19 :

I off-speed that statement is not true. That could be true
20

| if they did not have off-speed and we're going on regular
21 !

f feed flow but --
D \

i MR. GRAVES: If it's low enough you can't neat,
..,
-ew

| you're still going to -- even if you try the steam generator,
24

||| you are still going to have a heat loss in the system of
;-

,

-a-.s -,s. i
1
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!
!

||h 1 about three megawatts.

2 Thermal heat loss from the system is about three

3 megawatts.
!

4 | MR. EBERSOLE : I believe one of the possible

3 demands on natural convection might be -- that has to be

f
6 , considered is the case for severe secondary side depressuriza-

I

i7 , tion coincident with the loss of primary coolant pumps in
'
i

8 I which case you get a primary loop cooling, which restores
|

9
power to some level activity at 50 percent. And yet you're

i
10 ! dependent on natural convection for rejection from the i

II pin to the coolant. Is this one proven in the experimentation
i

1 that you can use natural convection at this power level in
h 13 |

; PWR?
I

14 I

i MR. HODGES: No, not from tests.

15
MR. EBERSOLE: What's it power level? Do you happen'

i

16
'

to recall how high it may go on the severe secondary side,

17
i depressurization? Is it like 20 percent?
i

18 |
! MR. HODGES: Local pins can go -- that I'm -- I'm

19 I

not sure that the reactor power --
20 ,

! MR. EBERSOLE: Reactor power for local pins.
21 l

| MR. HODGES: Yes. But the core average would not
22 j

j be anywhere near that.
22 |

! MR. EBERSOLE: Oh, I know that.
24 [ <

ggg,. ; MR. HODGES: Okay.
|

**

|,

|
.
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|

!

!

I MR. EBERSOLE: I'm talking about LOCA heat transfer
.-

fproblems under natural convection.
'

3 MR. HODGES: Okay.
!

# ! MR. EBERSOLE : The pump --

3 MR. HODGES: Yes. Okay. I don't recall the

0 numbers. I think LOCA you could go 20 percent or maybe more. i

7 !

i MR. EBERSOLE : Yes.
|

3

f MR. HODGES: I think it's higher even than 20
'

9
percent, but I don't have the numbers in my head.;

I10
! MR. EBERSOLE : And that would have to be dissipated .

11 :
by natural convection since the pumps are down? After the

! l
3,*

!! coast-down. You would be racing with lower ratio.

h13
i MR. HODGES: That's right. And it would depend
i
'

14
upon how -- the rate at which the power increitte as t) whether;

15 l
or not you could do it. I.

16
MR. EBERSOLE: Yes. Well, it i.~ a scenario which

17
I we face.

18 |
j MR. HODGES: If it goes extremely rapidly so that

19 |

| the momentum of the water won't keep up with it, then you're
'

20

| going to get burnout.
21 !

! MR. EBERSOLE: Yes.
a |
*

| MR. HODGES: Or D&B at any rate.
22 |

! MR. EBERSOLE: All right. Okay.
2d

t

gg ; MR. HODGES: Okay. If it's a slower transient, thenju :
li

'
i
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I
|

|

hI the natural circulation can very probably keep up with it.

j. i.
' MR. EBERSOLE : Do you think it might should be a

1

3 !design basis that we won't get burnout by whatever means
I

4 I
|necessary?
'

,

* |~

MR. HODGES: A certain amount of D&B is allowed>

6 |
| period. The cleanup systems are designed to handle it. r
i

7 !

| MR. EBERSOLE: I'm talking about burnout, not
I

3 |
|D&B.

9
MR. HODGES: Well --

10 !
MR. BAER: You're talking, Dr. Ebersole, about-

11
a pretty severe transcient --'

12
MR. HODGES: Yes. t

13 !

| MR. EBERSOLE: Yes, it would permit some damage.
14

| MR. BAER: -- and our criteria doesn't preclude |
13 '

; D&BR.
16

MR. HODGES: That's right.,

17 ,

i MR. EBERSOLE: Some degree of damage; right.
18 |

| Thank you.
19 I

I

t MR. HODGES: These are just some examples of what's
'

20

| been measured in a couple of different plants during the natura.1
21 !

| circulation tests. These are the abilities that they see on
22 |

l' Oconee and Davis-Besse. So, you've got an example of a
'

22

lower loop and a raised loop plant, again, at low power.
24

I

O25 | MR. ETHERINGTON: We have tests -- don't we also havd
I
:.
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!
i

|hI some cases of inadvertent going to natural circulation on --
|

2 MR. HODGES: From -- yes, sir, I'm going to show

2 one case of that in my slides here. But just as an example.
!

# Some of these I think we can go through rather
;

3 I rapidly. This is just -- the example for Oconee showing

!
4 what they reported being requi ed in their F-Zar, and

I
what they calculate and then wha- they actually measured for

1

3 !the test. Again, I'll comment that typically the vendors
!
'

9
. will use conservative values of the flow resistances in the
!

10 I
piping because they don't have a good feel for exactly what. ,

l
11

they are under these low-flow conditions. And that's why youi

.

1 **
almost invariably the data considerable higher than the

illia '

predictions.
I

14 I

| DR. THEOFANOUS: Which is data and which is

13
'

conditional?,

16
MR. HODGES: This is the data point. These are

17
'

conditions.

18 |

| DR. THEOFANOUS: Now, the data point is not really
19 !

very meaningful unless you give me a narrow band around it.
20

f Based on what you said before, you wouldn't know very well
21

what the point was. Can you give me an idea of how it --
22

| how much of an asserted value there are?
23 |

! MR. HODGES: There may be, and this is just a guess,
24 i i

ggg I haven't tried to go through and do a numerical evaluation.
|

-
i,

i
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i

h I But that error may be 30 to 50 percent. Okay. In that range.

2 DR. THEOFANOUS: That is a guess; right?
i

3 MR. HODGES: Yes, because of the uncertainties in
!

# |thetemperatureandpower.
,

!'
e

MR. GRAVES: That's because we are referring to*

0
flow.

7
DR. THEOFANOUS: Right.;

3
'

| MR. GRAVES: Now, remember even though there was
j

9

fa scatter in those thermal couples, there was still a hefty
1

10
| difference between --

11 ,

.' MR. HODGES: That's correct.
!

12
DR. THEOFANOUS: All right. So, that --

13
| MR. GRAVES: Part of the uncertainty is this busi-
1

14
'

ness of knowing the heat source --i

;

15 !

: DR. THEOFANOUS: Right. !

16

MR. GRAVES: -- to back out the flow rates.
17 ,

.
DR. THEOFANOUS: That's the point. So, it is

18 !

| poesible that we are really after the wrong there here.
19

|
MR. GRAVES: Well, I think the delta T's, that

'

20
I the core registers the temperature is most significant.,

21

*2 |,
DR. THEOFANOUS: More meaningful. So why --

1 .R. GFAVPc- More meaningful.*

i.,

f UR. THEOFANOUS: -- are you going to something that
24 ,

G ! we don't know very well.
'

25
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2/1 )
i

I i

j DR. THEOFANOUS: Those are the things we are

i.

! measuring. You don't hear a very high percentage on that.'

;-
" 'I think those are the things that should be the primary

!

s I

ifactors to be reported and to be conferred with, other

ithings such as analysis.

6 !

The flow is only an intermittent thing and might,

.

'
7

| give him an idea as far as how the results compare --
3 |

; MR. HODGES: My previous slide was on delta T
i

9 i

i calculated and measured. '

10 !

DR. THEOFANOUS: No, you -- don't take long. I

11

Is this the matter only of procedure.

1:
- DR. ZUDANS: Could you describe how certain -- or

13

how accurate is this hallowed measurement here? How is it --
14 ,

I DR. HODGES: For this particular one I'm not |
13 '

. certain.
16

DR. ZUDANS: No, in general, how is it done?
17

MR. HODGES: There are two general techniques'

18 |
that are used--one is calculating for an AN&S decay curve.'

19 !

| DR. ZUDANS: That's not a measurement. I'm --
20

'

MR. HODGES: That's not a measurement. And the
21 |

other one is doing the heat balance on the secondary side.
22 .

I DR. ZUDANS: But that could either --
23

|

| MR. HODGES: But you need the feed water flow
24 ,

||h f |rate.

!
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6

2 |

4ED i | DR. ZUDANS: Is that known accurately?
i.
'

MR. HODGES: That's measured. And you need the
'

.

3 fdeltaT. But the problem is that the instrumentation on the
4 i

secondary side also is set up for, you know, full power
|*
i~

| operation. And so you're measuring in the range of a few
'

6
jpercent power, and so you get large uncertainties.
'

7
j DR. ZUDANS: So there is not only a question
i

8
'

where that point sits in the chart; also a question of how

9

j accurate that scale is relative to these points.
10 !

MR. HODGES: Yes, i
'
,

11 ,

'

DR. ZUDANS: Now, you can measure temperatures
12

accurately.9 '
13

! MR. HODGES: You can measure them accurately,
Id !

| but even they bounce around.
15

'

. DR. ZUDANS: That's right. So, the power is
16 !

,

deduced from measurements that are not certain.
17 ,

MR. HODGES: That's right.
18 ,

' DR. ZUDANS: Using A&S curve because that's --
19 |

| MR. HODGES: That's correct.
20

DR. ZUDANS: Because -- type of curve isn't applied.
'

21

! to this particular plant, not necessarily.
*J !

I MR. HODGES: Yes. There have been state
23 I

I
; DR. SCHROCK: -- heat if you do it. But I think

IA
|

,

|h what you're saying is that you use the -- only in a standard

I
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i

91 i

|decayheatcurvefollowingit. And in the radiation you3

2 ihave an answer which is not very reliable.

3 ! MR. HODGES: That is correct.
|

! DR. SCHROCK: But you don't have to do that.4

!
3 | MR. HODGES: You don't have to do it. You can

6 calculate it correctly, maybe. And --
:

t.

i DR. ZUDANS: If you know the feedwater flow.'

|
3 | MR. HODGES: If you can know the feedwater flow

9 and the temperature dif',rence on the secondary side.
,

10 DR. CATTON: Well, I can see how it can get
, ,

I temperature differences. With our instrument accuracy,

|p*
how can you get heat with flow like this low range of flow

9 i

13 t

with any accuracy less than say plus or minus --
,

14 -

i MR. HODGES: T h'e p e r c e n t .
i

l~e f
'DR. CATTON: -- 100 percent?

i

16
'

MR. HODGES: 10 percent.

17
'

DR. CATTON: Your level responses are rather
i

18 i
j vague at one percent.

19
MR. HODGES: It's pretty low. That's right.

,

'

20
i It's very uncertain.

21 !
i DR. ZUDANS: And what is the significance of

22 i

; knowing all of this other than delta T like --
23

MR. HODGES: That's the major thing. You're
24

||h demon -- it's a demonstration more than anything else.

. !

!
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i

i
i

4 1 DR. THEOFANOUS: There is no demonstration. If someth: ng
i I

t'

2 iloesn't demonstrate something you cannot call it a demonstration'.
I
,

2 ! MR. HODGES: Oh, it is a demonstration. It is a
!

hiemonstration that natural circulation exists under these4

i

honditions, and that therefore, the temperature difference that*

6 !rou're measuring in the core does not, you know, go sky high.
i

7 That's what it is.
.

3 ! DR. THEOFRANOUS: What you are trying to tell me
|

9 !Ls that they are other things that are more direct demonstra-

10 : ions instead of what you are trying to put up there as a ,

II demonstration.
i

II
! Everytime that you put up numbers of your

|33 ,

i
i'

I
| MR. HODGES: No, no. I'm talking about the test j

,

i*c ?

itself. The test itself is a demonstration --,

16
DR. THEOFRANOUS: Okay. Okay.

! MR. HODGES: -- that the temperature differences

18 !
;don't go sky high.

19
DR. THEOFRANOUS: That is a demonstration. But

,

'
20

inot -- not that figure?

21 |

| MR. HODGES: This is back out from that. That's

2 )
| right. No, I'm not claiming great accuracy for this figure.

23 I

!Okay. I think so.
24 \

||| |
iMR. EBERSOLE: Is the required pool rate as shown

=
,
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I

I

!
t

5 ||h 1 i here really kind of a homogeneous mix-mean, average flow
i

2 I to get the heat out of the core only when it's being

3 i generated?

4
| MR. HODGES: That's water solid.

5 MR. EBERSOLE: That's all it is.i

|6 MR. HODGES: Yes.
,

7 ! MR. EBERSOLE: It doesn't take --
|

8 MR. HODGES: No boiling.

9 ' MR. EBERSOLE: -- advantage of the local picture
i

10 | in the core at all?
, ,

11 MR. HODGES: There's no boiling in there.:

12 MR. EBERSOLE: No boiling. Right.;

13
; There will be some hotter channels than others,
I

Id jand some variability in the velocity of those; but that's it? i
! !

II MR. HODGES: It's greater than that.,

1
|

CHAIRMAN CARBON: Go ahead.

MR. ETHERINGTON: The off-speed. water curve
'

'I
is higher because the water is colder; is it?

i, i MR. HODGES: I'm sorry. There were several

20
| people talking. I didn't get the question.
.

21

| MR. ETHERINGTON: The upper curve is because the

water is colder; is that the reason? The aux water?
23 !

! MR. HODGES: Oh, in this case the off-speed
24 !

icomes in at a higher level.
j

15 ', '
.
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|

l

|h 1 f6 MR. ETHERINGTON: Pardon?
! ,

2 MR. HODGES: It physically comes under the higher

.flevelinasteamgenerator.3

i

'# MR. ETHERINGTON: Oh.
i
Ie

MR. HODGES: So, since you've got more heat more'-

i
6 surface would water on it.i

!

I MR. EBERSOLE: That's only one case. But we --
|

8 ! some of them -- all of them don't come in high.
,

I' MR. HODGES: This is the B&W case.

10 And this is just a similar curve for Davis-Bessett,,

11
.

! again, at a higher power showing the flow above predicted.
!

1'*
And I don't think we need to dwell much on that one anymore.

13
If you go through just a simple, say, energy

14 i

ballot looking at the driving head and the friction losses'

'

15 ,

,i you can arrive at a recipe like this, which is what Westing-

16 !

house uses in calculating their natural circulation, again,'

17
under water solid conditions. This is essentially derived in

18 |
|
the book by Vinella on nuclear engineering that you come

I9 ! back and see how they get their. It just says that the
;

'

20

! flow is proportion to the third route of the heat generation
21 !

f and the elevation head when it works out.
*2 i

i Some calculations that Westinghouse has made
23 j

l and prepared with data of their plants, similar to the
'

2A
I

gg '| ones I just showed you for B&W, where they get a compulation ju
,

.
,
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I

i

||h I fandameasurementuphere.7

e

I ! We've got the same kind of uncertainty, so the

3 isame questions we had on the other slides apply here as well.
|

) DR. THEFANOUS: What kinds of tests are those?4

;

3 IAre those -- can you please tell me what --

6 MR. HODGES: These are water-solid, natural
i

I ! circulation tests.
i

3 DR. THEFANOUS: And where are the other two?

9 ! MR. HODGES: These are in several Westinghouse
!

l
10 j Reactors.

i

II | DR. THEOFANOUS: Several differences.
i

II
| MR. HODGES: Several differences and three loops

|13 and four loop plants that are shown on that curve. So,
i

14 i

i you've got several Westinghouse reactors.
i 4

i
DR. THEOFANOUS: One thing that surprises me is I

I
,

!16
that you've done that experimental data. Now, the

17
| transcient I've seen never indicate to me one of two
i

18 t

: things--one is that the people who used the data were

19 !

| Very careful to somehow eliminate error in some strange

20 .

Of the other -- the transcient I see here do not| way.
21 |

|
indicate to me that whatever it is that you're measuring,

22 | |

j the measurement procedes in a normal role. The experiment

23 !

| is very ready because I see very nice behavior.
24 |

MR. HODGES: There is at least a consistency. !

|||94
i

- ,
i i
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!

!G f8 1 DR. THEOFANOUS: Yes.
! ,

2 : DR. HODGES: Whether it's accurate or not, there's --

3 !it's consistent.

4 DR. THEOFANOUS: Well, it's a matter of

5 systematic errors. The point is that we have -- you could
,

!
t

6 ,give a systematic arrow that could make a curve sit up I
!

|7 and down, but there is -- other than it is an inherent '

! I measurement thereof, which is because of your lack of notes
|
I9 of some details in the system which are amplified and give
|

10 ;you erratic behavior. '
!

Il
'

I construe to your previous comment to try to;

i

12 |say that by
O -- almost by principal the measurement is

I3 |very inaccurate,
t

Id
MR. HODGES: That's right.

II I

DR. THEOFANOUS~ What I see over here doesn't

show that and you -- can you help me to understand how
I'7

that --'

18

| MR. HODGES: All right.

19 i

i DR. THEOFANOUS: You just gave me.--

t

20 ,

! MR. HODGES: This is one plant. This is a four-
21 8

j toop plant; all right? They use the same method that all
22 |

{three points on this test. So --
a,
"

DR. THEOFANOUS: Well I'm comparing the heat runs.
'

|||A MR. HODGES: Here you go in --
,

i.

| DR THEOFANOUS: Between the reactors and all
-

i.,, .ric 6va r= mecars= x
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!

h19 also even within one. It determines whether you are
2 well-behaved.

.

3 DR. EBERSOLE: It would be much more conviencing

! if there wome error bounds on those data.
#

i

Ie
! DR. THEOFANOUS: That's right.

-

.

I
0

, DR. EBERSOLE : But there is nothing that you can
'

7
! do?

8
DR. ZUDANS: But in any case he is very well-

9 ! behaved.
l |10 J

lThere is one thing you are overlooking?. '

11 ', DR. EBERSOLE: What?
|

12 ,

DR. ZUDANS: Both scales are made from the9 ,

13
same area of source. So, the curve that you applied before,

14 i

! sounds okay.
I

15 '

; The power is derived from people, and the flow
16 I

'

is impaired from heat removal.

f17

MR. THEOFANOUS: But, again, this is --
18 |

| DR. ZUDANS: It is not a direct measurement of
I19
! either of the scales?
!20
,' MR. HODGES: No, no. Zero -- we are talking

21 I

!about two things. One is systemic error and there other
22 I

l is erractic error.

|23

| DR. ZUDANS: This is systemic error?
*a

||h. DR. ZUDANS: That's what I'm driving at. If there |;-

j !

:
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!
,

10 i is some kind of error it must be systematic. What Wayne
i

,
.

I was trying to say before if you are measuring a flow'

3 ' that is one percent of your instrument scale, then you're
!

# ! not talking about systematic error,
i

4
You're simply talking about your ability to*

i
0

| measure accurately and basically a random error. There is
,

. i

7 i'

a basic difference between those two things. What I'm i,

!
'

3 ' driving at is this behavior indicates to me that either
i

9 ! there's a systematic only error and not the random error,

10 !
or that there isn't any error at all.i

11
'

: DR. LIENHARD: May I say in different words? |
!

19 '
'

You've gct two plants turning out perfect straight lines,

13
and two other plants turning up curves that show absolutely

,

14 ,

consistent bends in them. j;

15 1

MR. HODGES: These are calculations.
,

'
16

MR. ETHERINGTON: There's another factor that
17 ,

may enter here. At the low rates of flow, we're getting'

18 !
| pretty close to the Randall's critical number in the long

|19

tube so if we had a transition for turbulent viscous flow:
'

20

then the formula, of course, wouldn't apply.
21

MR. HODGES: That's correct.
j=
1 MR. ETHERINGTON: And I think you're getting --
'

23
|
|

I think it is rather close in the long tube. But it does
24

h remain turbulent.
25

MR. HODGES: It's still in the turbulent range.
! i.am Tio 6 vo m. % i e
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4

h: | Those pipes are big enough. It takes very little flow.11
' i

2 i If those pipes are large enough it takes very little

3 i flow before you're in the turbulent range.

| DR. CATTON: What's the critical Randall number?4

3 MR. ETHERINGTON: What do you call low?

6 MR. HODGES: Well, in the hot leg and the cold

| leg pipes under normal operation you --7

,

3 ! MR. ETHERINGTON: I'm talking about the tubes.
!

9 Not the pipes. |
,

I
10 MR. HODGES: Okay. In the tubes. All right. j

,

II
| MR. ETHERINGTON : In the tubes. In the pipes it's

I '

I2 really turbulent always.g

IU
| MR. HODGES: Right. That's right. Okay. In |

|

I# the core it may well be, but maybe most of your pressure
i -

1~c
'

drop is --
|

MR. ETHERINGTON: I'm agreeing with you it is

I turbulent, but it's running kind of close.

18 |
! MR. HODGES: It's probably running close.
i

19 I
i MR. ETHERINGTON: It might get into the viscous
1

20 !
t range.

21 !
j MR. HODGES: Well, let's see. You would have

22 |
a quarter of a foot per second velocity, somewhere in that

,

22 |

| range.

k MR. ETHERINGTON: Pretty close to --
25 '

i

MR. HODGES: In that range there. So that's gettin'g

| |i.rro ro.*6 vo m. me onre i e
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!

||I12 ; j in that range, right.
I

2 MR. ETHERINGTON : That size viscosity.'

3 i DR. THEOFANOUS: Anyway, Wayne, let me just say
i

4 | a little bit more bluntly what I'm driving at. If I give

! you a thermometer, and you've got the Delta-T incrementse

6 of ten degrees. And I ask you to do an experiment in which

'
7 you only can -- you are already asked to measure differences

;

3 | of one-tenth of a degree.
I

9 MR. HODGES: Right.

10 DR. THEOFANOUS: And you carry out the experiment
i

11 ; in full cognizance of your instrument you have is not a very

12 good one for that particular experiment. And if I see you9 l

; i

13 getting a curve that looks very nice and, and you were |
I,

Id | talking with thermometer apparatus but with other different f
1

I3 apparatuses, then I guess what I'm going to do is I'm f
16 going to be very suspicious, and I'm going to go back and
U look very carefully what you've done.-

I8
And what I suggest to you these kinds of data

'
,

19
! do not agree with your previous statement concerning the

-

i

20
: ENO's and therefore --
i.

) MR. HODGES: I think a lot of them are systematic.
,

-e
|~

j think you will get big differences between -- orI

-,"
differences in this number depending upon the technique

i

||| { that you use, whether you use transient time method or
-

I2 '

j
i whether you use the energy balance method.

larvtmosam6 venmarine Reposettps. lac.*
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13 ||I I
CHAIRMAN CARBON: Well, I think the point has;

been made --'

2

3 ! MR. HODGES: Yeah. No, I understand what you're

4 .{ saying, Theo. I understand that fully, and why there is

%I
3 not more scatter there, I can't explain.'

i
6 DR. THEOFANOUS: What I'd like to know is what are

i
I

7 you going to do about it? I'm not so much interested in
:
1

3 i whether you agree with me or not. Is there something you

!
9 i can do about to learn more from the data? Are you going to

i

10 look at them more carefully, or should we look at them more

11 carefully? That's what I want to know.
s

|

@ 12
DR. CATTON: I think future plants have a bit,

13 more flow measurements, don' t they? I didn' t know that
I

14 they measured the mass flow in the auxiliary feed water
i
'IS . system.

i

I6 MR. HODGES: No, we're not talking about it.

37 We're talking about on a regular feed water flow. But,

!

18 f some of them can't.

I9
f DR. CATTON: Well, you had -- from the previous

:

20 flow, you had an auxiliary feed water curve --
i

'21

| MR. HODGES: That was a theoretical curve.
|~,

"
, MR. GRAVES: Some of these powers here here of
I
'

3'

| these tests were raised on fission power where they

|I didn't confer it -- I

: 1-.
~

MR. HODGES: That's right. j.

|i_,,o- -.
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i

!

h14 ; | DR. CATTON: Oh, okay. If this is from fission
!

2 I power, then a lot of -- we'd have a lot more confidence --

3 j MR. HODGES: Not at that low level. In the

1

f next curve what I've shown is the data that's been plotted4

i

3 1 up from the charts on the ANO 1 for a loss of off-site power
,

6 event.

7 | This was not a planned event. And this just
|
.

3 I showed the hot leg and the cold leg temperatures and show
I

9 that you've got natural circulation, and a fairly short

10 period of time they restarted the pumps, and the event was

11 ! over. But the Delta-T's were smaller than what you get
i

12 during operation, and so it's a demonstration that they.

13 ! had natural circulation.
i

Id The rest of the curves that I've included with
i

]c I

it just are there to give you a feeling of what some of

!16 the other parameters were. I don't think we ought to i

II
| dwell on them a lot. There are a lot of curves there, and

I
18 ' you could talk about them a long time.

It's just strictly a demonstration that they do
i

! have natural circulation for those few minutes when it was

21
needed. The bottom set of curves on this one shows that

-, j"

j he stayed well below saturation on the hot leg, and again
-,
"

you've got the core Delta-T.

! This just showed that the steam generators and I

3 I

the system pressure for the two loops were reasonablyi

i - ro 6v ar=noev arc,
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|||15 consistent. I don't want to spend a lot of time en these
,

. particular curves.
2 !

i

And again the steam generator temperatures and
.

| the saturation lines -- in fact, you can probably skip,
,

j over the one on the KE and go to the next curve. '1here,

are several events on this particular curve, and they
6

i
are tabulated in the next table also on the next slide.7

i

This just gives an indication of the natural circulation
8

9 flow rate versus the KE power for both the tests and

10 events that have been observed in the B&W plants.
|

11 MR. ETHERINGTON: What is the criterion for

12 | minimum acceptable?

O
13 : MR. HODGES: That's what has been shown in

i

14
.

this -- that final section analysis report to remove the
!

13 heat.
,

16 CHAIRMAN CARBON: Once again, what does this'

17 show?

18 | MR. HODGES: All this shows that if both the
!

19 | tasks that they run on natural circulation and the events
1

20 | where they've inadvertently gone to natural circulation,
i

21 ! that they had more cooling than it showed that they
|

! required.22

|

23
| DR. THEOFANOUS: Which are the tests and which
i

2# are the events? !

,. .
~ DR. HODGES: The events are generally a little bit3

! i-% vs w am= rom i,.c

me soutw camtm armert. sL w. surrt ist,.

we S. L asuna

_



1

| 49o o ; pact Na

|
t

16
|

higher power on this.
1

,

DR. THEOFANOUS: Is it -- well, I see some W's,
'

:

and some X's there. Is there any cLfference there between
.

[ the points or are they all X's?,

|

{ MR. HODGES: Those are all X's. It's a poor
3

,

3
copy.

!

7 i DR.. THEOFANOUE: And some of those points, then,
i
i

g j are tests and some of them are events?

9 MR. HODGES: Some are tests and some are events.
!
i DR. ZUDANS: And at the core, the KE isjo
,

11 computed from -- by inference from the feed water --

,

te ! MR. HODGES: Right.
h

| DR. ZUDANS: And the natural circulation flow13

I

rate is derived from what?14 .

I

15 MR. HODGES: The natural circulation flow rate
;

I

would be like from -- just --16 '

i

17 ; DR. ZUDANS: Well, I was on the right. There are

18 | two scales. How are these points found? This one you
!

19 were saying --
3

t

20 MR. HODGES: Okay. Some of the -- on the tests

2I some are obtained from this transient time. Some are
!

22 obtained from using the secondary heat. So there are

-,
some of both on the low power. On the higher power,'-

||| U they're all basically on the secondary heat.
!..

" DR. ZUDANS: For the given event, the KE powers ;
;

,
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o o peer No.

!
!

17 I is calculated from feed water information.
1 |

MR. HODGES: Yes..
4 ;

I

DR. ZUDANS: And the amount of heat is reduced'

3 i

i

3 j from that, and the flow rate -- the natural circulation
,

is computed on the basis of the heat --
3

MR. HODGES: I think it's reasonable to say that
3

7 you've got the secondary heat on both curves.

3 | DR. ZUDANS: In that case, it should be a perfect

9 curve. And the points should be matching exactly.

to MR. BAYER: Well, you've got the core Delta-T

'

11 measure.
:

12 DR. ZUDANS: You've got the core Delta-T measure.

O
13 MR. ZUDANS: There's always something in that.

I

14 MR. HODGES: Right.

'
13 DR. ZUDANS: To get flow rate.

16 DR. ZUDANS: Well, actually the both -- the KE

17 and the flow rate are based on checking the information.,

18 ! DR. CARBON: Wayne,before you leave that last
i

19 curve, does that represent all of the B&W data that it's
;

1

20 my understanding from what this says that if you take all

| the B&W test data, this is it?21

|

22 | MR. HODGES: That's close to it. The curve says
|

-,

all. There are some stuff on Three Mile Island that is'-

i

#

|| not on here. And there is some additional tests that !

I,. :
they've David -Besse and I don't have, but it's most of |

~
,
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h
18 I

| it.
'

2 i MR. BAYER: Well, Wayne, could I ask my own? Is

2 that sort of like one point per test?

|4 MR. HODGES: Yes.

3 MR. BAYER: In other words, each of that and

6 each test one could have a series of points. I guess they

7 selected one.

3 ! CHAIRMAN CARBON: But in terms of total tests
t

!' ' and total events on B&W plants for 15 years this is pretty
i

10 ! much it?

II MR. HODGES: Yes. At least I felt like Jonas.,

!

I
ggg |

This table summarizes the points that you me on the other
'

is
I -- on the curve previously. The two tests for Oconee
i

14 :
i l that were both natural circulation tests. What you |

}~e
f

see shown for Oconee II. This was a lot of off-site I,

i
16

power event. And in this particular case, they didn't

17
have any emergency feed water for the first seven minutes.

18 |
j The ANO 1 was a loss of off-site power event.

19 |

| The Crystal River 3 data point was a loss of all high
'

20
power tests. The Davis-Besse, one point here was a loss

'21

| of off-site power event, and the second one was a loss

22
of off-site power tests.j

22 ;

; MR. ETHERINGTON : Would you just go quickly
.

|h !
down and say it's a test to examine --

|3 '

MR. HODGES: Okay. The first two are natural
i m ne t vine. = m m e m ,= i c
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|

19 i circulation test. The one for Oconee 2 was a loss of off-;

! site power event. The one for ANO-1 was a loss of off-.
4 .

3 | site power event. Crystal River 3 was a loss of off site

i

4 ; power test.
s

3 And the first one I show here for Davis-Besse

6 was a loss of offsite power event. And the second one was
i

7 a loss of off-site power test.

3 DR. ZUDANS: In any one of these cases had any-
|

9 one calculated actual behavior on the basis of prior off-

10 | site operation?

11 MR. HODGES: I don't know,

t

12 DR. ZUDANS: Has that been ever done to see
!

13
~

how well these types of measurements or calcuations check
1

14 i with it?
|

r13 MR. HODGES: It may have again. I don't know.

16 DR. SCHROCK: That would be pretty important

17
| to do because the power depends mainly on what the

18 | reactors have been doing in the last week or something
i

19 like that. And this type of testing. I'm not sure we

20 , ave done the evaluation with the prior power history.
2I MR. HODGES: If you calculate it -- if you measure
-,

it on the secondary, then it doesn't matter."

.
'

| DR. SCHROCK: Well, I know it's very commonLto

g# simply take the infinite irradiation to YE curves and take |
+= ; I

j a po. int off of it which is totally inadequate for this |
i-no s vs m. memow= s c.

. . .our,. cames. er==rr. s. .. .urre =

was.eeseGrOsa. D. C. Bumt



I 53a o cu:t NC.
!

!

20 t application, I think, is what Dr. Zudans has pointed to.
I

2 | MR. HODGES: Yes.

2 i MR. EBERSOLE : ANO 1 data up there is essentially
i

4 i useless because it's got that notation on it that the RC

! pumps are not fully stopped. I don't know how you partially$

6 | stop the motors, and therefore, I don't know what the flow
i

'
7 was so, in essence, I find that you might as well obliterate

|

8 ! that line.
i

I
9 ' MR. HODGES: Well, okay. It said the same thing

10 on the curve also that it was well above the line. This

11 was just --

|
I2 MR. EBERSOLE : How could there be? Did they

'

9 :

13 'bump them or what?
t

Id MR. HODGES: No, no. This was an event. This was
I

l' '

not a test. I

16 MR. EBERSOLE : Yeah. But how did they get

II i partial operation of RC pun os? Some of them were working

18 !
and others weren't?.

!

19 !
i MR. HODGES: No, the pumps -- they had a loss of
! !

'

off-risa power, but the pumps tripped. But seven minutes

21
j later tney got power back and restarted them.

22 '

j MR. EBERSOLE : So then they came back on.

MR. HODGES: Yeah. Or some -- for some short
,

||h period of time it was -- it was not a long time period, |
;!

' but they got power back.
- i - Tic 6vos m. % i,.c
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|

1 MR. EBERSOLE: A.. right, thank you.;
'

i.
' DR. CATTON: Wayne?

1 i MR. HODGES: Yes, sir.*

,

!

4 I

: DR. CATTON: These flow valocities, how much heat
,

e ;
* ' loss is there between the vessel and the generator? What

6
| percentage roughly of the --

I7 | -

Zero in this calculation.j DR. ZUDANS:

S |
j DR. CATTON: Well, I understand it's true in

9 i

; calculations. But --

10 |
MR. EBERSOLE: I think it's not much..

I

11 .

DR. CATTON: Not much?!

12
MR. HODGES: No, there would not be much.

DR. ZUDANS: It doesn't look that way from Three
,

la i

! Mile Island if you read the tables as to megawatts because
15 !

i of weather changes. I

16
| MR. EBERSOLE: Oh, yes.

17 ;

MR. HODGES: Yes.
18 !

i MR. EBERSOLE: Recently, yes.
19 i

i DR. ZUDANS: Recently.
20

' MR. EBERSOLE: True.

|21

| MR. GRAVE: A typical loss frame for the Westinghouse
C !

i plant is about six-tenths of a megawatt. That's from all
23

parts of the primary system. A large part of that existing
24

|h generators. That's pure loss for the installation.
u ,

i
i

lestemusaficseak VtuttaTies RgpcarTyst |sec l'

|
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!
,

h1 ; DR. CATTON: Five or six percent would be outside
!

i-
' for error.

:

3 ! MR. HODGES: Right.
!

# ! DR. CATTON: Okay. Thank you.
i

re
* ' MR. GRAVES: There are other sources, though, and

6 it depends on the -- you have charging letdown, that can
'

7
have a significant effect, for example. So, that's --

;

!
8

| control rod cooling, pump seal flows is a significant part,
|

9 -

too. I was just speaking of your loss for the air.,

10
DR. CATTON: How much does that add up to?;

11
MR. GRAVES: All of them add up to about three-'

:

12
: and-a-half megawatts. That's control rod cooling, heat loss,

13
charging letdown.,

I

14
MR. EBERSOLE: That's a mistake.,

13 |
DR. CATTON: That could be 25 percent then on some

16 I

of these runs.

17 ;

MR. GRAVES: Well, I'm not sure what was on during
'

18

the runs, but I'm saying that the recharging letdown I think
19 j

| is to reduce the pump seal flow.
20

| DR. CATTON: Okay.
21 |

| MR. HODGES: The next few slides you've seen before.
22 |

i Brian Sheron, I think, presented them to the subecmmitte; was
23

it, about a month ago in talking about some of this. But
u

|h for some continuity and feeding into the requirements for the i
_e

i

e % m au v am. ==, - i,.c
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)
two-phase natural circulation I've included them in here.

i-
' '

Again, I'm using just B&W as an example for some

' i* ; calculations that have been made on natural circulation where
s i

i two-phase conditions exist, and we'll make some points about
,

e !~
! what is required.
'

6
On the statement here on re-flux boiling I think'

u

'
7

|Brian wants to explain what is meant by that a little bit,
t

3 !

i so I'll let him explain that.
:

9 '

MR. SHERON: I'm Brian Sheron from the NRC staff.'

,I fto

| One of the questions that ',as forwarded to us was a clarifica
,

11 |
- tion of terminology. And this new graph was originally put
I

12 |

ggg together, I believe, it was not less month but actually six
'

13 :

| months ago --
'

14

! MR. HODGES: Okay.
13

MR. SHERON: -- it was in October when I made the,

16

presentation. And at that time I think a lot of people were,

17
,

referring to just any sort of two-phase natural circulation'

18 i

! as a re-flux boiling mode. I think we've kind of sharpened
19 :

! our definitions, at least, myself, I refer to re-flux boiling
'

20

.as when the steam source is rising in a tube and condenses
21 !

! and falls back. Whereas, a normal two-phase natural circula-
*: '

f tion is one where the continuous circulation path,,,
s.

j In a B&W plant which has a rather high candy cane
,44

9,,
!

,
i

! '

hot leg, one really doesn't get a re-flux boiling mode since j
~ '

,

f i ro ne 6 v = =c, r i,.c
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I there's no condensing surface on the uphill side. So, I

2 Ijust wanted to, I guess, correct that view graph that

2 I should just say, rather than re-flux boiling, or re-flux

A natural circulation to just say it's a two-phase natural

I circulation.

.
i |

*O MR. EBERSOLE: That last sentence means wasn't

I really calculated not to occur; does it? Instead of not

e i

| calculated to --
'

.

9 MR. SHERON: That's also a mistake. It was calculated --

|10 | -

MR. HODGES: Okay. j

MR. SHERON: -- to occur.i

!

l '*
'

MR. HODGES: The main point I'm trying to make with

13
this slide and the next couple of slides is that we do have

i

14 |

| from the vendors some relatively sophisticat d calculations ;

13 '

j with two-phase natural circulation. I'll show you an over-

16
view of what has been calculated, for example, with socket,

17
repressurization for the raised loops and no socket re-

18 i
pressurization for the lower loops. And we don't have much'

19

; of a data base.

