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2 DR. PLESSET: Good morning.

3 We will continue with further discussion that we
4 had begun yesterday with GE, and Mr. Quirk will introduce

5 the presenters.

6 MR. QUIRK: Good morning.

7 I'd like to introduce our first speaker who will

8 talk on TRAC qualification. Mohammed Alamgir.

9 MR. ALAMGIR: Good morning. My name is Mohammed

10 Alamgir. I work in the Core Qualification area, the name

it of my unit is Local System' Technology.
q.

12 Today I'll be shariri'g with you some of my experience s

13 with TRAC that.I have been engaged with in the last few months
(

-

14 in trying to qualify the GE version of TRAC-BUR. So, what

15 you'll see today are snapshots of that effort.

16 (Slide.)

: 17 The code that we'll be discussion is TRACBC02,
=

j 18 which is a version created at Idaho and then improved upon

g 19 by adding on GE models. We have selected a spectrum of
a

j 20 experimental facilities which will address some of the analy-

f 21 tical models in the code, as well as try to address its
a

f 22 aplicability towards a reactor or a reactor simulator.
2

j 23 So, what we have here are five experimental facili-

(q,/ 24 ties, starting with a simple vessel blowdown case which addrer-

25 ses void distrubution and level swell. Then a simple single
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bundle film boiling test run at Oakridge. :.Then La. com61ete1

system blowdown case of a BUR simulator, TLTA, or the Two-Loop2

gS 3 Test Apparatus, which is more or less one deep in the core
%)

4 region. And, then a three-dimensional facility, of which
5 you have already heard yesterday from Gary Dix, the Steam
6 Sector Test Facility comprising of fifty-eight bundles, and

it's idiomatic, meaning that core steam injection was utili-7

8 zed. *

9 We alco have in our list the only available reactor
10 ' data, the Peach Bottom Turbine Trip Test. And, we'll be

11 trying toEssess the hydraulics of the code. We will not

address the neutronics in these tests, we'll input the power12

13 and try to assess thermohydraulics.,

[~' (W)
14 (Slide.)

The status of the qualification is that it's nearly15

16 complete, although my slides are not complete. So, you will

17 be seeing what I have done, let's say, two weeks ago.
j 18 (Slide.)
g 19 And, before I go onto the co'.nparisons I'd like to

g 20 take a few minutes and talk about qualification itself. As

,f 21 I see it, the purpose of qualification is to ascertain whether
:

f 22 a code is, first of all, valid analytically; second, whether

j 23 it meets application criteria; and, some other people put in

() 24 also strict, stringent measures, or limitations let's say,
25 that demand that the code perform within certain error bounds

. _ - --. . _-
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kl, ,i that the results be accurate within such and such, and soiy,

2 forth.

(~ 3 DR. CATTON: Do you participate in the standardb]
problem program, the International Standard Problems Program4

5 with TRAC?

8 MR. ALAMGIR: No.

7 I have not been involved in that.

8 DR. CATTON: They have some interesting problems

9 that might fit under your qualification data base.

to DR. SCHROCK: Excuse me, could I pursue a question

it that I asked yesterday' about the relationship between B02

12 and BD2?

13 Dr. Zudans asked if B02 is going to be released,
, .- v s

d's
14 and I think the answer we got is that, no, it's a developmental

15 code which is aimed at providing improved models for BD2. _If

16 I understood this correctly, BD2 will be the. released version.

17 How, if that's not the correct impression could you-

!

| 18 tell me what the relationship is? What we're hearing now

| g 19 is that you're qualifying B02. Qualifying it in what sense?
1 c

j 20 For use in calculations that will be presented in licensing
aj 21 arguments, or where does it fit into the whole picture?

, i|

! f 22 MR. ALAMGIR: This is a stepping stone towards a

23 future TRACBD1 MarkI. Code, which will have in addition to what

() 24 we have in TRACBO2 some more models. And, there are people

25 from Model Development who will be better able to answer that
|

|

|
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(;[~'} j question.
v

2 But, this is an intermediate code going towards

c 3 TRACBD2 Mark II. As to BDl, Bharat Shiralkar is probably

4 in a better position to answer that.

5 l'.R . SHIRALKAR: This is Bharat Shiralkar.

6 I think Jens Andersen mentioned yesterday that we

7 are cooperating with Idaho in developing these models. These

8 models will eventually be given to Idaho and some of them

g already have. But, they have the eventual responsibility to

in decide which models will eventually get into the code.

ji The assessment is tied together. We regard this as

12 a preliminary assessment for the BD2 version. The BD2 version

13 will have some more features than what we have, primarily in
( 7\.V 34 the valence sub-plate (ph) and the neutronics areas.

15 DR. SCHROCK: So, the impression I had yesterday

16 is the correct one that --

: 17 MR. SHIRALKAR: Yes.
:

j 18 DR. SCHROCK: -- what you're talking about here is

y 19 preliminary assessment, it's not ;iimed at qualifying this

j 20 code for use in any sense in this particular form in the
a

i 21 licensing arguments?
I
f 22 MR..SHIRALKAR: That is, I believe, another function ,

23 yes.

l 24 DR. SCHROCK: For B02?

25 MR. SHIRALKAR: For BO2.
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l f'l 1 For BO2 as it stands today, we would like to use
R.;

2 it to demonstrate the performance --

f3 3 DR. SCHROCK: But then, Bharat, the, question about
O

4 its release becomes a fairly important one because people:
'

5 are going to need to examine it closely if that's the way it's

e going to be used.

7 MR. SHIRALKAR: I think that we would be prepared

8 to discuss with the NRC, for example, in detailed models and

g the performance of the code for that purpose, yes.

10 DR. SCHROCK: So, what you're saying now, then, is
,

it that B02 will be a proprietary code that is labeled TRAC and

12 will be used in that way?

13 MR. SHIRALKAR: Let me just say that we have no
, ( 'rp
(/ plans to release it at this time. It's not proprietary in14

15 the sense that there are no proprietary models in it, all.'

16 the models that we feel we will add to it.

17 DR. SCHROCK: Yes.-

,!

j 18 MR. SHIRALKAR: Just particular configuration of

g 19 the code, we don't plan to release, for example, the code
i:

j 20 setter.

21 DR. ZUDANS: You said there are no proprietary
i

'f 22 models. Returning back to yesterday's presentation it was

| 23 stated that the CCFL at the bottom end of tne rod bundle

[) 24 wasn't based on proprietary data.

25 How would that fit into your statement?
/
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'j.[b j MR. SHIRALKAR: The CCFL model is not proprietary.

2 The CCFL model basically asmyptotes to a pre-guidelines fo m

3 of the CCFL correlation. The coefficient that you use toy

s

4 fit it may be a function of the particular experiment.

5 DR. PLESSET: Well, I think we better go on.

6 DR. CATTON: Will ROSA III data be used?

| 7 MR. ALAMGIR: No, not Ih'this set.

'
i (Slide.)8

Next we'll take a look'at the results. In theg

10 comparisons that will follow, if you do not see any uncertainty
| 11 band on the figure it means that undertainty is less than the

width of the line.12

| 13 In most cases special and differential pressure
, . .

| 34 uncertainties are very small, so we have not included those.

(Slide.)| 15
1

18 These are the particular tests and the facilities

17 that we have talked about. They are not in the order that,

!
j 18 I showed you in the first slide. We have four tests in the

i 19 TLTA, two separate Effects Tests, the last two, 6441 and 5424.
;

i j 20 And, the first two are System Blowdown-type Tests, one with

21 ECC and one without ECC.
I
f 22 The SSTF, we have chosen four tests from there. Two

|s Separate Effects Tests, one addresses the upper plenum mixing
'

! 231~

n 24 in TRAC, the other addressing upper plenum nodalization of
V

25 a multi-dimensional case like a BWR. This addresses how we
|

N
|
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([] can optimally nodalize a system. This one addresses mixingi
t/'

2 f ECC in the lower plenum in a BNR-4 type configuration, and

3 also addresses the condensation of steam in the lower plenum.,q

4 (Slide.)

And, finally SRT-3 is a system response test in5

i SSTF. We'll be showing you results of these two cases. In6

fact, anything with asterisks will be presented today.7

8 We already talked about BWR transients, the Peach

9 Bottom Tests, the three tests with three different initial

Powers and inlet subcooling.10

(Slide.)ij

Then we have talked about the vessel blowdown,12

13 which is a simple vessel with disc rupture and subsequent
.

O f1eshine end 1 eve 1 eme11. We heve two teete in thee end we'12m

be showing you this one today. And, the Oakridge Film15

Boiling Test. . ~.
~

16

17 DR. CATTON: How extensive is your sutdy of nodali-,

!
| 18 zation?

g jg MR. ALAMGIR: Why don't we move on and then maybe
c

j 20 you'll find a better point.

| DR. CATTON: Fine.21
i
f 22 (Slide.)

:
MR. ALAMGIR: Not very.

E 23

V'N 24 DR. CATTON: "Not very" is risky business.

25 MR. ALAMGIR: Pardon?
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( 1 DR. CATTON: "Not very" is risky business.

MR. ALAMGIR: Yes.2-

3 We will answer that specifically when we come to
O

4 when we aome to it.

(Slide.)5

6 These are some of the things I've already talked

7' about. Vesel blowdown addresses flashing level swell in a

free pool and also void distribution. Oakridge addressesa

film boiling. The measured temperatures are like 1500. Thisg

is perhaps -- yes, this is the highest temperature experimentto

that we have in our list.g

12 TLTA DBA cases,*..we.tllebe looking at performance

f TRAC as far as predicting the key phenomena and also the13

sequence of events. We'll also be looking at its performance34

as t prediction of critical flow, countercurrent flow
15

* limiting, as well as breakdown of CCFL, hydraulics in theig
.

; 37 lower plenum, performance of the jet pumps, and the bundle '

s

j 18 response.

y jg (Slide.),

c

j 20 In the SSTF we will be primarily lookingtat - 'for

| 21 the ECC mixing case, we'll be looking at the subcooling dis-
:
f 22 tribution in the upper plenum, performance of spray and the

submerged jet.23.

(Slide.)24

25 In the multiple bundle CCFL case we'll be looking

L'(J3

. _ __ _.

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



10 EON
1 at parallel channel hydraulics and see how TRAC can handle

2 that.

3 (Slide.)
.

"
4 Vessel Blowdown. Let's take a look at the facility.

5 It's a fourteen foot vessel, initial water level is about

6 515 feet, eventually here for limiting the flow. And, the

7 fluid is saturated initially at about 1000 psia, reactor

a conditions.

g There are DP strings here which measured differentia l

to pressures, from which we can also obtain void fraction. And,

ti since there is no breakflow measuremerit in this directly we

12 will use these to obtain mass in the system at any given time

13 and from there we derive the breakflow for this case.
,

(C 14 (Slide.)

15 Incidentally, these tests were conducted by Gary
16 Sozzi, who is in the audience.

17 Let's look at some of the system responses. First,
I
| j 18 we'll look at that system pressure. The preduction is the
'

1

1; 19 solid line and we see that initially there is agreement, but
j 20 then a slight divergence in the calculations.

| 21 DR. CATTON: How many nodes?
i :

f 22 MR. ALAMGIR: Fourteen axial nodes in the vessel.
1 8

s 23 DR. CATTON: Why not twenty-eight?I

24 MR. ALAMGIR: We have tried thirty-four and that's

25 -- we have reached a limit, it's asymptotic.

mn
%

|

I
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t qggg j DR. SCHROCK: Excuse me.

2 Why doesn't your track preduct the undershoot? You

3 have your correlation in that, don't you?()
4 MR. ALAMGIR: B02 doesn't have --

5 DR. SCHROCK: Does not.

6 MR. ALAMGIR: -- the non-equilibrium, pressure

7 undershoot.