20 ,

But I'll show you where we're starting from onithe
21 |

| questions at this point. RealV,that's all it was intended ,

22 |
i to do.
'

23

Again, for just analysis, for very small breaks

|h thesteamgeneratorcanremovetheK-heatifyouraccumulators|
'

*t >

}'
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t ; don't come on. If you don't turn on the accumulators, and |
i-

' |you don't have any significant core damage, you're not going
.

3 ;
* | to get a lot of gases, so the accumulation of non-condensable
4 I

| is not a particular problem.
f

Ie
~

MR. EBERSOLE: Are there pieces, though, where
: I

6 ' I
you don't really have a break except of a temporary character,

I
7

j such as a stuck relief valve which follows, say, a by-pass
i

3 ;
- value locked open on the secondary side in which case you
|

9

i get a substantial lowering of pressure and temperature for
i

10 -

j a period and then a repressurization, which channel are they i

11 '

'
accumulated?

5

12 |'

MR. HODGES: If you get down to accumulative |ggg
13 !

j pressure?
Id ! t

MR. EBERSOLE: Yes, that 's what I'm saying. Do |
'

15 8

you have cases where that showed up? I

i
16 :

'

MR. SHERON: No.
17

,

MR. HODGES: Okay.
18 i

i MR. EBERSOLE: It would depc::d on the severity --

19 >

l

the period of time in which you have a stuck relief startingi ,

20 |,

about this stage.,

21 |
| MR. SHERON: There is no break that has been

22 '

I identified as an associated and isolatable break that would

|
22

t depressurize the system not only to the accumulator set point,
2d

9 ! j

but I believe below the steam generator secondary side pressurp.
| !

iwfme sancee46 Vtmeanne Repomress. tuc
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!

G! !

! MR. EBERSOLE: However, they will challange the
! !

2 !UHI tank; won't they?

3 i MR. SHERON: A UHI tank I understand injects --
!

4 ! MR. HODGES: About 1250.
I

5 i MR. SHERON: -- 1250 and the gas would not be

6 calculated to come out until about 600 pounds; is it?

7 MR. HODGES: Probably.

|
8 I MR. SHERON: Which again is well below the steam

i
9

| generator secondary pressure. !

i

10 MR. EBERSOLE: Even if the valves stay open?,

II MR. SHERON: Correct.

I2 So, the steam generators would not be heat removablee
source at the point of the UHI plant when the tanks start to

i

14 I . .

i inject.
i

} ~c I

MR. EBERSOLE : That's still above the pressure '

,

id
of the RHR system, though; isn't it?

.

17
' MR. SHERON: Yes.

18 |
; MR. EBERSOLE: They're 400 pounds, I believe;

19
aren't they?

t
'

20
i MR. SHERON: I think some are actuall two or three.
,

'
21

| MR. EBERSOLE: Two, three, four hundred. .Okay.

12 |
MR. GRAVES: It varies from plant to plant.

|
43 '

,

( MR. HODGES: Yes.

24

||h And again, we've seen calculations with intermittent !

I-c

fi

larTypeancreaL VUseaM4 REPORTUus,14
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h
fnaturalcirculationswithsteambubblesforminginthecoreI

ia
' of the hot legs, various conditions of repressurization in

!the analysis. At this point these calculations have no3

i

# experimental basis, so we're just having to take the calcula-
,

e !

:tions for what they are.*

!

6 We've seen calculations with time delays in 'he-

b7
itransitioning from natural circulation to pool boiling where i

! |
3 ,! you have to allow time for the steam generator level to drop

I

9
i before you can start what has been probably inappropriately

10 !

; referred to as re-flux boiling. It's questions about would
r

11
the repressurization increase the break flow and lead to a

||| core uncovery. There are still lots of questions from these
i ,

73

j analyses. We're not trying -- I can't give you the answers

14 i

! at this point. I think maybe that you are looking for answers.

15 i

We don't have them yet.

16 '

MR. ETHERINGTON: This word "re-flux", I think

17

we ought to define, I think, the -- different people seem
18 |

| to mean different things by it. A chemical engineer means
f19

one thing, and I think we sometimes mean another. Would
;

20

| you define re-flux --
21

MR. HODGES: Well, that's what Brian just tried
22 |

| to do a few minutes ago, I believe.
23

MR. ETHERINGTON: Pardon?

|h# k t

| MR. HODGES: That's what Briaa just tried to do a j
I;

intemat cm.a6 Veneartu Reponraya luc
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;

I ! few minutes ago. ^

_

I3
MR. ETHERINGTON: Oh, I'm sorry. I was thinking*

!

1 i
something else at the time.*

A \

.' MR. SHERON: That's the up-flowing steam condenses
'e ' and flows back within the same channel.'

I I
s

j MR. ETHERINGTON: That's down the same -- all
'

7
j right, that is real re-fluxing I guess.

8 l'
MR. HODGES: All right. But that's not the way>

I

9
.

it was used initially right after Three Mile Island.

f10
MR. ETHERINGTON: I apologize for my --'

11 '

MR. HODGES: Okay.

g12 MR. EBERSOLE: We make a statement in aspect to
,

|
13 '

|breakswitchbelowthewaterline, say, at the low point in
14

the system. Repressurization determined by balance between f
15

steam generator and core is steam relieved by pressure.:

16 !

MR. HODGES: Okay.;

17
i

MR. EBERSOLE: What if you're not relieving steam
18 i

! by the break but you're just leaking water? Do you not
I9 |

|
get repressurization then without any benefit of the

20
7

particular amount of enery that you release at the break?'

MR. HODGES: Your energy release is just --
22 |

| MR. EBERSOLE: It's just the water going out.
,34

j MR. HODGES: It's just the water going out, so it's

9 24 $
,

i

j considerably less. |,,

i |
'~

t
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1 i

! MR. EBERSOLE : And so you have a net loss. You

2 !
can get severe --

3 i

j MR. HODGES: Yes. That --

4 i

j MR. SHERON: Also, a break at the low point as it

! :

| drains down to the steam generator will expose the condensing
'

4 |
isurface, so what the break doesn't remove the steam generator '

'

I

. will.|

3 |

|
ME. EBERSOLE: Yes, as a compensatory --

9 :
! MR. HODGES: Yes.

10 !
'

MR. SHERON: Yes.
11 :

! MR. EBERSOLE: If you get reflow?
'

i,

s MR. SHERON: Pardon?
,

.,,

| MR. EBERSOLE: If you get reflow?
14 |

! MR. SHERON: No, the only thing -- you're condensingi
13 !

I to the steam then.
16 I

MR. HODGES: And this is just an example of

'

the curves that have been shown from the calculations. This,

18 !

is the hot mixture level and the broken loop pressure time
>

! for a raised loop plant with a small break showing inter-
40
,

,

mittent natural circulation. And the following curve, the

I
: same kind of analysis and you can overlay them and show that,,

actually you would have natural circulation for a longer,, ,

t
s.

| period of time. But there's still an intermittent nature

| !

to the calculation. |.. isa

,
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h
1

|
These types of curves are the basis for a letter

|2 ,that we sent to research in December where we asked for a

3 flog test. And we wanted tests where the system was controlled

I
4 !by the pressurizer pressure. We wanted a test where the sys-

|

3 I tem was controlled by the vessel pressure. We wanted a test

i
6 ;where you had two-phase natural circulation with pool boiling

:

I in the core and steam condensation in the steam generator.
|

3 I We wanted tests where you had the system was recovering from
I' a situation where it was controlled by the vessel pressure --

U or for the two-phase natural circulation and was going to -- ,

!

11
with the vessel pressure controlling. So, we have asked for

,

ggg | a wide range of tests in LOFT and also some tests scheduled

13
i in semi-scale. Hopefully, these will give us the answers.
I

14 l

|
We don't have them yet.

15 f

| MR. BENDER: The answers to what?

16 !

MR. HODGES: The answers to whether you can get
4

17
to natural circulation under these two-phase conditions, or

18 |
| whether these kind of analyses are reasonable to tihow that

19 i

|
you can flip-flop back and forth between different modes.

:o ;
i All we have at this point is analysis. We've got no

21

verification that these modes can actually exist like this.
22 | !

| MR. SHERON: Mr. Bender, the tests that will

|23

j originally be runned by research, the f acilities that they

G: ;4

j have now are LOFT and semi-scaled. Both of which have a
.. .

!
*
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h
I ! verb retube type steam generator.

!

2 | This phenomena here is unique to a B&W plant.
!

3 !Research, as I understand, presently has in their planning
!

! stage a reconfiguration of semi-scaled to put in the B&W4

;
'

e
: type steam moisture, steam generator, and an inverted -- well,-

i
6 the candy cane. And that is in the future planning. And I

f guess once that facility becomes available at modification,I

3 then more natural circulation tests with a representation
!

9

|
closer to a B&W plant would be run.

10 I

| MR. BENDER: If natural circulation is not occur-

11
i ing; what is the concern? Stagnation?
i
I19gg** MR. SHERGN: If natural circulation does not occur?

is
MR. BENDER: Yes. In making this transition back

|
14 i

| and forth, what are you trying to establish for yourself?
'

15
There are only two things we need to know--one,

16 i

whether the heat's being removed from the core, and the other!

17 ,

is whether it's being captured somewhere.!

18 !
j MR. SHERON: Well, the ultimate concern is that

19 ;

| if you don't have a heat sink, what you do is you turn the
20 .

whole primary system -- I guess a good representation is aI

21

pressure cooker with the safety valve being the pressure
22 I

i release.
23

MR. BENDER: You'll be boiling water away?
24O , ,

! MR. HODGES: Yes. |
*= 1 1

';
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<si
I MR. SHERON: Yes. And if you let it go to long the

i-
' , water just goes down until you're below the core. Then is

:

3 I
when you really calculate your problem.

!

4 I

, MR. BENDER: So, you're really trying to establish
i

ie
~

awhether you can survive awhile without the water in the core
:
'

6
| boiling away?

7 '

| MR. SHERON: Yes. I think Wayne will be talking

3 |
i about this later; won't you, on the feed and bleed which

9 .

is --

10
MR. HODGES: Well, Bob is going to talk about that.i

11
' MR. SHERON. Okay. Where you are really taking
i

; some action when you lose a heat sink such as the steam

is :
generators.'

3

Id |
i DR. ZUDANS:

15

!

16 I

If natural circulation stops then you don't have
17 ;

, heat going through the steam generators depending on the
18 |

| safety injection system of the plant you either have a backup
19 !

| system, feed and bleed type of operation. Or you might not
20 ,

; have that. There are a number cf plants which cannot inject
'21
|
: safety injection at high pressures and at the same time the

22 !

) backup be purposedly
23 ;

i I

| | open might not be enough -- or not enough to depressurize it.

||h#| '
i

In that case you would have a serious problem with core
U '

i v = 4% v =um. moe T i c
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I

h
I !

iccolant in the actual surface.
!

2
MR. BENDER: Well, how about the condensation

3 i

; mechanism?
A \

MR. SHERON: Re-flux.

DR. ZUDANS: The condensation mechanism is an
6

|actualcirculation. As long as that one is going on
7

'

| in a that's what we call a
,

8 |

| two-phase flow natural circulation.
9

MR. HODGES: That's one mode of it.'

!10
' MR. SHERON: That refers to secondardy side.

11
'

| MR. BENDER: It's a heat sink. But it doesn't
129 ,

necessarily have to be more than the steam generator you
13 .

i

i had when you -- it was there all the time.
14 :

MR. HODGES: No, but you had -- it has to be
,

there. You have to have the water -- the secondardy water
16

level to take the heat out.
17

j DR. ZUDANS: The case in Three Mile Island, for
I

! example, was --
19 j

i MR. BENDER: That's also true if the loop is
;

| solid water. You have to have the heat loop system --

|
,,

- MR. HODGES: Yes.
,

.

! MR. BENDER: So, I think that criterium doesn't --.,
;..

I
is irrelevant to the point. It's just a matter of whether

O3 4

3 you Can -- if you get into a situation where you're boiling

.
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|

O
1 |sometimes, and sometimes you're circulating solid water,

|and sometimes you're circulating a mixture, whether the'

3 !

|heat removal mechanisms are the same.

4 i

| DR. ZUDANS: That's correct. But it doesn't

! i
' really matter if you have solid water or through a two-phase

6 I

i flow type of circulation. We do call both of those natural |
: |7

| circulation. Different modes of natural circulation. And
,

3 :

as long as you have that heat removal there is no problem.
9

If for any reason you lose that heat removal, there is no
i

10

fheatremovalinthesteamgenerators, that's when you start
11

to have --
,

G 12 !
MR. BENDER: Well, that's what I'm trying to find

|,

| out now. The question I'm trying to ask is presuming that
14 ;

! you get into a boiling mode some how or the other --
te t

i: DR. ZUDANS: Yes.
'

16

MR. BENDER: -- and so you get into a situation
17

where you're delivering gas or steam from one side of the,

18 i

! system to the other, is there any reason to believe that
I9

|

condensation won't do the same thing that the liquid circula-8

20 ,

i

; tion system --
21

.

,

DR. ZUDANS: Following the Three Mile Island
,

| accident last fall, we have very carefully reviewed this
,3 .4

I

question through a typical description of how will it workg

; and some compulations which one way or another tried to |,,

' i
1
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!

I simulate it. And our conclusion was that we do not see
! e

I any reason -- any obvious reason why natural circulation should

3 !nottakeplace.
!

4
| In the B&W plants you have to be careful, for
;

3 | example, that didn't keep the water level in the secondary
'

6 side. But as long as there are proper instructions for
!-'

7
that, and those are being properly executed, then it's.

.

I obvious to us that each of the systems--the
,

9
'

'

should go into this mode of operation. i,

10 ,' However, there is one problem that some of this

11 itypes of natural circulation have never been demonstrated i
'

||| experimentally in this type of a system. So, even though

13
just physically thinking about the problem and looking at

i

14 i

a certain type of compulations, both tell us this will
i

15 '

take place. There's still fear that there is a need to
16

experimentally demonstrate that and show that it's reall,v
17 ;

happening the way that we are thinking of it.
18 !

! I would like to ask two questions.
i

19

! CHAIRMAN CARBON: Excuse me, just a second. '
'

20
Still on the same --

,

'
21

! DR. PLESSET: If you don't have permanent gas
22 |

; in the system, this condensation mode as a heat sink is
23 |

| Very ef fective. I mean it would be expected to be, but

||| 24
|

;

it can be very seriously degraded if you have non-condensable |
l'

; i
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,

1 fgasinthesystem. I think that's the question of how

,much degradation do you get from permanent gas in the loop.

MR. BENDER: That doesn't seem to come out in this

a i

' discussion. It may be true. I don't --

DR. PLESSET: If you don't have permanent gas

4
in the loop, it's a very effective mode of heat transfer.

'

7
; DR. ZUDANS: That's correct and if you have a

3
'

large amount of gas in the system it would completely stop.

9
the process. But a large amount of gas would have to be

10
large enough that you have a bubble. F7r example, if you'

think about the bond tube steam generator, you must have
12

a large enough bubble in the candy cane that it completely j
'

13 .

| balances the density difference that exists in the system.
1.t

If the bubble is that large, then it could completely stop.

15 |

|it.
16

We did review in some detail of how large a gas f
17

bubble could form in the system and short of any major core;

damage, I believe we have not looked at that, but short of
19

'

any major core damage, the amount of gas that could be ini

20

the system was not enough to interrupt the natural circulation ,
21

It is documented in the various inactive cores, especially

||| | B&W.

MR. ETHERINGTON: It seems to me that the bigger

question is whether the bubble is formed in the top of the |,

!
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?

!
I |U-tubeintheothertypesofreactorwillcarryoveror

i-
' accumulate.

3 DR. ZUDANS: In the U-tube type of steam generator

even if you have a bubble in the U-tubes, let's assume you

.

!have a bubble in each of the U-tubes, even that would not~

6 !
.stop the process because of this re-fluxing. The U-tube
'

7
; of type of steam generator, the steam would still enter

3
; the riser part of the tubes. Some condensation --
i

9 '

10
,

11

12

13
;

14

f

}R i

i,

16

17

'
18

I

19

;

20

21

22

13
,

2d i i

|

25 |
'

'

i
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i,

'
i MR. ROSZTOCZY: Some condensation will take place

2 |
and slow back to the top of the core. Whether the water

3
goes to the top of the core or comes to the bottom doesn't

#

make too much difference as long as it's going back.

MR. ETHERINGTON : But it would take less gas to
6

make all of the tubes ineffective than it would to fill a,

7

i candy cane -- wouldn't it, or am I wrong on that?
3 !

MR. ROSZTOCZY: We don't really have the data on
9

that, but that's not obvious. That's not obvious. It's
10

e 11

my point of action simply because there are some experi-
I

ments that I will be starting now, but it appears that not
12 ,

all the tubes work the same way, so some tubes probablyt

13

would stay open. And that may be some gas flow through,,

14

and some other tubes might have also.
13 '

MR. ETHERINGTON : So it seems to be there are two
16

approaches that we could say that the gas doesn't have to '

17

18 !,
carry over, and they're still all right. Or you can say

! there is enough velocity to carry the gas over which I
|

19

think was the Westinghouse position at one time.
20

MR. ROSZTOCZY: That's correct.'

21

DR. PLESSET: Well, let me mention what Westinghouse
22

||| told us yesterday. We asked them to put all the nitrogen-

in the UHI accumulators into the loop, and then they,

24 ,

i
calculated how much heat they could remove, and they could |

i

t
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4
'

remove the KD by this reflex model. But there's a limit,

to this. I mean if you have more than that, it continued

to degrade the system, but that was an example that Mr.3 ,

| Ebersole was very much interested in. That if we put all,

3 that nitrogen in a system what would happen.

6 And they did make the calculation.

7 MR.. ROSZTOCZY: That's correct. If they would

fill up the entire steam generator -- the primary side ofg ,

the steam generator with gas then obviously they couldn't9

to do it.

;; At one time, they gave us some round numbers.

12 ; I'm not sure exactly what it was, but it was something like
13 they need maybe three feet of the tubes or so for condensa-

tion, and that can do the job for them to relocate the heat.14
;

13 So as long as you have at least that much of a surface
|'

16 for heat trcnsfer, it can do the job.
17 If you have gas in the whole steam generator, it
18 i will not lay down.

,

19 MR. EBERSOLE : What is needed to be done to demon-
,

20 strate to reflux condensation with borated coolant? Is

Il there any lay down problem in the tubes at the phase-
O

i change point?

'

23 MR. ROSZTOZY: Well ther.e are some of the things
24

that we would like to see from the experiments, whether any
|

,

U 1
problems show up in there. Normally what you would expect j

.
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3

; is that the coolant would be retained more in the reactor
,

i
2 core than in the -- not in the boiling surface more than

.

in the coolant system --3 ,

i

4 MR. EBERSOLE : I guess what I'm saying is what

3 degree of confidence do we have in the reflux mechanism?,

'
6 I recognize that that's an adequate mechanism if it works

7 but even though you block nitro-flow in the primary load.

3 : That is I'm talking about liquid flow. But the question

9 is how well does it work? What can be done to prove it?
'

'
10 How well up are we in the interim period?
Il MR. ROSZTOCZY: We tried hard to postulate possible

12 waste or this, and right now we don't have any which would
13 tell us that it might stop this way or that way. The only

1

; thing that's left then is to see experimentally and see14

I3 uhen you actually run these tests. Then you learn something
Id new from it.

II If you don' t learn anything new from it, that's<

I8 an indication that they do take place.
I9

MR. EBERSOLE : Well, the other side cf the coin

20 is the feed and bleed process through an effort here in
'21 the primary loop like the primary loop valves. That's the,

,,
"

; last ditch.
Il> 2,

MR. ROSZTOCZY: That's correct, and that can be
24

done only cn some of the --
!

15

MR. EBERSOLE : That has proved out on some. i
i

inrowurionac vapaanse espampa lac '
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4 MR. ROSZTOCZY: But you cannot do that.;

MR. EBERSOLE : So we're boxed in with a need to
2 !

si:ow reflux condensation now.
2

MR. ROSZTOCZY: For some plants right now we are4

boxed in and other possibilities to put some other sort

of requirement of those plants, and as you know, some of,

those there is no decision.
.

CHAIRMAN CARBON: Dr. Zudans?
3

'

DR. ZUDANS: Finally. How did you get that9
,

natural connection point line on this curve?

ggg g MR. SHERON: C & W curve, right. But you look at,

it.

33 DR. ZUDANS: But how did they get to that? How

g, did you --

i

;3 MR. SHERON: That is the elevation of the --
'

16 I believe the bottom of the candy cane. When the liquid

;7 drops below that elevation, then there 's no broken flov --

'

tg DL ZUDANS: Liquid where? Liquid in the core?

19 MR. SHERON : No, this is the hot leg in the big
:o U-tuble.

.

21
, MR. PLESSET : This represents an interruption of
i

the liquid.22 -

22 MR. SF2RON: Right. The level drops down to

24 below that peint -- the bottom curve. There's no flow
;

3 path. Okay. And that's wrat you're doing. Yoc're dropping:{
1
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i

!

5 ; it below that point and so the circulation stops,
i

2 MR. ZUDANS: Correct. The second question that I

3 wanted to ask is I understand the need for the experiment!

4 because you can learn a lot about things we just discussed.

3 Do you anticipate that you will be able to apply the overall

6 ; behavior findings from such experiments to real plants

7 other than specific things like the position of boiler

3 | room and what not? Is there a chance to be able to scale
:

9 any natu.ral circulation experiment to the plants?

10 , qR . PLESSET: I think it's a little different'

11 from the scaling. I think they want to really get a better
i

12 grasp on the phenomenon.

I3 MR. ZUDANS: Now, that I understand. I agree
|

Id with that.

'I3 MR. PLESSET: But I don't think it's conventional
,

I0 scaling procedure unless they --

MR. SHERON: There are some scale questions

I8 which like -- I think the biggest one comes to mind would
;

19 be the actual flow regimes in the pipes.

DR. ZUDANS: But that you could not transfer to
'

21
actual plant.

I 22 >

MR. SHERON : Whether one has separated flow or
-

homogeneous flow through a small pipe versus a pipe this |
24 )

big or through 1.9 inches in diameter. Those are some | |

15 ! I

of the questions that I believe research is addressing, is j |
|:=ro rie 6 ve m w iac
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6 ; i looking at. I know they've done some work on it. I think
i

I
2 Novak-Zuber is taking a look at it on that question.

3 DR. ZUDANS: I'm not saying that you shouldn't

4 do tests, but my main point is that you really have an on-

3 going test right now that's full-scale, and it's doing

6 all kinds of funny things in Three Mile Island, the
1
I

'

7 natural circulation. How much is being done to completely

3- | understand that behavior as compared to small scale tests?
i

9 MR. PLESSET: Well, Three Mile Island -- the

10 system is full of hydrogen now --

| h 11 ; MR. SHERON: It's full of water now.
4

I2 MR. PLESSET: And I don't see where that relates
i

13 to what they're trying to do now.'

Id MR. BENDER: Heat generation rates very low,

is
fMR. PLESSET: What?

16 MR. BENDER: That heat generation rate is also

II very low.-

18 i

MR. ROSZTOCZY: Dr. Zudan, are you talking about
I

I'
the Three. Mile Island accident -- what happened in the --(

MR. ZUDANS: The working that takes place now.
,

3*
i There's all kinds of interesting phenomenon.;
1 -

MR. ROSZTOCZY: You're talking about what is
,

23
being cooled today?

24
MR. ZUDANS: Right. !

|:s
MR. HODGES: Water solid. It's water solid. i

it.mo no 6 vo.=n= m im i
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7 1 MR. ROSZTOCZY: We have looked at carefully what

2 happened at Three Mile Island on the first day when natural

2 circulation did not take place in Three Mile Island.

' Undoubtedly we have a full understanding of why it didn't4

3 : take place at that time and has to do wit ~ a high degree
6 of voiding of the system, and that the water level was

7 maintained on the secondary side.;

S Appropriate steps have been made to correct those

9 so that different procedures for them. What kind of concepts

to | are in the present natural circulation mode are not formally
11 understood, and that may be one item that we should take a,

12 look at in the future.

IU DR. CATTON: I think the question that Zeon is
i

14 i

raising is that you have an excellent opportunity.to
!= '

, study single phase, natural circulation under rather

16
bizarre conditions. And if you could predict those that i

'

would give one a lot of confidence in your ability to
18

handle another -- I think that's the point --

19
MR. HODGES: The biggest uncertainty is water

20
resistances through the loop. And you don't know what the

,

21
core looked like at this point. There were calculations

.

22
Imade, and they predicted the natural circulation flows

h 23

within about ten percent which is probably amazing that
24 i

they did that. I don't know. !
3 '

i
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8 ; MR. ROSZTOCZY: The work that Wayne is referring
i

2 | to was done a few weeks after Three Mile Island before

3 Three Mile Island went into the natural circulation mode
1

for careful evaluating the various cooling modes.4

3 ; I am net aware of any recent calculations for

6 Three Mile Island. I think that a point is well-taken
'

7 that we should go back and we should check and see what

3 information is available from the present cooling mode
9 and what use we can get from that. You are right. We

10
; ought to look at that. Our main address, however, the last

11 | half of the year or so --

12 That's the one that we can get some data, but
'

13 I fully agree with you.
!

Id
CHAIRMM4 CARBON : Dr. Schrock, do you have a

13 question?

16
DR. SCHROCK: Yes. Can I make a statement.

I've been sitting here. During the time that the accident
'

18
was occurring, there was contemplation on how to get into

'

natural circulation and how to leave the steam generators
o in work condition.

21 i

j There was a number of calculations done. They
22

predicted the solid phase in circulation -- single phase.,

23
And for circulation very well. And when they transferred

24 !

to natural circulation, you remember that one of the loops -

|:s
stagnated for some reason.
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; The codes actually predicted that to occur. And
9 I

2 once they knew they had an inbalance in the steam generators
'

the codes were able to predict that they would stagnate3

;

4 one of the loops.

5 MR. SULLIVAN: And get into this other mode?,

'
6 DR. SCHROCK: And get into this --

7 DR. CATTON: If that's the case, gee, I don't

3 know what more you need to do other than measure flow
!

9 loop resistance.

10
MR. GRAVES: There have been studies of thisO ,

II problem. Mr. Zudans is raising a point about this particular
i

I2
burping problem because you have part of the loop legs are

I3 in water or underwater -- they were cold. And as the
Id '

idle steam generators cooling down as well, and on a period
t *e

of sometimes a week, if you -- you'll have a sudden in-flow f

:

14
|-- will flow through that idle. I don't believe that is

17
what you're speaking of.'

18

MR. SULLIVAN: The main concerns that I have
19 '

about those is that the core blockage that wasn't effective
20

-- it was looked at. There was also some speculation,

21

that some of the core was actually in the top of the steam,

22

ggg generator -- speculation.,

23

And then the effects of the loop sitting in water'

|24
'

and how much heat loss there was from the loop to -- were
i

15 I
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10 '

; in the containment building. All of these are unknown.

2 .i The scatter in that data and what was assumed in the code

is the only concern that I would have about calculating3 ,

4 those.
,

3 But from those unknowns you don't know if you

6 have tuned the code, so to speak, to the experiment. And

a number of experiments were run in semi-scale about that7 i

3 : same time. The codes did a decent job of that also.
!

9 i But again, the unknown condition, the unknowns

10 in the flow rates that they were giving us is numbers to
11 compare to -- were the big questions.

12 CHAIRMAN CARBON: Fine. Thank you. I think we

13 better move on.
!

14 ;

DR. SCHROCK: I just had a comment concerning
I3 the case which Zoltan was addressing of the gas-bound U- !

I4 tube with reflex condensation in the lower part of the
j

W Iinlet side o f the tubes. Under those circumstances, it.

I8 seems to me you have a highly unstable situation because
I9 the vapor leaving he core now has to divide into several
20

paths going out the hot legs through horizontal legs and
21 ; then into a plenum in a' steam generator, somehow dis-
22 tribute into a large number of tubes in the various;

23 ,

steam generators.

24

The potential *.here for a lot of chugging sort 4

'

23 !
of motion is pretty great, and I think the impact that this

i

!i-n= v n ===r w
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:

11 i may have, then, on the core heat transfer is something that

does need to be evaluated further and carefully.

3 ! In other words, I think the Westinghouse
i

4 | characterization of reflex condensation coping with

! this has a heat sink looking at the problem as though all
.

6 of the steam arrives at the inlet to the tube bundles
'

7 more or less uniformly. A few feet of tubing under those
:

3 } circumstances clearly is adequate, but I think it's very
,

9 questionable that the steam will arise continuously in'

i

i
10 ; that way at all of the heat sink surfaces.

11 So I do feel that there is need for some more
U detailed consideration of what the countercurrent flow !

U modes are in all of the segments of the loop operating
i

Id
in this reflex mode. That's just a comment. I don't dis-

je !
agree with what you said, Zoltan. I just think that the

|
16

processes may be a little more complicated.

17
And while I don't have serious reservations that

18
it won't work, I don't feel that we're in a position to,

19
say confidently that it is going to be an adequate heat

sink situation.

21 !

| MR. PLESSET: There are so many tubes, Virgil,
* 'a

that I think it would -- there will be some fluctuations

in some of the tubes, but it will be different tubes per-'

24
haps at different times. |

3 I
DR. SCHROCK: Different times -- different loops. !
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12 DR. PLESSET: So it should be partly smooth on1

a gross basis, but there is a point.,
s

DR. HODGES: Well, Harold can correct me if I'm
3 ;

wrong on this, but I think this is one of the modes that3

is proposed to be looked at in the flex-C set in about a,

6
year. Is that right, Harold? And they've got a fair amount

i
7 of instrumentation in the steam generators that they will

!

!
3 be using to measure that with,

i

9 | MR. SULLIVAN: Here's a rather extensive

to
'

experimental program that we're going to discuss this

S i

11 afternoon.

I

12
' CHAIRMAN CARBON: Fine.

!
13 MR. ETHERINGTON : I think in all of this, I

i

14 would like to have the criteria stated as to how much
, i

15 gas we're looking at. If we're looking at a very large !
l

|
!6 amount of gas, then you could consider perhaps a 50/50 :

!

l'7 mixture of steam and gas in the T-routes. Then you drop

18 the partial pressure of the steam half, you drop the

39 saturation temperature. You may even have no temperaturei

;

20 margins between the new saturation temperature and the
:

2I water unless you also drop the water on the secondary
i

22 side.
'

23 Now, if we're talking about a small amount of

#
gas then we wouldn't have a problem of that kind. Do we .

I..

have a criterion? Are we shooting for a Three Mile Island~

i - ne6v r= w ic
.se same caem:le. snousT. s. n. surrt ist
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:
i

13 ! type of gas volume or something?;

i

2 MR. HODGES: In the test?

3 MR. ETHERINGTON: Yes.

i

MR. SULLIVAN: What we're doing is looking at4 ;,

3 a significant amount of core damage that could occur so

4 you get the gas fronthat. And also --
i

7 MR, ETHERINGTON: And how much is significant,
;

3 ; Harold?

I

9 MR. SULLIVAN: It's not like 50 percent. It's

10 ! more like ten percent of the --

If) 11 MR. ETHERINGTON: Two percent. Well, there's
i

12
'

nothing like Three Mile Island then?

'

I3 I MR. SULLIVAN: No. Even in Three Mile Island
!

14 it was not 50 percent of the void in the system. |,

II MR. PLESSET: Well, let me ask this question in

16 another way. What percentage of a steam generator tube

II volume would you be voiding with permanent gas? What's

I8 the maximum?,

!

MR. SULLIVAN: It all depends on how these cal-

'O culations come out, and it's a pressure-sensitive number*

'
21

also how much --

m"
MR. PLESSET: Yes.

*

MR. SULLIVAN: So we're looking at the expansion,

24
of the gas, the amount of hydrogen we can generate in a |

3 !
system, and we haven't decided how far we would like to i

i
'
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:
1

14 | carry the experiments through -- you could carry them till;

!

2 y u covered the whole tube.
,

; j MR. PLESSET: Sure. Then you know what would
,.

4 happen then.

3 MR. SULLIVAN: Yes.

3 MR. BENDER: I find myself a little confused by

7 the shifting.around of the various arguments about what's

a going on. And I'd really like to get a little clarifica-
i

9 tion. If I interpret what's been said so far, if there's

I
10 no inert gas in the system, the question about heat

I h 11 ; removal -- whether it's by natural circulation or reflux
,

12 condensation seem to be non-existent.

13 Is anybody concerned about that aspect --
1

I4 ; MR. HODGES: They are minor.
I

IS MR. BENDER: Somebody has raised the question about!
1

16 whether there would be an accumulation of boron solids in
I7 the system in such a way that that might interfere with the
I8 i heat transfer mechanisms in the core or in the condensor.
19 Is that an issue that needs to be resolved?,

i
'

*0'
MR. HODGES: I don't know if it's being actually

looked at. I know that Three Mile Island when they started

taking water samples in the loop, they got low boiling
k ~

concentrations which is an indication there that they:

'

*e
were getting a build-up of boiling in the core. !

15 i

MR. BENDER: Well, I'm just asking whether it's ;

i

larfusasanoNa6 Veseaned REPORTERIL INC '
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15 something that needs to be resolved? Is that an issue? If

it is, I think we need to be sure that it's addressed.
2

DR. PLESSET: It seems to me that what's boiling,

a

3 | off the core or going into the steam generator would be

'

lower in boron all the time.,

'

MR. HODGES: Yeah.
3

7 j DR.. PLESSET: It would be almost impossible to

|

have it otherwise.3

| MR. EBERSOLE : Doesn't that presuppose, though,9 !

to a control level in the primary with a pre-steam parting'

,

d h 11 surface above the core someplace when, as a matter of

12 fact, the present PWR's don't have any way of knowing
i
'

13 vhere the primary coolant is. And the steam to water

i

14 interphase might well be in the tubes where the finished'

!

13 change occurs. We don't have any level indication in |
I6 current PWR.

17 MR. HODGES: No, that's right.

18 MR. EBERSOLE : And it seems that one has to
i

19 | discriminate as to whether we've got an idealized situation
:

20 in boiling with an adequate cover of water above the core

21 I in a parting surface. Yes, you would always have the con-
;

12 centration in the core that on the other hand perhaps that

||h .3 parting surface is in the tube itself. It still may be'

24 all right if it's really reflux instead of partial carry- ;

|
*t
"" over because it would tend to be -- the reflux process ;

l
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i

16 would stabilize it.; .

!

2 MR. BENDER: Well, that question needs to be sorted'

; i out. I'm just trying to define the question because I'm

4 getting mixed up. The third question that seems to be

3 , plaguing all of us is the matter of the sources of inert

i
6 gas and how you decide how much of it has to be addressed. !

f And I'm not right now very clear on either what7

3 | the sources are; when they occur; or how you decide on

9 the volume of it. Now, Mr. Etherington has addressed it

to ina slightly different way. He just '; aid , well, look,
'

||h 11 what are you trying to assume at the condensing side of
'

12 the system.

13 But I'd like to know how you're going to determine
!

Id what the sources of inert gas so you can make that determina-
1

I3 tion. f

T4 MR. SHERON: Last October, I believe I gave a

II presentation, and I don't have arslides with me.

II I MR. BENDER: I may have the slides you need.

MR. SHERON: Okay. But we did identify what we

o considered to be the dominant sources of non-condensable
,

'
21

; gases in the primary system. How much gas we would expect

to get from each source if it all came out of solution and

til 22 ,

how much volume it would occupy; the accident pressures i

24
that we would expect should it accumulate in the wrong ; ;

u I 1

~

place like at the top of the candy cane. |
I

i.e mm v mmm r,.c
se son,m cunes, rewerr. t n. sunt te?

'
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I

!

17 ; : I'm trying to remember. There were about seven
!

2 ! or eight sources.

| MR. EBERSOLE : Ten. Fits in the B&W plant less3

i

4 | the UHI -- it's page 470 of NU REG 0565 --
i

MR. BENDER: I don't want an answer here, but I! ;

6 think we need a quantification of those things -- we need

7 | to know what the basis is for assuming they come out and

3 i how fast they ought to come out and what -- what ways
;

9 there are to purge them.:

!
10 i MR. SHERON: This was a calculation I did up.

11 This is the amount of non-condensable gas volume in the
i

12
'

primary system in terms of cubic feet versus the system
!

13 pressure, I believe. And let's see, total non-condensable
'

!

Id ; gas volume -- I've separated out what comes from the --

13 if one assumes that water in the boiling water storage
16 tank was saturated with air, I assumed a tenth of a percent
II surf water reaction, and also the dissolved hydrogen in'

18 I
the primary system coming out. And then there was also,

i

19
the contribution of the dissolved nitrogen in the core

flocitank should they inject.

; I
'

{ MR. BENDER: And what does all that tell me?

~4
MR. SHERON: Okay. That tells you and you'll note9

this is for a B&W plant -- and the volume of hot leg U-bends
*4

-- in other words, the top -- is approximately 170 cubic |

,

:!
feet. I

temp r m ve r=mearram x
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f

18 ; So what this says is that if all the gas that
,

; '

2 could possibly either come out of solution or be injected

3 i into the system and come out a solution for some reason --

!
4 | for some reason all accumulated at the top of the candy

3 : cane, then this says when one would perhaps calculate,

'

6 it would block natural circulation. Namely, fill up that

7 volume.

3 MR. BENDER: Assuming a limited amount of exposed

'

9 surface available for condensation?

10 | MR. SHE RON : This is just as a function of system

11 pressure. This just says --
'

!

12 MR. BENDER: Then it doesn't address the question.
'

'I I guess it's hard for me to follow the thinking. But the
i

f question that seems to be necessary to address is theId
.

1* matter if there's boiling on one side of the system, can

16 there be condensation on the other side of the system.

"
And will that maintain some kind of condition where you'

18 i

| have a stable inventory of water?
!

19 '

MR. SHERON : There are two ways that non-con-
i
'

0'
densables affect the primary system of behavior. One is

,

21 !

|
it can degrade the transfer, and two is that it can

-,
''

. essentially block the flow path.

23
DR. CATTON: This is block the flow path.

'

24 '

MR. SHERON: This is block the flow path. The i

2 |
vendors have done analyses where they have degraded heat i

Intww.anenas Venenftw Moomps leec
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I

19 transfer to the tune of, I think, reduce the heat transfer
; ;

!

c effi ients in the steam generator by something like 20/30
2

j percent.
3

1

And they have showed that the only thing that4

'

would be expected would be a slight pressurization on the
3

3
primary side, say, 10 PSI higher than would normally be-

7 expected with the system pressure comes down, and it can

g equilibrate slightly above the secondary side pressure.

9 | DR. CATTON: Boron gas has a lot stronger effect
!

'

10 than that on condensation normally.

||h 11 MR. BAER: Remember you have steam generators

12 that are 30 times or 50 times oversized.

13 D R. CATTON: Now, wait a minute. He said they

14 decreased the heat transfer --

I15 MR. SHERON: Coefficient.

16 DR. CATTON: Coefficient.

I7 MR. SHERON: But the area is huge. I mean these

18 ! -- I mean you're removing, perhaps, two to three percent

19
| KE. And the heat transfer area is oversized at 100 per-

20 cent.

2I DR. CATTON: When do they do the HA, the product?

-,
" MR. SHERON : H was decreased by 20 percent.

23 DR. CATTON: What do they do? Increase the area?

#
DR. SHERON: No. The area is there. The area is ;

I..
affected, j

~

,
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me souTM c.namn. trwez?. s. e. surre ier

#AAB8He6 ton. O. C. M



O 90nas so.

i
20 DR. THEOFANOUS: Well, he's telling you that this'

;

is --
2

DR. SHERON: Well, I'm saying that the Product HA,
3 ,

4 |
regardless of reducing H -- varies the two -- reducing it

;

3 20 percent --

3 DR. CATTON: I understand you've cut the heat'

7 transfer coefficient in half and you double the area of'

3 ; the same --

9 | MR. SHERON: It isn't double the area. The area

10 stays the same. The area available for heat transfer is
;

h 11 the same. The point is that regardless of whether the
,

i '
12 product of HA or one-half HA is used, the delta-T necessary

' '

13 to remove the 0 has only gone up maybe a couple degrees.

14
|

DR. ZUDANS: If you have the A.

I3 MR. SHERON: And at those pressures, a ten degree f
f6 increase in temperature, let's say, necessary -- not even

II ten degrees. But say two or three degrees increase ini

'

18 primary site temperature necessary to remove the KE because

19 of the degraded H will increase the primary site pressure

20 only by perhaps 20, 50 PSI at the most.

21 DR. CATTON: The picture you're giving is in-

e
",-

complete. What was the heat transfer coefficient before?

-,"
What was it based on? And what does inert gas to do it? If

'a'
the inert gas halves it, then that's not 20 percent. That's

i..
*~

50 percent. See? I

listsswearicssaa. Vuseatine Repontsee, l<
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21 And inert gas can decrease the condensation heat;

transfer coefficient significantly. It's not 20 percent.
2

It's a hell of a lot more --
3

|

MR. GRAVES: I know. What Bryan is trying to show
4

[ us is sort of following. Let's go back to the solid work
3

6
as just a start. And if you are the point if you remove

7 the KE, and you're going to have a hot leg going up --'

|

DR. CATTON: I understand that.3 ;

!

9 MR. GRAVES: It's aux feet design. You reach a

10 i cold leg temperature in very short distance. All the rest

11 of the distance, there is essentially no heat raise. You

12 drop to the cold leg temperature very rapidly. That's

'

13 one reason why they get really high circulation rates.

i

14 | That's why they put the other reading up there.

'
15 So in terms of a temperature profile and a

16 primary size, you go through these steam generators come

17 in in the hot leg and drop very rapidly down to the cold

18 leg temperature and remain there.

I9 Now, that heat transfer is there. This time

20 it's being used.,

II DR. CATTON: So what you're saying is that you
;

'2 can stand a great deal of degradation of the heat transfer'
,

22 coefficient because you have the surface area?

*L DR. GRAVES: That's right.*
,

,

!
15 DR. CATTON: That's understandable. But now -- .

!
i
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|||
22 then the next question is how much can you degrade it before; ,

1

2 ; y u do indeed get into the core --

MR. GRAVES: That's a good point, too, because
3

i

the fact that the non-condensable is an H is a very drastic.4

I
3 It can be very drastic --

6 DR. CATTON: I think that just an arbitrary de-
I

7 crease of 20. percent doesn't tell me anything.

3 MR. SHERON : Well, I think they're trying to showi

I

the effect of -- and that is what does the degrading the9 ,

to heat transfer do? And when you degrade the heat transfer,,

i

g g 11 it means that you need a larger driving potential to get

'
12 the heat out.

I
.

13 DR. CATTON: I understand that.
!

14 DR. SHERON: That just causes the primary system
, ,

i

'
15 on a small break when you're in this mode -- when it de-

16 creases, and it levels out slightly above the secondary 8

I7 site pressure -- okay -- that -- that pressure that it

I8 levels out at will be slightly higher. And that's all

I9 it means.
;

20 That it will level out at a higher pressure

21 necessary to drive -- to establish this driving temperature

w
differential to remove the decay heat."

23 DR. SCHROCK: Bryan, I would just say that Ivan

*a'
is right in his first comment in that the exercise is a

'
15 '

worthy one, but the assumptions should have been an order
i
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23
; | of magnitude of the temperature in the heat transfer co-

:

2 | effi ient. And then the case may be argued making a case

for the 20 percent reduction in the coefficient --
3 ,

MR. SHERON: Well, but the reduction was based3 ,

3 ; on the normal, I guess, textbook principles.

MR. ETHERINGTON: Yeah. But on what gas fraction?
6

7 MR.. SHERON: On -- based on the gas fraction.

3 MR. ETHERINGTON: But what was the gas fraction?|

9
'! MR. SHERON: I don't have the numbers. They were

10 based on -- I believe the gas that would be normally ex-

h 11 pected to -- if it was all came out of solution --

12 |
MR. ETHERINGTON: Yeah. But if we're talking text-

13 books, we must talk gas fraction rather than total.

14 ! MR. SHERON: Well, they took the gas that would
I i

13 be expected to come out of solution -- it all came out of {
!

16 solution for that size break. And they used it, and they

17 distributed it in the steam generator.;

18 | DR. CATTON: There was more to it than that. If
!

19 I recall -- and I can't -- I don't want -- I don't recall

20 which vendor. But they used the wrong correlation in the;

.I'
j wrong place and came to these conclusions. They had flow

22 through tubes -- flow through condensing tube. And they
' e,.

'- used these relationships. And those relationships are just

#
flat wrong. They don't apply in any way to it at all, ,

-

t..

and yet they were used. !
"
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i

24 ! They said don't argue that the 20 percent was
!

,

based on textbook case of anything. It wasn't. It may

have been, but it's the wrong textbook.

'

DP. SHERON: In our reports we requested that they,

i confirm the condensation of the plant from models they3

used, and of course in non-condensables.
6 ,

7 DR. CATTON: I get a very funny feeling when'

;

3 | people are using wrong geometry, wrong correlations and
!

! arguing, but gee, they seem to do all right. That says9

to ! the don't understand the physics at all. So any con-
i i

||h 11 clusions they reach it better be very narrow.
!12 MR. BAER: Well, the problem with that is that I

'

13 there is an experimental data on condensation with non-

condensables, and it's limited to very select geometry.la .

i

15 Flat lights, vertical flat lights, vertical tubes that
:

'

16 are outside, horizontal tubes on the outside --

17 DR. CATTON: But this particular case is more

18 i simple.

19 ; MR. BAER: And of course, flow through the
|

20 inside of the tubes, and that's what you're referring to.
21 DR. CATTON: Yeah. And B&W you 've go t the tube

i

U ' that's deadheaded down where the condensation process is
i

9 23 ! occurring. That's what the step -- that thing will practi-
|

24
cally shut itself off if you get enough gas in it. ;

,

!..
~

If you continue to collect it where the
i
'

=romuro us ve.u n % = = e
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25 condensation process is occurring. Not as bad for the U-;

2
; tube because it can escape up in the tube.
'

MR. BAER: Well, we have recommended then the3

:

tests on this particular geometry. There are no tests.4 i

3 DR. CATTON: Okay.,

3 CHAIRMAN CARBON: We've got to -- where do you

7 think you stand, Wayne, in terms of our time schedule here?-

i

3 | MR. HODGES: Okay. We've taken a lot longer
I
'

9 than I had planned. We can skip over the next few slides

I
10 very, very easily. They were just there to show that

g 11 there had been some two-phase work done a long time ago,

12 but it's not very applicable so we can skip on over that
13 and go into the --

14 CHAIRMAN CARBON: Let me still ask you, though,
-

I

13 on this agenda -- which A, 1, 2, 3, 4 -- where do you stand?
'

16 MR. HODGES: I'll have to get out my agenda.
17 CHAIRMAN CARBON: Are you covering all of item

f18 A?

19 '

MR. HODGES: I'm covering all of item A and
i

20 I'm just about down to the item 3 -- if we skip the
|

21 |
| next few slides, I'm down to item 3.

CHAIRMAN CARBON: Does that say we're halfwaye ",
through or --

.#' i

MR. HODGES: I hope it says we're a lot more than
|

.. I~

halfway through. We've over half my slides.
|
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|

26 1 CHAIRMAN CARBON: Okay. Maybe we better take a

2 break at this point, and --

2 MR. HODGES: Okay.

4 (Whereupon, a short recess was taken.)

$ CHAIRMAN CARBON: Before you begin, Mr. Hodges,

6 let me call on Mr. Bender.

7 MR. BENDER: I wanted to just get back to the

3 ; definition of the issues a little bit. It seems to me that
,

9 we have two kinds of problems to address. One has to do;

!

10 with the question of what to do about maintaining the

| h 11 natural circulation condition under the circumstances
12 which normally occur in a plant operation.
I3 Namely, when the plant shuts down because of

i

14 loss of off-site power or some such thing as that, and
13 whether we can show that we can maintain the cooling under
16 '

those conditions.

And I think everybody recognizes that as an!

!
18

; important factor that where we have to maintain natural
19

circulation. There's a second phenomenon that we have

talked about that has to do with the conditions that
'

21

| might arise when we get non-condensables in the system.
2':

Now, that generally will be associated with
h 23

times when boiling may have also started. And when we
24 ,

may be shifting back and forth from one phenomenon to
03

another.
i.
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1 That needs to be sorted out separately. Now,

2 ! the one thing that seems to be hanging up is the question

of non-condensables and how they move around the system3 ,

i

and where they come from.4 4

3 And I'd like to separate that into two pieces.,

5 The non-condensables that exist prior to any metal water
!

7 reactions because we're really trying to show that we can

3 prevent the' metal water reactions from occurring.'

!

| And then perhaps somebody wants to know what9

10 ! happens if the metal water reaction occurs. And it seems

k 11 to me when you guys present your story that we should;

12 hear it presented in that kind of a formulation where the
13 various steps that go on in the process are affected by

; the system condition. And I want to stop there. Thank
14

;=
!you.
j

14
MR. HODGES: Okay. I'll have to apologize

for presenting it in a confusing manner to you. I was not
'

18
| trying to present this is the whole story, and this is

I' how we're approaching it; but more in the sense that

there are concerns there. We don't have the answers yet.
'

21
i We've gone to research, and so I was just trying to run

22

through some of that very hurriedly and maybe that's,

22
i the source of the confusion.

24

This was not a presentation per se on the various
3 '

1modes and how much gas you get. There have been other '

i T = v ne oi. = 1.ec
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;

! presentations to the committee that talk about how much gas28 1

2 : you get and under -- from the nitrogen in the accumulator

3 and from coming out of solution, whatever.
i

4 DR. THEOFANOUS: When it's only a matter of con-,

3 fusion -- I think what I -- I share the same concern with

'

6 Mr. Bender. It's a matter of giving the impression that

7 maybe we are in much worse shape than what really we are.

3 It would be safe to say we have this question and that

9 question and many unanswered questions. The problem is !
-

i
10

'

general context.

II Although some of those questions miglit be very

12 valid, they give somebody with the impression that they
13 may be in much worse shape than reality. The guy was

i

14 giving a pessimistic view of the real situation. That's,

te t

where this putting it by levels would help us. !

MR. HODGES: Okay. Okay. We often do that.

MR. ROSZTOCZY: Mr. 7ander, the two contacts

18
orders which you outlined -- one of those -- the one

19 '

without any appreciable fusions has been reviewed, and

20
that has been documented in the various NU REG reports.

'; 21

i' The B&W, Westinghouse and NU REG reports.
22

So that part we think is physically complete9 22
at the present time. The second part -- what happens if>

24
j

you go a step further and you start to have some appreciable
15

core damage, just what has been only addressed in a rather
i-ne v m. no eimm :=
as SOUTH CAMTek WNDEIT, 8. W. WrTE 19,
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29
; ; simplified fashion up to now -- there isn't a tremendous

am unt of information on that. So that may be the one.

2

that needs a little bit more.
3

.

MR. EBERSOII : Zoltan, an aspect of the first
4

| group -- did that take into consideration the UHI plants
3

'

6
and lay to rest one way or another whether or not we musti

7 consider the. presence of gases in the UHI system?

3 F.R . ROSZTOCZY: I'm sorry. I didn't hear.
!
~

9 MR. EBERSOLE : Did that take into account the

to presence of the UHI-Nestinghouse design and lay to rest

||h 11 : whether or not wc're going to have to deal with some

12 portion of the UHI gases?

'
13 MR. ROSZTOCZY: No. That evaluation - . original

evaluation when they do the statistical evaluation14 -

'15 certainly did not include the UHI design. But the UHI

16 design is presently under review as it was presented to

17 you yesterday. And the safety evaluation which we have,

18 come out as a result of that review, that safety
i

19 evaluation is going to address the same problem for the'

i
'

20 UHI.

2I MR. EBERSOLE : Yeah. Thank you.

-,

MR. HODGES: Okay. In the interest of time,"

(I) ',-
'

you can skip over about the next four slides that were in
,

4* the package. They're just referring to a paper that was i j
t

-e

written by some people from Bettis on some natural |
~
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30 ; . circulation tests they did under two phase conditions. If
I

2 ; you'll look at the first slide, it gives you the reference f
i

3 to the paper, and there's a few figures in there. You can

4 look it up yourself. It's relatively interesting so that
,

3 if you know all the resistances real well, you can do a

5 fair job of predicting. f

7 If you don't, you can't. And that's the bottom

3 line from those slides. We'll go now to the natural

9 | circulation guidelines slide. And these are really guide-

10 lines for looking at the water solid situation. These are
,

h 11 the normal situations for like loss of off-site power.

12 i And what the operator is doing -- he's verifying
,

|
13 reactor trip, make sure -- if he's lost off-site power

:

Id he's starting the diesel generators. There find that

I3 he's got some core flow looking at his delta-T's. '

16 So there's nothing fancy -- nothing, you know -- j

I7
exotic that he's doing at this particular time.

I8 I MR. EBERSOLE: Pardon me. This is all idealized.

I' ! Suppose where it says down here minimize reduction of

0
direct cool by minimizing cool down. Suppose he's got

'

21
j a stuck bypass?

22
MR. HODGES: Okay.

MR. EBERSOLE: You see this is two sterilized.
24

It's clean -- |

25

MR. HODGES: Well, that's like a steam line |

i Tw no 6 va m. moe=To x |
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31 | break. All right. And the same sort of thing happens.
1

You get natural circulation. You're getting a cool down.
2 -

Yeah. This is ideal. And the other slide will talk about
2 i

contingencies and what to do if you don't satisfy these.-

4

MR. EBERSOLE : All right. This is extrapolated
3

then into more details.
6

'

MR. HODGES: Yeah.'
7

MR. EBERSOLE: Life gets more complex.

t

MR. HODGES: Yeah. There's some other slides
9 t

i here. Again, this is just an indication of what instru-
,

O mentation the operator has available to him for detecting
i natural circulation and assuring that he satisfied all

the conditions for the prerequisite for natural circula-.

'

tion.9
|

g He's looking at the incore thermocouples. He's :

I
g looking at the temperature drop across the core. He's |

;7, read on his hot leg and his cold leg temperature. He's

ja ; making sure that he's at pressure and has a water level

and a pressurizer, a steam pressure, and the level of the19
,

20 water and the steam generators.
|

i
21 There's indication that he has heat removal.

12 The Delta-T across the core is less than his full power,

||h 23 Delta-T. There's a steady or decreased seen reactor

24 coolant system temperature and that the steam pressure is {
i

13 relatively constant or increasing, and his incore thermo-
.

'

!
'

l=Twaunca 6vapeanu meenTo s lac j
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32 couples are constant or decreasing. If those conditions,

I

are satisfied then he can be certain that he's getting '

2

cooling. He's got no particular problem.
2 i

This is some examples of prerequisites that have
4

been spellel out .2y combustion engineering for their
! '

operators tl.at the pressure has got to be greater than,

'

the saturation pressure for the hot leg temperature and
7

the pressurizer temperature greater than the hot leg

! temperature. And the steam generator level in the normal

!
operating range.

So these are the kind of conditions that areg ;;

'

spelled out for the operator.
12

MR. ETHERINGTON: We're no longer using the 50;3

degrees subcooling and --;,
'

t

MR. HODGES: Well, these are some old guidelines. |
33

g So the numbers may have changed slightly.
I

17
,

18

19

i

20

21

2

h 23

2, ;

15

i
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,

j MR. HODGES: -- if it hasn't satified his condi-
I

tions, these are some corrective actions you can take. En-
2

ergize the pressurizer heaters, increase steam generator
2

flow, maintain this level within range.
4

Basically he's controlling pressurizer pressure
1

and level with make up and his heaters aid for the pres-

surizer crvav. And he's maintaining the steam generator
7

level with his feed water.
3

! DR. ZUDANS: Is there any instruction that goes
9 I

!along to 1.elp operater to decide whether indication of
10

pressur.zer level is valid or questionable?

MR. HODGES: He's told to look at both his pres- i

sure and his level.
13

i DR. ZUDANS : Okay.
14

i

MR. HODGES: And if his pressures are in the |

normal range, then he assume = that his level is okay.
,

And verification of
17 .

aatural circulation,''

i

again is delegated

acrossthecoreislessthanthefull|
,

I8

power Delta-T
19 within 10 minutes af ter tripping the pumps,

and its out-leg temperature is constantly decreasing.

g This number 3 power in the flow ratio of lessi

than one. That's essentially the same thing as the Delta-T.,
u. ,

ggg g of being less than the full power ratio.
I;4 And if we can't verify it, natural circulation '

*$ he goes back and tries to establish his water level and
|

|NT13HeeflCptab YEPGeffhe NEPQfffEPE |pSC
|
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2

| steam generators and his pressurizer pressure and level

and make sure he can get it. '
,
s

MR. ETHERINGTON: Does he have any instructions

'
on the steam generator pressure?

,

'

MR. HODGES: I don't think so.

MR. ETHERINGTON: I didn't want to know what,

they were. I just --,

7

MR. HODGES: No, I don't think so.
3

,

,

|
'

I don't recall any.
9

10
, MR. BENDER: Now, these instructions apply to

i

;; a liquid system.

12 MR. HODGES: Yes. Yes, sir.

'

;3 MR. BENDER: To no other system?

14 MR. HODGES: Once you get into the two phase

13 situation, it's different. He doesn't have the same kind '

16 of indications.
I

17 MR. BENDER: I just wanted to be sure it was

18 on the record. I don't have any other reason for raising
|

19 it.

20 MR. HODGES: I tried to say that at the outset,

21 but it doesn't hurt to repeat it.
'

22 DR. ZUDANS: Is this -- how is this power to
|G22 flow ratio defined at this stage?

I

24 MR. HODGES: Basically, this power flow ratio

i
13 of full pcwer would be one. So if it's Delta-T is less ;

|i.m r 6 va ri- me.=re.s i<
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3

than that at full power, he's satisified this required,

I
,

here.
2

DR. ZUDANS: Just by the fact that Delta-T is
3 i

less than full power, has nothing to do with flow.'

1 1

MR. HODGES: That's really the only indication
I

he's got.
6

IDR. ZUDANS: But then it's a wrong name. '

MR. HODGES: It's a wrong name.
8 |

I

DR. ZUDANS: It's a wrong name.
9

i MR. HODGES: Well, he's got flow meters, but
10

,

they're down at the low end of the range and he can' t really'

measure very accurately with those.

'

This is basically what he's got. Is the Delta-T.

! DR. CATTON: Is that --la
i 'MR. ETHERINGTON : I'm not quite clear. What i

!

is a numerator and what is denominator in these ratio there?;

MR. HODGES: Okay. You've got to have some con-;7

gg stant out front to take care of the units. Okay.

j9 You define it as one at full power. The power
'

in a delta-t -- a delta-t power and a flow, with a constant20

'

21 out front to take care of the units.
, VOICE: Well, it's a delta-t ratio then?a

| 23 DR. CATTON: It's just delta-t.
!

24 MR. HODGES: Just delta-t. Yes. That's really
|

,

!
3 all it is. '

i
;

lwren ane 46 vapeanu Rooetups. lac.
|

age SOUTM CAFTOI. BTWEET. S. 4. SWFFE IM I
waseues370's. 3. C. JEEEE



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

4 106 |;macz so.

4
i MR. ETHERINGTON: Well, it's got to be a ratio

i
! to be less than one, hasn't it?
I2

DR. ZUDANS: Except it's delta-t to delta-t ratio.
3

CHAIRMAN CARBON: In fact that when is the delta-
1 '

t less than it was?
! *

DR. ZUDANS: That's right. And the power to
'

6

flow ratio could be.
'

7

MR. HODGES: You've got specific heat and you've
8 i

f got some other constants to take care of the units.
'

9
'

DR. ZUDANS: Okay. That's all right.
!10

DR. THEOFANOUS: To simplify it, where do youO 11
'

,

say delta-t over delta-t?
,'12

; MR. HODGES: Well, it's a delta-t -- we have
13

| a delta-t at full power is what it boils down to.

iDR. ZUDANS: Which is the same as acting one ,

15
,

in this case.
16

DR. LIENHARD: That's assuming a constant flow1,,
,

rate?

MR. HODGES: No, no. What that assumes is when

! you drop down on natural circulation that the ratio of
so
,

: the flow to the power is larger than the ratio of the flowg
i
'

3 to power at full power. So, you know --

;3 DR. ZUDANS: Without knowing what the flow is.

74 MR. HODGES: That's all,
i

l2 MR. ETHERINGTON: Even now, it's not clear the
;

lastaus. anomia 6 Vapaanu Roomtsps im
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5

difference between one and two. One -- that condition
'

I !

has to be met after -- '

VOICE: There isn't any difference.
I t

i

MR. HODGES: That's what I'm trying to say. They'r4

essentially the same.
,

MR. ETHERINGTON : I see. Except that the 10
i !

7 minutes doesn' t mean anything then? It has to be less

than that all the thae?,

,

i MR. HODGES: Well, all the time is maybe -- I'm9

i not sure it would be. It might be. I'd have to think !to

about that a minute.j;

I

37 MR. ETHERINGTON : No, it wouldn't be for the

33 ; first minute, of course.

ja ; MR. HODGES: I'd have to think about that a
i

13 minute. You've got some lag in what the thermo couples !
I

14 are reading, you know, and so it may slightly larger for'

17 a few minutes. So all the time is maybe too strong a i,

18 | statement.
||

19 And again, just the conditions the operator had-

i

20 used to satisfy that he had gotten natural circulation.
'

21 Same thing as you saw in the previous slide.
I

12 DR. ZUDANS: In this next slide that you just
.

h 23 skipped so fast, I didn't even have a chance to turn my
24 head.

2 I
MR. HODGES: Okay. I

.li- - v m. %T ic
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: DR. ZUDANS: You still have the same item 2 there
i

1

i that's equivalent to item 3.
.

2 !

MR. HODGES: Well, the reason I skipped it so
3

'

; fast. It's basically the same item. Just now it just
4

says the operator is looking for these. That's all.,

2 -

DR. ZUDANS: Well, how can he look for something
6

, that he doesn't have information on? That's what bothers'
7

; me.
8 ;

DR. CATTON: You have to make calculations, right?
9

DR. ZUDANS: No.

MR. HODGES: No.

DR. THEOFANOUS: He's got it out of here, I --
12

i MR. HODGES: All he's doing is reading his delta-

I t's.
14

i

DR. CATTON: Well, I understand if he were -- |
i

if he were to want to find power to flow ratio, he'd have
to make a calculation,,

i VOICE: Yes, but he doesn't want that. That's
'

in the blueprint.
19 i

i

MR. HODGES: That's all he's really doing, is20

looking for his delta-t. He makes sure he's got his pres-,g

g surizer level and range and that his pressure's in range,.

||h 23 that he's got a level in the steam generator. And he looks
i

;4 at his delta-t.

*! If those are all satisfactory, he's happy. He's
,

in me.v m.=om ic |_ _ . . . . - , , ,
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I

,

He's gotten that to circulation.
1

'

! That's what all that means. If it boils down
2

to simple terms, that's what it all means. These are
3

the criteria that have been spelled out by combustion and
*

,

in simpler forms, that's what it is.

MR. EBERSOLE: I see three blocks up there that4

b
.

say corrective action.
7

MR. HODGES: Yes.
3 |

i

MR. EBERSOLE: Implicit in each one of them is
9

;

| that corrective action would be found and respiration willg

be accomplished.g

MR. HODGES: The corrective actions we went through37
,

n a Previous slide. This was adjusting the steam generator13
|

! levels, modifying the pressure.;3
! l

;3 MR. EBERSOLE: I notice in none of those -- there's!

16 no apparent attempt to treat the low pressure and get a

17 RHR by depressurizing secondary,

13 | MR. HODGES: No.
:

19 ? MR. EBERSOLE: And starting some to
i

20 get on down.,

,

21 ! In short, PWR's don't attempt to do what the
!

22 BWR does routinely. To get the low pressures going --
'

O i

23 MR. HODGES: The BWR, if you got an event and

24 if you think you can get a loss of power, if you think |

|
25 you can get it back in a few minutes, he's going to stay {

:-nom v n= % isec
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| at high pressure with his IC.
t

'

MR. EBERSOLE: Yes, this is all anticipate you're i

2 !

going to get back on it.
3

i MR. HODGES: Yeah. And the BWR does the same
4

thing.,

5 i

MR. EBERSOLE: So this is all preconditioned
6

on the idea of let's stay hot and pressurized so I can'

7

get back on the line.
3 :

,

MR. HODGES: Sure.'

9

And the BWR does the same thing.
;

MR. EBERSOLE: It is not really an emergency
11

i level condition.'

12

13
'; MR. HODGES: No.

,

MR. ROSZTOCZY: Dr. Ebersole, even if it's an14
,
.

energistic combination, they have presently the procedures |
j
t

are set up for the BWR in two different steps.
IIt's one step just to stablize the conditions

following a small attack of feedine, and they had

| a feedine procedure for that.g
,

What you are hearing here is about that procedure.40
.I

,

21 ! They have a separate -- a completely separate other pro-
)
'

cedure, how to depressurize the track and how to go --.g

h 23 | MR. HODGES: That's right.
!

;4 | MR. ROSZTOCZY: -- over there to
:

J MR. EBERSOLE: A.'.1 right. This is the more
i

i no vs, m moa.Tes i c
me SOWTM CAMTUE. 37mq7. 3. e. SW,TT 157

e.e.eesusBTCue. 4. C M



O C 111pacz sc.

9
! important area.
,

I

MR. ROSZTOCZY: And at the end of tnis procedure, i

2

stands, everything is stable, then go to another procedure.
3

MR. EBERSOLE: All right.
'4

MR. HODGES: All right.
3

MR. EBERSOLE: Thank you.
6

|MR. HODGES: Okay. Yes, I was not trying to'

7

cover the -- all the many different procedures. We were,

S i

talking only about the natural circulation.
9

Okay?,
'

10
'

And this is just a logic training he would go

through to verify it, or if he doesn't have it, to make+

10

the corrections so that he does have it.
13

Just put in a flow box form what we had on a
14

previous line.
13 .

,

IThis is basically the type of training that the !

operator would get in learning to detect natural circulation.,

This is from -- is work done on the simulator at Zion.
They run through a bunch of events. They look for stationg

black-out, tube rupture, feedline break, steamline break.3

21 And the operator gets to recognize it. And he sees what.

i

7 his indications are the delta-t. |

||h 23 And he learns to cope with it. Maintaining his

24 water level and such.
!

!j And that's been the extent of the training that- '

i
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10

he's had on natural circulation, is going through these,

kinds of events. '

MR. EBERSOLE: That's anticipated events?

! MR. HODGES: Yes, sir. And they lead to natural3
,

circulation

MR. EBERSOLE: Light.i

3

7 MR. HODGES: And so he's learned to --

g MR. EBERSOLE: He's trained in anticipated re-,

!
9 covery. I mean recovery from anticipating.

10 MR. HODGES: Yes. Yes. But --

11 Yes, sir?

12 DR. LIENHARD: I've been reading a lot of stuff

13 | in the popular press about the lack of preparation of opera-
'

14 tors. That they include high school drop-oute and so on

is and so forth. '
.

16 What -- what level of capability are we really
,

17 talking about when we talk about operators?

18 What do operators know before they start learning,

i

19
,i these things?
i

20 MR. HODGES: Well, okay, I'm maybe not the best
'21 one to talk about operator qualifications, but basically,
!

U he can be a high school graduate.
23 All right? And then he goes through a fairly --,

.,' several months training in reactor systems, a little bit .i

iy

of reactor theory. |
~

I

larfgeneficmak Vtpaaf'ne MEPORTWEE INC
as south cam?on, truerr. t e. surft ist

emeMesessions. iL C aguas



__

G 113 fpacs se.

He's had to sit down and memorize all sort so
11 ;

of systems, and then he goes into a simulator and he learnsi

2

to manipulate the valves.

3

But it's over a period of several months.
A

MR. ROSZTOCZY: In terms of actual requirement
2

it's only a high school graduate and then approximately
|

6 '

2 years training program.
7

| In terms of actuality, where the operators come
3 i

: from turns out that most of them -- something like 60%
9

or so comes from the Navy.,

10 -

They already went through on their Navy experience,I

nuclear ships, nuclear submarine type of experience, after,- '

12

13
~

when they then they enter into the program.;

I am not an expert on this, but I did some review'

14

for Three Mile Island, the operators who were involved

there. Almost all of them who were involved there, had ,

14 !

!

Navy experience. I

DR. LIENHARD: Are there intelligence requirements?

'

MR. ROSZTOCZY: Sir?
.

DR. LIENHARD: Are there basic intelligence re-
04

quirements?
21 ,

i

MR. ROSZTOCZY: The two years training, what2

h .3 they go through includes a number of exams and so on. So
'

:
.

I assume that if somebody is not doing I
74

i
I

2 that would be some kind of screening process.
I
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12
i MR. HODGES: Yes.

I !

MR. ROSZTOCZY: This is all for the past. In i
2 '

the future, there will be some changes in this -- there
3

would be higher requirements.
1

DR. LIENHARD: My reason for asking was I just
2

wondered whether or not, you know, on what level this stuff j
$

is learnable.
j
I

7

MR. HODGES: It's not too bad. Most -- for the,

3

i simple things like this --
9

I went through a one-week simulator course, and,

I can almost do it. So, you know, you give somebody a '

couple of years in the plant working up as an auxillary
|12
,
.

operator and you give him 6 months or ever how much it |13

takes to go through his training, plus, you know, several:

weeks on the simulator -- maybe 6 weeks. I don't know
'

!the actual amount of time on a simulator.
t

And if he's moderately bright, he can do it.,

DR. LIENHARD: These procedures call for no diag-

nostic capabilities, really.g

MR. HODGES: They ask him to diagnose what type,
40

of vent he has.
14

|

DR. LIENHARD: I see.

G ,. ,.
,

MR. HODGES: But he's memorized symptoms.
'

;4 DR. LIENHARD: I see. Thank you. Kinda like

;g an M.D. f
.

I
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13 -

| [ Laughter];

2 ! MR. BENDER: This simulator program doesn't ad-

3 dress on/off activities that the feed water are assisting

does it?4 '

.

3 MR. HODGES: Does not address what?,

6 MR. BENDER: On/off kinds of activities that

'

7 the feed water supplies?

3 MR '. HODGES: You mean, like failure to feed water

9 supply?'

10 MR. BENDER: Yes. Being off and on for periods'

h II of time. Like occurred at TMI. That was a situation where,

I2 | the feed water --

I3 MR. HODGES: The simulator training, you know --,

i

Id ! the plant behaves or the simulator behaves like they think
1 |

If the plant would behave under various events. f
16 |

You look at different failures. It's not normally '

II
: a combination of failures, although they can program those

I8 f in there.

19 '

They look at typical kinds of transients.

*0'
MR. EBERSOLE: Well, simulator program is built

21
j on the thesis that the single failure criteria will always

22
work,

h 23
i MR. HODGES: Reasonably so, yes.

2a ,

MR. EBERSOLE: And when it won't work, the program ;
1

25 '

|
i
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I

falls apart.

1 !

MR. SHERON: Right now, if they lose all feed
2

water in the gazzle while they're in the midst of this,
2

certain indications should appear to the operator which
s i

| he is trained to recognize as symptoms of inadequate core
3

cooling.
6 ,

'

And he will be moved right to a procedure aimed
'

7

at dealing with inadequate core cooling and ways in which --
3 ,

what steps should be taken, what systems should be veri-
'

9

fied to be your on or off, or to take necessary actions.
10

i

MR. EBERSOLE: Those are the new programs.

Not the old. That did not exist previously.
12

; MR. SHERON: Yes, they did not exist previously.

MR. EBERSOLE: Right.

MR. SHERON: But the inadequate core cooling
1

13
I'

procedures, as I understand are -- the guidelines are !
16 r

I

established, and I believe the procedures are being devel- ;

oped if they're not already in place at some plants.,),

MR. BENDER: But they're not observable through
39

the simulator training program at the moment if I under-3

21
stand what you're saying.,

g MR. HODGES: You know, it depends upon the capa-.

h ;; bility of the different simulators. Some simulators can ,

24 and some can't.'

|

'j I've visited the one at Dresden for the BWR's.

!i.n ne 6 vo n= % =
me navne caanen. sTwszT. s. n. surre te, !

. m. c. -



. _ - _ _

11
pacz so.

15

; | It'll do some things. It won't simulate a small break.

2 I've -- the Brownsferry sbnulator, it will do a fair job'

3 of simulating small breaks up to a point. I've done --

4 I had a week on the one for Sequoyah. It'll handle small

3 breaks up to a point.,

6 After a while, the modeling breaks down, and

7 you know, you start getting garbage.

3 ; MR. BENDER: Well, I asked about the feed water

9 supplies. Are the simulating --

'
10 MR. HODGES: Yes.

t

||h 11 MR. BENDER: -- feed water changes?
!

12 MR. HODGES: Oh, yeah. You know, you're regulating

13 the feed flow. You got the off-feed system simulated.
I

I4 All that's is simulated, and you could simulate easily,

,

I3 f
enough cutting it on and off. j

I0 MR. ROSZTOCZY: I think the answer there is the
II same that it's different on the individual simulators.
I8 Some of the simulators have all of these strange things
l' and accidents marked up, in a somewhat simplified way just
20 like a computer, in the simulator system.

'

21
j Some of them do not. Some of them have simply

22
programmed curves into the simulator which came from some

h 22
safety --

24
So a simulator, which let's say for a loss of i

i
I
,

!

=To nm vapeanu Rcmerom =:.
age S2WTM C.AM1928. STREET. S. W. SJfrE I87

e.eMesesgTO4. 3. C. amas



a nasno. R

cool off accident, has programmed curves rather than program-
i

ming the physics in that won't be able to do it. I

2

You have to generate another set of curve and
3

'

| then somehow program that into a simulator that others
4

Can do it.

3

Now, the others who can do, whether they give
6

the correct VR's to you, that's very questionable. Cause

at the time when they dealed with this, it was not one
3 !

of the requirements. It was not checked for that, and
'

9

those models have to be checked before somebody actually
10

!9 11

using it for training.

MR. BENDER: Well, this might be a side issue
12

and I don't want to pursue it, but one of the things that

keeps going through my mind is, what has the operator seen!

before that would help him recognize these transients besidesi'

'

a written procedures?