8 DR. SCHROCK: Okay, I thought it had.

9 MR. ALAMGIR: RELAP has.

10 DR. SCHROCK: Okay.

jj DR. TIEN: You say you have fourteen axial nodes?

MR. ALAMGIR: Yes.12

13 DR. TIEN: Then you actually tried thirty-eight?
,(;Q

km/ 34 MR. ALAMGIR: Thirty-four.

15 DR. TIEN: Thirty-four. In between?

16 MR. ALAMGIR: No, not --

: 17 MR. TIEN: No, just the two of them?
:

j 18 MR. ALAMGIR: Yes. *

1

;g 19 DR. TIEN: You find the fourteen and thirty-four,
c

(j 20 they are --
1e

f! 21 MR. ALAMGIR: Thirty-four, yes.
Ia
l

d 22 DR. TIEN: -- axial nodes,

23 MR. ALAMGIR: Thirty-four axial nodes.
t

() 24 The results are quite close.

25 DR. TIEN: Yes.

_
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b..v) i MR. ALAMGIR: Breakflow follows the pattern of the

Pressure in the center of that one, we have good agreement2

'N- 3 in that it was liquid flow mainly.(d -

4 DR. CATTON:. Could I pursue that just a little more?

5 MR. ALAMGIR: Yes.

6 DR. CATTON: What happens if you use seven nodes?

7 MR. ALAMGIR: We'll address that in the TLTA. We

have used a lesser number of nodes than this in the Two-Loop8

g Test Apparatus.

10 DR. CATTON: Okay, well this is a clean test

;j apparatus.

12 MR. AIRIGIR: Yes.

13 DR. CATTON: Probably you get cleaner information.-

(
14 than you do on the TLTA.

15 MR. ALAMGIR: Perhaps, it's --

16 DR. CATTON: What was the height of this, again?
17 MR. ALAMGIR: Fourteen.-

!
Ii 18 DR. CATTON: It's about the same length as the.

|g 19 core, isn't it?
i
'

| j 20 MR. ALAMGIR: Yes.

f DR. CATTON: Do you think you can carry-over someI
21

|

of the thinking about nodalization from here, and maybe youf 22

23 ought to have more than five nodes in the core?

' o)
'

( 24 .'( P aus e . .)

| 25 Go ahead.

|



13 259

@I~)'T 1 MR. ALAMGIR: There are many other things we have%
.

2 to consider --

<- 3 DR. CATTON: Oh, like money, I'm sure.(T)
4 MR. ALAMGIR: No, I mean while we model the core,

5 it's not only -- this is one-dimensional.

6 DR. CATTON: But, so is your fuel bundle.

7 MR. ALAMGIR: But, the bypass is three-dimensional.

8 If we are talking about multi-dimensional facilities.

9 (Slide.)

to This is the prediction of the two-phase level and

11 that's the data. You see from the breakflow calculation the
12 prediction that when the pressure diverges the breakflow is

13 underpredicted. We will see this happening again in the TLTA
I f ')

and we have found what appears to be a plausible explanation''
14

15 for this. So, why not we wait until we see the TLTA results

16 for this explanation of the pressure difference.

: 17 (Slide.)
2

j 18 But, the main interest was to see if it predicts

19 void distribution and here we have plotted the void distri-:
:

j 20 bution for three regions in the vessel. This one is near

f 21 the break plane, and these two are in the lower part of the
a

f 22 bundle. It appears to be quite. acceptable, I believe.

23 (Slide.)

(')s(_ 24 This previous case was run where pressure was cal-
25 chlated by the code. This is a calculation where pressure was
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h,('_l i imposed. And, we see that the two-phase level preduction is
\ )

2 slightly better during this part where we don't have the
3 Pressure difference and the density difference or the specific73

\~
'4 volume difference doesn't show up.

5 DR.'TIEU: Again, I'm not quite clear. Could I

6 come backT

7 A general question in your computation: Suppose

you have seven or fourteen axial nodes and'then you have --8

in the blowdown test you have eleven variations with respect9

to time -- what k'ind of' resolution you can get in terms ofjo

33 two-phase level? Do you check about the limit, whether that

12 is consistent with the nodalization?
13 MR. ALAMGIR: There is an explicit two-phase level

( p)' s. 14 tracking model in the code. So that obviates the necessity
15 of very small nodes.

16 DR. TIEN: I see.

17 DR. SCHROCK: If you go back to the first data.

!
|| 18 slide on that and look at the breakflow --

g 19 (Slide.)
c

j 20 -- the middle picture with void fractions predicted
a

! $ 21 by TRAC, it looks as though your c6urse: nodalization is pro-| i
l f 22 ducing a sudden increase in the stagnation density feeding

o

j 23 the critical flow in the calculation which doesn't occur
; () 24 in an experiment.

25 And so, the nodalization would seem to be the

|

|
.

-_ __-m_- . __ ___.__.__ ___ ___ - _ _ _ _ _ _ _ _ _ _ _ _ _ _
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(g 1 problem, wouldn't it?

2 MR. ALAMGIR: What we are seeing in the calculation

3 3 is swelling up of the mixture into the break plane.
s)

4 DR. SCHROCK: Yes, but the data don't show that.

5 MR. ALAMGIR: We have data only plotted every five
6 seconds, we haven't tried to go into detail and see if -- the

7 data was obtained, the data for breakflow was obtained by
8 looking at the inventory in the vessel, plotting that as a
9 function of time, taking slope.

10 It does not -- those are not as fine intervals as
11 the TRAC calculation. I'm not sure whether it exists in the

12 data or not.

13 DR. SCHROCK: Well, okay.
(D

(_/ 14 There is no data point for the pure steam flow in
' '

15 the early phase of it.

16 (Pause.)

17 Yes. Then maybe my conclusion was wrong. Okay,g

j* 18 excuse me. It's hard to tell.

19 TSlide.)
j 20 MR. ALAMGIR: So, we feel that for this simple

21 blowdown case the interfacial shear models in TRAC appears
:

d 22 to do a quite acceptable job.
:
| 23 (Slide.)

() 24 Let's now move on to another separate effects te'st,

25 the Oakridge Film Boiling Test. This is a high temperature,

rg']
wJ~/
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( high pressure experiment, very well controlled, experimentallyi

well-instrumented.2

' (Slide.).

O '

4 This is the Oakridge THTF Loop and h~re is the teste

section.
5 The experiment was: run with a small break here while'

:

6 the pump was running. So, what happened was that the pressure,

~

i

showed initially, like, 1800 psia and it dropped a little,7

; a stayed nearly constant. Whereas, in the' bundle the power
! g was raised from 2 megawatts to 8 megawatts in a matter of

to three seconds to initiate film boiling.-
,
*

The flow was maintained constant until about twenty11

12 seconds and the bundle went into film boiling.
; 13 (Slide.),_

14 Here we show the calculated density at exit of the
15 bundle compared with the TRAC calculations. And, in the

18 lower picture the bundle exit mass flow rate.
,

17 (Slide.)-

!
| 18 This is a prediction of the fuel rod temperature, or

19 heater rod temperature, near the upper part of the bundle.
.

And, you have perhaps seen this yesterday. It's worth notingj 20

f 21 that the prediction is quite good and we should also note
a

f 22 that this is a relatively flow mass flux case, with mass flux
23 less than about 300 kg/m sec.

O 24 our c e, **e au 11<1c *1o= c 1 **e more ca 1-

lenging one where the power stays high for a much longer time25

. - - . -- - . - _ . _. ___ _ _ . _ _ _ -
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hg 1 and the mass flux is four times as high.
2 (Slide.)

-- 3 And, this is what we got with TRAC for this case.
' ' ' '

4 So, there was a difference of 200'K between TRAC and data.
5 We looked at the ream why. The first difference was that
6 it's this. Then we looked at what TRAC does in calculating
7 film boiling temperatures in this first flow. We found that

a it calculates droplet heat transfer, and in order to do that
9 it needs a droplet diameter.

10 Currently in TRAC what is specified is 4 Weber (ph): :

11 number, which is like mass flux-squared; v-squared, which is
12 mass flux-squared. And, it also has a density term along
13 with that mass flux squared. And, . Weber (ph) number is said,(--,

k' 14 to be a constant value.

15 So, in fact there -- I meant droplet diameter, not
16 density.

17g Let me put this slide on, perhaps that will --

| 18 (Slide.)

i 19 DR. TIEN: You say what Nebbr:(ph): numb ~ r you .used?e
:

j 20 MR. ALAMGIR: 6.5.
i

3 21 DR. TIEN: 6.5.
:

5 22 MR. ALAMGIR: This is what I meant.
Q

| 23 The droplet diameter is calculated and it's inversel

(m _

y
*

() 24 proportional to mass flux-squared. So, for high mass flux

25 case ue'll have a smaller calculated diameter, but there is

e

-
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if -3
1 a cut-off value in TRAC which is 10 ,

2 So, for this case actually the calculated diameter

3 goes below that, but it's set at that value in the calculatior
( _)

.

'' 4 DR. TIEN: 6.5 appears to be loser than..the critical

5 Weber number, right? For the break-up.

6 (Pause.)

7 Maybe Jens Andersen could comment. Whht's the

a rationale ofiusing 6.5? '

9 DR. ANDERSEN: My name is Jens Andersen.

to The rationale was that the critical value is about
11 13, but you have a spectrum of different droplet sizes and

we chose 6.5 to be the most representative of the mean droplet12

13 size, with 13 being an upper limit.

(/\_ 14 DR. TIEN: So, that's just an estimate, but you

15 find it agrees with your experimental data?

16 DR. ANDERSEN: Yes.

: 17 DR. SCHROCK: I think that's an improvement over
:

j 18 this idea of just arguing that the size of the drops in
g 19 entrainment will be determined by the Weber criterion on
c

j 20 break-up of the drcps that have been formed, because the

f 21 process of formation of the drops is quite distinct from the
:

d 22 break-up of the drops that are subsequently formed.
s

| 23 So, I think that's a good improvment, I think that's

NjO 24 a good idea.

25 (Pause.)

p
u 'ub
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1 MR. ALAMGIR: That was the reason why the interfacial

2 area was underestimated leading to an overprediction of the

3 vapor superheat and ultimately overprediction,of rod tempera-
U

4 ture.

5 So, it's not in the Heat Transfer Model for film

6 boiling, but in the cut-off value that the problem lies.
7 (Slide.)

g And, I'll show you the difference in vapor superheat
g quickly. This is the TRAC calculation and that's data. It's

to overpredicted for this range.

ii (Slide.)

12 Based on that we can conclude that --

13 DR. CATTON: Could you put that data back on again?<,p
V 14 (Previous slide.)

15 That looks pretty -- the data looks pretty close

16 to saturation except for that little bump. It's almost as

: 17 if you --
:

j *
18 MR. ALAMGIR: Almost.

g 19 DR. CATTON: It's almost as if you'd be better off
t

: j 20 using an equilibrium calculation than the non-equilibrium that 's

f 21 in TRAC.
:
f 22 MR. ALAMGIR: Except here, though.

i :

| 23 DR. CATTON: Except there.'

) 24 But, that looks small relative to all the other

25 noise. I said it looks like you might be better off using

. 'Ow
|
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1 equilibrium than non-equilibrium. & I'

~

2 MR. ALAMGIR: TRAC ba'ically is a code which can
.

37g handle non-equilibrium by its very virtue. It doesn't dis-
O

4 tinguish from the outset, it will calculate for"what the '

. ..
'

5 situation..is.