And if he's well enough trained, he may not need

to see those things. But if he's not able to absorb it,

| because his analytical skill is not well enou h developed,

then the only thing he can do is look at symptoms he's

seen before.,g
i

MR. ROSZTOCZY: And we agree with you completely,7

h3 and one of our recommendations was that simulators in the

;4 future should simulate to grievance in those same reports
;

I
3 that I referenced earlier. Those reports have -- even ;

i

in i,,,,,,,. _ v .,n - i%
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in connection with the small low cover they think they
'

i

should simulate. ;
2 I

'

f

One of those is the small loss of coolant accident,
2

! together with the loss of feed water. One is with the
*

,

wasn't working. And anyway working contin-
3 ,

uously or for a periodically, and the other one is assuming
4

L

that you don't get what we are saying,

even that much would be simulated in the future.1

3 i

! MR. HODGES: But even under the old training,
.

he has seen on a sbnulator a fairly wide range of transients.

||g | And accidents. So he's -- the symptoms are what the analysts

have told them they would be for those events that had jg

not been experienced.g
'

'

;g And that's what is programmed into the machine,

13
and that's what he's looking for.

1
DR. CATTON: In this latter case, wasn't that |16

|

17 one of the bulletins and orders to be solved by 1 July?

;g MR. ROSZTOCZY: All of those dates which originally

19 appeared in some of our presentations and the reports,
i

20 are being reconsidered as part of the TMI Action Plan.
|

21
|

The Action principles put together recommendations from

22 different taak forces and from other areas prioritize them-

G i

23
.

and arrange them in an order.

24 So the Action Plan comes up, we'll have probably
,

i
i

3 a new set of dates. Some of them might be close to the
.

;

|= rem.anout Veseems RN I4 I
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one that was originally recommended. Some of them might,

1
'

| be quite different.
,

2 |

CHAIRMAN CARBON: Dr. Zudans?
2

DR. ZUDANS: Yes. Did I understand from other
4

presentations that they were sub-submitted, the date, some-,

2

thing like actual real timing and consideration of certain
6

simplified different deliberations?
'

7

MR. HODGES: Oh, yes.,

3 !

| CR. ZUDANS: That is now?
9

MR. HODGES: Yes.
10

'

MR. ROSZTOCZY: You still can do that.

DR. Z UD ANS : That's really the question of expand-
13

ing that capability to include more systems.

MR. HODGES: And basically what they do on those,

they've got a simplied equations, and then they'll go through,

and from start up data on a plant and transients that observe.

Then they'll start tuning the simulator to -- to match

those.

DR. Z UDANS : That is probably the way to go atg

! it..40

i.) CHAIRMAN CARBON: Move ahead then, Mr. Hodges.'
.
,

go MR. HODGES: Okay. I'm very near the end now. I

h 23 Basically one of your comments, or one of your questions

;4 was on the adequacy of the instrumentation for detecting
,

Ia natural circulation. And we've talked about what's there-

.

.

h
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; under the case where it's water solid, and that appears

2 to be a reasonable amount of instrumentation for that'

3 application.
i

All he needs to do is verify his core delta-t,4 i

'
3 his less than full power delta-t, verified it as pressure

'

6 and his pressurizer levels are in a normal range and that

7 a steam generator level are in the normal range.

i

3 When you go to this accident situation, where,

f

9 you've got saturated liquid, he doesn't necessarily know

10 where the level is in the core. He doesn't know whether ,

h 11 he's got a break or not, so he can't rely strictly upon
'

12 the heat balance from his steam generators.

I3 You know, it's much more difficult to try to

Id
; assess whether or not he's got natural circulation.

I3
_

If his cold leg is near saturation, he's got no delta-t

16 across the core.

II The only real indication then is -- are his in-

I8
core thermo cupples heating up to superheat. If he is,

I9 he knows he's got troubles.

20
But it's pretty weak at this point.

21
; My final slide talks about some of the -- what's
,

*
"

planned for the future.>

23
i Under the Action Plan, the K-heat is -- or the

24
K-heat removal is one of the items --

23
We'11 have to move it down as we go. j

i.,v ne v- m.=--r ic
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j The objective there is to improve the reliability
1

and capability of the nuclear power plant systems, to remove ,

2 ,

decay heat following transients and under post-accident
3

conditions.
2

And then under the actions, we've got a couple
i

! |of recommendations by the Lessons Learned Task Force, |

|6

upgrade the heater supplies. Put it on an emergency power 'l
'

7

and establish new procedures and training for maintaining
3

the reactor at stand-by conditions.
9

Also start looking at the generic study of the
10

.

capabilities and reliabilities of the shut-down removal

system under various conditions.
12

And finally to look at alternate concepts for |
13

: heat removal. As an example, would you want to put an
la

i

isolation condenser on a PWR?
,

15

There are many to be looked at and really the

work is just getting started.

That's all I have for my presentation.

i

; CHAIRMAN CARBON: Fine, thank you, Mr. Hodges.

(OFF THE RECORD]

CHAIRMAN CARBON: Anything that you could dog
'

to speed up --

||g g MR. BAER: Well, I was going to start with an

3 introduction that might slip five slides. I was going
,

3 to talk about two things. The status of the review of !.

,

>
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the Sequoyah Low Power Test Program, and a little bit on

1

| bleed and feed.

2
'

The status on Sequoyah really hasn't changed
3 '

very much since we've last talked to the full committeei

1

| on this matter. We have done a preliminary -- we've written
5

an SER, which is basically a status report, going over
6

their test program, and pointed out that there are several
7

'

| things that must be submitted for staff review prior to
3

the initiation of the test program.*

9
: And those were (1) a safety analysis for the

10

test program they propose for each test.

And (2) was -- although they have -- although
12

the TVA has provided us with a fairly detailed procedures
I3 :

on each test program, on each individual test, we had com-
14

ments on those, but more importantly, we asked for a master |13
'I,

document that was more or less a road map through the tests,

the sequence, and clearly stated what procedures and what
,

instructions applied during the conduct of the test and

between tests.
19

Because the procedures were written to be used,04

in conjunction with the normal plant procedures. So that,g

we were, at least, a little bit confused and we want tog

||| 3 make sure that we understood it better and that the appli-
'

I

,4 cant and the operators would understand it clearly. '

3
t
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Those were the two main conditions. Now, TVA

hopes to submit that information this week. It may be2

on my desk today.

I talked to them yesterday and they thought today3

3 or tomorrow that it would be physically in our hands. Since

6 we haven't had the information, we haven't, obviously,'

7 done any review.
I

3 i If the sub-committee would like, I have a bunch
i

9 of slides running through the program that TVA proposed,

10 1 the criteria we used to evaluate it and a little more detail
,

g 11 on the status in each aspect.

12 So at your discretion whether we do that or not.

13 CHAIRMAN CARBON: I think unless anyone's quite

la interected, we'll defer it.

13 MR. BAER: I guess I ought to point out one other
'

14 thing. Is that all the tests proposed by TVA are single
17 phased, all liquid natural circulation.

18 Some of them, several we think, are interesting
'

19 demonstrations. Probably the key one is simulated loss
i

20 of all AC power, both off-site and on-site. A simulation.
'

21 They won't be tripping -- keeping water to reactor coolant
22 pump seals and things like that, so there won't be any'

9 ., .

'-
: equipment damage.

's'
These are, we tM.i . ry useful in terms of :

!...
~ training, but I don't think we or an9 body else has made ;
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23 a point that it's going to answer the sort of questions,

I
i

that the sub-committee raised this morning.
I !

DR. CATTON: There's some other parts to the
3

'

question. We heard this morning, little we really knew'

a

about the state of affairs other than the delta-t. Are'

3

you going to make any changes in instrumentation of either
6

North Anna II or Sequoya in order that, when you get the

results, you know where you're at?,

3 !

! _ike flow meters in the speed water system that

read in the ranges you want? And so forth?;
,

MR. BAER: There is some supplemental instrumenta-

tion, but not a whole lot. i

DR. CATTON: Could you tell us what it is? We

'

can't -- I'm wondering why bother, unless you do something;,

that'll make it --
33

MR. BAER: The major purpose to my mind wasg

;7, additional training for the operators. Now there's a bunch

gg of preliminary tests which -- I look at, anyhow, as a step

;9 toward these more significant tests, like loss of all AC

< i

;g power. Like doing some boron mixing and cool down experi-

21 tcents in natural circulation.'

22 DR. CATTON: But are you going to instrument -- |

| h 23 MR. BAER: Not to any --
,

i |
24 DR. CATTON: any further things -- |

--
,

|

i15 MR. BAER: They're going to be recording somewhat '

i T ne vs n nea.- i e !
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1 . more data than they would in a normal plant, but they are
,

2 i not -- I don't believe -- adding much instrumentation.

3 We do have a TVA -- where did Lambert go? Wei

4 had a TVA representative here earlier.
,

3 DR. CATTON: The answer that I'm getting is that,

6 gee, we're really not going to do much. |
:

7 ! CHAIRMAN CARBON: He said that specifically.
,

3 DR. CATTON: Yes. And I think that's a shame.

9 MR. BAER: Could I respond? In the areas that

10 are being tested, I don' t see any big question other than

||| 11 operator training and operator familiarity.

12 I'd be very surprised if the plant could not;

13 sustain natural circulation with an all liquid system.

Id DR. CATTON: I don't think that was in question ,

t
,

II at all. At least I didn' t mean to question at all.

O
But you've got simulators all over the place, i

I7 and one of the complaints that I hear from the people in'

I8 the simulators, is, gee, we really don't have enough infor-
19 i

'

mation. We kinda fake it all in order to get something
i

0
together that reasonably well represents a plan.

'

21
; You have an opportunity now to get good data,

22
good initial conditions with just a minor effort. I don't

23 Isee that it's going to be made. t
.
i

24
So as far as I can tell, you're going to train j

25

the TVA operators, North Anna II operators very well, j
i,nowne venen Ree==s Iw | |
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i

; And the rest are going to be where they were before.
I

,

#

2 MR. BAER: Well, Ithink plants getting operating

3 licenses will be doing these tests for some time. They.

| do, TVA plans to use some fine tuning of the simulator4

based on these results.e

!
| They hope to have the initial conditions down6

7 pretty pat, because they're doing simulating decay heat
,

3 with fission heat, so they do need, I think, some better,

!

9 more accurate estimates of abilities to calibrate their
'

\

|10 instrumentation at these low power levels.
i

||h 11 DR. CATTON: I don't understand why you can't
,

12 put a different range flow meter on it. Just temporarily.

13 t MR. BAER: On what? On the reactor coolant system?

I4 DR. CATTON: Whatever. I heard earlier that
,

fIf one of the reasons that the data has so much scattering
16 and you really don't know where you're at, is because you

I7 i couldn't measure flow.
18 | The reason you couldn't measure flow is you had

!

I9 a wide-range indicator and the needles bouncing on the
I

I

20
fag.

,

2I
MR. BAER: Well --

1

22
DR. CATTON: Why not put it on the flow meter? |

h ",

'

!MR. BAER: -- I don't know, but also I believe |7
,

it was you, Dr. Catton, that said, why do you want to know
|

e

25
flow? What you really want to know is the temperatures.

! !
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; DR. CATTON: Yes, but that -- That answer is
|

2 so ridiculous, I don't know what to say.-

3 MR. BAER: No, but it's true. You really want-

'

4 to know the temper:tures.

3 DR. ZUDANS: And the reason we concluded that

6 was because we concluded from the presentation that we .,

7 knew nothing about flow.

3 ; So that we said, why bother? Showing all--

:

9 those graphs. Flow-rate versus power-rate and all that

10 is meaningless unless you know the flow-rate. :

11 MR. BAER: Well, what Wayne showed was some curves

12 that people try to compare, what limited experimental data
13 they had versus the predictions they made.
14

.
The predictions were made on how rate and so i

13

,

they took the data which was temperature and try to inter-
14 pret that and infer a flow rate.

!

II DR. ZUDANS: In a prediction, flow-rate was very:

I8 well known. So the prediction is decent information.

II
In the actual experiement, the flow-rate was

20 inferred from some very devious indications -- let's say

questionable indications.

22
Showed charts like power verses flow-rate. The

G2 sent power verses flow rate. The experimental point could,

24
be anywhere in that draft. Anywhere you want to place

;
,

*J
it.

,

t

i
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,

DR. CATTON: Can the operators ask to look at
I !

| a power to flow rate ratio? If the flow rate menas nothing, ,

2 !
why do you continue to have it up there?

3 !

! F.R . BAER: Combustion likes to write their
4 |

procedures that way. The operator's going to look to see,

3

that it delta-t -- delta-t is less than it was during normal
;

6

i flow.
7 |

'

,

Well, let me go back to the question of instru-
3 :

mentation. If we're talking about reactor coolant system

flow rate, I think you're going to start talking about
,

'

penetrating the reactor coolant system piping. And I'mG 11 '

; said, I don't know if TVA's representativesure -- as I

came back -- no.

! Very certainly -- aren't going to volunteer to
i i'

do that. |
13 i

MR. EBERSOLE: They're not going to volunteer

to do anything that they don't have to do.
1,,

,

DR. CATTON: That's the message that's coming

through, isn't it?g ,

'
MR. EBERSOLE: Well, of course.

,04

i

! MR. BAER: They volunteered a program and the.)'
|

.i.

committee -- I don't know how to say this tactfully, so
].g ,

||h 3 I'll say it rather bluntly.
i

24 The committee wrote a very strong endorsing letter.
I

I

2 MR. EBERSOLE: Yes, I know. It was regarded |
-

|
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1 as a benevolent sort of thing that they did. Actually

2 they merely wanted to get the plant started.

3 ; DR. ZUDANS: There is nothing wrong with doing

4 this.'

3 MR. EBERSOLE: But that's perfectly all right.

6 MR. BENDER: Look, we're making an issue out
,

,

7 ! of something that is a extrangeous to the matter we're
1

3 ! discussing. It might be useful to have some instrumentation.
|

9 I guess I would not be unsympathetic to Dr. Catton's point. j

10 However, it's going to be more than just putting ,

| h 11 in wide-range types of equipment. I think they need dif-
i

12 ferent kinds of flow measures. Or equipment to measure
> '

13 what they have to measure at low flow.
I

Id And I don't think that can be done very easily.
I3 It's going to take more than just a casual request to do

,

16
it.

!
17

And I suspect considering the incentives which

TVA has, they would prefer not to do it. I'm not --

19 i

| But I think the regulatory organization could make a point
1

of finding a reactor where one of these days they corid
'

21
do that.

i

12 ;

It doesn't have to be supported, but they could
23

do it.'

24
MR. BAER: I think if you get one early enough i

|
15

iin the construction phase before it's all welded up. i
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I
i DR. CATTON: I think you have to realize the ,

2

need or it'll never be done.

3 '

MR. BENDER: But why put the bee on Sequoyah?
'4

It's a plant that's trying to get an operation, and they've
$

offered some free information in the process. ;,

6 |
'

CHAIRMAN CARBON: I think the point is well made. i'

'
7

I hope it is. Let's go ahead.
,

3 !

MR. BAER: Okay. Should I -- is that enough'

'

9
'

on the proposed test program, and go on to --
10 !

DR. THEOFANOUS: I might ask a question of clari-

i fication.
'

12

MR. BAER: Sure.
13

DR. THEOFANOUS : Was this given through your'

14

first three or four slides. And I notice here that your'

,

15
j

criteria number one is meaningful technical data. I think !
16 !

,

that you should assure yourself that you do get meaningful
i,s

,

technical cata out of those experiments.,

i

19
. And item number two says no two phase testing
-

reports. I'm a little bit puzzled. What does that mean,04

g
- as far as being meaningful?,

i

MR. BAER: No, okay. I have some --.g

| h .3 DR. THEOFANOUS: Are you planning a two page

documentation --;4
,

|>

'

3 MR. BAER: No, okay. These are -- the slides
i
,
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|t were made up for a somewhat difference purpose, and there

2 ; are some words to go along with that.

3 And let me give -- explain this. This was
i

4 supposed to be a very brief slide.

5 TVA, as I said, has not proposed any two-phase

'

6 testing. And one of the concerns that I, and the people

7 that have been reviewing the program, have is that from

3 | the training point of view, that we don't want this program
!

9 to be misleading to the operator.

10 Because it's all single-phase flow, and I don't

| h II think there's going to be any jroblems getting natural
'

,

II circulation, we don' t want the operators to feel or to

I2 believe at the end of the test program, that they know --
i

Id I
that they've experienced all the sort of things that could

I3 happen during an accident.

16
So we have asked TVA to confirm that they will

be providing additional training to the operators, either-

'
18 '

classroom or preferably simulator -- if the simulator can
I19
mock it up -- to show, to train the operators as to the.

sort of conditions they would get following a small LOCA.
'

21
i The sort of things that we discussed earlier this morning,
.

22
with boiling in the core and condensing in the steam

,

| h 22
generator, whether you call that ne cural circulation or

'

24 i

not. j
15 '

So that was the point there was --
|

i.,vn.s.am va-r= === rom :=
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.

| CHAIRMAN CARBON: Did that answer it, Theo?
I '

DR. THEOFANOUS : Yes, thank you. ,

2

CHAIRMAN CARBON: Go ahead.
2

MR. BAER: Okay. Let me jump ahead a little
* |

bit then to bleed and feed.,

5 ;
,

You really ought to be up here, Brian. Some
6

of Brian's old slides.
7

I This is sort of an introductory slide. To first
3 ;

i of all to make sure we're all talking about the same things.
9 '

Since the nomenclature on at least the natural circulation
10

is, I think, confusing anyhow, and people use different

G 11

nomenclature.'

12

So by bleed and feed, I think we are all talking

about the same thing. We're talking about adding a reactor -ii

is
' or adding inventory to the reactor coolant system with ,

a high pressure injection system, and discharging, hopefully

steam, but possible two-phase liquid, through the power

operator relief valve, or possibly the safety valve.

'

And at present, as the slide says, we don't haveg
t

any firm NRC requirements for this mode of heat removal.,04
,

,

i It's a complicated question as to what alternatives,21
:

| if any -- what requirements, if any, should be imposed |22
;

23 on existing plants and new plants.

:4 In order to get into the situation where you
i

n need bleed and feed, you have to postulate more than a
i
'

i s.n = vi = = n - i.ec l
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t

i i single equipment malfunction, or a single operator error.
,

! !

2 You have to lose all your feed water. And there are several

2 alternatives that have been --
i

4 Well, I'm getting ahead of myself. I'm sorry.

! MR. EBERSOLE: You don't have to lose all feed

I6 water. All you got to lose is natural convection.

7 MR. BAER: Or -- okay. If you get enough non-,

3 | condensables, but the analyses -- short of having -- as

9 Zoltan said, short of having significant core damage, and

10 building up non-condensables --

| h II For situations less severe than that, the analysis,

12 of the staff and of the industry shows that you will have

13 adequate heat transfer.

Id MR. EBERSOLE: Does that include the UHI plants? !

>

II MR. BAER: WEll, I think he said that's still
i

16
I

'

under evaluation.

But even there, you have to postulate more than

18
a single failure.

19
MR. EBERSOLE: Oh, but that's not hard to do.

,

20 '

MR. BAER: No, it probably isn't, but we bump I

21 1

into a criteria problem. |
12 I

MR. EBERSOLE: Right. ;

22
MR. BAER: And even with feed and bleed, there | |

24 ! I
are some uncertainties, and it's a combination of the 3 j j

2 ; i

points Matt mentioned. The PORV's have to have sufficient i

issTon..no. 6 va n= w is
ese Sch,TM CAMTtA STI*EIT. 5. W. Surft '07
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; relieving capacity, both for the transient condition and,

7 then the later studies state, it's tied into the pump shut- f

3 : off head.

4 And the time of which the PORV's are open, goes

3 back into the transient condition. How -- you have a race

6 there. You're discharging -- you're producing heat and I

7 you're not getting rid of it.
,

And if you open the POBV's late, you've built3 |

i

9 up a -- you've raised the average energy in the system

10 and now you have to rush that much harded to catch up with
,

h 11 the bleed and feed.

12 MR. EBERSOLE: Isn't there a fourth condition?

13 That is, you should know where the water level is in the
:

14 primary --

15 Otherwise, you're going to be in a mixed flow

Id condition. You're -- you really won't know what the mask I

II flow and thermo flow rate is out of the PORV averages.
18

Don't you need primary level inventory informa-

I9 tion?

20 MR. BAER: You mean before you know whether you
r.;*
i wanted to go to --

MR. EBERSOLE: As a fourth condition.

O' MR. BASR: I'm just not --
}

24 '

MR. EBERSOLE: What I'm saying without that -- j
?.

MR. BAER: -- before knowing whether you wanted j

{
i.no rie . v =m. aeoi.= tw
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| to initiate bleed and fded, you mean?
i i

MR. EBERSOLE: To do a proper bleed and feed,
2 '

you need to know the relieving capability RV's.
3

In order to know that, you've got to know where
4

the water is. It's either going to be delivering water,

3

or steam or water and steam.
4

And those three conditions will define the
7

relieving capability of the R.V. in three different ways.
3 !

I MR. BAER: Well, but it's going to be relieving
9

, water intially, no matter what, because --
'

10

MR. EBERSOLE: Initially, right.

MR. BAER: -- if you're in a situation where
12

you're using and you have a steam bottle on top of the
13

vessel, it's pushing water up in the pressurizer.I

iMR. EBERSOLE: And it's going to lose inventory.
13

,
*

!

And then it will come to some intermediate point at which

it will be mixing water and steam.

MR. BAER: That's right. And then steau.

t

MR. EBERSOLE: It may persist there. Or it may

descent until you have 100% steam. I don't know. Butg

21 rder to do a proper job with your RV's, I think youin1

.g have to -- you need a knowledge of the fairly precise point

||h 23 at which you have a water steam interface, if you're going

| ;4 to do a good job of it.

|

| 3 MR. BAER: You mean to go analyze it?-

i
|i.,vo ne 6 v n we s x i
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MR. EBERSOLE: Yes.

I

MR. BENDER: Could I ask a question about the .

i
2

middle point up there.

3

Are you planning to establish some kind of criteria,

a

for this mode of heat removal, or are you just telling
!

us about it?
6

i MR. BAER: WEll, I'm sorry. I started to jump
'

7
'

into -- the next slide, and there are other alternatives
3 ;

,

that the staff is considering.
9

So let me go on to that slide and then we can
10

come back to this point.

MR. BENDER: Another alternative says, the staff i
13

may not permit this kind of --

13

MR. BAER: Well, what I was thinking about is --

Let me jumpidown to the second portion of this next slide.
;

;

B & O Task Force recommended that we should |

consider the need for diverse decay heat removal path,,

independent of the steam generators.,

And A and B, sort of tied to a bleed and feed,

system. And item C would be another alternative. It is
20

high pressure with residual heat removal system.ip

g It would be something, again, independent of.

||h 23 steam generators. There's other people on the staff,

!

24 frankly, that think you make the sux feed system super

i
;g reliable and you solve the problem that way. '

ivn ne 6ve ===r aix
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; Now, that alternative isn't shown on the slide,

'

2 i because that wasn' t what the task force recommended.

3 MR. EBERSOLE : Well, as a matter of fact ---

4 | MR. BAER: But there are those possible alterna-

5 tives.

I

5 MR. EBERSOLE: Isn't it fair to say that the f
|

7 aux feed system is a hell of a lot more reliable than the
|

8 natural circulation system?

9 And that to be improving that area, it would

10 be diversion of effort?

11 MR. BAER: I'm not sure what you mean by natural

C circulation.
I
,

13 MR. EBERSOLE: Oh, I mean, I if I hi,ve an--

Id infinite mnount of aux feed water flow, I still have the
.

15 problem of cuppling the primary to the secondary system.
f

16 '

Okay?

I7
I don't have any problem acknowledging that I'

18

|
will always have secondary water. I do have a problem

in acknowledging I will always have a cuppling mechanism
0

from primary to secondary. Which is natural reconvection
'

21
mechanism.>

22 i

MR. BAER: Because of non-condensables?,

O 23
MR. EBERSOLE: Whatever. Yes.

24
So I think to argue that you spent a lot of time j

25
or the bulk of your effort in improving aux feed water j

i.,r .no v n noe r i,.C
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| is really inappropriate without due consideration of the

i
i natural convection problem, to start --

2
'

MR. BAER: Well, I think, as said, Zoltan said i

2

it and Brian said it this morning, that other than the
4

question of non-condensables --'

! c

MR. EBERSOLE: Yes. !

6 f
'

MR. BAER: -- and only -- forgetting UHI for j
7

,| a moment, for the case of where the significant core damage,
I

3
'

i no one has yet found a mechanism, why, if you're boiling
'

9 .

!in the core and you have heat sink in the steam generators,
10

you won't condense and get the liquid back. I

MR. EBERSOLE: But Sequoyah, of course, is UHI.
12

MR. BAER: Well, Westinghouse -- and I'm sure !
13

!
this part of what Zoltan's people are reviewing, but

14 '

Westinghouse recently submitted response to some questions
;

;

on their guidelines for small break LOCAs for UHI plants.
|
!

And I -- I don't think I could quote the numbers accurately,,

but they pointed out that there was a pretty narrow range,

of breaks -- at least it was their analysis-- where UHI,

,

would activate and you were in the break size where you'reso
,

counting on the steam generators to remove the heat.,

,14

Now, typically, the UHI is designed for the larger !.,

|

||k 23 breaks, intermediate size and up. And in those cases,
'

24 you're discharging your energy through the breaks.

i

;3 MR. EBERSOLE: Yes, I know that narrow window -- !

!

finrow no% ve m. Roca o.s is
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1 i that narrow break side would happen to include the most

probable kinds of breaks, which is PORV failure, temporary

Opening and subsequent reclosing.2 i

4 And the other ways in whice. --

,

!

6 |
'

7

3 !

!

9

'
10

,

12

13

i

A

15
i

|16 s

17 |

18 ,

19
,

20

21

22

g 22 ,

,

2.
,

!M
:
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5-1 MR. BAER: I thought PORV was not... ,!

. ,

' DR. PLESSET: Westinghouse made a calculation, j

!.
'

assuming that all the nitrogen in the UHI system went |
1

4
into the core and collected in the steam generators and |'

3 i

I don't think the staff has reviewed it yet but their '

i !

calculations show that they can handle any transfer that '

7

is needed.

3 i

MR. EBERSOLE: But they missed one part Bill. I

I

DR. CATTON: That was the degradation of the
,

10 i

heat transfer co-efficient due to the amount of surface

area tubes and it was quite large. !
C I

DR. PLESSET: It still might be alright. I i

G '

mean you can't say that it is not acceptable. |,

14
-

'DR. CATTON: They have been asked to look at
IJ '

it and they have submitted a calculation.
16

,

,

MR. EBERSOLE. But, it has to invoke reflex
g7 ,

condensation.
}18 *

I'DR. PLESSET: Oh, yes, no question about it.
i

19

DR. CATTON: And what they did was they *

|0 !

took all the gas they could find, put it in the tops
'

!

of the tubes and said how much vertical height in the,

||g tube is left. Now the question is can that much

3 break the tube and reflux efficiently. And to my
1

3 mind that is a question.

i.m, n e von. % t c
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5-2 MR. EBERSOLE: I see, that is secondary. Okay. 1

-
|* DR. CATTON: It's whether you've got enough
:

1 1
*

area or not. !
I

fDR. PLESSET: The area is alright. I think
a |~

'there is still Catton's point about the effectiveness
.

of the heat transfers in the remaining area and that

7

is something that the staff can look at.
4

3 ,
'

DR. CATTON: It's different than the VNW. !

9

MR. BAER: Bryan Sheron has a point, just , ,

10 !answer this question, if you could. ;
-

11 |
MR. SHERON: One of the things is that although i

1: ,

the UHI accumulators come on at 1200 lbs., it is my

understanding that the gas would not actually come out j
I4

.
t

of those tanks until you are down around 600 lbs.
13

Down around 600 lbs. I believe the steam
14

generator is a heat source to the primary system as
17 i

opposed to a heat sink. In which case, you are not ;

depending upon those steam generators to be removing
19

decay heat.
*0

MR. EBERSOLE: That's a very short term
21 |

viewpoint. ._
~

ggg DR. CATTON: Yes, but you are going to turn -

it around and you are going to want to...3

3 DR. PLESSET: I think in the long term you

%.ne.,vi-n e =
| me sem,Me CAN ST*EIT. & m. surT1 '67 I

emstGTOse. 4. C. ammaa



_ _ _ _ _ _ _ - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _

o 143
**cr sc. |

t

jrs psm i do want to use it as a heat sink. ,i

5-3
I MR. SHERON: Yes, for a long term recovery. .

.

I
2 DR. PLESSET: Right.

'

* MR. EBERSOLE: To say that the steam generators

3 i
are not a heat sink is to deny a problem because i

,

6
eventually they must be unless you are going to have

f

bleed and feed.

3
Mi . . JATTON: Forever.

9 .

MR. BENDER: I think we're just mixing up !
|

10

apples and oranges. There is the early part of the ;

1.
transient and the lighter part of the transient.

12 '

MR. BAER: Could I add one thing. Just {
13

before the break I stuck up my hand but we broke and |
14 -

I just want to amplify a point that Bryan made earlier.
11 '

And, that is that for the break sizes, I think
14

we're talking about the reactor coolant system ends up
17 i

at a temperature just slightly above the secondary system.

This is without the non-condensable -- just several |
19 '

'

degrees, right, two or three degrees.
00

MR. SHERON: Yes !
21 |

MR. BAER: And you do have a lot of excess
,

|h area with that sort of calculation cause you have i

3 steam generators designed for full power although it's

g a different heat transfer mode as opposed to couple.

r e n vi - 7 - - i,.c '
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5-4 ;

percent power. And, so you have extra area but even i#

'
the area is partially blocked or isn't really useful and

|

even if the co-efficient of heat transfer, overall co-

I4
efficient drops and someone set an order of magnitude,

,

e i
~ 'then that 2 degree delta T goes up to 20 degrees or

.

6

3 degrees go up to 30 degrees and it still isn't, I .

II
I

don't see, is a huge problem as long as there is some j

3

heat transfer mechanism.
9

If it's as good as a good insulation then
10

there is a problem but...

DR. CATTON: I think most of us would agree !
I: i

with that but we would like to be shown. |
13 i

MR. BAER: I'd point to Zoltan except with |
f

the reorganization, I don't know who to point to.
II

MR. BENDER: Bob, can I get back to my

original question. The A, B, and C up there at the j

ibottom. Is A an alternative to B. I

I
\

MR. BAER: A and B are really lumped together. |

MR. BENDER: You have to have both of them..g
i

21 MR. SHERON: Zoltan said it before and that |

; is that there are a couple of ways you can go into bleed j
|h : and feed mode. One is if you look at for example the

i

:4 B&W plants which have HPI pumps that have a shutoff

2 head something well above the safety valve set point.
'
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m 3thtThe CAN ITEDEIT.1, e. SIJ#TT '87

e. asses.IETcse. 4. *, aumat



4g3 145 i
* AGE N C. ;

i

I

jrs psm |
'5-5 You can remove decay heat by pumping water in ;

|
*
*

at the safety valve set point and relieving it through '

|

a safety valve. You don't need a PORV. It's not a safe !
;

, e'

shutdown condition from the standpoint that you're at |
B

2 |

2,500 lbs and you will stay there because the minute you |
6 I

drop or stop pumping, the valve will shut. ;

7 |
DR. PLESSET: You hope. |

3 |
MR. SHERON: This is one mode of bleed feed i

9

and would probably be considered some sort of an interim

g mechanism until one coald restore auxiliary feed water

or heat sink. This is only capable on plants with
12

high head HPI pumps.
13

There are some plants, all of the combustion !
is

i

plants have a low head pump around 1,300 lbs. shutoff
13

,

head except for Maine Yankee I believe, which is very
ito
,

close. It is still below the safety valve set point

and about 45 lbs. above the PORV set point.

!

For those plants, they calculate you have tog

3 open a PORV to depressurize the system down to let the

i

21 HPI come on. The point there you're talking about

; increased PORV relieving capacity says that if you-

I

h want to leave a plant that has a low head pump and not2

i

24 change the pumps, then you have to assure yourself that

J they can actually blow the plant down basically to get
-

ur r,e.uvo r. *oe,m,.su.e.
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5-6 I on those pumps and right now, as pointed out in Item 1, ;

. ,

' we don't know if that capability exists today. !

MR. BENDER: But if it did, you wouldn't have
i

4 Ito increase the head on the HPI pump, is that right.
,

e I
~

'MR. SHERON: Correct.
I6

MR. BENDER: Okay, that is the point I was
:

7 !
just trying to get clarified.

|
3

i MR. ROSZTOCZY: All three of those are alternate
9 -

Ipossibilities. In one case, the emphasis on that that
10 -

you have enough valves that any time you want to you

can depressurize the system. Once you have accomplished
10 i

ithat, you know you have the pumps and you can pump it.
ila

The second approach is to provide high pressure I
I4

I
pumps. Even if you cannot depressurize the system, you

II

have the capability to put enough water in there.
,

;7 And the third one is really coming from a
i;g different source, not as much from here but is on the '

!

l
19 list because if for any reason, you would have C then you ;

:o will probably not need A and B. C is simply to take the.

;

1

21 RHR system, like we have today, to the operating pressure f
:: Iof something like 400 or 400 psi, upgrade that so you .

:: can use it even when you are working against the safety
i

I4 valves. If you have that system for any reason, maybe
2 a different reason than what we are discussing, then

i.,ri no v n % i,.c '
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you don't need A and B. ;
5-7 *

' DR. PLESSET: But you are assuming that you
'

i

3 have power, on site power.

|4
MR. ROSZTOCZY: You assume that you have

;
i

emergency power for that system, whatever it takes. ,'
'

* t

DR. PLESSET: Not in 1 and 2. You are assuming
.'.

!you have power. j
3 i

MR. ROSZTOCZY: In each case, I have to use

9

pumps and I have to open valves and so on so in each
g

10

case, there is certain equipment that has to be on9 11

emergency power. How much is the demand of that equipment.
1:

Does A require more emerg#ency power than B, I don't know. I
'

13

There are definite differences within the valuator but |,

14

how much more you need.
11

'

MR. ETHERINGTON: A only requires DC power.
16

MR. ROSZTOCZY: A assumes that by opening '

the valves, you depressurize the system so you can use |
.

distress anti-existing high pressure pumps to do that !

.

and those are remember just pumps.,0a

CHAIRMAN CARBON: Dr. Zudan.
14

DR. Z UD AN: We heard yesterday that two PORVs :.;

h in the Westinghouse plant are not enough to remove22

4 decay heat. Do you contradict that?

2 MR. ROSZTOCZY: Did I contradict that just
-

larfgesnat=cesa6 Veionames Mgpowfgsig fpec
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a minute ago?
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5-8

. .

*

DR. ZUDANS: No, no, Bryan, f
!

i

MR. SHERON: Westinghouse plants have three |
,

4 |

safety valves. !

! ,

DR. Z UD ANS : But they said if they open those t

6 i

safety valves, the PORVs would not be enough to remove ,

7

te heat so they won't open the safety valves.
3 ,

MR. SHERON: Oh, PORVs, right. Westinghousei

7

I believe has three PORVs. They calculated...
10

DR. ZUDANS: 1.4 inch diameter in only two
.

of them.
I:

'

MR. SHERON: I think you have two that he !
13

,

calculated couldn't and three could. .'14
!

DR. ZUDANS: They said they needed safety

cooling but the point is the safety cannot be closed

I

when you want to close it. It just closes for the pressureg,
,

problems. ';g

79 MR. SHERON: Correct, well that's Item B. ,

;g Like I said, that would be a riding on bleed and feed |

i !
21 at a high pressure condition. ! |

:: MR. BAER: In the Westinghouse high pressure |
'

h *: pumps at least on Sequoia, their shutoff head is
1

24 right at the safety valve. There is no flow there.

*3 DR. ZUDAN: The point is really...they would

isrytponertCs.a6 Vesseems h f ac
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' . be ready to seal capability of their own leak. So, '

5-9 '

.
* you cannot use this method. I

i
,

I*

MR. BENDER: Under those circumstances, it might |
4 i

not be all that bad if the valves leaked a little bit. |
f

MR. SHERON: I should point that you know the

6

main point we made is that these are not a design
7 !

requirement today and just by saying that these plants
3 !have the capability, if one has to say I will design.

>

'
?

my plant to have this capability then you've got to
w ,

start identifying more criteria that it has to meet.
;

Namely, do the valves have to be capable of
1*

relieving a single phase of solid liquid flow. Right |
1.

now, the safety valves are I understand just designed'

14
.

for a steam flow. They are not designed to relieve
!!

liquid.

We did some looking. If you look in the SAME7 ,

7, code there are certain requirements that may be imposed !

t

g on what the specified relieving capability should be
.

f r these valves. You may need to put more valves0

i

21 n so in other words, although the capability may be ,

:: here, it doesn't mean that the syste.n is specifically I

!

h 2: designed to operate in this mode. It just means that

24 it can operate and if you want to make it a requirement,
2 there may be other upgrades necessary.

i no v m. === n.c
- w en.m. sr m. s - wm ..>

.m2.



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

150 :* c
!ncz sc.
,

jrs psm

I5-10 MR. BENDER: I think for the other side of ,

*
'

the coin then, would be criteria under which you would |

want to use the bleed and feed and that too ought to be

4 |

thought about to solve the problem, in addition to j
e i
~

considering whether you should have the capability. |
6 i

MR. BAER: I was going to relate it to the |
7 |

boilers have an ADS system and I think if it becomes a |
3 5

firm requirement, you end up going in that direction ji

9
i

with multiple valves, an automatic initiation but a i
10

timer that delays it and the requirement that pumps be9 ,

li
:
Iavailable and running and it gets pretty complicated.
,

12 i
DR. PLESSET: Once in a lifetime. !

13 i

!