6 DR. CATTON: I understand.
,

,

7 But, maybe it's not -- it looks like it'Sinot as

8 non-equilibrium as TRAC thinks it is.' ,
;

9 MR. ALAMGIR: As I mentioned, the difficulty -- or,
' '

i ,

10 the difference lies in this~ cut-off droplet diameter.
'

-

'
''11 DR. CATTON: I understand. .' a

<<,

f

12 (Pause.) '

13 I just want to make the point that sometimes people.,..

k 14 look too hard for complexities and they build in all sorts

15 of things into the codes that are not needed.

'

16 (P&use . ,

; 17 MR. ALAMGIR: Well, of course the ideal thing to

j 18 have would be a droplet field which would conserve th'e drop-

i 19 lets, which would allow alteration of droplet size along the
:

j M path. '

a -

| 21 (Slide.)'
a

f 22 Now, I jumped onto the second conclusion before I

23 finished that.
,

() 24 We saw that it predicts film boiling t mperatures

25 for low mass flux case; it overpredicts for a high mass flux
~

,

CO :
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k} 1 case. And, that is the reason.

2 DR1'TIEN: Is it possible you can say a few.words
3 about how you calculated the droplet field model, heat trans-O
4 fer?

5 MR. ALAMGIR: Jens Andersen.

6 DR. ANDERSEN: Excuse me?

7 DR. TIEN::..Just' .briefly about the dispersed flow
a droplet --

9 DR. ANDERSEN: Excuse me, can you repeat the ques-
10 tion, please?4

11 DR. TIEN: I wonder if you can say a few words about

12 the model you used to calculate the dispersed flow droplet
_ 13 field, you know, heat transfer.

/ []J/ s
14 DR. ANDERSEN: Okay, there are two models in the,

15 code. There's one model for the interfacial heat transfer-

16 between the droplets and the steam, and there's another model
17 fcr the wall heat transfer.g

3 18 And, the two models ore tied very closely togetherg

F 19 in calculating the overall wall heat transfer. If I start:
a

j 20 with the interfacial heat transfer, that's a fairly standard
f 21 correlation for the interfacial heat transfer between the
a

d 22 superheated steam and the interface.

I
g 23 I do not remember the name of the correlation but

(k 24 it 's: the standard one where you have .75 times the square root
,25 of the Reynaud's (ph) number. The limiting value for very low

KO
,.

>
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(} 1 Reynaud's':: number is 2, which is the theoretically limit for
2 lamina flow.

3 For the wall heat transfer between the wall and theO
superhcated steam we're using a Dittus-Boelter type correlatic4 n

5 uhere we use the wall temperature and the actual superheated
6 steam temperature. But, the correlation is modified forrthe

effect of the presence of the droplets and that's actually7

8 the model you participated in developing we are using.
.

9 I can make one comment because there was a comment

to yesterday during the discussion of how we calculate heat

11 transfer during boiling, and there was a reference to some

12 of the earlier Oakridge results.

13 When we apply correlation, either a Dittus-Boelter,,

V 14 type correlation or a Groeneveld-type correlation, we use the

15 actual superheated vapor temperature and the correlation.

16 And, that tends to give good agreement with the data. The

g conclusion which at some time came out of oakridge that the17
<

j 18 Groeneveld correlation overpredicted the heat transfer by a
!g 19 factor of 2 -- no, I'm sorry not Groeneveld, but Dugelosonof
; 5

j 20 (ph) -- comes when you use the saturation temperature on the4

4
I 21 correlation.
i

f 22 If you use the superheated vapor temperature you
i
g 23 get quite good agreement with the data.

() 24 DR. SCHROCK: But, the data are not really very

25 detailed with regard to a mixed mean temperature determinatior ..

;

'\
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1 DR. ANDERSEN: No, I agree --

2 DR. SCHROCK: The probe is place in one location

3 and that's taken to be the mixed mean temperature --O
4 DR. ANDERSEN: Yes.

5 DR. SCHROCK: -- without any real proof.

6 DR. ANDERSEN: And, in many cases you have radiation

heat transfer and you don't really know how representative7

a the temperature is. I agree it's a very difficult problem.

9 The problem we saw in the Oakridge test, in one of

the tests, we apparently overpredicted the interfacial -- no,to

underpredicted the interfacial heat transfer significantly11

12 leading to too high a superheat.

13 DR. SCHROCK: Thank you.

14 (Slide-)

15 MR. ALAMGIR: We'11 move on to look at the results
16 of the TLTA TRAC calculations.

17 The first case is where we have ECC. Let me go '"
.

!
j 18 through this experiment very briefly by looking at the sketch.

This is a schematic of TLTA with the loops removed.g 19 .;
;

j 20 (Slide.)

f 21 These are some of the controlled parameters in the
a

f 22 experiment: power; intact loop pump which goes down and is

23 isolated at twenty seconds; steam line flow, the valve is
i

24 closed at about ten seconds; the ECC systems, the first one

to come on is HPCS at twenty-seven seconds, LPCS at sixty-three,25

{

C

|
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t, 1 and LPCI at seventy-one seconds.

2 (Slide.)'

O Let me back off a little bit and say that system3

pressure initially is, like,1000 psia, saturation temperature4
.

And, the two loops are pumping and core inlet flow upward intc.5

6 the bundle with an average void fraction around'.6.

7 As soon as the break valves are opened the downcomer

3 water starts discharging through the resuck suction break and

ultimately it comes to the point where it doubles, the jetg

to Pump is uncovered. So, there is a loss of suction,

jj But, before that the broken loop pump is isolated

12 and this broken loop jet pump goes into reverse flow. This

13 happens at about -- in about one second, or so, after initia-
(D

V 34 tion of the blowdown.

15 Then this water level starts dropping and loss of

16 suction off occurs for the jet pump. And, when the mixture

17 level in the downcomer reaches'the reserve suction line+

!
j 18 lower plenum flashing occurs, which sends a surge of flow intc
g 19 the core.'

s

j 20 And, following that the flashing continues. What

f happens is that this mixture level in the lower plenum starts21
i

f 22 coming down from where it was at the top until it reaches

23 the exit plane of the jet pumps.

O 24 At that point the vapor generated in the lower

plenum has an added path for venting, so it can vent through25

.

. , - . -
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1 the broken loop jet pump out through the drive line break.

2 And, since there is reduced vapor inflow at that point into
3 the bundle,the bundle mass starts reducing. That initiates

4 bulk dryout in the most part of the bundle.

5 With HPCS coming on slightly ahead of this the

6 dryout -- or the heatup rate is slowed down. But, it's not

7 until about fifty or sixty seconds that the midplane shows

8 some indication of rewet.
,

9 When the LPCI, which comes into the bypass, comes

10 on at about seventy-one seconds it condenses the steam in the

ij bypass and,that condensation draws in water from the upper

12 plenum and it comes into, that water comes into the bypass

13 and leaks into the bundle.

O As it 1eaks into the bend 1e it s1ow17 eees secked1.

15 in by that vapor going in through the side entry orifice.
16 And, also there is liquid drainage from the top. The combina-

17 tion is that the bundle shows subsequent rewet. But, the
:

' j 18 final rewet comes when the twa-phase level starts rising,
g is not as a result of lower plenum rising but as a result of
a

j 20 liquid holdup due to the side entry orifice CCFL.

f 21 So,1we'll try to follow those in our TRAC compari-
a

f 22 sons.

23 (Slide.), -

First, we'll look at the system pressure response24

25 in the TLTA. This pressure increase is due to closure of that
\
,

\
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,k,{} 1 steamline valve. Following that the pressure starts dropping
2 and at this point the lower plenum flashing occurs, a lot of

3 steam is generated, and it slows down the depressurization
O

4 rate.

5 And, at about thirty-five seconds or so the jet

6 pump exit plane is uncovered.- And, from there on we see

7 divergence of the calculation from the data. However, the

8 early pressure is quite well predicted.

9 (Slide.)

10 We'll next look into the important flows in the

11 system. First, the broken loop jet pump, which I said would

12 reverse in one second or so. The normal flow direction is

/,

13 downward, so initially it's about 10 kg/sec pumping into the
t 14 lower plenum.

15 But, after a second the loop is isolated and it

16 reverses. And, the jet pump model in TRAC, the jet pump
17 component modeled in TRAC, follows that pretty well. Itg

| 18 goes through a normal flow mode into a reverse flow mode with

g 19 mixing occuring at the throat of that jet pump nozzle.
,*s

j 20 So, there is quite a combination of flow going on

f 21 there, but TRAC seems to handle that pretty well for the first
:
f 22 part --

I 23 DR. SCHROCK: Do you understand why the longer term

() 24 pressure prediction is so poor when the mass flow predictioni

25 that's -- oh, the time scale is different.

CO
,

I - _ ,
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1 MR. ALAMGIR: Yes, this is early time, twenty .

2 seconds.
,

3 DR. SCHROCK: What's happening at fifty seconds, and
4 so forth?

5 MR. ALAMGIR: Thiscjet pump flow data for that is

6 not credible after this because we base it on delta-P
7 measurements and there is flashing going on in the lower

8 Plenum. It's not valid.

9 DR. SCHROCK; Is there a break flow used to --

10 MR. ALAMGIR: .Yes, we are coming to the break flow.

11 DR. SCHROCK: Okay.

12 (Slide.)

13 MR. ALAMGIR: This is the intact loop jet pump, and

14 that is isolated at twenty seconds so it shows zero flow.

15 But, prior to that there is a coastdown as the pump speed is

16 reduced and the DOCA (ph) data, TRAC appears to follow the

17 trend of the data and shows the uncovering of the jet pump-

!
j 18 suction at about almost the same time. A loss of suction

g 19 would mean loss of pumping of liquid into the lower plenum.
t

j 20 So, the flow rate decreases and from there on there

f 21 is this gradual coastdown.
a

f 22 (Slide.)

23 The~ result of these two comparisons, the combined

24 effect is that we have a prediction of core inlet flow which

25 looks like this, which is quite acceptable.

I
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'

We see the lower plenum flashing occuring at almost1

the same time, and that since a surge of lower plenum fluid2
i

1
3 through the side entry orifice into the bundle. And, here's iO
4 the data for" that;-ithat! s TRAC.

)
5 '(Slid ~.).- 'e -'~

6 Let's look at the suction line break flow.
7 (Slide.)

.

8 Here is the two-phase level in the downcomer, and7,

the TRAC prediction of the two-phase level using the Level-9 '

10 Tracking Model. These are three-level probe meter data

ti points. There are three positions where we can track whether

12 it's liquid or vapor colductivity elements, in a sense.

13 So, it looks like the level transient is agreeing,.

O'
14 seite weu. ind, here we shew the breek g1ane, or recirc.

suction pipe plane, and the level seems to reside there right15

16 at the center line of the break.

17 And, my sketch for this is poor. It should be

j 18 residing at the bottom face of that pipe. '

; 19 (Slide.)
a

j 20 Following that level transient in the downcomer
i

f 21 we see that the suction line break flow is agreeing quite,

a,

f 22 well for the single face portion, which is this part. And,

23 then when the recire. suction is uncovered A 'it's two-phase
24 -- the flow drops dramatically closely

25 DR. SCHROCK: I guess I would come back to my ques-

'

,

L
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(} 1 tion, then, on the pressure. I have a hard time underst anding
2 why the pressure is predicted with an error or more than a

hundred percent when the break flow seems to be pretty close,s 3. . ,

idM
'

4 even out to a hundred seconds.

5 MR. ALAMGIR: The break ficw is underpredicted in

6 the later transient. When it's predominantly steam flow --

let meet &k' ::that' bhck2.7 e

In the later transient TRAC calculates predominantly8

a steam flow, whereas there is evidence from the experimental

to data that there is some entrainment in the break flow, some

it entrainment of the liquid.

12 DR. SCHROCK: Let me put the question another way.
13 At a hundred seconds the etror in system pressure

) 14 exceeds a hundred percent.

15 MR. ALAMGIR: Yes.
,

16 DR. SCHROCK: Do you think it's not important to

17 understand why the code makes such a prediction?

| 18 MR. ALAMGIR: It is important, and we have looked

i g 19 into that. And, I'll have some analysis on that very shortly.
i a

j 20 :(Slide.)i

a

! 21 But, the indication of that is right here in this
a

f 22 sketch, which is the break flow rate in the drive line nozzle.

23 And, you can see that in the experiment we measured a higher'

() 24 break flow rate, meaning that there was smaller volumetric

!
25 flow or more liquid compared to the TRAC calculation.

CO
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(} 1 The reason lies in the hydraulics at the jet pump
2 exit plane.

3 Whyl. don't I show you that before we move on.

O
4 '(Slide .-)

5 DR. CATTON: Have you done things like take that

6 mass flux rate and derive'.the code with that?
7 MR. ALAMGIR: No, not with TLTA.

8 DR. CATTON: It'd be interesting to do that because

9 then you could sort of sort out where the problems might lie.

10 MR. ALAMGIR: When we look at the level transient

11 in the lower plenum we find that, as we mentioned, the level
i

12 will come down up to the jet pump exit plane. And, it does

13 start about thirty seconds.,.

QF

A- 14 Here we have two plots. This one is for the inner

15 TRAC ring.. There are two rings in the TRAC model: the inner

16 rings comprises the region inside, or let's say not covering

g the jet pumps; the outer ring covers the jet pumps.17

j 18 So, when the level comes down in the lower plenum
; g 19 it stays at the jet pump exit plane for the inner ring. But,

:

; 20 for the outer ring it slowly goes down, the level slowly drops .

a

| 21 (P&nse . )|

a

f 22 Now, there is potential for entrainment from here
'

i 23 onto that little pipe there.-

() 24 DR. CATTON: Once it's below that skirt shouldn't

25 they be the same?

:O
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j MR. ALAMGIR: Pardon?
D

2 DR. CATTON: Once it's below the skirt shouldn.'t it
3 be the same?

}
4 MR. ALAMGIR: Should not what --

5 DR. CATTON: Shouldn't the level be the same, don't ,

I

6 those regions --

7 MR. ALAMGIR: No, the vapor is venting through this
!

8 jet pump here.

g (Slide.)

l'o The vapor is venting through this jet pump. So, the

3, level below, the level here would be affected. It's not the

12 same as in the unaffected region.

13 (Slide.)

) The reason is this: We have what we call a14

15 Bernoulli effect for liquid withdrawal when there is steam
,

16 flow near a snall pipe or an orifice. And, there are correla-

17 tions available in the literature for the onset of this.

!
| 18 entrainment, but there is no correlation for the amount of

g 19 entrainment. And, this is a direct quote from Zuber.
c

j 20 (Slide.)
a

I 21 We have looked at the value of this parameter, which
i

f 22 I call entrainment factor, which is the ratio of this Froude

23 number over the length over diameter ratio. And, we have
l

({) 24 looked at that ratio from.the TRAC calculation.

25 Let me show you what it looks like for the TLTA

. -
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(. 1 lower plenum.

2 (Slide.)

3 This is what it looks like. The rat.io, which if it

O
4 is 1 -- or if it is greater than 1 -- it would mean that there

5 is tendency for entrainment of this kind. We find that it

6 exceeds 1 at the period when the level is dropping below the

7 jet pump exit plane.

8 This is lacking in any code that I know. So, it's

9 my feeling that the difference in pressure calculated and'the

10 experimental pressure is mostly due to liquid entrainment of

11 this kind.

12 DR. CATTON: That's going to be a tough problem,

. 13 isn't it? Because below that arrow where you have two-phase

14 flow you have bubbles in the water. That's going to change

15 the characteristics, too.

16 Don't you define two-phase level a'-bei6g where its

17 changes from continuous liquids to continuous steam?

j 18 MR. AW1GIR: Continuous two-phase misture into
'

g 19 predominantly steam.
a

j 20 DR. CATTON: So, below that line that says "two-

| P ase level" you have a bubbly misture.h21
a

f 22 MR. ALAMGIR: True,

23 DR. CATTON: And, I'm not sure th4t the criterion
i

O 24 has._even been worked out for circumst nces where it's a

25 bubbly misture. I think it's only been done for situations

i

,

i
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1 where it's a nice, clean, quiescent system and you gradually

2 change your delta-P's until you can entrain.
!

3 MR. ALAMGIR: That's correct.
|

.

'

4 It is a possibility.

5 DR. CATTON: Do you know of any separate effects

a kinds of studies of that phenomena that are going on?

7 MR. ALAMGIR: No.

8 DR. CATTON: Then it looks to me --

g DR. SCHROCK: There is some -- Rieman is doing

10 some in Germany, and I'm starting to.do some for Novak-Zuber

11 now. But, it's only in the planning stages on our end. But,

12 there has been some work done in Germany. I can send you

l 13 a copy of that.

1c0
( 14 DR. CATTON: With the bubbly mixtures?

15 DR. SCHROCK: No, it's not with bubbly mixtures,

16 that is correct.

17 DR. CATTON: So, again that's going to be quiteg

|: 18 different than what he needs to look at.

g 1g DR. SCHROCK: Yes.
a

j 20 Also, I think that these correlations in ZUber's

f report are all taken from literature in which the pressure21
l i

f 22 differences were quite modest, so there are no compressibility

23 effects involved in those correlations.

O ind, ehee's enother erea where I think the corre1e-2.

25 tions will be influenced in our applications, where we're

O
,

|

_ , _ _ _ _ _ _ _ _ . . . . . _ . _ _ . - . . _ . _ . . _ _
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1 really talking about entrainment into critical flow sections

2 and the compressibility of the vapor phase will clearly be

3 important.

4 MR. ALAMGIR: Okay.

5 (Slide.)

6 Let's look at some regional pressure drops which,

7 in the regions of spall wall friction, can be translated into

8 mass inventories. We'll look at the core pressure drop first.

g for that trahsient.

10 (Slide.)

11 Lower plenum flashing. ' At' thirty 4five sec6nds or

12 so there is venting of steam through the jet pump orifices,

|
13 relatively more rapid drainage from the bundle. With onset

14 of the ECC systems the bundle inventory increases as aided
l
'

by side entry orifice CCFL.15

16 Here's the performance in the bypass. There is

g continuing CCFL at the top of the bypass and as soon as LPCI17

j 18 comes in it condenses the steam and breaks that CCFL, so the

g 19 upper plenum fluid can then partly drain into the bypass and
a

j 20 fill it up.,

f 21 But, the bypass has another part which is this lower|
a

f 22 part called the guide tube, and there is also CCFL at this
,

23 interface between the guide tube and the bypass, This drop

O 24 i= aete -> 1=aic te euet eue eutae tube ccet e1 o breex-
25 down at that time and fills up the guide tube after it first

.
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i fills the bypass.

2 (Slide.)

3 Here's the delta-P in the guide tube showing that

4 CCFL breakdown.

(Slide.)5

6 If we look at the peak clad temperature in the TLTA

7 we?.ll see thererareutypically there at least two peaks of

8 temperature -- or a third.

9 In looking at the temperatures we'11 be looking at

this peak and see how TRAC handles that. This peak, by the10

ij way, happens to be in the film boiling region where had seen

some difficulty with one of the high mass flux cases.12

13 Let's see how this TLTA case falls in that compari-
'f3. O son.34

(Slide.)15

16 What we have plotted here is the temperature at

; 37 120 inch elevation in the bundle and the solid line is TRAC.
:

| 18 We see that it is slightly overpredicting, but not to the

; ig degree or the extent that we have seen in the film boiling,
t

j 20 in the Oakridge test.

| We also see that the void fraction calculated in21
i
J 22 TRAC indicates that it appears to be in dispersed droplet
2

form. The power level is quite high at the time that it goes| 23

P; 24 into film boiling and it rewets as soon as there ir decay ofv

25 the power.

(T*\
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|

([^} 1 We also notice that the mass flux is roughly the
q ,,

i 2 same as in the Oakridge Film Boiling Test at the time the

3 DNB occurs.
~

4 (Slide.)

|
5 Now we'll look at temperatures in the bundle. There

6 are many dotted lines in each figure and each of those

| 7 represent one thermocouple at a given axial elevation. I

8 have marked the locations for those rods for which these

| 9 plots are made.

10 There are four measurement thermocouples at that

11 elevation, which is 71 inches. And, we see the comparison,

12 the first fall agreeing quite well as far as the initial

13 dryout -- or dryout initiation -- is concerned. Then we have
r /~

|' k T/ 14 relatively similar heat-up and turnaround. And, TRAC is

15 kind of averaging the data as we would expect it to do.

16 because it is one-dimensional it does not consider differences
: 17 across the plane in the bundle.
:

| 18 '(Slide.)

g 19 Here we have a temperature comparison at the middle
#

1
1 j 20 of the bundle and the lower part of the bundle. All seem to

a

| 21 agree. pretty;.well. What comes out is that the dryout initiation
i a

f 22 and rewet appears to be handled well.,

23 DR. TIEN: Could you say on that graph what rewet

() 24 criteria you used?

25 MR. ALAMGIR: Yes.

1

I
I
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(|g 1 The two criteria for rewet, one is -- if we have

2 cccurrent upflow and the temperature is greater than T-minimum

- 3 then we have one criteria, that the temperatuge should be

4 less than T-minimum; and, the critical quality must not be -

5 exceeded.

6 That's the criteria that was satisfied in the first

7 peak. Here there is really no definition of rewet for

8 transition boiling, it's slow decrease in mass flux -- that's

g increase in heat flux.

10 DR. TIEN: That's in the TRAC code?

11 MR. ALAMGIR: I believe so.

12 DR. ANDERSEN: Okay, there are several ways you can

13 rewet in TRAC. If we look at -- just going back to the

I (sD 14 boiling code, we require that the temperature is less than' '

15 the minimum temperature at the boiling curve plus an additiona l

16 criterion that there is sufficient liquid present in the

17 ' bundle .:
:

j 10 And, the correlation that we use to describe that

g 19 is similar to the Boiling Links correlation we use to describe
c

j 20 the initial boiling transition, saying that the quality should

k be less than a critical quality as obtained from the Boiling21
i

f 22 Links correlation.

I
; 23 So, essentially what we say is that the quality

() 24 should be such that if it rewets it would stay in a nucleid

25 boiling situation and not exceed the critical quality.
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i DR. TIEN: Could I ask then, what correlation do

2 you use to determine your T-min?

3 DR. ANDERSEN: The T-min. is the Ill,1egi(ph)

4 correlation.

5 DR. TIEN: So, it's a function of flow and --

6 DR. ANDERSEN: Yes, the flow impressions.

7 (S1ide-)

8 MR. ALAMGIR: Looking at the performance of TRAC

g for this, I.would say, complex system blowdown case I think

10 it did a reasonably good job for predicting the events and

1i the phenomena.

12 Of course, that fundamental phenomena was missing.

, 13 so we didn't predict it. Missing in the code.

14 (Slide.)
|

! 15 We have also seen a favorable performance as far

16 as prediction of flows and regional pressure drops, as well

: 17 as dryout and rewet initiation.
':

j 18 (Slide.)

3 19 We've seen that the critical flow model calculates
j 20 the subpool -- let me t'ake it back.-- the single phase and

k the two-phase critical flow quite well, as you can see from21
i

j 22 the short-term critical flow comparison in TLTA.

23 (Slide.)

O 24 rue see vu=9 vert r =ce for =or= e=a reverse 11o"

25 is quite good.

;

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
_ __
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(f~l 1 (Slide.)V
2 There is a specific jet pump component in TRAC and

g~ 3 it is doing quite a good job. .

t
4 (Slide.)