MR. BENDER: Hopefully not more than that. '
,

!

MR. EBERSOLE: Just stating that increasing

PORV relieving capacity is not quite all that's involved, .,4. i

if your RVs at present are not designed to relieve in;7 ,

a safety context, their failure mode is probably closed, I;g

;9 especially if you look at the block valve on the back

20 side. If the piloted, they may require DC to function

21 if you want to deliberately operate them. I

:: All of the medes tend to close the valve and !

||h 2 forbid its opening in the fail stage. If you are going
f

24 to use it for this function, you have to reverse that '

'J rational and guarantee that you could open them.

i ne a vo r - % %
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' MR. BAER: That's right. And they still won't
,

5-11 ,'*

be single failure proof and you've got another psycholo- !
-

l

gical aspect that certainly for the next several years, |2

:e
* given any small LOCA or anything that looks like it, I

|
I understand at Crystal River, every one in the control !

I
6

room ran over to make sure the block valves were closed ,

;

7
iand you are going to have that tendency too. j

3 i

MR. EBERSOLE: It involves also environmental |,

9

qualification because if you are going to do this, you
;

to

O are surely going to run your containment atmosphere and -

11

provide totally new environment for operating PORVs j
,

12 ~

which is not presently in their design consideration. |
13

MR. BAER: And the block valve. !
14 -

MR. BENDER: And the block valve.
13

MR. ROSZTOCZY: If there is such a requirement,

it would have to go through...there is nothing possiblet,o

to solve it. The German pressurized reactors all I

,

operate on that principle. !g

CHAIRMAN CARBON: Excuse me, would you3
{

21 repeat that. j

= MR. ROSZTOCZY: The German pressurized water
.

|h = reactors all operate on the principle that is on A
,

24 on this chart. They all have the capability to

2 depressurize the system to whatever pressure they want

r e n 6v n am - ic *
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5-12 .
'

MR. EBERSOLE: Zoltan, as a matter of fact, i
*

|

didn't shipping ports start the PWRs out this way.

i'
Isn't shipping ports so qualified to operate... !

l
I

MR. ROSZTOCZY: That's very possible. Last
i

0
time I read on shipping ports was about 7 years ago.

I |MR. EBERSOLE: I believe it's true that some- .

|
3 i

; where along the line this capacity was dropped to do this. ;

9

I don't know where.

10

CHAIRMAN CARBON: Dr. Schrock.0 ,

11

DR. SCHROCK: I have just a simple question.,

10

It's just my own ignorance that brings it up but I
13

,

think it should be brought out for the record at least.
Id

i
In order for the fluid to exit the system,

12

it has to get to the PORV, to the relief vslves, and
16

then there is then the related question, is the
,

.

constriction in the line connecting the primary lube i
18

,

i

to the pressurizer in any plant going to be the limita- j,96

tion or is it going to be clear that that is not a

|
limitation.

1 I'4

MR. BAER: The surge line is usually I think
|

.

h a lot bigger.::
;

4 DR. SCHROCK: I think it has got to be

2 established, that is the point.

in no .. v m. no.:r ic
a.0 SCE,pe C.#.Th 819E37. E e. SWfft f 87 I

. vo 2 :.



_ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _

153
!

ncz sc. I

|

f
1
'

jrs psm I MR. BAER: That would certainly, you know,
;

5-13 '-

I think ther- are a lot of reasons why this plant hasn't'
-

,

jumped in to say, hey, this is a requirement of plants.-

'
,

>4
It is a very complex problem. !

:
e *

*

CHAIRMAN CARBON: Go on, Bob. |
i
'

6
DR. SCHROCK: Four inches is about the ;

7 !
cumulative cross section we were talking about yesterday i

i

3 !

with the Westinghouse people that they need.
|

.

'
i

MR. BAER: Chuck Graves says 12 inches. I ;

to
,

ggg don't know, I thought it was bigger than four.

DR. SCHROCK: As I say, it just needs a simple !

U
i

answer. !
C :

.

MR. BAER: One of the questions along with the i
14

,

agenda, we were asked to demonstrate or asked to discuss
,

was the problems if any with demonstrating of bleed and ;
,4 t.

feed system in the reactor and this last slide addresses !
L,

;

that. I

!

;9 I guess I wanted to make the first point that... j

g DR. THEOFANOUS: Excuse me, could I ask you !

i

21 why even do you want to demonstrate the bleed and feed
J

'

t in the reactor. I think that is the first question to |

9 :: h
be answered before even worrying about... ;

I

Il MR. BAER: Well, I want.

'd DR. THEOFANOUS: Do you feel that you need

in n v v. % i,.c.
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I to sort of jumble the...it looks like you bring yourjrs psm
.'*

uncertainties of the PORV flow, why couldn't you just*
,

!

5-14 .
' run a...and use those results. |

i
'

MR. BAER: Well, I think that is what I am
,

I

going to end up saying. I

.

We're answering a question that was presented
.

7 I
to us...

3

DR. THEOFANOUS: But it looks like you are

9

|
saying it in a negative way and it sounds like it is

10 '

difficult to do maybe but why do you have to go to :O 11
i

the negative instead of just saying I really don't !
1: '

lose anything if I do it outside. I

13

MR. BAER: Well, that's what I was... |
14 '

DR. THEOFANOUS: I think the way you are
13

attacking the problem here is like it wouldn't be |
id !

practical, this and that, but I think a better question i
17 i

to ask is do you really lose anything by doing it j

toutside.
!

19 '
i

MR. BAER: Well, that's what I was trying
,

!

to make as a first point is that if the PORV experimental j
,

,1s

data is available and this is being obtained and there :

O .; is a requirement under short term lessons learned, that '

3 they do experimental work for all liquid and two phased

2 discharge then people I talked to yesterday and I didn't-

'

|
i

,n,, vo r. % i-c
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have to much time to prepare for this since I only kr.ew

5-15 I about it yesterday, the people I talked to thought that !
!

,

the bleed and feed approach could be calculated pretty-

!.
~

well, pretty accurately if one had the experimental data, '

and that was my first point that if that turns out to be f
!

6

the case then the need for a reactor demonstration is j
i

7 i
certainly diminished. That was what I was trying to j

3 i

say.
|;

9
'DR. Z UD ANS : Is there any problem anticipated in
|10

ggg bringing that water or steam to the pressurizer to cool

it...

!!

MR. BAER: No, I think nature. Once you start
!* '

boiling in the core and you start having a...you're |;

14 ;
,

going to form steam in the upper head of the vessel, I
12 .

have no doubt that the water, first, you're going to -

16 !

push water into the vessel and if you discharge enough
,

17 r

inventory, you are going to end up with water in the |
18 :

,

two phased mixture and then ultimately steam, if your !,9$

inventory goes down that low.

73 DR. Z UD ANS : Let's say the steam flow rate |
!

:: would be adequate to then move through those pipes !
|O :: that connect the pressurizer to the PORV. |
!

:4 DR. PLESSET: Yes. '

'J MR. EBERSOLE: I mean that is the preffered method.

i.,vo nm vo r - awe.v a n.c
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I MR. BAER: Yes, suddenly you are getting rid of

jrs psm !-

the most energy with the least loss of inventory with*

;
5-16

the steam flow but in order to get there, physically you

are going to end up discharging a lot of water first. |'
4

ie
*

MR. EBERSOLE: Are you setting up experimental ,'
l

6
'

facilities to demonstrate the transition problems in ;
7

going from the full water flow to the two phase flow

3 !
to the full steam flow.? ;

'
9

MR. BAER: Well, the questions I asked some
10 ,

people yesterday is part of the calculation would have toO 11

include that transient and they thought that...
1 |

MR. EBERSOLE: What about the demonstration, j
I'

!

the test? j;

I4 '

;

MR. BAER: The thought that they had...the
,

experimental data on the PORVs for the various phases

of flow, liquid, two phase and then all steam , that ;

1 *

with the existing codes one could calculate the transient.
I8 i

!

The codes would have to calculate what mixture was going !

in.:o ,

{

21 MR. EBERSOLE: I don't see that much j

:: experimentation is needed to verify that you can have t

||h :: a BWR on decay energy. We know that already.
!

:4 MR. BAER: No, by the calculation I meant -

2 to see what the total...let me approach it a different way.

':- ne 6 v v % im
agS M CAN N. & 4. Re#TT '97 *

g.epseemsTQas. & & aung

L



157
c4:

' i
'

..cz se.
,

l
;

jrs psm on a small LOCA, you're really...it's a while !i

5-17 : before your high pressure injection pumps, at least if

3 you only have one, are putting in enough fluid to make

#
up your inventory. So, I think someone from B&W said |

t

it very well. It's a race -- you're discharging more
,

*
!

i

6 !
inventory early on in the accident than you are making j

7 !
up and so you have to look at the total inventory and i

3 |
your total history so it seems to me part of the calcula-

7 .

tion has to look at that transient, see where the water '

10

level goes, how hot the fuel gets and then when you do

h
,

li

catch up, when do you catch up and I was told yesterday
1:

that they thought the existing codes could do a reasonably
13

good job of that and Harold, was standing up there and |
h -

'

he knows far more about the codes than I do.
it

'

MR. SULLIVAN: I think that the program that
id -

Bob is referring to is the corporately funded program i

i7 i

between the vendors and EPRI or the utilities and EPRI. |
1

79 NRC has a task to monitor that program to make ,

;g sure that the data is obtained to assess our codes and

i'

1 if required, to develop the model and we are currently
n

:: in that. It is not as simple a procedure as testing I

i

:: a valve. There are several different designs in valves f|
24 and both the PORVs and safeties are to be examined.

U Also the tail pipes to the quench tank make some effect

%ne v-v.e % r,sc -
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' upon those. A considerable review has done been done on |
5-18 . ,

' the plants, the valves and those lines and a variety of ;

i

3 tests are going to be performed both single phase liquid,
;

4 >

single phase steam and two phase is where you know the !
t

e i
conditions going to the valve and you calculate...or !

-

|
6

you measure the critical flow.
.

7 |
Currently under review is the instrumentation ji

i

that you need in the test facilities to understand the
,

9

critical flow that is coming through those valves. I '

13

think that the data will be able to provide a good assess- ,

II I
ment of our codes and either require us to develop some !

II
imore complicated models or improve models or to say !

13

that the things that we '.save are okay. !
14 .

'

MR. BAER: Okay, the remainder of the slide
13

'

was an attempt to reGpond to the question of what are
16

the difficulties, it mentioned the... collecting the
,

17

overflow from the quench tank and said what are some
'is
'

other difficulties of trying to demonstrate this in a i
19

'

,

reactor and difficulties that I am aware of that have
20

Ibeen brought to my attention or that I have thought
,14

about is boiling in the core...we'll be doing this j

with fission heat and you'll be boiling in the core9 .,.,
;
.

if you were trying to do a pretty good simulation,
'

3

3 for some extended period of time while you've simulated.

'
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'
this, and this bothers at least Westinghouse both from ,

5-19
'
'

a general fuel integrity point of view and I think ;

i
perhaps a concern about getting some boron plated out !

l4
ion the fuel. i

i
i

I know when we talked to Westinghouse and TVA .!
6 !

about doing some two phased experiments that were a lot |
7

less severe than this in Sequoia this was a very major
3 .

chjection that they had to doing work...two phase work...

experimental work in the low power test programs. j
i

10 '

MR. EBERSOLE: Well, that same phenomenonO ,

if

will also be present in the reflex condensation process
1

,

too so if we are going to overlook it in one place... |
T.

!MR. BAER: Yes, it's not a brand new core under i
,

14 -

warranty then, I think. Frankly, I think Westinghouse
13

,

has a problem. Or, its EPA's problem, I'm not sure which.
f6

I don't know if their lawyers were smart enough to have i

17 '

the warranty cover that condition. l

i
Some other problems occur because decayed heat '

in such an experiment is simulated by fission heat and
,0.

i
now, if one were to try and do this in a reactor, one i14 <

faces the problem of controlling reactivity with voids !
.

i

||| 3 in the coolant and in the area of the core and probably !

4 variable voids if one does appreciable blowdown.

3 And, there comes then the point where at least

imnm vemm. % c
de GIR,De CAM Ff*W?. L e Efft '87

emmeMN & & mm



_ _ _ _ _ _

160ag
I
i

..cx sc.
!

. |
3rs psm

;5-20 I I have to put back on my regulator hat and start looking
,

- t
' at such an experiment considering the least single i

failures and for example, one that comes to my mind,
i

a lyou would be doing this with the steam generator feed
;

Ie
~

water shutoff and the steam generators in equilibrium '

,

5

with the reactor core initially.

7 - |Well, if an operator suddenly made the mistake i

3

of putting on aux feed you now have a good potential for

9 i
a reactivity insertion accident and I'm sure there is ;

10

equipment malfunctions that would cause the same sort of i
11

.

thing. It's a pretty tricky experiment to do I think l

M $
with fission heat because you are, even for the natural '

1:

circulation test, that Sequoia or TVA is proposing for j

U
i

Sequoia, they hope to do these at a zero moderator
U

coefficient just because of some of the concerns about
,di -

reactivity feedback and they could certainly be much more,

severe if you were already at saturation conditions. j
l

;9 And, then, the point that I think is mentioned .

20 in the letter from the Subcommittee is the quench tank ,

i

21 overflow is no simple problem. If you have to pipe it |

:: outside the containment and collect it somewhere then

||h 20 maybe there may be some possible hazards that one would

24 want to consider and that is assuming that there is

'd a containment penetration. If you put it into the sump

'
i.,r r ve am. =-s i e
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5-21 - '
' you have the problem of potential dirty water into the j

,

reactor. So, all in wall, at least our initial thought
i

2 lis that it would be a very difficult thing to do in a
,

!

I

full scale reactor experiment and that concludes my i

6 !
presentation.

,
.

7 i

CHAIRMAN CARBON: Are there any questions?

3 i

DR. ZUDAN: Just one. Is there good enough
~

|
9 -

information on feed water pump characteristics in a |
10 !

low range of low range of flow ...on the pressure i

h 11

reading? |
f:

!

MR. BAER: I'm not sure offhand. I'm sure |
'

1:
the original certified pump curves how low on flow rate |

ta :
'

they go, I'm not sure. Dave, you missed the exciting
13 '

part. The TVA representative, please step back into
!4 i

the room, I'm not going to let you off the hook. j
17 i

There are some questions about TVA's plans j
I3

,

for additional instrumentation to perform the low power |
19 !

test program to get as much information as possible
,0. ,

during the natural circulation mode in terms of |,14 ,

!

accurately determining, or as accurately as possible,.

gg . flow rates or I think the latest question in accurate j
!

24 heat balance which lets you at least infur flow rates

J and I remember the big stach of procedures and I've

i.,ve noe.v co. % rc -
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5-22 ; read through them _ad I know there is a whole list of

2 instrumentation recorders to be hooked up but I don't ;
,

; recall...I didn't recall whether any of these were any
4 special instrumentation or whether this was normal,

:

3 planned instrumentation. I don't know if you recall

5 or not.
.

I |

MR. LAMBERT: I'm David Lambert with the
I

Tennessee Valley Authority and manager in the licensing
9

,

section of pressurized water reactors section cf our

!O
regulatory staff of TVA. So, I'm probably not the

,

II

right person to address this but let me give you my |
II !

impression.

13

First, there is an additional amount of
it

instrumentation hookup for these set of tests to try
12 '

and get a better handle on temperature and power so
14

that we can infur flow. There is also additional work
;;, ,

to be done in terms of base lining in actual circulation ;
18

to understand the resistance of the system. [
19 '

TVA is as I understand it technically still
20

has some concerns about being able to identify the flov
j

and temperatures as accurately as we would like to and,

6 we have done quite a bit of internal investigation and i

,

so has Westinghouse for us of looking at additional

3 instrumentation, what might .)e available and as far as.

s.,Ta, ne,,,aa.on~ w i.se
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I know, as of a week ago, we still were not not coming upjrs psm 4

5-23 ' with any good ideas as to additional instrumentation |
!

as well as discussiocs with the NRC research in this

4
|area.
1

i
f

There will be some instrumentation put on the !

5
system for purposes of signature analysis " noise

7
analysis" that might have some spin-offs in this area

f
3 i

but I don't think we, TVA, or Oak Ridge or NRC research j
e !

staff have any great expectations for this type of |
10 '

instrumentation to give us anything for natural
,

II
I

circulation. I
'?!

CHAIRMAN CARBON: Gentlemen, let's drop this !
'

12

at this point. I'd like very much to get in to i
,

14 .

Mr. Fabic's presentation and perhaps try and cover this
13

'

before lunch and if we then want to come back to the
16

:

TVA instrumentation question after lunch, we'll reopen7 ,

the subject. j7,
i

MR. BAER: I had planned to leave shortly. j;9

.g We will try to address that point. I plan to meet with

i

21 the full committee I think April 10 tentatively to give |
r

:: them an update on the status of the low power test i

i

||h 22 program and we hope to have had the TVA input for

24 a sufficient length of time so we have done some review

'J by then so we'll try to address that instrumentation

i.m no v m. % ie :
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5-24 I at that time to the extent that we can. ;

t

!
I MR. FABIC: Stan Fabic, I'm with the Reactor i

Safety Research Division.

1 'CHAIRMAN CARBON: Stan, try and do it by 1:00'

. h2
if you can.

6
MR. FABIC: Don't be . frightened by the thickness

'

7

of my handout, I will only cover less than half. But I

3 i

thought it would be useful for you to have the remainder,

9

of the material so you can look at your leisure.
;

10

| What I would like to cover is what kind of f
ti

{
measurements do we need to verify...to get credibility

1: ;
i

and what are we getting so far. What kind of knowledge

of a test facility condition do we have to have to
l'

.
,

verify calculations?

The code versus dnta comparisons is in the (g

top of the package and I will not speak a lot about that |;.

13 and I'll tell you a few sords about the code stops. f
i

,9 First, let me identify three kinds of natural !
t

:o circulation, everybody has a different name. Single phase ;

I

21 natural circulation in loops wic.. two-phase flow and |

':: on occasion when you have a recirculation or reflux

O I

23 condensation in a half life. A prerequisite for all

24 of that is that the fluid temperature in the secondary

2 side of the steam generator is lower than in the primary

'larTysosapessag, VspeaPee Agpongssa, lanc
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j s-1 side, otherwise we can't get -- so we have to have an
i !

t' ipa 5 - fis experiment, we have to have the evidence in this case. !

:-
-

ipat Now to predict and, therefore, verify the pre- i

dictionofthepredictiveonsetfromnaturalcirculation--|
2 ,

;

4 I

well, we find that if you're looking at temperature plots |
*

I

that oftentimes it is possible to tell from the change '

6
i

in gradient of the temperature whether we have or do not '

have onset of natural circulation.
3

You look here at the clock temperature time
,

histories. Notice that you have good cooling here in f73
i

!|h this part, and then cooling deteriorates when the floor;;

'

;- deteriorates until you get to saturation temperature -- !

13 as long as there is coverage by foam only.
;

I
14 So, this right here tells you that you got good, .

i

is natural circulation. The flow is deteriorating. |

16 Again, for single phase floor, floor measurement,|
i

17 the loops, full pieces -- this we can certainly do unless

i8 the floor is low enough that rhe fervent floor meters

19 -- for the two-phase natural circulation, we ought to see

20 a positive floor in hot legs and cold legs in the same

21 loop combined with some -- measurements, and those were

I"
patients. We have to have those measurements. We haven'tl

9" !,

been so successful so far to get these measurenents. Or |
24 '

-- hot legs combined with the inventory change i'n the cold ;
:3

leg and in inventory change in general.
':-nw n % i c
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i It doesn't have to circulate it will collect. |

2 You might just change the inventory and still condensing

3 or having a heat adjustment. It a changing condition.

4 Now, we'd like to have a distribution in hot -- !
.l

CHAIRMAN CARBON: Stan, excuse me, let me* '

|
0 Iinterrupt. You're talking about the general calculational

7
ability.

3
MR. FABIC: I'm talking about this.

9

We have to be able to show how well can we

10
predict circulation of two phase character. And let

me now point out -- I am showing here two kinds all on,

1

the same graph. One is when you have a fore going through
13

primarily on the downflow part of the tubes and you have f
14 :

a liquid going through the coil. The other one is where
'

13

-- when you have a significant from the station in the .

14

upward, in the first part of the -- which is running back '-

17 !

it can happen after you -- what kind -- if we wish to |
!a :

i
show the ability to copy that, what measurements do we '

19
.

I

need?
|0 '

|
DR. THEOFANUS: Is it always that the first :

,1
|

4

= leg is going to -- more than or equal to the down leg? j
|

|| ;; MR. FABIC: Yes, unless you build up sufficient

dd 4 thickness of the condensate so that you are still sending -

2 a lot of lost steam through the down leg. You might be

i - m i.v m. w x :
j m amm. o-ei, sr. err. s .. surru es t
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; condensing them both, but you're right
,

!
,

; DR. THEOFANUS: More than you're able -- '

; MR. FABIC: Yes, yes.

I
A MR. BENDER: Do you have reference to some j

I
3 specific experiment or just any kind. |

6 MR. FABIC: I was talking about specifics.

I MR. BENDER: Yes, but when you say what you have

3 to do here, are you talking about a -- all experiements

' need this kind of information?

MR. FABIC: I'm talking about experiments IES |

11
is sponsoring. Or experiements that foreign researchers

t' !
are going to conduct. !

|is
MR. BENDER: In existing experimental facilities?

I4
|MR. FABIC: Experimental facilities are trying '

13 '

to -- semi-scale and loft are trying to make this phenomena |.
!6 !

They are very difficult things to measure. .

17 |
MR. BENDER: And the equipment that you are |

18
'

faced with is what exists in those facilities?
19

i

MR. FABIC: What exists today and what improve-
'

'O j

ments we feel we have to make in order to make these !'
21 |

!

assessment factors. ,

G ,,. MR. EBERSOLE: Your picture shows, in my view
.

;
I

anyway, an ideolized state of affairs if you're going to ,',,

do that. +..
~
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Is that an operation in which you have finally
: '

iachieved a reasonaole level of void above the core, you !

I i
are steaming free.'.y to the hot five, then going up and :

3

coming back in a partial reflux --
i

# i
MR. FABIC: Yes, i

! i
i

MR. EBE RSOLE : On the other hand, in order to
6 I

get there, you go through a lot -- you may be halfway up
7

!
I

the tubes, and it's a different picture. !

3

MR. FABIC: As a matter of fact, when there's
9

a froth or mixture going through the hot leg, that measure-

||) ment is easier. We don't have to differentiate between --

MR. EBERSOLE: Suppose the water in the thermo- '
! ,.

i

loop is halfway up the tubes?g

|MR. FABIC: You mean these tubes here? >;g
i

;. MR. EBERSOLE: No, no, the steam aero tubes.
.

;6 MR. FABIC: Oh, steam aero tubes. For the !

17 purposes of cold calculation, it's fairly easy -- but on |
i
iis occasion where those levels that we top-lid are there !
I

i
19 require knowledge of the ground vp measurement from the ;

20 top to the bottom, so we know where the levels are in

.l each of these legs. Those vp measurements do not exist*

!
yet in our test facilities. TL;y are being planned for !

-

OU i

semisphere. You cannot put a -- in a generator in lock f
I*

because -- so this is a very difficult measurement to make.,
*J

i.m, n v-m. =- i c
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But, you're right, we like to know where the ,

! '

i
levels are before we send them. And we calculate those

: :
levels. I

:
MR. EBERSOLE: Would you be concerned if you

a
i

were halfway up the rising tubes in aspect to boron laydown
|

. at the innter base, because you have a concentartion
a

i negativism at that point?
|7

| !

MR. FABIC: We do not track boron, of course, butI

we are more concerned about a lateral heat transfer. I,

to don't know what's going to happen right at the interface.

||| 11 MR. EBERSOLE: Well, there's not much negativism

1; in that you feed boron -- you lose -- 3

13 MR. FABIC: I'm sure you are right.

14 We are concerned about real condensation in |

13 the presence of noncondensables. I

16 DR. SCHROCK: I don't think there is a |

U mechanism there, the steam is generated down in the core.
|

I8 MR. EBERSOLE : The steam is generated at the j

I9 |
water steam interface in the tube. It's released at this i

point. j

|
.-

DR. SCHROCK: But it's not generated there. In '

i
~

order to get there -- !

h 2
MR. EBERSOLE: You're talking about voids being i

4

formed an traversing the --
2

DR. SCHROCK: Yes, it's not superheating water
'

i-no v n= % o.c
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which is splashing at the top.
;

MR. EBERSOLE: You're talking about voids being !
~ ?
*

icarried up? -

2

DR. SCHROCK: Right.
,

4
|

MR. EBERSOLE: That will keep the boron intercore?
I

DR. SCHROCK: The water liquid. i

6 :

MR. FABIC: Since I have a stipulated amount '

7

of time, I will really have to move fast.
3 '

Let me just tell you that the test that was |*
..

;

conducted so far in semiscale and loft, we have seen that !
10

g we have measurement problems to be overcome, and the test

that we have is really not adequate enough for me to tell i

l

you today that the cores are good or bad, okay. I thinkg

!

;, you'll see a lot of composites, some good and some bad,
;

;3 and the reasons for these comaosites are also not necessarily

16 measurement problems, but also we don't know the state
!

;7 of the facility. Here's the example.

|
13 CHAIRMAN CARBON: Theo.

.

!

!
19 DR. THEOFANOUS: Stan, as a matter of clarify |

0 first of all, when you refer to cores, do you -- which :
I

21 cores? There are many cores.

O !

MR. FABIC: I'm glad you mentioned that. !

I2
Most of the composites, a3 you can see in the |

.* .* handout, are with Relab 4.17 which hasn't yet been released
~

to the public and Relab-5. They are still working on i

i - vi=, % i '
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'

; the so-called fast-running version which will be used for
,

!

: small breaking houses, though you don't see those composites.
I
i

: All calculations with Relab 4.17 are pretest

4 predictions, some are post-test -- all those done with f
!
l

! Relab-5 are post-test. j

I
6 In fact, when calculating law -- it has been

;

!

I found that there is a leakage path, and that's after the

8
: fact, so the knowledge that there's a leak built into the |'

|' calculation of the -- so, include a leakage-- and there's i

!
10 significant differences, and I'll just mention a brief -- i

'

' DR. THEOFANOUS: Excuse me.

I !I want to take a couple more minutes because

!

|'yesterday we were quoting a figure with the Staff, in

14 ;'

'fact, what is the appropriate level of ambiguity or
'

12

uncertainty that they should accepting -- models, making ,'

16 i

judgments about present things that have to be decided
;

17 !

jupon, and -- I want to see how you pursue your job, so
18 :

when you talk about experiments -- which core do you !
19 >

have in mind, because I think if you have something dif- |
:o ;

ferent in mind than what the licensing staff has in !
21 I

'

mind, and in addition to that, I would like to know what
22

||| is your perception of what is the present capability of
,,
..

the current evolution models from the licensing |,a.
'

*l
.
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iv93 i MR. FABIC: I am not prepared because I have not ,

4

2 studied, at any depth, the current evaluation models. |
i

: But, I might be able to project something from the know-

4 ledge of some of the best estimate models that we have as e,

i

I! to what I believe the evaluation models can do.

6 But, I will say a few words about what our codes !

i
I

that we hav'e been developing, what the status is, what

3 they can do and what they will do when we are through with'
9 them. And these codes are best estimate codes not used !

|10 -

for conservative analysis for licensing calculations.

k 11

The purpose of these codes, especially the advance
ile

codes, is to finally end up with some quantative know- |
,

!3
ledge of the uncertainties if we use the best analytical |,

14 ;

'tool we can for a PWR, okay? With what uncertainty
12

'

can we predict the phenomena that are important to cuantify
16 i

the uncertainty. Consequently, we have to use a ?.ot of ,

17
i

experimental data to access these tools in order to
|18

|
then finally extrapolate those uncertainties that we get i

19 !
4

from measurements in small scale facilities to large
,:0 '

Iscale plants.
,1 |4

DR. THEOFANOUS: Let me stop you now. So, you i_

( ,
l

!

| gg view your job as primarily working with advance codes; j
i

;4 is that correct? -

3 MR. FABIC: With best estimate codes,

'v.,,w no 6vo n %-vv ic
ase SQWThe CAFMA ff', DEET. $. e. RJff1 'Of I
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: DR. THEOFANOUS: Best estimates.

2 Number 2 question: can you tell us in a couple !

2 of words if the fruitfulness of trying to develop an
i

understanding with some of the transients by using present {4

:

vendor codes; do you think that it is something that is |3

6 possible --
I

MR.' FABIC: Let me then ask this question: if

I
'

we feel, if NRC feels, okay, that this mode of flow during

9
natural circulation is important, okay, and if therefore,

10
is representation of this mode flow is necessary to tell j

h 11 1
us whether we are going to have a cooling or not, then I

'

!
10

my guess is that the current evaluation mode -- and I

13

don't know them all; Idon'tknowthemorerecentones--(
I4 |

cannot handle this. You need separated -- you need two
,

12
.i

fluid models to do -- .

16 ,!

DR. THEOFANOUS: Sure. Do you think this is a i

17 !

first order of fact or a second order of fact? I guess
la

I heard you say that this is a first order of fact.

'MR. FABIC: Okay. I would say that there are
20 !

l
some transients in which this lasts a long time, for,

.

some breaks, for example. Some small breaks where this I

g separated flow lasts a long time. In others, you go -- |g

;4 the level drops past this nozzle diameter very fast and

3 you have, you know, mixture before that and you have

'% = v ,,- w ,ec
me son,fhe CN #TWWT, L e. gufft !97
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i a more or less single phase vapor after that. ,'
|

: And, again, still, if you have to rely on this |
|

2 backflow even when there is a single phase gradient, again

you have a two phase -- two fluid model. ,f4

;

3 DR. THEOFANOUS: I'm in full agreement with you |
i

and what I would suggest is somehow, you get in better |
6

|
I communication with the people in licensing because we |

!
3

are hearing a different story from people in licensing

9
and ' that we hear from you; and somehow, I feel that there

10 '

is a gap of communication there that makes me be very ;

11

concerned because I cannot feel the same way that you |
12 i

feel about some of those things. I

13 !
And, yesterday, all day long, I had a hard time |,

14 i
myself and other Consultants and Members to kind of see '

!.
some of the licensing people's views of those things {
with the same urgency that some of us do. So, maybe j

17 '

you can do a better job what we can --
|
rDR. CATTON: I have a little bit different view I

19
I
.

than Theo so maybe I should express it. To me, the |:o '

small break analysis is basically a quasi-static process.,14

MR. FABIC. Yes. j_,
a

i
i

ggg 77 DR. CATTON: It seems to me the first thing you i

;4 want to know is reflux boiling going to be efficient '

,

n enough to do the job.

i.r, = 6 v r - % x :
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|
ti Second, you want to know what the impact of inert :
,

2 gas is going to be. I think that simple measurements !

: will tell you that and then how it fits into the advance
:

4 codes becomes a long term kind of thing. |

3 MR. FABIC: Yes. A simple measurement -- which

|5 simple measurements will tell you that? I started to
'

talk about' measurements that I feel we need to tell us,

I
what's happening in reflux boiling.

9
DR. CATTON: There are two kinds of Ineasurements.

|10

There's the kind of measurement you need in order to ad- ,

I 11

vance your advance codes. I don't think you need to
,'

I
II

|
say the level of experimental work in order to answer

|
13

the safety questions we have at hand. |
I'

i
MR. FABIC: Maybe -- I might be able to answer '

13 I

your point a couple of slides later. 4

t4 !

DR. CATTON: I didn't mean it as a question; it's,
17

|
an opinion.

DR. PLESSET: Ivan, let me see if I understand i

19 |
your first point that it's quasi-static. I think that's j
right, but that doesn't mean from Fabic's point of view

that the problem is terrifically simplified. i_,
-.

;

DR. CATTON: Oh, of course not. |O ..
.-

i
I

;4 DR. PLESSET: Okay, just to defend his position. -

3 DR. CATTON: It's a complicated problem. But,

'i.m no v , w re
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i

i I'm not sure that you need to know other than academic
!

2 reasons, and I think it is a very interesting problem, |
,

I but you don't really need to know in order to make the

4 licensing people to make their judgment which is the pointj,

!
3 that Theo is making is that you do need to know these |

1

6 things. |
t

I !I don't belive you do. You have a bunch tubes

3
flowing down; they either work or they don't. If they;

7

work, you've answered the licensing questions and now

to
let's use the universities as to the second part of the i

|h 11
question.

1 '

DR. PLESSET: I'd like to get those answers, too,
13 .

whether it's the university or --
14

DR. CATTON: I agree; but there are two parts.
12 '

DR. THEOFANOUS: Ivan, let me just say on a
16

|.
couple points: since you bring it up that way, I think ,

37
!

as you probably remember from yesterday, I came up with
18

very, very serious difficulties with the philosophical

approach formed by the Staff. And, I think what you are
,:o '
,

lexpressing today is more in agreement with them than
j,14

what I perceive you to be saying yesterday..,

;

;. However, let me say that I understand from the !g
l

;4 fact that in order to be able to give the correct infor-
,

3 mation to the operators, in order for the NRC to feel
i

larT1puenaPOmad. ',gpumanas 4t|pt3ssTEPE last !
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i that they are in good position to pass a judgment even .

I during some of those things happening, if ever they were |
;

I to happen. You have to know what is the responsible I

4 system and I don't care if that is quasi-static, quasi-
!

,

t'
e

transient, what have you, i
-

' And, if you go with this idea that -- !

:

; DR. PLESSET: No, I don't think he says that, if

3
. I understand him. !
, i

9 !
DR. THEOFANOUS: How can you learn the response

10

of the system if you don't know how to --
|

h 11

MR. FABIC: There are several levels --
13 '

DR. PLESSET: How microscopic and complete do
13

you want your description to be and I think that that's --
I4

:

DR. THEOFANOUS: But, what is a liquid and what
'

1 '

is a vapor, Milt? That's not very microscopic.

If part of the system if liquid and you have vapor;
17 '

and you don't want to put the demarcation line. |18

MR. FABIC: I think they are all pertinent
19

I

questions and I think we know that they exist and that's
;

why, really, we tried to analyze experiments for which. ,

41

we had measurements with different codes. Codes that are i.

ggg ;; similiar,to licensing codes and still, the best estimate--

;4 we don't have conservatisms built in. -

3 But, they have thermohydrolic modeling features

i.,r % w % ! e. '
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that are similiar to the licensing codes.
*

2 DR. PLESSET: Which you hope are right. f

2 MR. FABIC: We want to see how well they do;
i

4 vis-a-vis, more advanced codes where we do the best that f
!

can be done today, and then receive the sensitivity; fI

;

6 can you get away with much simplier representati e or

I
do you have to have much more complex information?

I ''

So, I think, after we run through this process,

9
we'll be able to answer that question, you know, tru th-

|
10

fully with some knowledge. Today, it's just anybody's i,

h 11
guess.

;

I-

We have done a number of comparisons with pre-
|

1 !

dictions, for example, for the last block small break |
I4

|
test, L3-2, which had a very small orifice and which

13 i

gave us a lot of pain to cope with. Let me just say one
16 :

thing that was frustrating to experimenters as well as i
17 8

to us, the analyists, was the fact that we discovered j

that when you have a very small leak, very small break, f
that there are leakages in the system that are uncon-

,0. .

ltrolled that we didn't know about that existed that
1 j4

I i

were -- that gave flow rates there larger than even the i.

h 2, break.

! <

;4 For example, I am pointing out to you all the i
|

l

3 places where there are leakages that can occur that the ' !

'%%v=%x
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i Loft Staff believes are possibly there. This leakages
i

2 in the line, since it is downstream of the breaker orifice |
1

goes directly out, okay? And, you'll see in a minute

2 that this causes --

3 DR. PLESSET: What is that leak?
,

MR. FABIC: The valve leak. You're talking about f6

I
a type of this diameter and a hole of this big an orifice,

3
okay, a small leakage in the pipe is as big as a break

,

9 :

through which caused the prediction of pressure time '

|io .

history to be wrong, because we didn't know that that '

h it

was happening.

I: ,

Now, there are leakages in these reflood assist |

i3 !
bypass lines which could have short circuited the hot |

14 -

'and cold legs. There is a leakage in flange which also
IJ

the PWR's have.
id |

DR. PLESSET: I thought that was a big one, ,

17 i

Stan; wasn't thac the big one, that bypass?
|

MR. FABIC: Well, I don't think we know right i
19 '

now whether -- what's the split, okay, which is the

imain culprit. But, it is of the order of 5 percent or
|3

1

more; while the vendors keep telling us that this leak- :_,

ggg 7 age in PWR's is just a few percent less then 5 percent.

;4 Now, it turns out that in the analogy, it makes .

a a big difference; is it 5 percent or more or less than ' |-

'7.,n'. d%D !=*
._ u
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: 5 percent? Because, in one case the loop seals blow and
!

|in the other case they don't; all right? So, the
|

2 knowledge of the system itself, whether you have leakage
1

4 in it or not is important for pre-test predictions. f

3 And, we have to rely on pre-test prediction rather than
i

6 tuning after the test in order to tell whether we have

I credibility in our analysis or not.
,

3
The consequence of that leakage is clear here; |,

|'
this is a pre-test prediction for L3-2 that shows RELAP 4

10

and RELAP 5 fairlysimiliar,butdepressurizingmuchlaterj
9 11

in time than the data. And, this was the reason.

1: .

Obviously, leakage probably persevered, but it |
.