5 The CCFL correlation is, as Jens mentioned, of the

6 Cutat-Glacia (ph) form, and we use different constants for the

7 side entry orifice and upper tie plate. And, with those it

8 seems to predict the drainage and the accumulation of inven-

9 tory in the bundle quite well, as we see from the pressure

10 drop comparison.

11 (Slide.)

12 The heat transfer models for transition boiling and

13 nucleid boiling appears to be acceptable. There is no glarinc
' ( fTxJ 1-4 sample or any non-conformity there.

15 (Slide.)

16 Rewet criteria in film boiling is also satisfied,

17 as we saw in the first peak when we compared the temperatures

j 18 at early time.

i 19 (Slide.)
:

| j 20 We found that the system pressure is underpredicted.
1 e

| 21 DR. CATTON: Excuse me.
3

i f 22 MR. ALAMGIR: Yes?
i 3

| 23 DR. CATTON: Are you referring to the previous slide

() 24 when you make that statement?

25 MR. ALAMGIR: In reference to the temperature --
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\;( ) 1 DR. CATTON: To the temperature traces you showed

2 on the previous slide?

3 MR. ALAMGIR: No, the one before that.
V

4 ('Second' previous slide.)

5 The temperature at four seconds, this one.

6 .DR. CATTON: Yes.

7 (Pause.)

8 Okay, your middle level didn't rewet at all on that

9 second slide.

10 (Previous slide.)

11 MR. ALAMGIR: There is a reason for that. This is

12 the lower part of the bundle. This will rewet, and I've

13 looked at the conditions in the bundle at that location at
D
k/ 14 the last time step. It will rewet when the fluid level rises

15 as fluid leaks into the bundle from the bypass.

16 DR. CATTON: But, the data shows a very distinct

: 17 rewet.
:

j 18 MR. ALAMGIR: The data is R4.

i 19 DR. CATTON: For all three thermocouples it shows
s

j 20 distinct rewet and TRAC does not.

21 MR. ALAMGIR: There is a variation in rewet timing.,

a

f 22 DR. CATTON: I understand.-

2

| 23 But, if the solid line is TRAC it shows no rewet.
~

(') 24 And, also in the one above -- if you could pull that down --

25 (Adjusts slide.)
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i DR. CATTON: -- all I see on the top one is an
'

2 indication of the heat transfer coefficient getting larger, I

3 don't see any rewet process going on there either.

| MR. ALAMGIR: When I said rewet, the rewet is meant4
)

5 to be in film boiling. There is hardly any definition of the

o rewet in transition boiling, or no specific --

7 DR. CATTON: Well, it certainly is.

8 DR. TIEN: I'd like to pursue this further. It's

g related to' the question Ihtried: t6 drXircoutd -.

in It looks like from the data, it seems more like

11 falling. film, or type film rewet, instead of -- you keep

12 saying the' transition boiling, film boiling, and so on. It's

13 a very sharp distinct temperature drop.

14 Apparently this is not being taken care of in the

15 TRAC code. Is'that corredt, my interpretation?

16 MR. ALAMGIR: Let me preface the answer by saying

17g that.in the experiment --

| | 18 DR. CATTON: But, it's happening in the next level

19g down at the same time, so I wouldn't think it's falling film.

j 20 DR. TIEN: Yes.

21 DR. CATTON: I think they're getting water around
34

,

j $ ' 22 it and you're quenching the thermocouples, that's all.

i'g 23 MR. ALAMGIR: In the experiment it's two-dimensiona3

O 24 vhenomena where you heve greferentia1 11 id arain ee from2

25 one side, and maybe the other" side is dry. And, TRAC is

! (_

,

_ _ _ . . . . , - . . . - _. .. _ _ _ _ - . _ _ . , _ , _ , . _ , - . _ . , .-7- . , . - - - - --
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4'~h I averaging the conditions at the inner plane.Q
2 DR. CATTON: But, all your thermocouples quenched.

s 3 MR. ALAMGIR: All of the measured --

4 DR. CATTON: If they're where the black dots they're

5 pretty well distributed. And, I think that would be kind of

6 a unique occurence that you've located'your thermocouples.

7 where the water happened to be.

8 MR. ALAMGIR: They quench and --

9 DR. CATTON: Look down at the middle one so we

to can get away from Dr. Tien's falling film.

11 MR. ALAMGIR: This is the peak power plot and this

12 is at the very low power level in the bundle.

13 DR. CATTON: But, isn't that about the middle of the
b

| V 14 bundle?

15 MR. ALAMGIR: No.

16 DR. CATTON: Oh, that has nothing --

17 MR. ALAMGIR: This is the middle of the bundle.:
j 18 DR. CATTON: I thought the arrows pointed to where

g 19 the --
;

j 20 MR. ALAMGIR: No, this is the top of the bundle here .

21 DR. CATTON: Yes?
:

|f 22 MR. ALAMGIR: That's the middle of the bundles,
|e

f 23 which is this.

() 24 DR. CATTON: And, the next one down is the bottom?
|

| 25 MR. ALAMGIR: Next one is bottom.

CO
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b 'T 1 DR. CATTON: Well, what's the one down below?V
2 MR. ALAMGIR: 10 inch elevation. Very low.

3 DR. CATTON: Okay, well let's look at the one that' s

O
4 the low power. You show distinct quench from your data, and

5 means it's a lot of water, or at least the heat transfer

6 coefficient is very high. Yet TRAC doesn't pick that up at

7 all. .

8 So, I don't call that a good -- I mean, I don't

9 know how you can make the conclusion about rewet in TRAC from

10 that data.

11 MR. ALAMGIR: The rewet was that this conclusion
12 pertains to the first rewet that we saw, film boiling-type
13 rewet.

s 14 MR. TIEN: Yes, film boiling.

15 But, still in this second or third peak the TRAC

_ 16 cannot predict. Your explanation is that TRAC only gives

; 17 you an average.

| 18 MR. ALAMGIR: Yes.

g 19 DR. TIEN: But, it's just like a top curve for all
a

j 20 fuel rods, it shows a very distinct quench, right? So, if
a

! 21 you say even an average it should be still a very distinct
:
f n quenching.
t

! 23 (Pause.)

() 24 Am I correct in saying that? I'm confused a little

25 bit.
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( >'x-
What you're saying, it is right that1 DR. ANDERSEN:

2 in the midplane you get liquid coming down from the top. I

gg 3 don't think it's a progressing falling film from the top
V

4 because the rewet happens much' faster than you would expect

5 if you had a progressing falling film from the top. You

6 would expect a much later rewet time.

7 I think what you see is that you see multi-dimensio-

8 nal effect..- .In certain areas of the bundle you have a lot

9 of liquid and certainly a thermocouple rewets and later on

10 that liquid sloshes around and appears at some otherplace

11 in the same axial elevation, and that thermocouple dries out.

12 And, TRAC obviously cannot, being a one-dimensional

13 code, do that.
_

\2 14 DR. SCHROCK: But, Jens, when similar are done

15 with the PWR TRAC they do a better job of predicting multiple

16 rewets, and they look more like the experimental data. They're

17 not synchronized in time, I'm not saying that, but it looksg

j 18 more like the phenomenon is more adequately described by the

i 19 code'in those comparisons than it is here.
:

j 20 And, I guess what we're hearing is that the phenom-
i

! 21 ena are well described here and these data show it. And, we
a

f 22 don't see that -- I don'.t see that -- in these traces. And,
I
g 23 it does seem to me that I have seen it in traces that have

) 24 been presented for PWR TRAC.

25 And, so I would think that it's worth looking at the

- - - - - - - -
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1

(f } differences in the handling of this particular phenomena in1

2 the two. I wouldn't be totally satisfied with this until

3 you understand why it happens.O .

4 DR. ANDERSEN: I think I can give a little additio-

5 nal explanation. ~ ' '

6 I remember seeing some plots late yesterday after-
7 noon. In some cases it was exactly as you said, where all

8 the thermocouples quenched at exactly the same time and in

that case the PWR version of the TRAC picked it up very well. |
9

10 But, I also remember seeing cases where there was I

l

11 a large variation in when the thermocouple quenched and in

12 that case the PWR version of the TRAC did virtually the same

13 as we see here. It was kind of in the middle of the data.
14 And, what you see is that when you have pronounced

15 multi-dimensional effects in the bundle that sometimes one
16 thermocouple is wetted and sometimes it's not. TRAC does

: 17 not predict the individual behavior.
:

| 18 If you see an effect like where you have a rising
g 19 level and suddenly you quench all the thermocouples at the
t

j 20 same time at that elevation --1.that was obviously in some of
a

i 21 the plots that were shown yesterday for the PWR version of
a

f 22 TRAC -- then the code picks it up very well.

23 What you see at the second plot there is you see

() 24 quenching due to a rising level from below. And, obviously

25 what is happening is that TRAC is sor3what overpredicting the

x)O
'

,

J

__
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b. I time when this level rises up to:the thermocouple.

2 But, I'm confident that you would see the same

3 type of behavior in the calculation, you get a quite sudden

4 rewet.

5 DR. TIEN: Jens, I think the key point is -- you

6 know, not to argue as to how it goes through the average of

7 the curve --

8 DR. ANDERSEN: Yes.

9 DR. TIEN: In the model we built in -- you, built in
10 -- say, in the TRAC code for the rewet, how does that repre-

11 sent the average of all this multi-dimension that you

12 mentioned? Or, is it simply just a correlation, or the best

. 13 you can get? And, so that's the end of it.
!

v 14 You cannot argue really. I think, perhaps, it is

15 wrong to argue it's a average of experimental data and so on.

16 (Pause.)

17 MR. SOZZI: This is Gary Sozzi from General Electricg .

j 18 I'd like to make an overall comment about what-

g 19 you're seeing here. The TLTA is a large integral test. :
8

l

j 20 You're looking at very,very fine details inside of a rod j
a

| 21 bundle that contains sixty-four rods. !

f 22 Unless you have precise boundary conditions pre-

I 23 dicted precisely across that bundle I would caution you to-

() 24 not draw any too strong interpretation from this example. If

25 you're trying to make conclusions about whether a rewet model

|

- . _ _ . . _ _ _ - _ - .
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~T 1 adequately predicts the phenomenon or not I would caution

2 you in looking at this.

3 This is not a very well controlled bundle experi-3

V
4 ment from the standpoint of drawing those kinds of conclusion s.

lSo, P ease keep that in mind in picking apart the differences5

6 here.

7 DR. CATTON: In other words, you may not know void

8 fraction very well, you may not know the level very well,
9 so as a result you may not be able to predict heat transfer

10 very well?

11 MR. SOZZI: If you are not precisely predicting the

inlet conditions to this channel compared to what was actually12

P ysically there, then drawing a fine interpretation andh13

i ( k-)
n

'

14 details ab6ut the wiggles, I think, you might be misled a

15 little bit.

16 DR. TIEN: Gary, I agree with you completely. That

g 17 was my last comment,

jj 18 I think the question really is not to compare that,
|
| g 19 but,."How do yon .jtstify".that?" We're trying to say the

:

j 20 code is sound, right?
, a

| | 21 MR. SOZZI: Yes.
1 3

f 22 DR. TIEN: And say, "How do you justify the model
I
! 23 you use in the code really represents an overall picture?"

1

() 24 But, that cannot be justified simply saying, "Well, this is
.

25 in a relative good agreement with all this data." That's my

\

|
|

|
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([, '} 1 point.,

uj

2 MR. SOZZI: Yes. .

<~s 3 DR, SCHROCK: That was the point I made initially -- -

( )
''

4 DR. TIEN: Yes, yes. '

5 DR. SCHORCK: -- and that's where we started.
.

6 DR. CATTON: It could be that your experiment was

7 a little on the weak side for this sort of a use.
8 MR. SOZZI: But, I think the challenging one that

"

g he showed a little earlier on the Oakridge Bundle Test is a

better place to draw those kinds of conclusions regardingto

ti heat transfer modeling.