Id
was somewhat small due to lower pressure; an effect of j

1s *

the pressure time history.
13

Now, you see long term transient rather then
14 !

short term; this one lasted for a long time. RELAP 4
17 !

calculations stopped at the time when the operator was |
18

.
!

!

supposed to do something to enhance cooling. But what .

19 |

it shows is that there was a loss of natural circulation
:0

,

i

predicted in RELAP 4 calculation, because in that cal-,,14

culation, they did not include any leakage, any bypass, i_,

;

all right? In RELAP 5 calculation at 5 percent bypass !., ;"

|'

;4 was included because this was done after the fact and
|

3 they're able to come with the same trends; the initial
|
|

|
-- e - - ,-
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i bypass for depressurization was not accounted for because
'
,

2 we didn't know about it.

2 DR. ZUDANS: I noticed that RELAP 5 started at
,

# time zero, a different point; is there any reason? !
:

* I
* MR. FABIC: I really -- I don't think so. They i

|6
started with well-known conditions' these were done :

t

7
after the test.

3 '

Now, let's look at L3-1; these are not predictions !

9

at all, but I would just try to point out that with a

10

larger break, and we're interested in natural circulation,,
h 11 !

obviously for all small breaks, the fact was that the !
'

12

steam generator pressure was higher than the pressure |
13

in the primary coolant system for a majority of the |
14 :

transients.
12

!

So, you can't have natural circulation at this
14

,

period; in fact, natural circulation only took place in ;,

a very short time. }
I

DR. CATTON: In the reverse.
19

.

'

MR. FABIC: Well, you can't even -- right, you .

i

were added heat, okay? So, you are adding heat.
.

:

1
|

4

; So, that was not a very good data source to -- '.

gg 2: I will not go into a lot of discussions of which |
! i

;4 core did better than the other. Primarily because of all j
1

2 these uncertainties that we saw and the uncertainties in
1

1

*larfgestaficpaat VNMas h jMC
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; management. Let me show you an illustrated point. L3-2 ,

|

: was a long term transient, all right? We'd like to see,

; did the natural circulation take place and how long?'

4 Well, here is the pressure difference between the steam
i

|3 generator and the primary site, vithin the uncertainty ,

I
4 band; you can't tell from that. Although, clearly the

'

i
I core was be'ing cooled; there must have been some kind i

{
3

, of a cooling taking place, but was it natural circulation,
!

'
we're not sure. And which kind of natural circulation,

i

10
we're not sure either. |

t

11 IWhy? Well, let's look at this picture. This is I
i

the data that shows the temperature in the downcomer

f3 .

of the steam generator, that's the secondary side of the j
;4 ,

'steam generator. The difference would be in the
11 '

temperature of the steam -- in the steam generator, between
f6 I

the primary system inlet plenum, that means the primary
17 I

side, and the secondary side downcomer.
|
IAll right; now that temperature difference has
!

19

to be positive to have any cooling. What they're showing
:0

!

here during this long time period, a negative temperature.|!,,14

Well, you couldn't have any cooling in this way; but, ;_

the Staff suspec ts that now that the thermocouple that I

., was mounted on the secondary side near the tube sheath, |

!

| 2 had a hot wall effect and was showing too high a tempera '
j

i

i',n.n, ~ v a,- e i c
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l
*

' ture.
;
,

I So, it is very hard from temperature measurements,

2 we find, to tell the story, okay? And, it's very hard
i

# Ifrom pressure measurements to tell the story because

they are very close. So, this is why in my requirement
!

6 '
list of measurements, I did not rely on temperature '

7
measurements and did not rely on pressure measurements.i

3
j I'm relying on flows and temperatures of fluid in the

9

primary system, distributions.
10

DR. THEOFANOUS: How about densities? f
11

|MR. FABIC: Of course, I didn't really want to
;

12

go through this point-by-point, unless you want me to.
13

i DR. THEOFANOUS: No, but that's another very I
14 '

I

important scenario.
1.!

.

,

MR. FABIC: That's right. Here's a good example:

here's a density in a pipe in loft and you see that -- !
!

I

II'm sorry, these are temperatures. The temperatures on ! :18
.

I

the top side of the pipe, this is bottom side of the !;9

lpipe, need the ECCS injection. This shows fairly well j:0
i :

21 stratified flow; need the ECCS injection. | {
'

'
i

:: Whether you don't have any disturbance by the |
| 2: ECCS, okay; stratified flow, a liquid subcooled flowing

24 along the bottom and when the nitrogen started in in-
'

l
*! ject, you have a lot of oscillations of temperature and i

|
Intian anoma6 vesear'as Memnviset le=c i
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i in the steam temperature, okay. We definitely have seen ,

2 very clearly, even on semi-scale visually, that there is ;
;

i
2 a very good level definition of the water flowing on the j

i

bottom of the pipe, the horizontal pipe, and the vapor {
a

\

3 above it. In fact, you couldn't even see ripples on |
f
i

6 it; that lull was the steam flowing over it, i
'

l7
Well, if you have that situation, the question is:

3 could you rely on long parameter codes that only consider
9 the mix _ure? Especially, if you have to calculate that

g

to ; !
one fluid is going in one direction and the other fluid

|
11

is going the opposite direction. Now, there's no way
1:

on earth you can calculate that with the licensing codes.
13

So, I'd say in conclusion without going through |
14

I

a lot of representation of test data comparis ons and '

13

measurements, I mean calculation, I would say that we f
id '

have certain modeling problems to overcome, vis-a-vis, !

17 '

test facility. |
18 :

i
For example, I had a picture of reflood as boiling)

1

I made a big story out of this -- this mode of cooling. '

,0.

What happens if you now have an orifice here? What. J.s j,14
!i

our chance of predicting this flow if you put an 'fice.

G in here? This orifice does not exist in a PWR, b* .

!

24 they are in loft, okay. What do we do? I don't xnow. I

,

2 just keep my fingers crossed and hope that this orifice

'
i.,T Ti v T % i e
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i is not small enough --

2 DR. THEOFANOUS : How big is that?.

MR. FABIC: Well, I don't know exactly the size,

4 but I haven't checked yet whether it's going to be

3 limited providing the CCFL, for example; it might provide
- I* CCFL.

|.
'

MR. EBERSOLE: In that connection, if I arbitraril,

3
raised the water level until the pipe is literally full

9
except for a small portion of it; haven't I, in fact,

|to ,

orificed that? :

11

MR. FABIC: If that level is --
'

:

MR. EBERSOLE: Yes.

13 :

MR. FABIC: -- really up there -- |

MR. EBERSOLE: And, isn't that one of the
13

'

transitional points that you have to go through? |
16 :

DR. CATTON: The pressure will rise, i
17

|
MR. EBERSOLE: I know. It's one of the tran- |

18 '

t
sition points. But, how does it test through?

19

MR. FABIC: Well, the more -- the less flow we |
20 I

ihave for vapor to go, okay, the more entrainment you j
,

14
,

can expect to take place. And, we do model entrainment, !_,

|

3 because there will be a higher velocity of vapor. |
!

;4 MR. EBERSOLE: You can accommodate the case then >

3 when that pipe is nearly full or fully full, completely
1

D@&b N DM !N
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i full.
!

2 MR. FABIC: We don't have a problem there, okay.

I And, I think we -- our entrainment -- we can calculate

2 '
entrainment fairly well. We don't think that this is

3 fairly high there, okay; or are you saying the flow going

' I

backwards is ending up the pipe -- you don't mean that. i

7
MR. EBERSOLE: Well, it's standing there. The

8

f head of water is near the top of the hot leg pipe.

9

MR. FABIC: Oh, from here?-

10

MR. EBERSOLE: Yes. I

MR. FABIC: All right. So, the flow is going,,

la
still going this way.

13

MR. EBERSOLE: Yes. A portion, not all. Some of,

IA
|

it's laying there.
13 '

MR. FABIC: All right. In that case -- -

))
16

MR. EBERSOLE: As a matter of fact, there's
II '

i

countercurrent flow in the liquid. |
,

I8
.

'

i
MR. FABIC: The liquid would have to go this

|g
|

way; I mean, it cannot go this way, right? j3

MR. EBERSOLE: Well, unfortunately, the liquid1
,

4

.; would be rolling around and the steam would be carrying |

|||
'

:: it along.

:4 MR. FABIC: Countercurrent flow in here.
i

3 MR. EBERSOLE : There's a countercurrent flow in
i

'INTUN.aficemak VEPesT*as h f pac
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i the liquid phase. j

I MR. FABIC: The top layer being pushed by vapor

2 and the bottom going down -- I see.

*
DR. PLESSET: For a time,

e '*
MR. FABIC: We will never be able to do this

6 without advance codes, because we're not doing any '

'

7
monthly dimension analysis.

3
; MR. EBERSOLE: But, that's part of the transition

9

points.

10 ;

MR. FABIC: Yes, but hopefully, it is such a short,;

|
11

time.
,

12 |
MR. EBERSOLE: Well, if you can knock it down |n

ideliberately; I mean, it's just like carrying a turbine
M

i

through the critical regime, if you could really knock
,

it down and get to the level that you wanted to, you )
could get past there. I

DR. CATTON: Are you suggesting a level sensor |
18 i

i

to control it? |
r

MR. EBERSOLE: Yes. I'm getting around to that. j3

MR. FABIC: Let me briefly say that this whole'

21

.; problem of horizontal flow, countercurrent flow, andthis|
||g :: reflux condensation taking place; this is where we are

24 right now putting in a lot of effort trying to model '

'
i

2 this in advance codes.

JerrWeeeertessa6 VWeeaMae MEMuv7WWE 18eC
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I MR. EBERSOLE: This is why a while ago I was
,

2 saying that an important part of that arrangement is to

know where the level is in order to know what you are

# doing, of course.
i

!
8

MR. FABIC: We will know where the levels are; f
!

' '

you'll hear that from Harold Sullivan, how we will know
'

7
that.

3
'

; But, let me just say another frustration that f,
i

9 !

we have in analysis that came to us lately is when you
10 ;

put a break in a pipe like this, whether it's a cold leg ||h 11 I
or hot leg, and the break is a horizontal orifice, okay; '

u |
-

it's not on top, it's not on the bottom, it's horizontal--|
U

,

somewhere in the middle of the diameter. I
14 j-

,

If the level fluxuates and harbors around the
15

'
.
'

orifice and it did in L3-2, we just have no hope today j
I4 :

A

to describe that at all. We'll have to rely on imperical i
17

1,

evidence and where does that come from? Well, there are

being tests run at Wiley Laboratory where a loft pipe
!

has been actually modeled. the same geometry, and the0 t.

[ ,1 fluid condition upstream of that break has been carefully,

4

= noted or has not been done so far, but it will be in the |
t

Iggg :: future, istonotthefluidconditionenteringthatsmallj
4

24 orifice, okay. And, derive some imperical correlations '

~3 that can be put into the code. I don't see how we can
i

|6hb VNTf*8 iMC
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; describe that kind of a flow.
!

2 We have always looked at flow where the pipe !

*

is filled, with whatever the fluid is; single phase,

4 two phase mixture -- that we think we can handle rea-
,

I sonably well.

6 i
But, when you have this kind of a situation, it

,

7 i
Iwould have to go out a small orifice and we have a big
j

3
problem.

9

MR. EBERSOLE: It would be important to know

whether the break in the hot leg was at the upper or {
h 11

lower portion of the pipe; wouldn't it? Because, in one
12 !

case you're going to lose inventory at a tremendously --
|13

MR. FABIC: Yes, but suppose I have a break here |!4 '

on the bottom, okay? We believe that you are going to
11

be sucking vapor; there's going to be a small vortex in
;

14 '

there, that will be sucking vapor through this layer i
17

!
of liquid.

|

MR. EBERSOLE: If it's there. If I move the break

further down in the liquid system, then it's going to |,0.

ibe a liquid leak.
|14

MR. FABIC: Put in down in the liquid system. !

.

.; MR. EBERSOLE: Say on the cold leg. |
!

4 MR. FABIC: You mean if it's all liquid coolant;
.

n of course. But, I'm saying, if you have this situation

i-=, ,, 6 vos m. e i,.c
es soutie C.p=T's sT9 SERT. A e su,ft 'e7 i
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|
I

MR. EBERSOLE: Yes, and a vortex. ,i,

2 MR. FABIC: -- you still have vapor.

~
4 And, if you have this level fairly high up and

i
#

you have a break up on top, you'll be sucking some of !
l

e i~

the liquid, too, by entrainment. i

6
It's very tough.

7
DR. LIENHARD: Is it possible that a break will

3 i

stablize in a pipe with that pressure?

9
'MR. FABIC: We have seen --

10
i

DR. LIENHARD: I thought they had to rip open. ;

11

MR. FABIC: The L3-2 showed that the mixture level,

12

as hovering near the break, l
i

DR. LIENHARD: No, the break. !
la

|
'

MR. FABIC: Oh, near the break; I'm sorry.
II

,

,
,

DR. PLESSET: No, his point is a metallurgical

one.
|

,

!

DR. LIENHARD: A metallurgical one, yes. |

i

DR. PLESSET: He's worried about a crack like f

that just propogating and becoming -- j.g

i

21 MR. FABIC: No, no. Let's say there are no
|

:: cracks, but there are some lines attached to this. And, I

||| ':: there are lines attached; in fact, I think that's the ;

!

:4 way it showed at the bottom; the majority at the top,
i

2 i some at the side, okay? The majority was attached at the
1

|NM43eah VSIstaMad h f eet
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i top, small lines in a PWR. '

2 So, if they break, we have a small break, f
3 DR. THEOFANOUS: Stan, if your purpose was to>

i
4 show us that learning some of those things is not academic |

|

3 and that it may be quite important, I think you succeeded j

|
6 very well, in fact, in doing that; in fact, you convinced '

,

I-
'

me even more than I was before and I particularly

3
appreciate that because I had a hard time yesterday and !i

'

|
9 8

even today with this point. '

|10 -

But, in fact, I will say that you succeeded too
11

well because you go now to the other extreme of maybe --
I

i
CHAIRMAN CARBON: You're as worried as I am. |

13 I

DR THEOFANOUS: Maybe if I am as worried as you |
1s -

are about too many more things and I think there is a '

i'

need of sorting out quite a lot of all this complexity .

id
,

and difficulty is crucial and what is not so crucial i

17 i

and I think that needs to be sorted out even before you
|
ispend a lot of money on those very expensive experiments.

19 !

I

And, I don't see that you and the Licensing Staff,

again, I keep coming back to that, you are apart in doing,14

that, j_,

.

G, MR. FABIC: I don't think we are separate islands!
..

3

4 not talking to each other. For example, we have been

a doing a lot of discussion in what kind of a test -- how

is, n .o n % r.ec '
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do we resolve the pumps on/ pumps off issue, okay? !

. !
' '

DR. THEOFANOUS: But, I don't see any of that.

If there is, I wish samtmdy would bring it forth, becauue

4

I hear you talking today and we got a presentation yes- ;

I

terday, we hear discussions yesterday, we have discussions;|
'

5
,

today; there's nothing that is coming through to us that
7

will convince us that there is already even a proper plan
3

in getting done with some of those issues and certainly
9 :

!

now, what is academic and what is not academic.
!

10 '
i

There is even a basic disagreement here, as you t

see, even within the Committee; some people think some
10

t
i

of those things are acadanic , some people think they are i

not aca6xdc. I'm sure if you went and you asked your
;

Staf f and the Licensing Staff you will find people on

both sides of the fence and in between.g

g Meanwhile, nothing is happening to help somehow ,

la get things on a line to get this down to some solution. I
i

19 MR. FABIC: I thought you heard me say a while
|

:o ago that when we have measured -- what we think are

|
21 relavent experiments , we have relavent experiments in !

: the best test facilities that we have showed there are

h2 some small scale, some are a larger scale. But, they

24 are relavent experiments. We have problems with measure-

U ments that we are trying to overcome and we will.
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i
i
I

i The next point is: if we do predictions of these !
|

2 experiments, simply and uncomplicated, okay? Would that ;

I

2 give the answer that you are seeking?

4 DR. THEOFANOUS: Sure. I hear you; that's fine.
,

I You see, the only thing that concerns me is these kind

6 of things you are describing; they are one or two years

|
into the future and I think that we cannot put some of

|

those things off --
,

9
MR. FABIC: I don't think they are that far in

;

10 !the future. As a matter of fact, the pumps on and off ;

11

test issue we bepe to resolve by November.
1:

DR. THEOFANOUS: Well, I'd like to know how you
13 '

are going to do it. If I look at all these uncertainties |,

14
;

you are putting in and all the difficulties with advanced
is '

.

codes, even, as well as with evaluation models; if some |

16 I

of those things are very personal and relavent then i
17 8

I'm sure some of those things are detailed naturally. I
| 18 '

|
| Then, how are you, in yourself, going ts sort

19

those things out without doing something different or,.c e
,

more than what you are dcing right now? Or the Staff is,14

doing right now? i

| MR. SULLIVAN: Can I make a statement?22

24 Theo, I think we agree with you. We don't think >

u we are doing enough analysis of the experiments that we

i-r n. von %, x ;
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I
are running and trying to assess where are the important: ,

phenomena?

And, we are trying to take care of that in two,

#
ways. As Stan pointed out, there is an experimental .

I*
~

program to look at the pumps on/ pumps off issue; that's !
,

'
6

not a subject of this, but it is relavent in the fact
7

that we are trying to look at a way to solve the experi- '

3 .

mental problem to the reactor problem. And, that is
9 .

through the code assessment program, fto

DR. THEOFANOUS: When you have some results, I'd t

h 11
I
'wish that you'd bring them to us as soon as you can

12
'

,

Ibecause right now, although I get assurances from you, -

13
'
iyes, and I like to hear what you are saying; I guess j

14 -

1

I would be concerned as long as I know that there are

many, many different philosophies in all corners: Staff,,

Research, ACRS and Consultants, and so on. And, I don't |7
t

18 see a kind of free discussion and then somehow crystalizin'g
!

;9 to a reasonable approach that's got a beginning, it's

g got a middle, and it's got an end; and to know how far i

i

21 that end is. |

:: MR. SULLIVAN: Well, I think that you do have a |
i

||| :: good point and Dr. Catton and Dr. Wo (?) came to Idaho

24 as ACRS Consultants to review that program to some extent'

2 and we took a lot of their comments and are trying to
*r - n m v m. % n.c
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I fold those back into both the experimental programs and

I
.

how to solve this issue of jumping from the experiments i

i

to the reactor.

1
And, you know, we would like to present those

plans to you; we just don't have them completed right now.,

But, we are working on it; we realize the problem.

7
DR. PLESSET: Well, I'd like to throw a little

,

3

|
gasoline on flaming Theo.

9 .

DR. THEOFANOUS: That would be very dangerous.

DR. PLESSET: I think that you are going to have

to compromise rather strenuously and get away from the,

,

10 *

microscopic description into an average or more global |
13

; description. And, I think the problem is going to be, !
14 i

i

how far do you have to go in that direction, because if
15

1

you stay completely microscopic, it will be Fabic's son !16 :

who will be carrying this thing.g,
,

MR. FABIC: Grandson; I'm sure of that, you're |
| '

right.
|;9
5

MR. BENDER: Otherwise, their codes depend on |0

21 microscopic kinds of information.

!

:: DR. PLESSET: That's got to be taken care of, !
t

2: too.

24 MR. BENDER: And, so they have to go back and '

*! start all over again.

'two m v - % r c
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'i DR. THEOFANOUS: But, Milton, I hope you arc not
,

2 saying that, or you don't understand me to say that we j

should go to a microscopic description.

What I'm saying is that we don't know at this f
A

1I point what is that level of adequacy? We don't know that.
i

Wehavetofindthatandunlesswefindthat,wewon'teved6

7
know what kind of experiments to write. And, you will be

S
'

hearing presentations like this not until Fabic's son,

9
but his grandson and then that will be no problem. i

l
to :

MR. ETHERINGTON: We won't, Theo. !

II

DR. CATTON: On the other hand, I understand

that semi-scale is one of the best codes around for pre-
!*

dicting loft and probably cheaper than any of the others. j
Id

i
MR. FABIC: Yes, that's one way of doing it, pro-

13
'

t

viding you take care of what some people fear are typical ;
ities with the PWR, right? ;

17 i

DR. CATTON: Yes, but haven't the pre-predictions j
18 1

made with semi-scale been the best yet for loft?

MR. FABIC: For large breaks, yes.,
-

:
I

DR. CATTON: What about for small breaks?
21 |

,

.

MR. FABIC: I haven't seen -- we haven't seen ;.,
.

'

enough of that.3

;4 DR. CATTON: But, it does look like semi-scale is
.

a the best so far.-
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..

MR. FABIC: Well, you see, semi-scale is a very'

f

I tight system, it doesn't have leaks. Or, I'm told that,
i

3 ! okay? Consequently, this leakage -- how do you put that,

# how do you make a prediction with semi-scale with a system,

you don't know whether is has or doesn't have leaks?
I

6 I

DR. CATTON: Of course, you always face that i
I7

problem; if your boundary conditions are wrong, you can't

3
expect correct --

9

MR. FABIC: On the other hand, thero is a heat
10

loss, heat leakage in semi-scale that is about ten times |'

higher than in loft.
,

12

DR. CATTON: If you know what it is, you can
1

I

handle it. |
Id

|
MR. FABIC: If you know what it is.

,

,

DR. THEOFANOUS: Ivan, this one is an easy one;

with loft, forexample,youcandoprettygoodpredictions|1
.

or aspects, okay? For semi-scale, you can. Both are |
18 i i

I

| more than pretty good, they are all in the same reference.|g
|

However, for small breaks, the semi-scale, of.g

21 course, has done a very miserable job, even for standard'

:: problems.
,

||h :: DR. CATTON: I wasn't sure how well semi-scale |
i

:4 had done in predicting loft for small breaks. I guess '

i

'

3 that remains to be seen
4
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i MR. FABIC: I think if you'll see some of those
;
'

; notes that I left with you, codes are done fairly well on

: predictional semi-scale results, primarily, because
'

4 of knowledge of the break flow in that case. It's com-

! forting, not bad.
I

CHAIRMAN CARBON: Let's break for lunch and f
6

! i

I come back i'n an hour.
,

I '
(Whereupon , the meeting was

9
recessed for lunch at 12:55 a..m.)

10
,

,

n
!
'n

i

13 !
O

i

I7
,

18 i
i

19

,

:o ;

i
21

m

Mk
'

:

24 '

:
'

13

t e n v m. % im ;
me sen,m m ffwezT. E e. surft ist I

wasseseSNDes, & L amus



_

LS
Tapa 7-1

* 0
noz we. !

i

CHAIRMAN CARBON: You're leading off, are you,
i

,

i Harold?
|

2 |
MR. SULLIVAN: Yes. |

3

CHAIRMAN CARBON: Before you start, let me make a
;

A
|comment here. We're going to lose at least five people by i

3 |
4:00, so, Harold, would you aim your presentation and our

'
questions to wind up by four? I think we'll have some

i

discussion beyond that, but if you will finish your
3 '

! presentation by then, it would fit well.
7

MR. EBERSOLE: May I start with a kind of a topic?

!

gg Before you get into this which is the discussion on bleed '

and feed, I guess I'd like to hear you say something about
'

whether we really are at a point where we've got to have it,
i

14 r is it a vague thing that might be nice to have.
'

;3 I can go back nearly 12 years to where when we first'

t4 looked at SEQUOYAH, we were digging away having had the !

17 experience of the SAR design to have the design modified |

ta to guarantee a. capacity to blow the primary system down
t

1
19 and the secondary system down to get a low pressure position!

20 because we were suspicious of the convection process and |
t

21 the adequacy of the secondary, and we were aiming to get

in a condition of low temperature cooling invoking low f
~4

22 pressure water and sufficient flow rates to remove the heat
.

., .
* by sensible heat transport.

'

,

We were driving towards what you would call a

'r.,r no van % n.c
mesentDe O N #f1*GT L W. SurTT 't, 8
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PWR SAR complex. If you had it, of course, you would be

using bleed and feed in a true usable form without much f
I

I question about it. !
i

3 There would not be much theoretical question of
I

#
whether it would work or not. It would work. You would f

I

have enough water flow to take water right off the primary
.

i
6

side without any secondary system.
,

7

Alternatively, if you had primary and secondary

3 icoupling, you would have the prerogative of getting suffi- i,

!

9

cient slowdown capacity on the secondary side to reduce
10

the pressure below. Do you follow me? |9 11 i

To jump over all the theories of whether feed bleed i,

1: |
is going to work or not and go to the end point of getting |

U ;

this kind of performance, I think, deserves some considera- i
"

|
tion. I mean if I can leapfrog over the problems and come

l'
.

I

to a solution, I always do, if it doesn't cost too much.
id .

I never was impressed by the fact that it cost
,

:

too much. |

t

CHAIRMAN CARBON: Let me ask here for clarification.!19
| <

;g Your discussion this afternoon is primarily on natural i

i

21 circulation, isn't it, rather than bleed feed, or is it? j

:: MR. SULLIVAN: That is correct. In fact, you'll j
i

| ||h 2: see that the presentation doesn't cover feed and bleed |
|
'

24 at all, and the reason that we haven't looked at that
.

2 aspect of it, and we are going to look at it in the future

i= % v m. % n.c !
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is because the NRC staff, I don't think, has come to a

:
. decision on where it's going to be required or how much !

'

. -

' research they would like in that area.

The facilities are currently being designed, or

'
we're going to try to take in the considerations for feed !

!
and bleed to run those types of experiments, and depending |

6 |
on what they decided to do and our priorities in terms of '

7
looking at probablistic assessment, that would be the

3
|

determining factor whether we would end up running feed -

,

9

and bleed or not. i

10 !

MR. EBERSOLE: Well, a little bit analagous, if I f

had a contest between concrete and aluminum airplanes, I
10

wouldn't work on the concrete airplanes very long.
13

MR. SULLIVAN: Let me see if I understand your |
,

position is that you would not recommend --

MR. EBERSOLE: Something that had a vague assurance |
.

of success in the future. I would go towards something I I

I7
I

had assurance in that I thought would justify my effortj,

in refining. I don't know whether -- I really don't know;9

.g whether natural convection on the basis of using it is

i

21 reliable or not. Maybe you're going to prove that to me. |
'

!

I: I'm willing to listen.
.

I

!

||h 22 MR. SULLIVAN: Now, I'm not here to -- we don' t

24 have the data yet to prove it to you.

i
*J CHAIRMAN CARBON: Are you from the Idaho

'in n. % vis v a .ac . s i,.c
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organization?

i
MR. SULLIVAN: I was. I worked for Idaho for a i

2 !
J while, and now I'm working for research, so I'm on the j

research staff.
;

4 |

CHAIRMAN CARBON: A moment ago you referred to the !
I |

staff. Did you mean the licensing staff? j
6 j

MR. SULLIVAN: The licensing staff. j
7 i

CHAIRMAN CARBON: Okay.
I !

MR. SULLIVAN: I'd like to open by a statement. I
9

think it's the ACRS view that there are little problems

|| with what I call single-phase loop natural circulation. f
I

'
There is a question on if the system, if you've

t.. >

i

73
got a lot of gas in the system, how that affects it, but ,!

I
,, the codes seem to do a reasonable job on that.

;e MR. EBERSOLE: I've got one thing to add to that.

16 If in the course of meeting a transient you do suffer a !

17 secondary side trial for a period of time, six minutes, -

i
'

18 except maybe longer, you lose, in the short-term natural
!

19 convection, you come to a homogeneous temperature condi- !

20 tion, and no longer in the circulation. !

21 Now, I think I can always argue, and I think I would

'S get general agreement that sooner or later I'm going to

e 22 get water in the secondary circuits by one means or |
I

*1*
another, with a fire hose, if necessary; however, if I

don't have the capacity in a solid liquid system to
,

'nn a n m t e
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restore natural convection, I'm up the creek.

MR. SULLIVAN: I think that that is a legitimate ;|

2 question. Now the codes have said that you can start

3 ' natural circulation from those conditions, and it seems to

'
be reasonable, but it's something that ought to be investi- ,'

<
~ gated.

I

6 '
MR. EBERSOLE: The times, by the way, during which '

7 -

you get to this state are quite short.-

.

3 i iMR. SULLIVAN: Yes. '

9

DR. CATTON: Harold, that's not a new problem, i

10 1

by heating and cooling. I'

MR. SULLIVAN: Yes.
,

12 I
i

DR. CATTON: And I think there have been measure- |Is

ments made of the temperature overshoot. Have there been
14 !

'

any comparisons of the codes for just a simple loop?
,

'

MR. SULLIVAN: Yes, they have compared the codes
id ,

i

to -- they have not done it in a large facility, and I1,,
i,

understand SEQUOYAH is also planning on doing one from

rest and then starting the system to a natural circulationg

condition. !
0.

i DR. CATTON: Both SEQUOYAH and NORTH ANNA too,21

; when they do this test, as least the way I read the test,
{

-

||h 22 they're going to sort of creep up on the tower. If you

!
24 creep up slowly, what you have is just essentially a series '

,

2 of quasi-study. I think to get to the question that Jessie

i , n 6 ve-- wr i,.c |
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'

is addressing, which you want as a step-in bound --
l

'

.

f
' MR. SULLIVAN: Yes.

DR. CATTON: --there are those kinds of experiments ['

f

i

| around for small loops. The only difference I see between
*

4
ia big loop and a small loop is how well you know the --
!
i

t t'
'MR. SULLIVAN: The resistances.

6

the resistances. |DR. CATTON: --

7 |
MR. SULLIVAN: We plan on running an experiment |

3

j like that from rest to an increase in power, a step
'

9 .

increase in power to start natural circulation and look f
at the inertial losses or the inertial effects to see if i

,

the codes are capable of predicting as well.i ,

12

DR. CATTON: Semi-scale?
;

MR. SULLIVAN: Yes. |
14

1

DR. CATTON: I would think that would be excellent, ,

because you could step the power as high as you want. |g

MR. SULLIVAN: Right. So there are a few questions;.

;g in single phase. Most of the questions that we see are
!

g,9 in the two-phase portion of the transient, and the codes !

20 predict that the full size machine go through a mode of ;

i

21 two-phase natural circulation, and they say that things j

:: are okay. |
i

|h 2: DR. THEOFANOUS: Which codes are those now?

| 24 MR. SULLIVAN: Okay. They are the vendors codes '

| i

2 and the relap 4 mcd 7, and the relap 5 code. I'm not sure.

i ra e.na,..s v n w te.e.
40 shifte CAP?t2. STsugrf. & e. Safft 97 I

e.eessueTOse. & L aus e



._ ._

7

G C 205n cz sc.

'

Stan, are you familiar with it? Have they run --

I MR. FABIC: I made a point a while ago that there ;

.

is track PFl under development which will be used for small'

,

breaks. There will be no capacitors done, because it's-

4
not finished yet.-

.

They haveused track Pl-A for TMI calculations, but

6
you call that tuning. They can show they can do it with

7

| comparison after many calculations, just this and that, so

3

| they can show they can calculate that problem fairly well
9

although measurements are not --
10

DR. THEOFANOUS: Do you think it does an honest f9 11 |
to God comparison with TMI? !,

1: *

MR. FABIC: With a lot of tuning it will.
II |

i DR. CATTON: What about if you don' t have the i
I#

I
proper inputs?

13

MR. SULLIVAN: Yes, it's -- they ' re running it on :
14 i

all of the cemi-scale and loft tests now, and so it's I
l,e

!
,

predicting those transient, and Stan has shown some of;3
i

those predictions. |;9
I

' '

DR. PLESSET: Harold?.g

i MR. SULLIVAN: Yes.21

:: DR. PLESSET: You say you have confidence in |
1

||h :: handling two-phase, let us say water, water vapor, but |
!

24 now let's not add another phase, just another component, '

:
''J an inert gas, can you handle that?

'i - noasv-m. % ie
ase summe cammsi. reuss?, & n. su,rt ter J
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,

MR. SULLIVAN: You mean in the codes?

I DR. PLESSET: Yes, you made a statement that you cani

I handle the two phase.

MR. SULLIVAN: I'm talking about the experiments
,

'
now. The experiments as I see them are providing a data

base for the code assessment process. ,

.

6 !

DR. PLESSET: Okay, all right, but will the experi- ,

7 !
; ments include this second case?

|
3

; MR. SULLIVAN: Yes.
9

MR. EBERSOLE: We already did accidentall',, didn't
to

Iwe? .

k II

MR. SULLIVAN: Well, not accidentally, but in
,

12 ;

semi-scale, they ran TMI type transients and have injected !
'. J

non-canisi.'e gases in it. |
i

I4 '
.
.

DR. PLESSET: But this is not a survey. It was ,

just one.
i

MR. SULLIVAN: There was a series of tests runs on7 ,

that, and they were run very quickly, and we did get a;g
i

;9 sizable data loss, because of how quickly we ran them, and

:g they were more interested in where the gas ended up than

21 in looking at the phenomena in detail, so that's the*

:: reason that we needed to go back and look at these in some j
i

ggg 22 details. ;

24 The way that I see the experiments are to show or

"J verify that these modes do exist in our experimental

'i-c 6 v r % i=
es SOUTW W 5TmW7. i e. susPE '97 8
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facilities. I think it's important to determine what the

!
I parameters are that affect its existence, so that we can j

get in an optimum, if it occurred in a plant such as TMI, f
2

f

3 that we could get an optimum arrangement to take maximum

*
advantage of its existence, and also to look at the kinds !

of data that would be presented to an operator to show ,

i
6

'

that he actually is in these modes of natural circulation.
|
'

7
So I agree that we ought to run some experiments,i

3

j and they ought to be for code assessment purposes, and then

9

those codes should be applied to large plants.
10

The extent that the phenomena has to be modeled, ,

h 11

-

I feel, is that it has to be modeled to the extent that it
!;;

can predict the experimental facilities, so I think that
13

||addresses some of the concerns that you have, that we mayi

i4 >

j

be fine-tuning things, past the point of returns.
,

DR. ZUDANO: Did I understand you to say that the ;

data that will yield parameters will come from tests i
I

f
,

directly?

f

MR. SULLIVAN: No, I did not mean to infer that. '
,9 I5

i

The thing that I would like to present to you is that.g

21
right now there is more instrumentation is almost all of

:: our test facilities than any one of the plants, and from |
\

||| 2 that instrumentation, we ought to be able to determine

4 the modes of natural circulation and infer from that data '

'
15 what should be the indications at a plant.

i
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I

!

Once you run the code, then you can infer.

|DR. ZUDANS: Okay. Do you have another element, a,

. .

'
code that you identify for plant? I

MR. SULLIVAN: Yes, that is the process, run an
,

I
a

lexperiment, assessing a code, and then applying it to a
;

e i~

plant.
f

6

DR. ZUDANS: And the real purpose of a test is to
7

identify and understand the phenomena and that would be a j
1 I

i code. '

9

MR. SULLIVAN: That's correct.
|10 -

DR. ZUDANS: That is one, and then you have some
'

confidence in which you can then apply to the plant, and
,

10

then determine the parameters. |
13 !

,

! MR. SULLIVAN: Right.

DR. CATTON: And possibly parameters that the ,

operator doesn' t have available,g j

DR. ZUDANS: That may be. '
I7

!
,'

MR. SULLIVAN: Yes. There was a question about thegg

;9 gas in the system. I'd like to tell you that we are looking|

:o at it. The NRC staff has done a survey of it. We have |
|

21 several experimental programs that are going to put |
,

:: non-canisible gases in the system, and we need to know ! |

h *: how much, and so we are looking at that issue.
.

24 One of the things that we are not looking at is

2 the question that you brought up about the boron plate-out,
l

imo ne 6vo m. % i% !
'
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and I think it's something that I personally don' t feel
.

1' that it's a problem, but I'm not a chemist either, and so
|

I think it's something that we ought to address. I

MR. BENDER: Let me go back to the question. How

fdo yot propose to find out what the right proportionate --

5 iwould be in one of the systems?
;
'

6

MR. SULLIVAN: The question that I have right now
I |

is how much there is in the system, that is one of the j

i problems that we 're looking at.
9

The method that we're using is to try to put the
10

non-canisible gases in a place that the flow patterns in i

the test facilities might tend to take it to wherever it
f: ;

might go, so we would try to relate that to the experi- !
13 ,

lmental f acility, so we'd be inj ecting the non-canisible-

,''
I

gases in parts.
.

MR. BENDER: In what quantities and in whatg

portions? |g.

MR. SULLIVAN: You mean the gas mixture?73

i

79 MR. BENDER: Surely if you put enough non-canisibles

:o in, you'll get the system in trouble, and you'll short. i

i

|21 MR. SULLIVAN: Yes.

:: MR. BENDER: The problem is to decide when to put f
!

||g 2: it in and how much and how to model its disbursal, if I

IA can use that term.
.

U MP SULLIVAN: Well, the way that I see it is I'm

lasTtussenficsaae, Vcesafted 4E|pearrupt IM
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not sure -- it all depends on what the survey of how much
!

I generation is there, okay, and I think we ought to go to i,

a maximum generation, and then maybe overstep that a little !
f

bit to make sure that we have covered the range.
4 I

Now if that takes you to complete covery of al] the |
3 I

steam generator tubes, I wouldn't feel that's an unaccept- |
'

4

able position to be in, because we're not showing a
7

' reactor has that problem.
3 i

What we're trying to show is that codes had a!

9
'

,

capability of calculating that, but it is a question that f
to ,1

needs to be addressed, and we are trying to look at how |g 11

much gas to put in it and where to put it in.,

,

1:

|!MR. EBERSOLE: On that subject, SEQUOYAH is coming

up. It's a UHI plan.

|

MR. SULLIVAN: Yes,
,

MR. EBERSOLE:
16 But sooner or later you'll come to a ,

; parting of the ways where you'll say I will or I will not
,

;g cool core after an accidental ingestion of the UHI maximum !
l

;9 or some fraction of it.

:o In order to get there, there are a number of paths,

:1 like pressurization with or without primary systems.
'

!

: There's a certain low probability, certainly not zero, |
i

that this can occur. If you ingest a substantial fraction !g2
I4 of it and you've lost the pumps, and I don't know whether

^3 feed bleed will work, I'm in trouble, because I'm not going-

in ne . v=n- % : c . l
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,

!

to get a coupling to the secondary loop unless I have some !

!.

'
remaining fraction of the other method which is a reflux

condensation.

Certainly one or the others of those methods is
1

4 igoing to have to do for me, because I have lost liquid ;

. |Convection.
i

6 !

MR. SULLIVAN: Maybe you've lost what I would call |

7 }
t

single-phase loop natural circulation. !
$ i

MR. EBERSOLE: Lost my liquid convection.
9

MR. SULLIVAN: Yes. Now, I think it's important
to ,

O that we understand that if you did have a case like that i
11

where there is gas in the U tubes of the steam generators,,

10
i

will the system go into the thing that I would call for !
13 '

the lack of a better word is a reflux condition. I
14 -

!

MR. ESERSOLE: Yes, right, now then so say we're

at the point. We have to understand. First of all, we7,

g don't have to admit that that will happen if we want to be
,

I
jg less conservative like we used to be. '

t
!

;9 MR. SULLIVAN: Yes. '

go MR. EBERSOLE: The other side of the coin is we
i

21 have to admit that it might. i
,

: MR. SULLIVAN: Yes. |
1

h 20 MR. EBERSOLE: And, finally, one has to look at |
24 the merits of having a UHI on there at all which, I

2 think, probably are not easily outweighed by the

*i t, n v n. % : e
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|

disadvantages. I mean UHI is there for a rather discreet f
I.

'
function associated with a large load bearing. It brings !

. .

a modest amount of improvement in large loads primarily, !
*

i

and it's designed for, as I understand it, utilization

4
in load following plants for which that plant is not going

e ''

to be used. I

f6

In short, it may be a millstone around our necks
7 ,

rather than an asset if we look at it hard enough. What j
3 i

!I want to get at though is the final end point. Are we
9 !

going to have to admit that we have the facility of
10

delivery if some of that gets to the core, or are we not?

||| 11 i
IMR. SULLIVAN: I think that's more the licensing

12

|staff. The thing that we're trying to do is to generate ;

13

a data base to assess the codes, and I'm trying to --

MR. EBERSOLE: I'm trying to find an end point of
,

y ur w rk. ,

16

DR. CATTON: Harold, if your first test were rung, ,

;g with the maximum amount expected of nitrogen, you'd answer
i

;9 Jessie's question once and for all.

:o DR. ZUDANS: You would answer that for the facility,,
|

21 the test facility.:

I: MR. SULLIVAN: Yes, that's correct. [
}

(|) :3 DR. PLESSET: Well, that is a fair understanding.

24 MR. FABIC: Some of you may know that in five '

2 antitrack, we have now included the non-canisible gas
i

'lefTtpseafM|peahV4peaftse h Inc
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:
field, so, for example, we have seven conservation -- the

question is how well do we represent the transport of that f

gas throughout the system in the presence of two-phase f
,
~

flow.

4 |
In order to verify that capability, we have to have ;

e I~

good enough measurements, believable measurements in f
'

6

facilities like this. In order to get credible measure- |

7 ,

'
ments, you have to put a lot of gas.

3
l

If you put small quantities, there's no way on j!

9 !

earth you can measure them. I don' t even know how we 're

going to measure a lot of gas, okay, unless we just tap I

h II

at one or two points. That doesn't tell you much about,
;

its diffision. It tells you that you've got gas there or ;

IU '
,

t
not, but how deeply did it penetrate. Do you go half the !M ',

lengths of the tubes and only the top? You don' t know .

unles you define it.g ,

DR. THEOFANOUS: How about tugging it? |;7

18 MR. SULLIVAN: That's what we're looking at.
I

19 MR. FABIC: People are now starting to look at how |

:o we're going to measure the location of the distribution .

i

21 of the gases, factual time by the calculations. Once we |
'

:: have some confidence in the calculations, then we can say |
I

| 20 at what phase of an accident in the field.

24 DR. CATTON: That seems to me the long-term goal.

2 What's wrong with a short-term goal finding out whether
!

lerrEpssartcoma6 VEPeartas h lanc, |
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or not the amounts of gas that are in there are going to

I shut off the reflux boiler? If you put that much gas in
|

I and you don' t shut off the reflux boiler, then you're f
I

2 talking about the degree of degradation, but you sure have

4
hell have moved a lot of it out. !

|e
*

MR. EBERSOLE: I think I'm probably being difficult !

6 !

if you decide not to work on it and jump to a different ;
I |field, and this is what we were trying to think about when

|
3 ;

'

'

we went to SAR and PWR. They didn' t want to try to work
9

out the problem so you jump to hard firm conclusion in
10

another area entirely, i

h II

You know, you walk around the problem.
12

DR. PLESSET: I think Jessie has raised this point
I

; repeatedly, and I'll say again what I said this morning. |
14 :

1

Westinghouse maintains that they can ingest all of the

nitrogen in the UHI system and still have reflux and heat
|

transfer which is adequate. i

I,d
|,
.

Now what will happen, the staff hasn't evaluated f7,
I

that yet, but I'm sure they'll come to research and ask;9

;g them to help in this evaluation, so it's a fairly near-term;

I

21 question in addition -- |
r

!

:: MR. EBERSOLE: I wasn't getting that impression. I

|

2: DR. PLESSET: Well, I'm just saying that it might

24 be.

'J MR. EBERSOLE: I thought he was giving some

'
i.,r nm v e i,.c

me scWTie cumA sTwez?. t e. surrt ret i
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'
message that we really --

I DR. PLESSET: No, it's straightforward. They have >

I a calculation and an analysis. The staff should either

I reject it or accept it.

#
MR. EBERSOLE: And we're not far from that. I !

.

don't know that the analysis is available.
,

|6 'DR. PLESSET: Well, maybe it's not a complete

7
analysis, but they have a presentation.

3

DR. ZUDANS: They said they had 3100 --
9

DR. PLESSET: That's true, but it looked kind of
|'

10

persuasive, I would say that. i
'

II

|DR. CATTON: They then argued that if you had this

|much volume and if it displaced this much, and you had ;

13 ;,

this much area left in your tubes, and that's enough. !
I4

|
DR. PLESSET: Well, but it was enough by a big

,

,

factor, they maintained, to take care of your concerns.

DR. CATTON: A single run on.something like semi- !

I
I.

scale would just give you a nice -- |7,
i

DR. PLESSET: Fine, that's why I'm urging them to
79

.g put it up a little way.

' MR. EBERSOLE: You can understand my logic is21
i

= really if I can' t get something with a rifle, I'll use a

gg :: shotgun, and I won't bother with any expertise on the

24 rifle. '

'J DR. PLESSET: Well, I think that one test would

: - m va v- % mesic :
m amm. cumm. rreur?. t .. surms, I

cameHetFCou. & * m
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help a lot is all that I'm saying.

I MR. EBERSOLE: Okay, I don't know that.;

I MR. BENDER: You're saying if we have one experi-

2 ment, if you put a lot of gas into the system and saw what's

4
its heat transfer characteristics were -- ,i

I

'

DR. CATTON: The upper limit that you could get !

6
from the entire --

7
MR. BENDER: If it's still operating as much as you

3 e

can expect, then you could go ahead, and figure out what
9

'
you need to put in.

10

DR. PLESSET: That's what I'm suggesting, that's e

all.
I: ,

MR. SULLIVAN: Maybe I raised more questions than |
1: '

i I tried to. I
I4 i

t

DR. PLESSET: We'll just give you one more experi- ,

i
ment.

|

MR. SULLIVAN: Right. The talk today is ong,

natural circulation, and I play not to address the feed7,
i

39
and bleed until such time as we are preparing the |

'

!
'

;g f acilities to look at questions like that. ,

;
21 We are not planning on doing them. We have a

:: space that we could do those experiments, but we have not I

||| 2: planned on doing them yet, but we are considering them.

24 MR. BENDER: Are we using the more general '

'J definition of natural circulation now?

'in n v=n- % re
me 30WMeCA N STusHT. E e. suffT '87 I
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MR. SULLIVAN: Well, I had divided the presentation

into three parts. I'd like to discuss what I mean by the |

modes of natural circulation, then the experimental plans
,

,

and draw some conclusions, so let's look at what I mean
*

I4
by natural circulation. !

'

There is the single-phase liquid loop, and that is
,

6 !

the conventional natural circulation and SEQUOYAH is going
i

7 !:
'

to run some of these transients. f
8

there is a two-phase loop,ii As Dr. Fabic pointed out,
9 -

and I'm using a nomenclature that we have kind of developed,
10

and I'll try to be consistent through the presentation, -

h 11

but the two-phase loop is when there is two-phase liquid
12

all over say the top of the candy cane, all the way down
10

in the B&W plant or all the way through the steam
14

|
generator or all the way to the top of the U tubes and

back down the other side so --
|

DR. PLESSET: Let me ask for a clarification. It's !;7

gg two-phase. Is it one component? In other words, HO
2

;9 liquid or vapor, or will you add N rH r whatever to |2 2

;g the gas?

21 MR. SULLIVAN: It will be only one component.i

t

:: DR. PLESSET: One component, but that's kind of I

:: trivial Harold.

IA MR. SULLIVAN: These are definitions, okay?
,

2 DR. PLESSET: Oh, okay.
.

Oh U

- u m .t. .m . i.,
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'

MR. SULLIVAN: So that when I say that, you'll know
,

I

'
what I mean, and then when I say we're going to look at,

..
'

non-conden~sible gases, you'll know what that means also. !

,
~

DR. PLESSET: It would be more exact to talk about
4

e

two-phase, two component, one of them non-condensible. '

2

That would be very easy for me then to follow you. j

6

MR. BENDER: I may have a better definition of i
'

7

two-phase. I think you said the mixture all the way through
3

| the system. Did you really mean that?
?

MR. SULLIVAN: It could be solid, and --
10

:

MR. BENDER: Normally the system has liquid water '

O 11

in one end and a two-phase mixture at the other end.'

i

|
MR. SULLIVAN: Yes, I meant over the top of the i

I
' U tubes. That's what we're talking about. It could be !,d'

I.

single-phase in the core boiling or boiling in the core -g

g and going onward. i

i

g. MR. BENDER: Thank you, I just wanted to be sure. |
t

I
'tg MR. SULLIVAN: Then the two-phase hot leg, I mean
I
i

19 the type that Dr. Fabic showed you earlier where there is I
-

:o the so-called reflux condensation or reflux boiling where j
i

21 there is liquid running down the steam generator tubes !
!
.

3 in condensation, that countercurrent flows in the hot legs
'

.

I

||h % and flows back into the vessel. ;

I' So the core could be completely covered, or it

2 could have a fixture level in it, and it could begin to
'

'i.m, n- v n- % i,.c
me ma,fte CunTth ITuggy, i s. 34#T3 re? I
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heat up or steam cooling. Then I'vt added the other one, f
r

the transition between the modes, and it really is a f
I

. <

transition.'
;

i

It's not that we can turn one of these on and one f
I

|
4

of these of f. It's probably a very gradual transition from |'
!

~

one of these modes to the other. ,'
'

6

MR. ETHERINGTON: Then to pick up Dr. Plesset's
,

i

question, we don't have a two-component --

3

j MR. SULLIVAN: Not be definition. I have used
9 -

adding a non-condensible gas to the --
IO

.

MR. ETHERINGTON: I see, it's in your test series ;

II
I

then. !

1:
MR. SULLIVAN: So then, startingwitheachofthesef

I

three modes, I'd like to let you see the things that we're !
14 .

currently thinking about it, and it's not a complete list.
.

It's some of the major things that we'd like to look at.
,

There is the initiation of natural circulation,
|

and we look at it as a fluid at rest to a stable or a |7,

steady state natural circulation mode, and I have listed !79

.g the phenomena and the possible experimental facilities
,

|
21 that are involved, and the reason that I say possible is

:: that some of these experimental facilities have not i

.i

||| 2: finalized on their test matrix, and we're trying to make

24 sure we cover a wide range of parameters, and so it may *

*3 be that later on, we would drop some of these facilities

i - no ao r m ic :
. sam. o m re are.a e. w t .1 '
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' out looking at these particular phenomena.
!.

'
SS is semi-scale. The FS is the Flecht Seaset ,I

.

I facility and I'll be talking about these. The university
i

i f
is university contracts that we have, and I'll try to I

-

i
d

fdiscuss that.
e ;
*

I don't think I can discuss it in a lot of detail, '

I
6

because it's in a contractual arrangement right now where
,

7
'

-;e're getting ready to either approve the funding or
3

!
disapprove it. I don' t think it would be too nice to

9

discuss the thing before it got funded. We would tell you ,

10 t

if it was not funded. |
h '

|MR. ETHERINGTON: Are any of these single minded,
C

i
single tube type of experiments? |C '

I; MR. SULLIVAN: Yes, in the university facilities i
la :

#

are in the class.
,

DR. PLESSET: All pressure, I guess, glass.,di -

'MR. SULLIVAN: Yes, glass, and the tubes are --I7 e

**11' I'll try to discuss it a little bit more. The PKL Ila
i

;9 facility, the German facility and the Japanese large I

:o cylindrical cord test facility, so we -- the possibili ty

i

21 exists of looking at the initiation.
J

:: I know that two facilities will probably do those -

I

: tests, the semiscale facility and the Flecht-Seaset
.

:4 facility. The imbblance between steam generators, that's

2 something that occurred at TMI, and we'd like to look at

i.,r nmvo n % ie
.un. w m. mm. s. . an.,

. a c.
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| as possible candidate test. Mass injection and removal, f
1

. i

this is from make-up and letdown. We would like to under-'

I stand how that affects the natural circulation, and non- !
i

s i
condensible gases, so we'll be adding. |

-

|

4 '

MR. BENDER: I'm not clear on the mass injection '

:

removal. What's the mechanism? ,'

MR. SULLIVAN: Well, the feed and bleed is like

7
PORV open high pressure injection. This is high pressure

3 >

i injection letdown using another part of the system, or if
9

you had a small leak in the system, say you went through ,

to
a transient and you had a pump leak or something. i

''
|We'd like to know if that has a big effect on

t*
I

natural circulation. '

I3
:
'DR. PLESSET: In connection with the cylindrical

Id
i

core test facility if you had a good feeling of confidence

in being able to go from test pressure which is somewhat
,4 .

4

low to a much higher pressure, that would be a very
7

interesting facility, because a very good simulation of i7,

steam generator relationships to the core. ;79

.g My question is how will you be following those

i

21 tests? Will they be adequately instrumented? Will they
|

'

:: add non-condensibles, because that could contribute quite '

i

||| 2: a bit to your fund of information in a very useful way.

*4 MR. SULLIVAN: As you know, that's part of the

2 3D progrmm, so that we will be getting the data from the

= v e ,.. =- r,.c
ase Sm,fie CAMTOR. ITugt, g e. guryg g7
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facility. The way that I understand it is that that test

I matrix has not been approved yet, so that we are currently ;

looking at it, and we have a promise from the Japanese |
'

2
technical people that they will be evaluating this, and

'
,

4
they would like to include both the modes of natural 1'

,

e
.

!*

circulation, the injection of non-condensible gases over '

4
a range of hours. ;

7

DR. PLESSET: Will anybody be there to watch the
S ,

tests from USNRC? I regard that as crucial, because it'si

9

a valuable facility, reasonably well instrumented, and the i

to

relationships between the steam generator and the core are i

h
'

good, but it would be nice to have a lot of confidence in
;

12

what you get out.
13

MR. FABIC: There's always somebody there from !
14 '

I

NRC or NRC complex.,

'
,

DR. PLESSET: Well, transients I don't care so
|

much about. I've been there and back, you know. i

!. i

DR. FABIC: Dr. Tomy just came back from Japan, |73

;9 and he just heard since he came back that the Japanese ,!

;g government is seriously going to go ahead with a full-

i

21 scale small break. j

!

n MR. SULLIVAN: That's the last slide. !
!

2 DR. PLESSET: Well, I'm still interested in the

24 CCTF being made useful. '

'd MR. SULLIVAN: We're trying to put into the

'inre no v-n =c wem, im
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|
'

possible test facility things that we feel exist and have

I a good possibility of adding to our information in the
;

i i* next year or so. !

i,

So to answer that question directly, I don't !
~

.

think that there is anybody permanently stationed in Japan. !
i

: '

I don' t think there is any plans to do that. We do have !
,

6 i
contractors there all the time, and people that are i

'
7

stationed there are for our contractors, but there is not |
3 i

a US NRC person assigned to that.

MR. FABIC: There is a person that's funded by US |
10

i

NRC as a liaison man stationed there. i

h !
MR. SULLIVAN: But he does not belong there on '

10

staff. {
13

MR. BENDER: Harold, there's one other item that I
is .

may be covered there and maybe not. Are you going to ,

investigate how a change in the pressure level in the

system might affect it?;7 ,

MR. SULLIVAN: Yes, and the reason it doesn't;g
i

;9 show as a parameter there is because the test facilities !

:o more or less preclude doing them all at the same pressure.

21 There are some low pressure test facilities here, such as |

= PKL is up to a 1000 PSI. The CCTF is a reflux facility, !
. i

ggg and it doesn't have the pressure capability of going to20

'

24 very high pressures. The semiscale facility can, of course,

I 2 go to high pressures. The flight facility is a rather

'i-r ne v n-=ce,ms re
| aus SERitte CA8'TUI. N. L e. RJtTE is,
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i
low pressure facility. I

i

I MR. BENDER: I don't think I quite made my point

2 right. The thing I'm interested in is if the system is

3
_

running a natural circulation at one pressure, and for
I

4 '
'reasons that I won' t define, you decide you want to operate
;

e i
~ it under some different pressure, the transition that comes |

|
6 '

about when that event occurs, I think, is of interest.
;

7 |
Itdid happen at TMI. They changed the pressure ;

'

.

3 i

levels several times, and I think is one of the places
9

that we never understood what was going on.
fto

MR. SULLIVAN: In single phase, I'm not sure ,

h
'

it's a really important parameter if there is no non-,

12 i
condensible gases in the system. Now in two-phase , I thinkj

13 '

you have a good point, and that's one of the things I will i,

14 .

,.

put on our list.
13

MR. BENDER: I don't know in single phase. I
,

14 !

guess I haven' t thought enough about it. !

t7 ,

DR. CATTON: As long as it doesn't boil.;g

MR. EBERSOLE: In the mass injection and removal, :;9

20 I can' t quite see what the dif ference between that is and,

i

21 | say, the small breaks where you have a break below the

:: liquid line.
|
|

22 Does that include consideration arbitrarily

24 defined liquid leaks where you have to make up as well as

3 preserve the natural convection process?

.

k
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MR. SULLIVAN: Well, the thing that we were trying

i to address here is if you open the PORV valve or some j
,

2 valve in the system and had a leakage and closed it, would

2 that upset the natural convection.

* !

Also, can you go back to normal make-up and let- !
!e idown. TMI -- excuse me? i

*

MR. EBERSOLE: The greatest liquid loss is when

7 I

you continue to have a liquid lead.<

S , *

MR. SULLIVAN: Yes.

9

MR. EBERSOLE: TRV is in an advantageous position !

Im
in this context. Does this include looking at leaks |:

h II
I

which would be like the small break activity, like seal !
12

f
favors?

13 i

MR. SULLIVAN: We would be looking at things !i

14 i

more or less like letdown and make-up flows where, you

know --
14

MR. EBERSOLE: Do you mean more like in a j,

probablistic context, or are you going to arbitrarily |

I

define a leakage rate, and say I'm going to naturally cook Ig

under this condition?3
i

21 MR. SULLIVAN: I think that what we would like to i

!

:: do is make sure that the plant would be okay or the test i

||| 2: f acility, we could get data in a test facility where you
.

24 had a scaled maximum letdown flow and make-up, and it

2 doesn't make any difference which way you're operating that '

iv.sra v-r- rsic '
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i
and that should pretty well cover any small leaks. It i

I

'
would not cover complete seal failure in a pump. '

!.
'

MR. EBERSOLE: Letdown the seals anyway. j

MR. SULLIVAN: Yes.
.

A iDR. CATTON: The mass injection could be cold
,

3 i

water. '

t
'

6

MR. SULLIVAN: It would be. It would be high !

7
i pressure injection.

3

DR. CATTON: And that could interfere.
9 :

i
DR. THEOFANOUS: Could I ask what you mean by

this in the context of single loop? Is it like localizing? -

|
II

MR. SULLIVAN: Yes, right.i
j

12
'

,

DR. THEOFANOUS: But not in -- |
13

MR. SULLIVAN: We would put it some place in the
i

system and see how that affected this mode of natural
,

circulation.

DR. PLESSET: Well, I'd hope you'd follow the ;
17 I

migration of the non-condensible.
18

MR. SULLIVAN: The program we've done the most
!

19 '

!

looking at it is the Flecht-Seaset program, and we plan

!
8

; in injecting it into a location and look at its migration
,1 |4

,

to any one component Siit also, we would like to force it j,

to be someplace in the system such as injecting it in theGg
t

3 hot legs. '

2 DR. SCHROCK: I had the same question, I guess,.

'i-no 6 v n % im
m name m sfear?. t e surftter
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i

that Theo just asked, but I have looked ahead at the next |
!

I couple of slides, and I was confused as to why you have not !

convinced on the single phase, but not in the -- !I

i

MR. SULLIVAN: There's a good reason for that, andf2

|

4 8

it's an oversight. I was going to add that. Everyone of '

the slides thereafter should have had the --
|

6 -

(End 7) MR. EBERSOLE: there's a statement given to them--

7
about convection fluid velocity was sufficiently high to

I
Shagit non-condensibles from the upper portion of the U

9

bend, and I didn' t quite swallow tuat very well.
10

!Is that a misstatement?
II

MR. SULLIVAN: I think they did make that ,

I
i:

s tatement, but I'm like you, I'm kind of skeptical. f

: MR. EBERSOLE: I'm going to discount that until
14 1

:

somebody tells me something else.
12

MR. SULLIVAN: The experiments would be able to
,

16 |

tell you if that occurred.
1., i

MR. EBERSOLE: Yeah, I can believe it if the

I
non-condensibles are in a microscopic form. Ig

MR. SULLIVAN: Yes.;g ;
I

I

21 MR. EBERSOLE: But I can't if it's in the aggre-

;; gation. I
i

!

||) 2: DR. THEOFANOUS: But if the non-condensibles ;

i

24 are in the microscopic form and if the natural circulation
i

'J is sufficient to keep them suspended, then you will never--
s

lN?t3Beneftcumak Vtpaaf?ne h Iput '
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MR. EBERSOLE: Yes, right. f
I

DR. THEOFANOUS: And if we keep in mind that
*

i' the --
|
i

MR. EBERSOLE: This is the dissolution problem.
i

4
MR. SULLIVAN: Okay. Moving to the second mode |

which is the two-phase loop is that we were interested in
.

6
'

the steam generator heat transfer, the separation in the !

7

vessel in the loop, the identification of the wind two

3

, phase natural circulation start, and can you tell from the
9

instrumentation when you have it and when you don't, and
to

in what indications might be available in a control room. |
h II

|Again, from doing code analysis after we've .

1:
,

assessed them, the transitions between single and two |
13

!|phase natural circulation, the mass injection and the+

1s .

i

removal and the lif t out on non-condensible gases.
,

I think you can see that that is in our test
,4 ;.

records, i
l,'

I

MR. EBERSOLE: Each time you say something like I
18

!

identification of two phase flow, like you had up there,;9

;g or verified with such and such, there is inferred that if
,

i

21 you go through this process, you will always find out that j'

!
.

n you verify or else there's a problem. I

i

i

ggg :: Now what is frequently not present is that a

24 course of action be taken if you find you didn't verify, *

'2 and it's almost useless to say verify something unless

i m e.,.,sunr- w te '
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you've got an escape route if the verification process ,

!
I doesn' t pan out. f
I You deal with that. I

!

2 MR. SULLIVAN: The thing I think that we have to

I#
rely on is to assess the codes and then to apply them to a '

,

f
I I

plant, so that would be the mode. Now, in that you need a i
1

6 I
good data base, and if you found out that one of these '

,

7 |modes was particularly unstable or that you were having j
$ i

problems getting into one of thoce modes, I think that we j

9

would investigate how you could start.
to

MR. EBERSOLE: You can do it on the experiments, f
(l> n j

but in real life, you can't.
,

1: |
MR. SULLIVAN: Yes, that's true, but the only way |

Is

that I feel that we can do it is through providing a data }
14 -

s'

base from the experiments and then assessing the codes.
,

MR. EBERSOLE: When you say it here then, you're

in the spirit of doing an experiment.
1,, ;

MR. SULLIVAN: Right.

MR. EBERSOLE: But when it's in real life, theg

same is still there, the escape route is not defined.;g
I

7; MR. SULLIVAN: Yes. jr

:: MR. FABIC: What we mean by assessment is to try '

|h :: to contain knowledge about the uncertainty of the predic-

:4 tion, and I know we'll have enough data to find it for
,

!! experiments. The question is whether that uncertainty

i

,fte CAA' Ton. FN*EIT.1, e
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is now transportable to a PWI. There's a lot of heated
e,

discussion going on now whether we'll have enough informa- !,

*
'

tion on that. I won't talk about that, but so the escape j
.
*

is there.
.

4 i

Suppose we do not predict location in every |
3 |experiment. That's going to broader the uncertainly of
6

prediction, so we'll be able to say, okay, the probability |
7

of this situation has been corrected to such and such.
3

-
,

That's the goal. Whether we'll be able to do that for a
9

PWI is the question.
|10 ;

MR. SULLIVAN: As I understand your question, it ist9 11

not exactly that, right?'

r

MR. EBERSOLE: It's a little bit different. Here
la,

you're speaking in the context of an experiment and verify- f
i

ing that the circuit phenomena takes place. That's fine.;

If it doesn't, either you don't get the answer or something73

;7 else. |

tg MR. SULLIVAN: Yes. !
i

19 MR. EBERSOLE: The same words are used in |

!a emergency procedures to verify that this or that takes i

21 place, but in that case, there is no time or no oppor- !

:: tunity to take an ultimate course. You either verify and
i

||h :: find it, or you run out the door.
i

I' MR. SULLIVAN: Yes,

MR. EBERSOLE: And that's all it is. The same

ir ne6ve r- % ic
as gamine Gas?"JL STomt & e. marrt ?t,
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words are there. f
i

*

MR. SULLIVAN: But, I think the code analysis is f
2 the way of finding the so-called out.

i

2 MR. EBERSOLE: Yes, it's a different spirit in

#
which you mention verification. |

.

!

MR. SULLIVAN: And we're trying to assess the
1

6 f

codes and make sure they do that such that you can with a
,

7
great deal of confidence find these modes.'

3

DR. CATTON: I think from your instrumentation
9 :

you're going to find what the symptoms are when you're being|
10

led away from this. ,

k 11

MR. SULLIVAN: Yes.
1

'

I

DR. CATTON: And I think on semiscale they would !

13
'

even have the possibility of exercising some negation
la

i

action to see if it pulls them back or not.
,

MR. SULLIVAN: The two phase hot leg is in the [

case of the countercurrent flow and the hot legs. We are,

,

!

interested in steam generator condensation. The separation
18 !

i

that occurs in the vessel, the core heat transfer, ;g

particularly if it has an uncovered top of the core so weog ,

i

73 have to steam cool, the hot let counter current flow, the |
,

:: identification of this mode of natural circulation, the :

'

||| 2: mass injection, and then we're going to look at the

24 injection of also non-condensible gases.
,

2 DR. PLESSET: Isn' t there overlap between THTF

'
i-ro no 6 v-r we -c.

.1 . ,r - ,r r,. . .. .,
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and some of these other facilities?

f
I MR. SULLIVAN: Yes.

!-
' DR. PLESSET: Are you dispersing your effort a

2 little bit to include it in the program? I see it up there.

'
MR. SULLIVAN: Yes, let me try to -- it's one

|e
~

of the things that I'd like to talk about. t

i
'

6
DR.PLESSET: Okay. |

'
7

MR. SULLIVAN: The experiments are divided into

3 !
two classes, separate effects and the interval type. The j,

9 '

interval type are going to be discussed in late April, and
to

they are going to be the semiscale. f
G li

The separate effects I'd like to address now, the
,

1: i

Flecht-Seaset program, THTF, and the proposed university |
10

Icontract. In addition, TLTA appeared on the agenda, so

|
I'll address that a little bit, and then some foreign

experiments that we are getting data from. ifd :

Looking at Flecht-Seaset, it was originally a,

flarge break reflood facility, and since TMI, we have tried;,
I

to narrow that reflood aspect of it and look at the modes
j;9

.g of natural circulation, so we have simplified the design ,

i

21 of the facility to save money in the reflood area, reduce |
'

:: the reflood test matrix and are now looking at doing the !

!:: natural circulation experiments in both the single phase, '

:4 the two phase and the two phase hot leg, and Westinghouse

'J calls that the reflux condensation mode.

i v ne 6 v v. =- i c
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i

The loop design that is attractive to natural

I
circulation is that it does maintain full elevations ;

.

h

I which we feel is important. |
|

|It is power to volume scale which we also feel a
i
'4

is another important aspect of the facility. The modifica- |
e i
~

tions that are needed to change it from the reflood to the f
'

6

natural circulation are possible and not terribly expensive
,

7

so it also lends to us going in that direction.

I *

|
The contracc we have talked to Westinghouse on j

9 !
several occasions, and we are planning to go on this mode.

10
'|

All three parties have agreed to it, and so we are pro- t

11 1G ceeding down to this mode of doing natural circulation !

1:
,

experiments. f
13

Theobjectives are to provide a data base for the
"

i

code assessment work, to examine the core cooling as you ,

transfer from one mode of natural circulation to the j

other, to examine the system response and stability in the
7 ,

I7, three modes and the transition between those modes, to
i

;9 examine the response of collate injection and the injection

;g of non-condensible gases, so those are the types of
i

21 experiments we'll be doing. |
'

:: This slide shows the original Flecht reflood !

I

22 facility, and basically there's a broken loop and an

24 intact loop. It has a steam generator, the vessel, it's

'J a full-height facility. There is a down comer, and there

%nes 6 v ~ % i,.c

me sontm cam sTwust s e. settu is7
esensesudITues, a g. muut
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is an opening to a containment which is shown on the right
iI tide of the. slide. It's the same type of experiment that |
,

2 you've seen for Flecht-Seaset before. There's been some
i

3 modifications to the upper plenum, separations of the

i#
liquid or any liquid carry-over after you get out of the '

I
steam generators, and the test was designed to provided

'
,

6 a data base for code assessment.
7

Just looking at the facility as it needs to be

3
,

,

changed, first you need to heal the break so the contain-
{

,

9 '

ment is gone. There is a complete secondary side added i

10 |
-

so that you can have a closed loop secondary for long-term {

G i
11

operation, and there is a let down and make-up facility
|

,

12

at the lower portion of the slide in this area, so the |
1:

closed loop secondary is up here, and the make-up in a I!

14
|

let down system.
13

DR. LIENHARD: Could you say just a word about

the geometical scaling on this? i

i i

MR. SULLIVAN: It is full height. The lengths |18
.

I

are about the same length as in a normal plant. That'sg

3 the reason the down comer looks so funny. The crossover ,

i

21 is the scale resistance between the down comer and the |
!

= plant and the center of the core. It's a ten by ten |

n bundle. The bundle is full of height. The upper !

:4 plenum is full of height.
I

2 DR. PLESSET: He'd be interested in the volume

'twftposah VEpeaftes 4tPterfwst !sec
es arttFM C&M'9n. fruggy, g e marry :gt
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ratio, I think, is what you were getting at.

I DR. LEINHARD: Well, I'm curious about cross
;

<.

sections, yeah. |
'

f

DR. PLESSET: Well, the ten by ten gives you some

4 I
clue. |

t
4 I*

,!MR. SULLIVAN : It's power to volume scales, so
'

6
it's roughly 50,000 rods into 100. That's roughly the !

7
scale. I think it's 150.,

3

DR. PLESSET: About what?
9

MR. SULLIVAN: I shouldn't tell you,
to

DR. CATTON: One over 150. ,

e 11

DR. PLESSET: So this is better volume ratio
12

,

than semiscale. I
13

DR. CATTON: It's a little larger. |
14 i'

DR. LIENHARD: How are cross sectional areas
12

'

scaled, the pipes?

MR. SULLIVAN: They are shortened some and '

I7 i

ff attened up some to keep their resistance down. I can
33

I

give you the size of the pipes later if you like. |;9

*0 DR. LIENHARD: No, no, I was just trying to get

21 some idea of what rationale.
ii

2: MR. SULLIVAN: The power volume scale, if you !

.

1:: did every component, every component would be volume -

24 scales once you had that ratio, but the resistance would i

2 be very hard, because you have long very skinny pipes,

_ _ . _ _ :
me saim ca m smus?.E e. mJeft 's, '

_
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so you'd shorten them up and make them a little bit

*

larger at the cross section here, and this facility

2 they're currently planning on making the pipes a little

2 '

bit larger than the reflux facility also to keep getting
i4

larger and larger collate pipes to see this reflux condensa-l

Ie
*

tion mode. |

6
This is the proposed test matrix to the extent .

7 !
that it's been developed. There is a liquid or the single i

i

phase loop. You're looking at power effects, the effects

9

of the secondary side, the effects of injection and mass
;

10 .
'removal, and the effects of power.

Mh
"

The two phase system will look at the same para-;

10 |
meters with a reference power unit. If you continue to look!

13

at it, here is the reflux boiling, and that's we had

|14 '

determined as the two phase loop, and they will be looking
'

,

'I
.

at the same kind. |

14 !

They 're looking also at transitions from one mode i
I7

|

to the other, and they're looking at non-condensibles. |
18 i

:

Looking at THTF, and this is the -- |g
i

DR. CATTON: What about the gas?.g ;

MR. SULLIVAN: There's a non-condensible gas.21

; DR. CATTON: How are you going to decide how ;-

2; much to put in?

:4 MR. SULLIVAN: That was the question we phrased
.

*! later, and we're looking at that, trying to decide how
,

i l

I-- v- - - : ,
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much is the maximum we should put in.

I DR. CATTON: Okay.

MR. SULLIVAN: The THTF loop at Oak Ridge is doing

'

small break type core recovery tests , but it's also lending

4 I

data to this mode also, and I think that was your original
|

. ,
~

question.
|

6 !

DR. CATTON: When did THTF become a test facility?!
7

I thought it was --

3

! MR. SULLIVAN: It was listed as a separate
9

effects facility.
10

1DR. CATTON: That's small breaks on interval t

test.
'

1:
t

|MR. SULLIVAN: No, it's small break, core
12

I recovery heat transfer. You're correct. I should have |
14 i

said that more clearly. |

But they're currently looking at core uncovery

experiments, and mainly the heat transfer in the level I
17

.I

swell in that facility. There have been six tests com- !18

i

39
pleted. There's a pressure range from 400 to 600 to a

o 1000 PSI. The data should be available in mid-April. ,

f The core recovery has the same pressure range,21

:: and in looking at core recovery rates of one to eight :

2: inches per second, and, again, the data will be available. .

!
24 The significant thing that turned up here is '

E

2 that you can put word into a facility at one to eight

t=n6so % c :
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I

inches per second, but it doesn't necessarily mean it's
-

,
.

'
going to quench that fast, and some of the analyses have '

;

shown that some vendors that you can quench at those kinds i
'

of rates which the experimental data is showing that to be

a
tuntrue. .

t

e I
~

!DR. PLESSET: Well, have you any other results

6
.

that fit for that?
I

7

MR. SULLIVAN: Yes.

DR. PLESSET. That's kind of interesting.
;

MR. SULLIVAN: It shouldn't have been a great
to '

i
surprise today. t

9 11 1
IDR. PLESSET: No, no, but I think it's important

1;' - -

i

to be accepted that this is more or less the case. Okay. !
13 !

You have other data?
|

MR. SULLIVAN: They have run experiments at lower ,

pressures that also verify this. j,

DR. PLESSET: UCLA. I
I7 i

MR. SULLIVAN: So I think it's going to be anla

;9 area for model development work in the future to show that

o the quench rates are governed by something like conduction. i
|

21 I skipped over the diagram of the facility. We !
;

!

:: are only using interval tests. We are only using the |
i

i
20 test section, j

g

24 The proposed university contract, and it's a very

2 small e.<periment, a very small scale, and it is looking .

l
;

'
tereusemanemaa. Venennes Repsetzes f ac. |
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at phenomena mainly, the steam generator and heat transfer,

and the stability and several tubes are being looked at.
;

f
2 It is a glass facility. The tubes are the

'

'

diameter that you would expect in a power plant, but they

*
are not full length. The facility is also very small. !

I
e I

We're looking at modes of natural circulation, the effect i
*

6 I
of non-condensible gas mainly on the steam generator heat ;

.