12 DR. CATTON: Certainly.
I

33 What this demonstrates is a weakness in other parts
i Ch

j' (_/ 14 of b'oth the experiment and the code.
|

| 15 DR. PLESSET: Well, I think we should go on.
1
l

16 (Slide.) '

17 MR. ALAMGIR: The other TLTA case, now, the case

j 18 very similar to the previous one, except --
g 19 DR. PLESSET: I wonder if you could pass over the

j 20 data and go directly to the conclusions of this particular --
1 e

|| 21 MR. ALAMGIR: Okay.
:

'f 22 DR. PLESSET: I don't think'there's anything that
.

,. -
I

| 23 will stimulate a lot of argument in'those data, j

[v) 24 (Slide.)
25 MR. ALAMGIR: The system response wts very,similar

.

|

|
'

|

|
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,

\ 1 to the ECC case. There was, however, a difference in calcula
|

2 ted pressures between the ECC and no ECC. And, we also l

e 3 observed that difference in the data. The tenperature, heat! ,) ,'
4 up rates, agree well in the long term.

5 (Slide.)

e Let's now move onto multi-dimensional facility SSTF
.

7
| We will try to look at a case where we address the TRAC upper
i

8 plenum model.

8 This is an experiment in the SSTF which is a

10 quality study in nature ran at constant pressure. What I'm

11 showing you is a modelization input model for the SSTF for

12 this case. The conditions were such that we had initially
13 a two-phase mixture leve1 in the upper plenum below the

L ( I --
|

'

14 location of the ECC spray jets.

16 And, at the initiation of the test HPCS was injected

16 There was no injection of steam from the lower plenum, but,,

17
jj there was injection of steam into the core for each of the

j 18 fifty-eight bundles.

19
i| The measurements we have are like delta-P in the
ij 20 upper plenum and temperatures through the tie plates. This is
ie

| 21 ,
a measure, measurements. What we will try 'o see is whether3

i

5 ', ' . 22 or not the TRAC model for the ECC distributa.na Jan predict --
i 1
| ) 23 liR . THEOFANOUS: Can you point directly ekactly.~

O
U/ 24 where the temperatures were measured?'

|
25

lIR. ALA:iGIR: Those were measured above and below,

|

.
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V3 1 the tie plate for each of the fifty-eight bundles.O
2 MR. THEOFANOUS: How far above?

3 (Pause.)gm ,

\ ')"
4 MR. ALAMGIR: Bill Sutherland,.

5 MR. THEOFANOUS: In the bottom of the machinery

6 how were the therrocouples located as compared to where the

7 steam was coming out.

8 MR. SUTHERLAND: The center of the bundle.

9 MR. THEOFANOUS: So, we're seeing the steam really

to coming out, right? You don't have any temperatures in the

11 pool itself?

12 MR. SUTHERLAND: There are.

13 MR. THEOFANOUS: So you want to talk about them?
( V)v 14 MR. ALAMGIR: What was the question?

15 MR. THEOFANOUS: I just iffyou have temperatures

16 in other places in the plenum above the plate, are you going

: 17 to talk about them?
:

| 18 MR. ALAMGIR: I have compaeed temperatures above the-

g 19 tie plate with the data.
E

j 20 MR. THEOFANOUS: So, you want to look at those'.

f 21 Those are really seeing the steam coming out.
: .

I'm saying:

f 22 Do youc.have --

i
g 23 MR. ALAMGIR: I have not compared TRAC calculation

() 24 with anything really in the plenum.

25 MR. THEOFANOUS: You haven't done any of that?
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1 MR. ALA!'GIR: No.>

2 fin. THEOFANOUS: Okay.

3 (Pause.)O ,

t

4 What are you trying to get out of those comparisons:

5 MR. ALA!!GIR: Well, see the distribution of the

6 subcooling, see if TRAC didn't calculate that.

7 MR. THEOFANOUS: How do you see the distribution so

8 clearly if you haven'.t done any comparisons with the tempera-

9 tures in the pool?

10 MR. ALA!!GIR: Okay --

11 (Pause.)

12 It is.*.a controversial question, I think. You are

13 asserting that --

14 MR. THEOFANOUS: I'm not asserting anything, I'm

15 asking a question.

16 MR. ALAMGIR: Okay, you assert -- if I take your

: 17 word, are you asserting that there is predominant steam flow
:

j 18 through the center of the bundleseso it will distort the

g is measurement?
c

j 20 MR. THEOFANOUS: Hell, no.

| All I'm saying is that there is certainly the -- if21
i
f 22 you are injecting cold water there certainly you aren't going

23 to have a uniform temperature in. pool itself.

O 24 N w, what is g ing t be happening on tha top of

25 those bundles will depend on how the fluid is distributing

. i.

._ . - --
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hf'') 1 and mixing in the pool itself.
v

2 MR. ALAMGIR: That's right.

f~s. 3 MR. THEOFANOUS: It seems to me that's the primary
V

4 area of interest for comparisons, and you are saying that

5 you do not compare that, but you will compare with the temper-
6 atures at the exit of the bundles. And, I guess I can see

7 there was --

8 MR. ALAMGIR: There is a reason why. The TRAC

9 upper plenum model calculates a distribution of subcooling

10 at the tie plate only.

11 MR. THEOFANOUS: Only?

12 MR. ALAMGIR: Yes.

13 DR. ANDERSEN: Well, what TRAC does, it calculates
O
kJ 14 the subcooling in every node in the upper plenum. But, what

is is important when you.ilook at the system response is: what is

16 is the subcooling in the nodes right above the upper tie plate ,

g because that is what is available for liquid inflow into the17

j 18 bundle and that is what will control the subcool CCFL break-
g 19 down.

j 20 Sure, it would be interesting to compare the sub-

21 cooling in the rest of the bundle but we have not done -- in
:

f 22 the rest of the upper plenum -- but we have not done that.

| 23 We have concentrated on what controls the system behavior.

() 24 MR. THEOFANOUS: Okay, well.':I would like to suggest

25 that you are trying to understand the phenomena of a very

1
1
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b') difficult situation, and you should really look at everythingI

2 and not only one location.

3 DR. TIEN: Jens, is that correct? You only calcu-

4 late the ring temperatures in the upper plenum? You know,

5 after you divide that into different node, right? You calcu-

6 late only the subcore rings nodal temperatures. Do you

7 have upper plenum temperature distribution calculations?
.

8 DR. ANDERSEN: We calculate the temperatures and

9 the void fractions and the pressures for every node in the
10 upper plenum.

11 DR. TIEN: So there you should have those informa-

12 tion, what, you know --

13 DR. ANDERSEN: We have the information availableco'

14 but we have not spent an awful lot of time comparing them
15 with data. We have concentrated on the one set of nodes right
16 above the upper tie plate because, as I said before, that's

: 17 what controls the CCFL.
:

| 18 MR. THEOFANOUS: Maybe in that next meeting, together

i 19 with everything else, we can see that.
t

j 20 DR. CATTON: It seems to me in that location nodali-
21 zation would be very important. If you have finer nodes you:

f 22 can get the temperature closer to where the CCFL is occuring.
k
g 23 MR. ALAMGIR: That is volume dependent, yes.

() 24 DR. CATTON: Have you done those -- are you doing|

25 thocc kinds of studies?

'

_. .- . .-
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1 MR. ALAMGIR: No, not at this point.

2 DR. CATTON: Then what did you do, just sort of,

m 3 " Gee, I've got ten nodes and ten volumes left"?
I )

4 MR. ALAMGIR: No, we -- as far as the hydraulics

5 is concerned we take care of the large node -- take care of

6 the small node by using the Level Sracking Model. He can

7 use a large node and --

8 DR. CATTON: But, using a large node you have to

g extrapolate to the tie plate to get a temperature somehow,

to particularly if there's stratification. Because at the top

11 of the -- where you're tracking the: level you're sure that

it's saturated, if there's subcooling around then you've got a12 rt

13 average temperature --

,(V| ' O 14 HR. ALAMGIR: What I'm comparing is measured temper-
,

15 ature at the tie plate -- above and below the tie plate --

16 with the calculated temperatures in the TRAC node centers.

17 I do not see anyway else extrapolating that infor--

!
j 18 mation unless the node sizes are infinitesimally small.

g 19 DR. CATTON: I think you need to fool around with
a

j 20 volume size to come to some sort of a conclusion about the

f 21 goodness of your results.
:
f 22 MR. ALAMGIR: True.

23 (Slide.)

24 We'll go through this quickly.

25 We have modelled the three types of nozzles in the
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(. ) 1 SSTF. And, in the bottom picture we look r.t the overall

2 response of the upper plenum inventory. Here we're showing

3 a colapsed level. And, the solid line is TRAC.OI

4 So, when HPCS comes on, which comes on at an eleva-

5 tion above that two-phase level, it is predominantly spray.
.

6 And, then we'll be seeing the level position in the next

7 slide, but it comes on in a predominantly steam environment.

8 And, later on the level swells and at times covers the
i

9 sponges.

10 (Slide.)

11 Here we see the inventory is only about eight inches

12 out of a total height of the upper plenum, which is seventy-

. 13 five inches. And, it seems to be steady at that position.

(O'

14 DR. SCHROCK: Excuse me.

15 Did you tell us yesterday the exact form of this

to correlation that you're using at the upper tie plate in terms

: 17 of subcooling dependence?
:

| 18 MR. ALAMGIR: I think Jens was here yesterday. i

g 19 DR. ANDERSEN: You're talking about the CCFL corre-
3

j 20 lation?
' e

| 21 DR. SCHROCK: Right, yes.
a

f 22 DR. ANDERSEN: Okay, CCFL correlation is Cootatlph)'
23 Elastic-type correlation. What controls the --

() 24 DR. SCHROCK: But, how are you introducing the

25 subcooling? You're subtracting off the steam flow subseded
,

CO

- -

- -. --- -
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I with condensation, or what?

,

2 DR.,ANDERSEN: No, we're not really using -- TRAC

3 calculates local subcooling of the liquid abbve'the upper
4 tie plate. So, we're using the local condition.'"The amount

5 of liquid coming through thet upper tie plate is based on what
6 is available above the upper tie plate. "'he water with

7 subcooling is there. '
- -

: ~ .e: < - .- O~- -
-

8 Now, what we find is that we have a lot of steam

9 coming up which condenses in the upper plenum such that the

to liquid there is saturated. Then essentially the liquid that

11 would enter into the bundle would be saturated and we relied
12 on the saturated CCFL code.

|( Now, what happens when the liquid becomes subcooled,13
(
| 14 we're still following the CCFL code but at some point we1

is get so much subcooling penetrating through the upper tie
la plate that it quenches the steam going up through the upper
17 tie plate and essentially shuts it off.

j 18 And, that's when we get the CCFL breakdown. But, i
,

'g 19 we are still applying the Coothtlph).'.ETastic~:Coi relatichrr;. > i

3
;j 20 throughout.the entire event.

i

! 21 DR. SCHROCK: So that-the subcooling influences
a ;

f 22 only the breakdown but not the flooding relationship while it
!'

23 is in CCFL? i

'24 DR. ANDERSEN: That is correct.

25 DR. SCHROCK: Yes.

A

I

- _ . _ - _ ..
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h) 1 DR. TIEN: This is what I mentioned yesterday,

2 you know. This is a:.slightly different model, however I;

3 recently saw some data, actual -- again, a bundle test with

4 steam and water subcooled they show different from the test,

5 you know, you show. And, it's much more closer to the model.'