'
7

transfer. The scale of the experiment is very small, and

3 i

the reason is performing a set of experiments to look at
'

9

phenomena in a very flexible facility and looking at large
to

parameter ranges. ,

|h "
MR. ETHERINGTON: This is U tube, is it?

'
12 .

MR. SULLIVAN: Yes, it is. The proposed test |
13

'

matrix, if you want to call it that, is to look at natural |
14 ,

circulation in U tube arrays, and we're bearing the number
,

of tubes and the length of the tubes, looking at the fta :

natural circulation in an incomplete field system. This
! !

,

would be our two phase loop configuration or the two phase
;.

hot let configuration.;9

.g We're looking at the steam generator heat transfer.; ;
*

)
I i

21 MR. BENDER: What's the heat source in this?
1

; MR. SULLIVAN: It's one heater in it to repre-
. l

! l

2: sent it, just to provide a heat source. Excuse me? jG |

24 DR. PLESSET: Harold, could they add some of '

i i

i i

25 these chemical questions that have been raised, put a lot

.

me ssarm cas m. smuut. t e. surru ,er !
'
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of borate in there. That would be easy for them to do.
A l.

MR. SULLIVAN: You know, we would not like to do j
'

,

2 that in a large facility.

3 DR. PLESSET: No, but you could do it here and

#
clean it up easily.

MR. SULLIVAN: Yes, the clean-up problems are
,

I4
really significant. :

'
7

DR. PLESSET: But not here.

3

MR. SULLIVAN: But not here, and I think that's
7

'one of the ways of addressing that problem.'

10

MR. BENDER: Is it a multi-feed heat source?
7

h
MR. SULLIVAN: No. The heat source?

12

MR. BENDER: I think if you're going to address
13 .

the boron question, you need a configuration. It has some |
14

|
of the characteristics of a fuel matrix.

MR. SULLIVAN: I think the main problem is '

id !

addressing it in the steam generator.
|1

MR. EBERSOLE: I was thinking more along that |
18

I'
line.g i

DR. PLESSET: Yeah, I think that's what I was;g ,

!

21 thinking of, Mike, in the steam generators, because Jessie'

j

:: raised it. I

MR. EBERSOLE: And the other problem is already je ::
'

|
24 pretty much solved for the local case? |

'

1
~! MR. SULLIVAN: You know, you're left with a |

i=w ne 6 vo m. % tw ! !
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system that is going to boil for some time and getting'

; high concentrations and that's been looked at, so I think
,

I it's condensation or the phenomena that's going on in the |

3 stecm generator too.

# MR. EBERSOLE: I was thinking in the context of
,

f
' I~

flooding. j

6 I
MR. SULLIVAN: Yes. Going to the interval |

7
experiments, there's the LOCA semiscale, and, like I say,

3 i
they are going to be covered in more detail in a later j

'

9 !
meeting. 3

10

There is the measurements that have been taken

|h II

for the L3-1 test and then L3-2 test,- and the break sizes
,

'1:
are shown there. The L3-2 test was a test that there was a

13 i

long period of what we think is natural circulation. Would |

you like to add any more?
13 '

t

MR. LANDRY: What we had on L3-2, because we -

id !

think three periods of natural circulation, and we'll i
I,, ,

!

present that information in April, but we believe for |

t

the first couple of thousand seconds, we did have signifi-
79

cant natural loop flow. We're calling that natural.g
:

}

21 circulation.

:: We had a period up to about 8000 seconds, 6000
|
!

22 second period, which we believe that we went into another |gg
1

24 cooling mode, and we have some theories on what was

'1! occurring, but we do not feel it was natural circulation.

'r v m. we i,.c.
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It may have been a reflux action, and at about 8500,

i*
' seconds, we saw what we are defining as natural loop flow,i

,

.

but the details we'd like to wait and present as part of |
'

3
the whole story.

I
~

MR. SULLIVAN: This was to wet your appetite to |
1

3 I
make sure you wanted to attend the next meeting. '

6 I

DR. PLESSET: That's a dirty trick. '

i

MR. EBERSOLE: But in this context of time, are
3 i

you willing to say we are justified in cutting these off at,

9

time X, and that we don' t anticipate a change in phenomena
10 ,

100 times that? How do you justify that? I

|
Altogether most of the experiments prior to

1
,

TMI were curtailed. We don' t know what happened until two |
I3

i
days later. |

Id '

MR. SULLIVAN: Well, we probably didn't run the
13

,

,

r

right experiments either. |

MR. EBERSOLE: So you will now look at time. !7
|

MR. SULLIVAN: Time is going to be a factor, and
73

;9 the experiments are being run, say the LOFT experiments

o are being run very far out. |
|

21 MR. LANDRY: L3-1 is only run out to be -- L3-2 |
!

:: we ran out to almost eight hours. We t,ent to the point !

: at which we were pretty well out of bslow 200 degrees F. j

24 MR. SULLIVAN: So the transients are now --

2 when you go to one of these tests, you can't go and see

':-no a n % i,.c
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it all in a couple of minates. You go out and look at it
'

,
>'

. for eight hours if you wanted to see it which also brings !

I in another point that I've never realized which is that if

,
'* you're in a control room, you know, af ter you get through

4
iwith all of the experiments, and you get all the plots
;

e !~

and you can flip through them, you see the whole transient. f
6 !

In eight hours, you kind of lose where you're
7

: at unless you're being quite watchful, and it adds another j
3 i

load on the operator. |
*

9

They're continuing to run small break transients
|

so we will see natural circulation in those. I would say i

h '
that the largest problem that the facilities are now

i
10

looking at is the instrumentation. We realize that we
13

really have a problem in terms of trying to measure these
;

very low flow rates and establishing what modes natural

circulation are occurring, and if they are occurring, so

1., LOFT is on an improvement of their existing instrumentation '
t

that they have in the plant and also looking at adding |;g
|

|more.;9

:o The same goes for the semiscale facility. Looking.
i

21 just quickly at the semiscale, there are natural |
,

:: circulation experiments planned. Theyhavenotbeenfirmed|
i

2: up. The will be af ter the Mod 2A conversion which the i

24 facility should be completed by roughly the end of August.

2 There are some tests that are going to have to be

s e n e v - m. % .ec
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:sequenced because of UHI .They want to run some UHI tests j
'

I
,

before they have the f acilities licensed for UHI to get f
' ground power license.

!
1,

. ,

-

So the tests that are being considered are the

4
three modes, the natural circulation, the effects of the

|
e !

1*

non-condensible gas, and the single phase with a steam i

6 '

filled upper head such as is postulated to occur in TMI. !

7 |

They have completed one natural circulation test,
3

. and that was done early in the spring and it was a scoping
'

9

type experiment, and what we wanted to find out was what j
10

kind of problems we were going to have when we started ,'
G 11

looking to running the experiments.,

14

The instrumentation turned out to be one of the
is '

largest problems that we have. Heat loss has also turned |14

f.'
out to be significant, but the flows are so low in the

,

facilities that instrumentation, the type of instrumenta-
}'

16

tion that's available now, currently available, really is i

n!

unable to see a lot of that, so ve're looking at trying |,8.

1

39 to address that in terms of building or including a lot !

.g of instrumentation than what I call advanced instrumenta-
!

!
; tion, looking at separated flow in the hot legs, steam

= generator secondary side conditions, and condensation in i
!
.

= the steam generators is very hard to measure its currents !

:4 and to the extent that it's occurring, and doing a
~J primary system energy balance.

i.,=,.e.n .s vo n- % , c '
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The flow instrumentation that we 're looking

at is the TNA which is a pulse neutron activation, and it
|;

!

favors the liquid component. There is a transient timed;

thermal couple that we ' re considering the Stuart's lense,

4 and I'd like to thank the committee for sending two of ,
i

I

3 their consultants out. |
:

6 This is where Dr. Woo actually indicated a way ,

7
.

to use our storage lens to measure the velocities of the
'

|
3 liquid which we're considering. Dr. Cadman has also

I
9 helped us in that. There should be -- to be looked at.

10 TLTA has done some core boil-off experiments. ,

|h II They have been completed, steam cooling, and they ran very
:j.'

low powers so you could see nearly stagnant natural |
:

1

circulation steam cooling in the upper portions of the !
I

la
I'bundle.

13
There were two small breaks experiments run '

id I

which are without any ECC injection to the end of the
17 |,

test and with ECC injection. The ECC injection -- excuse

me -- without ECC injection, that experiment has just |
19 I

been completed.
20 !

The plans for a TLTA is that we're currently |
21

|
negotiating with GE to upgrade that facility to make it

;

i

a small break transient facility. The first plans are to i

h
at the end of this month or the beginning of the next

~

,a.

month is to have a meeting with GE which we would get the.
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first indication of what they think the facility is and how

I much it will cost, so we will be reporting the progress of f
,

I that. i

I '

I'd like now to turn to the foreign experiments.

'
There is a PKL facility and that text matrix does exist. f

!
e i
~ They are looking at the three modes with non-condensible #

.

b I

gas. The CCPF experiment, the test matrix has not been
;

I |committed on. There are plans to run two phase bloop and ;,

,

3
'

the two phase hot leg with non-condensible gas . The slab
9

core f acility is currently, we think, uncapable of running
10 -

two phase natural circulation tests, because of the mock- '

g' . 11

up of the steam generators .
'

10

They're looking at two phase level swell in the f
13 .

core and the effect of low blockage in the core heat |
1s ;

transfer.
11

'

There is a two phase test f acility which is a

very large -- has very large pipes. They ' re up to the,

36-inch pipe diameter. I

I

DR. PLESSET: Where is it? :
M

!

MR. SULLIVAN : It's in Japan, and it is part of3 ,

gj two parts, the ROSA IV which is the next facility on

:: there, but the loop is capable of looking at vertical !

22 and horizontal components, and it has a limited capability

24 of looking at U tube condensation.

13 As Dr. Fabic pointed out, the ROSA IV facility
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has a new name. It's LSTF, and I'm not sure exactly what f
'

!
I those initials mean. !

2 It was the ROSA IV facility before. You've

3 probably seen a system diagram with that. It has the

#
chain, but the -- when the facility is constructed and |

'

e i

in operation, it will probably be the most extensive f
'

|6
transient facility in the largest scale that will be in

7
'

existence.

3 #
'

DR. PLESSET: Is that for liquid steam test
9

facility? j

10 !
MR. FABIC: Large scale test facility. i

h
'

DR. PLESSET: Large scale. Is it that big?
,

1:
!

MR. FABIC: It is that big. !
I3

.

i MR. SULLIVAN: It's not full scale. The pipe, it f
14 ,

.
'

has, I think 4000 rods in it, 3000 rods. The loops are
,

r,

one-quarter scale, but it is a very large facility.

DR. PLESSET: High pressure. I
I i

MR. SULLIVAN: High pressure, full scale high.

l<

I can get more information to you. |g ,

MR. FABIC: The first idea was to go single loop,j;g

21 and Dr. Tom persuaded them that they ought to look at two

:: loops rather than single loop. I

|
2: DR. PLESST: Stan, is this part of the 3D j

|

24 program or separate? '

'
t'J MR. FABIC: Separate.
i

|6N64 '/IPGAP98 | MC
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'

DR. PLESSET: Separate.
*

. ,

' MR. FABIC: Right. ;,

.

. ,

' MR. SULLIVAN: They're going to look at non- i

!
, I

condensible gas and possible feed and bleed. The facility |
'

|
A *

is currently doing some large break blow down experiments. ''

,

l
They plan on looking at small breaks, and they 're con- |

6

sidering doing natural circulation.
I

MR. EBERSOLE: Let me ask you. On feed and j

3 1
!

; bleed, what's the difference between feed and bleed as
9

we're talking about it here, and an old BWR operating
10

with a -- ,

MR. SULLIVAN: Well, I think with an isolation
t: :

condenser it's more of a closed loop. !
'

1:
' MR. EBERSOLE: But it's a center for water. |

14
i

MR. SULLIVAN: Yes.
,

MR. EBERSOLE: It just doesn' t go out on theg

floor is all. That's the only differences. e;
!

'

;g Is it possible to transfer some of the BWR I

i

;9 experiences?

:o MR. SULLIVAN: The thing that I'm not exactly

}
21 sure of is in a PWR you may be solid or close to being |

:: solid, and trying to feed and bleed. In a BWR, that |
|
'

2: would not be the case.

24 MR. EBERSOLE: True.

2 MR. SULLIVAN: You could try it at two phase

i.m no w m. % i c. :
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conditions.
.

I MR. EBERSOLE: Well, there's no inhibit on a f
,

2 BWR, if you're in an emergency.

2 MR. SULLIVAN: Yes.

#
MR. EBERSOLE: You just fill it. But don't we

I
e 6
*

have a body of experiments in the BWR area? i

I6
MR. SULLIVAN: Yes, you may be right. I'd like '

;

7 I
to -- :

1

3 i

| MR. EBERSOLE: It might save a lot of work. j

9 |DR. CATTON: Only the things that you're trying i

10
;

to find out, the configurations aren't the same. '
,

g 11

MR. EBERSOLE: Well, the core is different. I

12
,

think we're talking about a core performance problem. |
I: j

DR. ZUDANS: On the feed and bleed, aren't we |
14 ;

e

trying to find out what is the point it is reaching, right?
13

.

MR. EBERSOLE: Well, we're talking about it as :
14 |

thought it were steam if we can ever get it to a stable

condition. You know, there's some transient conditions f
18

|,

I

where it's a mixture.;9 |

DR. ZUDANS: Somebody pointed out, I think {.g
.

i

21 rightly so, that you can do simple test with the vales'

:: to see how much they discharge, but the problem is what i

!

I
2 is the fluid reaching that valve, and I don' t think you .

O .

24 should be looking at a BWR test facility to find out

:

~3 whether you can' t, whether you can predict, whether you

'i.,vo no v m. e n.c.
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know. You should be looking at realistic geometries,

I right?
|

I MR. EBERSOLE: Because you have a level, and you

I don't know where you are.

'
DR. ZUDANS: So I think that's the crux of the .

problem, to find out whether we know how the fluid is

6
reaching the valves.

i

MR. EBERSOLE: The ultimate, of course, is to-

1 i

| get level information and to know where we are.
7

MR. S'JLL1 VAN : And I think we're on the road of
to

doing that. I think you're right. There is some data

h there, and I think we ought to look at it. It's not going,

,

1:

to address all the problems we've got, but it may help out
13

to look at some of them, and it would be a nice transfer |-

14 I
i

of data between the two systems.
,

I included the PKL test makers , and it just,6 ,

4 t

shows you that you' re going from liquid, and looking at ;

IECC injection and removal all the way down to an uncovered I;g

i

;9 core situation which is the thing that I would say is two |
'

g phase hot let where you have countercurrent flow. Also ;

;

21 at the bottom, we're looking at some small breaks and
I

:: some intermediate size breaks and the effect of the steam I

l
i:: generator on those.

k !
24 They have completed 14 experiments to date, '

'J and we are receiving that information. There are some
1
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'

US instrument spools in PKL and, therefore, we feel that

we'll get all the data from the PKL experiment.
|

(End 8.) I
,
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O
I ' I have two slides at the end for

,

' test facilities and I will go through that. It is divided2

3 into two parts. There is one loop on one page. The other
'

;

a ! one is on the other one. There will be a very complete

3 representation of not only the primary system, but some of4

i6 the interacting secondary components. So it will have a i

I large capacity'to look at variable modes of injection.
3 MR. BENDER: When does this operate?

9 MR. SULLIVAN: Excuse me?

10
| MR. BENDER: When is it supposed to operate?

II MR. SULLIVAN: I looked at that and I think that it

12
is in 83.'

I3
MR. BENDER: Thank you.

14
MR. SULLIVAN: It's not something that is going to ,

j ~t r

be right away. '

16
DR. PLESSET: What pressure?

MR. SULLIVAN: Full pressure.
I

18
DR. PLESSET: Full scale low pressure.

19
MR. SULLIVAN: It's an unbelievable taking in termss

20
of designing a facility. It has two very large steam

Il !
! generators. It has a capability of operating a steay --

12
The power requirements are just astronomical and the size

22
of the facility. The instrumentation ought to be really a'

9 24
Igood problem because of the size of the pipes and trying to j

2
determine some of these low flows. I
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1 In conclusion, I believe that the experimental;

t

2 programs that I have outlined to you, and it is that, only
'

3 an outline, will provide an adequate data base for code.

1

4 '
assessment. The instrumentation that we have in the facilities

5 is a problem and I don't see any cure for that right now.-

I

6 think it is going to be a problem right to the end of looking
7 at natural circulation.

3 ! The above separate effects and very small scales
i

9 looking at phenomena, all the way to interval experiments and
i

10
[ rather large scales in terms of LOFT, there are -- we are

11 investigating the three modes of natural circulation with the
O II non-condensibles and trying to look at a very wide range of

parameters and as I indicated, that the instrumentation is
" '

probably the major problem that we are going to be facing as

we run these experiments.

14
MR. EBERSOLE: Then we should steer clear of non-

17 '
condensible experiments in LOFTS. That's because you can do

18
better someplace else.

19 i

MR. SULLIVAN: Yes, it does -- I wouldn't say that
20

we have precluded it. It is just not in the current plan.
'

21

LOFT has a -- is a very nice experimental facility in several,

*1. ,

ways, but in several ways because of the nuclear fuel that you,

23
have,

9 24
you don't want to run experiments that jeopardize the1

So it does limit it in a certain respect, but its s;.ze |core.

3
is also a very important aspect to getting the scaling that '

i.mi no vo m. % c
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O
i we need from very, very small experiments, such as University;

'j to Semiscale to LOFT and then that makes the step a lot

easier to make to a full size facility.

! MR. BENDER: Are you planning to boil in LOFT?,

: MR. SULLIVAN: Yes, they go two phase. The last3

test, the eight-hour test was two phase for quite awhile.i

6

7 MR. .LANDRY: Still having problem with D&B. It's
'

3 just that adding things like non-condensibles and uncovering

the core, we have to deal with DOE, creates some problems.9 ,

10 They own the site and they are not too thrilled about --
t 4

;; MR. SULLIVAN: That's about all I had.

12 DR. PLESSET: Are there questions? Thank you, good

13 presentation..

I

;4 DR. LIENHARD: Maybe I'll ask a stupid question
i

13 because I'm kind of bothered about this whole scaling business!
,

14 here. What's the objective there? Are you providing results,

17 using test codes against or are you trying to find out what

18 | real systems will do?

19 MR. SULLIVAN: We're providing data to assess the
i

20 codes. Now, you look at that and what you would like to do

21 is run typical transits. They are very -- They are almost

22 identical to the ones --
i

23 DR. LIENHARD: They have a great deal in common
h '

I24 with the -- !

l
.U MR. SULLIVAN: Right. So there is a large part of
'

,

;
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h

; our task is to look at the scaling of the facility and to
,

identify the atypical parts of the experiments and to make;.
&

sure that those are not the dominant. The thing that you can
1

3 ; do is to stay in one mode of natural circulation much longer

3 than you would, say in our reactor, if you had not looked at

6 the scaling and gotten all the scaling questions out of the

7 way that you can, but you still in every experimental facility >

3 there is the question of being atypical and that has to be,

9 addressed.

to ! DR. LEINHARD: I do wonder about the rationale
;; that sets of the scaling laws. I recall for example the

e 1:
i

Mark III containment problem where GE attempted to do this
'

13 with using a square root of 3 scaling and horizontal dimen-

14 sions and full size and vertical dimensions and so forth.
!

13 And they blew it because they weren't looking at dimensionless t

!6 groups or that simply didn't replicate the real system. What

17 they should have done was look a time stretching factors and.

18 other dimensionless groups.

19 MR. SULLIVAN: Dr. Catton and Dr. Woo both looked
20 at the scaling, the last scaling that we had done on the

21 Semiscale. It's a question that you can't answer completely.
~4 You can always think of something that you could have done
23 differently. The money is involved and the instrumentation is

;'
involved. Thereisalargeamountofinputfromawholebunchj

i.,
.

of different parts of the design.
~

,
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h
DR. LIENHARD: Sure, but there are certain -- part;

of that is looking at dimensionless groups and making. '.
4

judicious conclusions, for example, rentals numbers are
3

i

sufficiently large that certain things can be neglected and3

'

3
blah, blah, blah.

3 MR. SULLIVAN: And they have done that. If you're
:

7 interested in.that, I'd be glad to send the Semiscale document'

3 | to you and let you review it. Any comments that you on it,
!

9 you know, I would appreciate it.

to | DR. PLESSET: That's the report we looked at.

11 MR. SULLIVAN: Yes.

||h 1: DR. PLESSET: I'll make sure that you get one. I

13 j have been a little remiss in circulating that. It's my
!

fault.14 i

i

'13 MR. SULLIVAN: I'm not sure --
i>

|
16 MR. EBERSOLE: It's on the record, now you have to

17 do it.,

18 DR. PLESSET: I have to do it, which means tomorrow.

19 ! we'll start.
|

20 MR. SULLIVAN: I'm not sure it's all your fault

Il because I'm not sure that report is out in a final form.

*1 DR. PLESSET: Well, but they can get the report

22 that they sent to the ACRS. That I think we can circulate,

G I# very easily and I promise that you'll get it. .

l

DR. CATTON: They are actually doing a fairly

i.v== n=i. vo n- amarm. : c
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!

O
, meticulous job of looking at all the different options that;

y u are suggesting. I think what they haven't done, the non- >

2

dimensional parameter route which we did recommend that they
,

do. I don't know that they are going to be able to do any-, ,

thing any better, but at least they will have a better
3

feeling f r where they are.
6

i
7 MR. .FABIC: Those non-dimensional parameters were '

looked at way back. What we found out is that they obviously3 ;

9 can't solve them, preserve, some of them are in conflict.

10 You just can't --

t

tt DR. LIENHARD: But some of the conflicted ones can
'

12 be ignored in some cases.

13 MR. FABIC: Well, unfortunately, that wasn't the

14 case.

13 DR. LIENUARD: In this case, maybe not.
.

|
!6 MR. FABIC: You're forced to -- ;

17 DR. LIENHARD: By the way, are you, in all your

18 work, locked in on water?

19 MR. SULLIVAN: I'd say yes.
.

20 DR. LIENHARD: Great things can be done if you can

21 ! relax the requirement that everything be done in water.

22 MR. SULLIVAN: You're talking about running things
i

23 like freon?;

O .d ,

DR. PLESSET: I think that the Environmental'
;

I

Protection Agency would get on their backs, the amount of !
-e
-

t
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O
freon that these fellcws are playing with would be fantastic.

, i

The ozone protective layer -- '
, ,

4

DR. LIENHARD: Well okay, don't use freon.j

(Laughter),

,

'

DR. CATTON: -- introduces more parameters. They've,

already got time constant parameters because of the fuel in
6

i

7
trying to scale. Now, if you use freon, you've got otheri

3 kinds of time constant parameters because you shifted the
;

9 | coolant side and the surface tension --
:

10 DR. LIENHARD: I wasn't thinking of freon. I was

j; thinking of actually putting surface tension suppressants
'

12 into water, for example.

13 DR. CATTON: That's possible, but -- t

14 DR. LIENHARD: Another thing you can do is alter
I

l
!= Reynolds number by mixing a little glycerin in with water. .'

|f6 You know, there are lots of things you can do. They are -

17 just shy of water, that retain a lot of its features and

18 figure other things like viscosity and so forth.

19 MR. SULLIVAN: What I have seen in experimental --'

,

20 they have used other fluids besides water. It leads you to

21 more questions than you can ever try to answer and that yes,
C you get good trends of data, but you -- when you try to,

U relate that back to water, then you're in trouble.

O
DR. PLESSET: That might be nice for that |

2d
,

i

. i

University glass facility. i
~

1
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O
CHAIRMAN CARBON: Thank you again. Let me divert |

'

h
'

the subcommittee's thinking for a minute here. We've got a I

|
little bit of time left. I'd like to raise some questions as

to where should we go from here, more particularly, where is, ;

{ the whole system weak and what ought we and the staff be

Itrying to zero in on, in what direction ought we to be pushing'6

the staff? Where should our thrust be?7

|

MR. ETHERINGTON: It seems to me a little bit, most3 ;

of the activity is to try to find out how close we can9

10 calculate, but I think the biggest question in my mind is-

whether things are worked the way we postulate.;;

|hI 12 DR. PLESSET: You mean in a reactor.
I;3 MR. ETHERINGTON: No, I was thinking in particular

.

i

with reference to non-condensibles.14 ;

|
13 DR. PLESSET: Oh, yes.

16 MR. ETHERINGTON: And this climbing over the loop.

There is only one small part of this whole program, |17 ,

apparently'

la | addressed to that. Maybe you can't address it any more. I

19 | don't know.
,

i

20 CHAIRMAN CARBON: Is that in your view perhaps
21 | almost the major thrust?

!

22 MR. ETHERINGTON: I shouldn't have opened my mouth:

23 | because I am the least qualified person here to talk about --
G'!2 DR. PLESSET: Well, I disagree with that. Honesty !

1

|2 | will get you nowhere. \,,
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I !
i

MR. EBERSOLE: If I can go back into ancient
7

3 | history, and I suggest that you do so also, I believe, but I

am not dead certain, that our ancient shipping core reactor4

|
3 invoked feed bleed as a final requirement as design. I'm

6 not sure, but I think it has a capacity to force primary

7 coolant through the core to a relieving system of valves --i

!

3 qualified at rates that will reject energy,at sensible heat,

9 levels, not without, that is without evaporation. I suggest

to ! you go back and look and see whether this is the case, what

11 was involved in making it that way, if it is that way and

| h 12 how we in fact got this complicated set of -- as we went on '

13 into the exploitation of the PWR Program, and whether we
i

14 | ought not to take a back view if that is the case.
1

13 My impression is that that is the way we started

id and I don't know how we got off the track, if in fact we were
'

17 on that track. I believe we were.

18 | MR. BENDER: I was going to express person views I

19 have about direction in which the natural circulation concept,

i

20 might go. My personal concern is with minimizing the number

21 ! of things an operator has to do in the event of an emergency.
!

U I guess my inclination is to say there ought to be something
,

3' he can do that's right and which he doesn't have to correct

kh'*s for thereafter. Consequently, I have been a strong ,

I
.

component of just saying we ought to be able to establish
|
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|h
; whether the operator can depressurize the system and allow it!

i

2
, to operate under depressurized mode, even if the system is boil!ed

3 ; and we come forward with that situation and never mind the

i

4 i non-condensibles. I'm not too concerned about non-condensibles

3 if I can make the case that I can despressurize the system and

6 let it boil because --

|

7 MR..EBERSOLE: - .RHR?
'

i

3 | MR. BENDER: And let either the steam generator or
!

| the RHR system, either one take the heat away. But if I can't9

I

to
'

depressurize the system, then I've got a problem with things

11 j like being able to operate in the pressurized mode, feed and

||h 12 bleed kinds of operations which involves shutting things off

13 and turning things on. Those are operational problems that
i
'

14 challenge the operator more than I'd like to challenge.
i

13 Now, I don't know enough about the question of -- !.

'
!
'

16 about the depressurized mode of operation to be able to

I7 comment on its validity and what risk you get into by doing

i

18 it, but I really would like to have the subcommittee at least'

i

19 ! address the question of whether the operator could get in
!
'.g
trouble, if he had enough capability to depressurize.'

,

21 MR. EBERSOLE: Well, his main problem is, the --

-, ,
doesn't have a big enough Quench tank, that's all."

i

an" MR. BENDER: Well, he may also not have a big

||h''A
|

'

enough relief system.

15
MR. EBERSOLE: Well, I'm assuming we would get the {

i.m n= ve m. w ontc
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h

; relief capacity. If you got the relief capacity though, you

2 are g ing to have a problem --

DR. CATTON: He's got to have level to do that.3

I

4 | MR. EBERSOLE: Oh yes.

3 DR. CATTON: If he's got level, I think --,

3 MR. EBERSOLE: We were talking earlier about the

7 old attempt in '68 to get the pressurization -- both on the'

,

3 ! secondary, which is the more graceful way to do it, but if
i

'

9 that didn't work, on the primary and it didn't seem to be a

to | lot of money. The big valves, it did have the nasty problem
{

11 of messing up the containment, which led to a halfway conclu-

! sion we need a big Quench tank.12

13 DR. CATTON: -- as far as the boiler, I'm not sure !

l

la you are concerned --

'

13 MR. EBERSOLE: Well, you might not be, considering '

16 the increase -- '
l
I

I7 MR. BENDER: Well, we're insisting on some kind of

i

18
j level sensor now. I don't know whether we need one that shows

'

19 | exactly what the level is. We need to show that we've got ;
i

20 water in the core, if we are going to operate under that mode
i

.;' of operation.;

12 '

MR. EBERSOLE: I would like there to go not for
i

i

23 a level sensor -- or a saturation device or a synthetically !
'

|h4*
heated probe or whatever -- i'

-
1

-< i
~

DR. CATTON: Saturation device doesn't tell you ;

1
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MR. EBERSOLE: What I'm talking about is with
'.

s

synthetically heated probe, particularly when the heats on,2 i

i

j it will detect what the transfer coefficient is on the outside.4

' Really, that's an animometer.3

6 MR. BENDER: We need to show there is water is the
,

7 core.
;

3 | DR. PLESSET: Let me follow up on both what Harold

9 and Mike have said. I agree with Harold, if you have -- don't

have non-condensibles in the system, that the secondary sideto i

11 saying,I don't care what the pressure is, Mike, you are going
12 to be able to cool that system.

I

13 MR. BENDER: I think --
i

14
| DR. PLESSET: Well, I'll give you a personal i

i

15 guarantee. If there are no non-condensibles in it, it would ~

f

;

16 be easy, regardless of pressure. Now, I think the central

17 point is what do we have when we have a significant amount of'
,

18 non-condensibles in the circuit and I think that that is an
:

19 ! area which is a very vital one. I think it's essential to
i

20 get to that as soon as possible. You would agree with that

21 ! too, Jesse, if you don't have --
t

U i MR. EBERSOLE: I would agree uith the thesis that
|

22
; we work around the pile of problems, to come a satisfactory

a4' conservative conclusion earlier on. .>

*

| .3 'DR. PLESSET: Now, let me also defend Fabic and '

larruneariosiaa. Veseafias Rapontsps !sec
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O
; Sullivan a little more and that will answer your second point

2
; in part, an answer that will touch on it.

Hopefully, they are going to get to an understanding
7

of how a reactor behaves in various transient conditions with3

well developed codes. That will lead to a great aid fori

3

operators. If they understand how a reactor is going to3

7 behave in various transient conditions, they can fix it, so

; that life is simpler for the operators. Now, that's asking3

9 them a lot and it's going to take time and I think if they

to I want more tests for that, I say fine, they should do it. But ;

11 I think that in this natural circulation area, which is what

h 13 we're supposed to be worried about, the central issue is

13 what happens with varying amounts of non-condensibles --

14 If it's a negligible amount, forget it. No problem.
f

13 MR. ETHERINGTON: We must have a crib ria -- !
|

id DR. PLESSET: What's negligible? l

17 MR. BENDER: I thin? you didn't get my message.

18 DR. PLESSET: Oh, okay. I didn't want to --
:

19 MR. BENDER: If there are non-conde1sibles in the,

20 system, I think we have to worry about them.

'
2I DR. PLESSET: Why?

U MR. BENDER: I said if there are.
,

23 DR. PLESSET: Oh, oh.

2' MR. BENDER: I didn't say there are any. There i

|23 is a pretty good chance that under most circumstances there :

i r n= vo n- noe r i,.e.
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; won't be any, but there may be a lot of times when I would'

like to tell the operator you can depressurize a system and2 i

be comfortable that you're safe. I would like to have some
3 ,

4 kind of investigation of the way of getting to that condition

3 as being the objective of getting a good shutdown cooling

6 arrangement that isn't subject to these concerns about

7 whether we've.got the right pressure gradients in the system

3 i and things of that sort that have been associated with them.

9 | DR. PLESSET: What you're concerned about then , if

I -- let me try to restate your concern. Are there situationsto .

11 i which would make it very difficult to depressurize. Because

12 if there, you know, if there really aren't any serious ones,

13 I can't envision any where you don't -- if you don't have
,

i

14 non-condensibles in there, I don't see any difficulty.'

!

!.! MR. BENDER: If the operator is constrained now !

16 not to do it, he is discouraged from doing it.

17 MR. EBERSOLE: Because he doesn't have a Quench

I8 tank.

I9 MR. BENDER: He doesn't have a Quench tank. He

20 doesn't have enough relief --

Il DR. PLESSET: Also, if he has a large amount of

22 non-condensibles in there, he is going to get in big

*
'- trouble.

a4* MR. BENDER: Look, I agree if he has them in there,,'

I..
~

but normally he wouldn't have them in there. If he had a

Iwresmanenas Venname Repoorces, lac
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simpler mode of operation, if he could deliver his water under;

'
low pressure --,

4

DR. CATTON: UHI and he went down in pressure, he'd
3

,

have it, unless he locked it out.,

MR. FABIC: If you depressurize to a low pressure,'
3

6
y u get your non-condensibles from accumulators.

i

7 MR.. BENDER: Well, that is because that is the way |
i

I,

I
3 ; we are set up to do things. I don't like that. I think

|
9

- that's a threat to the system. Let's just worry about

to Harold's concern.'

11 DR. PLESSET: I agree.

h 12 MR. EBERSOLE: Well, the first stage of depressuri
,

13 i zation should be to depressurize the nitrogen in the UHI --

14 MR. BENDER: And so we are going to sit here and

'

13 bite our fingernails and try to calculate ways of living '

I

i16 with the non-condensibles in the system and we may prove that -

|
17 that's alright for most systems, but if we find a way of not 6

18 having to be concerned about that mode of operation, by

19 finding some simpler one, as a matter of fact, like the

20 BWR's where they just depressurize the system when they

!21 get in trouble, I think we'd be very much better off.

i
22 DR. SCHROCK: We heard in LA that these pressure .

1

23 vessels on the BWR system would likely not be serviceable

$ .# after one automatic depressurization.*
2

I I..
MR. ZUDANS : -- go slowly. i

~ '

! !
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DR. PLESSET: No, no, that's extremely --; ,

2 | MR. EEERSOLE: -- frequent challenge --

It's happened many times already.2 :

4 DR. CATTON: Mike, why did they say there is a
,

3 , problem there? We don't know that there is a problem there.

6 I acknowledge that we find out.
'

j

7
'

MR. BENDER: Well, I'm not trying to -- I'm

3 ,1 certainly not opposed to looking at it. I guess my point is
|
!

9 that I would like to eliminate a threat and also I would
i

10 like to minimize the number of things that the operator has

11 to do.

O
12 DR. CATTON: It can be answered a lot quicker.--

13 MR. BENDER: I think it can be resolved with a
;

I4 Westinghouse reactor yesterday because the volumes are so

13 large and it may never be resolvable for the B&W reactors |
16 because the volumes are not very large and so you are going

I7 to have to look at it differently for different systems.

I8 MR. ETHERINGTON: I think also sometimes someone

II has to decide are we going to design for one percent metal

20 water reaction, .1 percent which I heard today, Three Mile

| Island or what are we going to design for.II

MR. BENDER: A little farther down the trail,

23
! but it has to be considered.
'

24
MR. EBERSOLE:I've looked greedily sometimes at i

| !,
3

the recurring water storage tank and said to myself, what a

lwrumeanoma6 Vaseartes Mapostges f sec i
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; beautiful Quench tank that is, if I could just get a moderate

2 size pipe to it and it's a good containment too, if you
modify it.

3

DR. CATTON: It's big.4

MR. EBERSOLE: It's got plenty of water.'

3

I.

6 DR. CATTON: Does it have -- !

7 MR..EBERSOLE: Only for shutdown, for the problems

3 i that we've talked about --
?

9 DR. CATTON: Use it for the vented containment as

to j well?

11 MR. EBERSOLE: Whatever. -

e 12

;
'

DR. CATTON: Let's not abuse that too much.
'

13 MR. EBERSOLE: It's just a volume of water that
t

14
; keeps you from messing up the containment.
;

IS DR. CATTON: And I think there is plenty enough f'
i

f6 water in there to do it. i
-

17 MR. EBERSOLE: Oh yes, you would hardly warm it;

18 to get down to our -- pressures.

39 CHAIRMAN CARBON: I bring another point here. At

20 the April 24 meeting we have scheduled further discussion

| on LOFT, Semiscale, Sequoyah.21

= .

!

23 ,

24 |

,
,

i l'
|
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Do we have anything else,
s

scheduled? Do we have the vendors --

MR. BATES: We can ask the vendors to come in, if3

you would like. Do you want us to ask the vendors in to3

3 ' address what they are doing --

7 ! DR..CATTON: I would like to see some sort of a

3 | layout description of all of the instrumentation that they
(

9
- are going to be --

10 ! MR. BATES: On Sequoyah?
, ,

;; DR. CATTON: Either one, yes, for these preliminary
h 1 tests. I would also like to hear something about the one

tg where they -- tower, where they bring natural circulation --'

!

12 MR. EBERSOLE: Oh, that brings up, we need to be
'

is sure that nitro convection process is restartable, even thoughji
'

16 there is no gas --

17 DR. CATTON:: Right.

18 | MR. EBERSOLE: That's the final test in both
19 Sequoyah and --'

20 DR. CATTON: That's something you can really
21 demonstrate.

22 CHAIRMAN CARBON: Are there any other comments any-
U body care to make on any of the topics? If not, I guess we|

'e ,4 thank the staff and close the meet.ing. j
+ ,

l2 (Whereupon, at 5:30 thehearingwasadjourned.)|p.m.
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