6 like Wallace and myself proposed before.

7 So, that's highly interesting, but put everything

a again in the other side of this state.

9 DR. SCHROCK: I have an experiment underway now on

to flooding in debris beds in which the first data sets have

11 shown extreme insensitivity to the the subcooling in the

12 churn turbulent pool above the debris bed.

13 But, the liquid injection rates up to this point
,[

14 have been limited. We need a larger pump, which we're not
'

15 installing. But, we have not yet seen this -- the breakdown

16 phenomena.

17 So, it will be interesting to see how that comparesg

| 18 with your result. I want to look more closely at what you .

g 19 have there. But, I think the point is that the thing really
:

j 20 is insensitive in CCFL to the amount of subcooling in that

f 21 pool. The flooding correlation is insensitive to that.
2

'f 22 (Pause.) -

$ 23 MR. ALAMGIR: Okty.

() 24 (Slide.)

25 Here we're looking at the two phase.. level calcula-

:<
, .g

- - - - . -- . - _ ..
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Q() tions in TRAC in relation to the location of the ECC injection1
.

.

2 You see that initially the two-phase level is here, which is
f- 3 below this bar joint, so the ECC injection is.in the form of
(_S

,

/'

4 a spray.

5 (Slide.)
8 And, we can relate that to the subcooling as we
7 define here. In the upper plenum just above the tie plate
a this solid line here is the subcooling calculated in the node
9 above the upper tie plate and the peripheral region.,

,

to And, we. compared that with --

11 (Slide.)

12 -- upper tie plate temperatures in the experiment.

| .
13 And, these are again -- we found that measured very close to

'

-

14 the tie.' plate.

| 15 We see that when it's spray there is not much

16 subcooling because that spray is -- a lot of steam condenses

g in the spray, so subsequently cannot accumulate. And, when17

'j 18 we see that the sponger' is almost covered we have what we

g 19 call a submerged jet. And, all of the subcooling can be
t

l j 20 localized and subsequently can build up.

f 2: So, if we look at that location and the correspondin g
a

, f 22 location here we see that there is a build-up of subcooling
'

i 23 leading to a CCFL, more liquid drainage due to large CCFLg

() 24 breakdown, and the level comes down again. It's again a

i 25 spray mode, subcooling decreases, two-phase level goes up, and
,

!

-, . _ . . , . _ . - _ - - _ . ._ , -
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1 the cycle repeats.

2 So, we'll see that the two-phase level will oscil-

late near the ECC sponges, which is phenomenoligically, I(-) 3

%/
4 think, correct.

5 DR. PLESSET: Let me suggest you go to your conclu-

6 sions on this particular point. I'm trying to keep you from

7 getting too far behind time.

8 It's not your fault.

9 (Slide.)

to MR. ALAliGIR: The conclusion is that, looking at

the comparison of the system -- upper plenum inventory --11

12 you see a very good agreement. We also see a distribution of

-

13 subcooling in the context of the present definition predicted,

. f)#'
14 quite well.'-

15 I think the end upper plenum model is doing an
16 acceptable job.

; 17 (Slide.)*
!

j 18 ' In this next test we'll be looking at parallel

g 19 channel phenomena in the SSTF in this particular test, which
a

j 20 is a side entry orifice CCFL-type test.
'

21 ECC is injected in combination with the steam
'

a

( f 22 injection in the core and lower plenum. The injected ECC is
2

| 23 obstructed from flowing down into the CCFL at the upper tie
/G
(_) 24 plate and the side entry orifice, but it can leak through into

| 25 the bundle through these holes.
|

19
|
|
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(h 1 And, as a result most of the bundles are in counter-

2 current flow, but a time comes when a transition occurs and

f^3 3 we get more than one mode, instead of more than one mode.
\_/

4 (Slide.)

5 We'll go to the results directly. Before that let

6 me just flip this.

7 (Slide.)

8 This shows the three modes, one with predominant
9 liquid column, another with a level, and a third occuring

to for dispersed flow. This is a limiting case. There can be

11 a combination of these two in some sense if there is quite a
. 12 bit of leakage through these holes.
|

_ 13 (Slide.)

14 Nhat we saw in the experiment is that out of the
'

i 15 fifty-eight bundles the six major bundles showed that the
1

16 peripheral ones were in downflow; there were two upflow
17i bundles, one near the apex, another here; and the other two

j 18 central region bundles showed countercurrent flow.,

I i 19 (Slide.)
3!

20 We modelled the TRAC case by grouping fifty-eight

| 21 bundles into thirteen groups and dividing the vessel core
i a

d 22 region into five radial regions, the sixth one being the
1 3

| | 23 downcomer.
'o
s_) 24 We found that we have upflow in the apex bundles,

| 25 downflow in the peripheral bundles, and a combination in the
1

, . -p
bJ

- --- _ __ - _ _ -- --- _
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(() 1 next row; D standing for downflow, C for countercurrent flow.
'

:

2 So, we found that the predominant modes occuring

{} at the two extreme regions and theicentral regions showing3

' 4 totally countercurrent flow in the experiment.

5 (Slide.) I

j 3 Just to show that it war, so we plotted the velocitie s
'

l

7 in the TRAC calculation, and we see that it's different for t

| 8 the three modes. We see downflow of zero velocity here, it's

9 negative; for the peripheral bundler smaller vaporivelocity
i

| 10 for the countercurrent flow bund * a; and very high vapor
i

t.

11 velocity for co-current upflow bundles.>

| 12 (Slide.) ;

iJ The next plot substantiates this plot by showing

<O
14 that the liquid velocity at the side entry orifice for the

15 upflow bundle is positive. We also calculated the overall

16 core pressure drop closely enough.

17 (Slide.); g

) ! 18 This slide, which is not included there, shows the

; I 19 difference between the mass flow rates for the co-current: a
j 20 upflow bundle at the side entry orifice and the upper tie
i
! 21 plate. The difference is the leakage from the bypass.
a

f 22 (slide.)

I.

23 And, the pressure drops in the three types ofg

() 24 bundles, as we call them, are also closely matched. This

25 one not as much as good as this liquid downflow bundle and

,Y |
!

!

i
!

- . , - - - .. ._ . _ . _ . - - . - _ - . - . _ . - - . - ..-.,-_ -..- . . . - , . , - - - , . . . .
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1 the countercurrent flow bundles. But, the trend is there.

2 (Slide.);.

3 I think in this test we have seen that TRAC can
4 handle multiple-bundle interaction. And, we saw parallel

5 channel four modes and they keep this whole section dry.
6 What's going on is that we are monitoring sensitivity
7, study as to how many radial regions are needed in the bundle

8 and how we should group the bundles, bor example, in the BWR.
g DR. TIEN: Thisefive each in core model for'the

10 upper plenum, do you have fori.eachfregion measurements,

is different locations, different, you know --

12 (Pause.)

13 Perhaps one of the slides you have.
|i

| 14 (A previous slide.)
[

15 Here it shows the instrument locations in the upper
| 16 plenum. . .v .;?

~ ' * ~
- - ,

.

17
'

DR'.' TIEN :- I~mean the different channels where you' - .;

18 come down. Do you have any measurements? You have six regions

y 19 here.
t

j 20 MR. ALAMGIR: Within each region how many measure-

21 ments do you have say, at different locations?,

z

f 22 MR. ALAMGIR: Okay, let me get --

' ifg 23 DR TIEN: What I'm trying to see is whether you have
24 some kind of oscillating pattern.

25 11R . ALAMGIR: The measurement bundles are the ones

k
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1 marked "M".

2 DR. TIEN: Oh.

(g 3 MR. ALAMGIR: There are six of those.V
4 DR. TIEN: For those measured bundles you see a
5 consistent pattern. There's no, say, oscillating pattern in,

6 the sense that sometimes, you know, change behavior with time.
7 MR. ALAMGIR: Dumping.

8 DR. TIEN: Dumping, yes.

9 MR. ALAMGIR: In the interaction?

10 DR. TIEN: No, not interaction, do they change with

11 time. Just like, we did some tests at Berkeley,. the Metti(ph)
12 channel as supported by EPI. We have many, many different

13 channels -- parallel channels -- we see the act' altering..

14 Sometimes they got CCFL, sometimes they get CCFL
15 breakdown. But, on the other hand, where you average out
16 they follow quite well with the Cuta-Palatsa(ph) correlation
17g type.

[ 18 What I'm trying to see is whether the bundle test

19g you have here you have any behavior'of that type. Can you

j 20 say anything?
a

| 21 (Pause.)
:

f 22 MR. SUTHERLAND: This is Bill Sutherland from
i 23 General Electric.r

) 24 This test he's comparing is a steady state test,
25 and under those conditions the bundles stay in the same con-

tO

. __ .. -
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(f ') 1 dition. We do see transitions as we get into a test mode or

2 changing test conditions. Like, a draining core will then

3 eventually switch into all countercurrent flow regions..

4 But, in the steady state condition he's in here now

5 each bundle stays in the condition it's in.

6 DR. TIEN: Yes, okay.

7 I. guess, in your case you have a bundle you already

8 averaged out, so you get some pretty much steady-kind-of-state

9 behavior. .

10 MR. SUTHERLAND: Yes.

11 DR. TIEN: We have actual detailed channel, we find

12 actually they vary a lot, although on the average they behave

13 like a steady state type.
-

,.

14 MR. ALAMGIR: That's all for the TRAC code case, .

15 then, today. "We have some more new results but it will take

16 some time to dig into the comparisons.

17 *(Slide . ).

!
j 18 What we see from these early results is that we

i 19 have favorable prediction for interfacial shear for a pretty
a

j 20 low flow two-phase tracking performance of the jet pump; the
a

| 21 heat transfer models, except the film boiling which shows a
'

a

f 22 glitch at higher mass flux; the upper plenum model. And, we

1 23 identify the areas for. improve. ment as!. droplet field and the

() 24 liquid entrainment near pool.

25 DR. SERCCK: I'd like to comment on the overall

CO

_



.

31165

*

;a) i conclusions. They're, I guess in my view, rather typical of

2 what I've heard over the years as codes have been developed.

m 3 The conclusion is always at any given moment been that the
'"'

4 predictions are just fine. And, in specific areas, as you've

5 outlined specific areas here.

6 But, then we subsequently find that the tests were

7 for conditions that do not adequately cover the tests that

8 are found in actual accident scenarios, they produce differ-

9 ent results ahd put a greater burd n on the code and then

the code fails. And, then we have a par.ic follow-on effortto

ij to figure out what it.is..that is wrong about;that specific ;/..

12 componenti' - 1 . ! : .

'

. . .

13 I'd just like to say at.this point that I think we
g)g

(> should have matured beyond this level by 1982, and I just hate34

15 to see these presentations continue with global conclusions

to of this nature which are based upon essentially superficial

17 examination, or exposition at least, of detailed comparisons.-

!
i 18 When you cite critical flow as one which is adeguate-

g 19 in the code I can't argue that it may be adequate for
:

j 20 characterizing the kinds of test facilities in which the

| geometries are relatively simple and mu ti-dimensional21
i .

f 22 influences are not great in evaluating critical flow, and

23 so forth.
i

,n
( ) 24 There are situations, such as those described in iss

\
i

25 Zuber's report that you cited,-in which our knowledge is |

- -
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([) 1 totally lacking as to what to do with critical flow calculations
s_/

2 under those circumstances. If we're ingesting two-phase fluid

p 3 out of a stratified large channel into a smaller diameter()
4 critical flow section the predictions of that critical flow

5 are at this stage totally inadequate.

6 And, we shouldn't be afraid to say that if that is

7 the case. I know that your purpose here is something differ-
8 ent. But, in the long range reactor safety is not served by
9 this procedure, okay?

10 And, more than that we inhibit the research efforts

11 which are necessary to gain the knowledge that will improve

12 reactor safety.

13 fir. ALAMGIR: These conclusions were made with
p/'

14 application in mind, for example, for a ENR where applications'-

15 typical to what we have seen --

16 DR. PLESSET: Well, let n.e make a general comment

g 17 also.
.

j 18 Dr. Schrock has made a good point. But, I'd like
1

| g 19 to take this opportunity to indicate something different in
c

j 20 this situation. If we compare the development of TRAC for

21 Pressurized Watter RGactors and the development of TRAC for
a

; f 22 Boiling Water Reactors, so far as I know this is the only
7

j 23 case where a vendor is really making a strong effort to improve

() 24 the code, the TRAC code, for his type of machine.
1

! 25 And, I think that's most commendable. And, I don't

|

|
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h') think that the.*e is any vendor of a Pressurized Water Reactori
v

2 that is doing this kind of work at all. I'd like to give you

3 a little pat on the head in this respect, that I think it'sp
J

4 very worthwhile and will only contribute to the benefits of

5 the whole program.

6 Now, there are areas where work needs to be done,

7 but I think it's very worthwhile that the vendor is doing

8 this and is cooperating with the general code development

g for BURS which is going on at INEL. I think that's very goody

to Mr. Quirk, and you can carry my' message to your people. I

ij think it's very worthwhile.

12 Now, I don't object to your having a real good

13 reason for doing it, it might be very worthwhile for the

| 34 people who u'se your type of machine and will help them. That' s

15 all right, and I think it's very good that you are making an

16 effort to make thv advanced code better for the use in your

17 machine.| g

j 18 With that' kind of sermon I will call for a ten

y 19 minute break.
c,

j 20 UThereupon, at 10:15 a.m., a ten minute break was

f 21 taken.) '

a

f 22 DR. PLESSET: Let's reconvene.

23 Virgil, did you have a comment to make?

A() 24 DR. SCHROCK: Yes.

25 I feel that, while I stand on the general statement

CO
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%[m) I that I made in the more global picture of the historical
v

2 approach to code development and how that has related to

g') 3 reactor safety research, I think that my statement in the
G!

4 context of Alamgir's presentation may have been -- not may

5 have been, certainly was -- unfair to him. *

6 I think that it may have also conveyed an incorrect

7 impression of my interpretation of the quality of the work

8 done by the GE people and the contributions that you're making
9 to the TRAC program. I'm quite familiar with those contri-

10 butions through what I've seen at INEL and, in fact, I think

11 that major improvements for BWR applications of the TRAC code

12 have come out of the GE part in this partnership.

13 And, so I certainly wouldn't want to leave for the
,p
\- 14 record an incorrect impression. I do, however, feel that

15 the statement that the whole community should have matured by

16 this time to the point where we no longer follow the practices

g that we saw got us into difficulties time after time through17

j 18 the 60's and early 70's where people thought a technical

i 19 question was really laid to rest, and then it was discovered
a

j 20 that, gee, it wasn't really laid to rest.

f 21 And, how did we get the impressions? Ue got the
a

f 22 impressions because time after time after time we'd heard

3

e 23 presentations, people become essentially convinced that the

( )) 24 technical position is correct because they've heard it so many

25 times.

.
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(f ) 1 And, I think we have to be more objective than that

2 in looking at whether we are or are not satisfied with

(-) 3 specific aspects of these complicated systems that we're
v

4 dealing with.

5 So, for critical flow I would say the technology

6 is by no means laid to rest. I think the interfacial pheno-

7 mena for multi-fluid two-phase systems is not one that's laid

8 to rest. And, so I don't want to leave the record showing

9 that, in fact, yes, these are things which we don't need to

10 do additional research on because our large system codes are

11 showing that, in fact, we can calculate these things with a

12 high level of assurance and that's that.

13 So, my apologies to all concerned if I was too hard. , ,

(' ')
14 on GE, I didn't mean it in that spirit at all. ~But, I do''

15 think that we need to avoid having a1 situation where we

se inhibit the necessary research by our zeal in arguing that

g the codes that we're now producing are really very good.17

j 18 They are really good, but they're not perfect, and

g 19 they may not be adequate in some situations that we have not
c

j 20 yet examined. And, we have to be cautious about that.

f 21 DR. PLESSET: Did anyone else have any comments.
:

d 22 before we move .on?'" c' .t - rc :'3"-*

:
| 23 DR. CATTO::| I think that I've probably been most
r-
( )8 24 critical of GE's EM model in the past, and I think it's time|

25 that the industry forges forward with best estimate methods.
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(/^') i So, even though I may sound quite critical of what*
/

2 you're doing, I really feel that it's time that everybody-

,s 3 get on the bandwagon for the best estimate code.
('#l

4 DR. PLESSET: Well, in'' general I would'say that

5 there are some favorable crumbs that come out of this.

6 MR. QUIRK: Well, I wouldn't refer to them as

7 crumbs at all. And, I would very much like to thank the

!
8 subcommittee for their comments and observations, th'e'
9 compliments and the criticisms and the suggestions.

10 And, believe me, GE will evaluate each and every

11 one of these and consider them further. So, thank you.
,

12 DR. PLESSET: Well, I'm sure that you would.

13 Now, I'd like it if you could get your speakers tos.

! 14 kind of be a little bit aware of the time. Some of us have
'-

|

15 departure times and that's why I'm a little worried about the

16 schedule. So, why don't we go on with that in mind.

y 17 MR. QUIRK: Along that note, we're planning to,

| ~

i 18 conclude our presentations by two-thirty this afternoon.,

g 19 DR. PLESSET: Oh, that's very good then, because
i :

j 20 the NRC Staff is going to make a brief statement,.I think,
a

| 21 after you're finished.
|

c' 22 MR. QUIRK: Okay.

f 23 DR. PLESSET: Very good, thank you.
| /~N

(_) 24 MR. QUIRK: At this time I would like to introduce
'

25 the next speaker.
|

(
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( g 1 Late yesterday afternoon Bharat Shiralkar gave us

2 a description of the SAFER model. At this time he'll go in

o 3 and talk about the qualification test results..
'

4 MR. SHIRALKAR: Good morning.

5 I'd like to continue with the assessment studies
6 that you have been looking at, but now switch to the SAFER

7 ende. We've looked at TRAC earlier this morning.

8 (Slide.)

9 We have looked at SAFER predictions of data pri-

10 marily for various experiments of the Two-Loop Test Apparatus,

11 or the TLTA. And, there were five tests that we looked at

12 to cover various conditions of large breaks for different

.
13 ECC systems, degraded situations, small break, and a boil-off

14 test.

15 And, those are the ones I'll be showing you today.

16 (Slide.)

~

17 There have been comparisons that have been ongoing

i 18 and almost complete on the ROSA III Test Facility. This is

y 19 a Japanese facility with four parallel heated bundles. And,
:

j 20 the small and large break tests have been looked at. I do
ej 21 not hgve detailed comparisons to show 'ou en those, I'llj
a

f 22 give a verbal summary of what we see on those at the end.

23 (Slide.)

() 24 I'm going to come up at the end and show you conclu-

25 sions that substantiate that the results of the comparisons

_-- _-- -
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i show good agreement and we believe the significant phenomena

2 and trends have generally been captured.
| |

3 (Slide.)
O '

4 I'm sure by now all of you are familiar with the
|

5 Two-Loop Test Apparatus. Very briefly,.'.it's a single channel

6 full scale facility with the. representative hardftare for the
|
j 7 BWR like jet pumps, the separator,.and two recirculation loops .

|
8 The tests are typically done by blowing down through

| g one of the recirculation lines into a suppression tank.

(Slide.)| 10

| gj For the SAFER calculations, just to clarify, the
i

12 inputs or the initial conditions are pressure, power, recircu-

13 lation flow, feedwater, steam line flow, and initial downcomer

a level. The power, feedwater and steam line flow versus time .

15 The ECC fluw and temperatur versus time. The recirculation

16 pump flow decay time constant and the time of transition

;7 boiling, which we discussed yesterday, comes from a LAMB / SCAT,

!
j 18 analysis of the TLTA.

g 19 (Slide.)
c
j 20 This is a summary of the test we looked at. If I

| 21 may go briefly through a description of those.
a

f 22 The first one which I'll be looking at is what we

23 call the Reference Test, and this is a test which is a BWR-6

24 type simulaclon. - We took an average central power bundle andi

25 an average ECC flow corresponding to 1 HPCS, 1 LPCS and 1 LPCI .

|

l
|

.
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(/ So, it is effectively a 2 LPCI failure.1

2 (Slide.)

3 The next one is a similar test but without any ECC
4 flow at all.

5 (Slide.)

6 The third one is a peak power test with a low ECC

7 flow and a high ECC temperature. This is a bounding degraded

8 kind of condition.

9 (Slide.)

10 We have a small break test that was done without

33 any high pressure systems, so there was an ADS activiation
,

|
|

12 and LPCS and 2 LPCA activated later.

. 13 (Slide.)
if

34 And, finally there is what we call a boil-off test,

15 which is essentially a quasi steady state without depressuri-

16 zation at a fixed pressure where you let the system just

g boil-off dry with essentially assuming absolutely no ECC at17

,i 18 all.

g 19 (Slide.)
a

j 20 Now, unlike TRAC in which we have a fairly detailed'

f break flow model,' in a simpler evaluation-type code we have!
21

a

f 22 essentially a prescription for the break flow. And, we can

' I

[ 23 use like a Moody slip flow or a homogeneous flow model with.

O 24 ea egeroeriete mu1eio11er, or f1/o, to meton ene reo111er

25 characteristics.

.

. .. . .
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3 (Slide.)

2 Now, based on pre /ious predictions off the TLTA

3 with the SAFER code and the geometry we have.come up withO
this, which is admittedly a description, for the homogeneous4,

1

5 flow times .8 to account for the lines and the friction
6 pressure drops in the lines; initial subcooling multiplier
7 of 1.2 on the break flow; and, as I said, these are derived

a from TLTA geometry and previous experience with the code.

g (Slide.)

to The results we'll be looking at are the pressure

33 transients, the mixture levels in the different regions --
| two-phase mixture levels -- the regional mass distribution,12

l

13 and rod temperatures.

14 (Slide.)

15 For the Reference Test this summarizes the initial
16 conditions.' ' And .just to to ch on a couple |of those, theu

17 initial bundle power is about 5.0 megawatts, the initial.

E

| 18 Pressure is 1044 psi. The recirculation flow is specified

y gg by this-number here, which is the total bundle inlet flow.
c

j 20 The~ jet pump flows are measured also at steady state. This

f 21 is the steam flow leaving initially.
2

f 22 (Slide.)
2j 23 So, with these initial conditions we initiate

24 the transient by initiating a break in the recirculation line.

The pressure response is very close as calculated using theI 25

|
.

.

,

|
,

e +-m- -- w ---m- -- - , , , , - - ___ ___ ___ __ - __ _ - _ _ _ _
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( 1 prescription that we followed off the appointed multiplier

2 and the homogeneous flow and the initial subcool break flow

3 multiplier.y ,

'._./
4 (Slide.)

5 The next chart is rather busy. It shows the mixture

6 levels at different parts of the system. These are two-phase

7 mixture levels inferred from -- in'the.expsriment,.'from.the

8 conductivity probes or delta-P measurements. And, they're

g compared with calculated levels.

10 (Slide.)

33 If I start from the top, all the dashed lines are

12 the data, the calculations are the solid lines. If you come

| i3 down you can see the upper plenum level which starts off at
in

V 14 this point; the lower plenum flashing, which produces an

15 upsurge in the level; eventually a drainage; and in the long

| 16 term transient at TLTA the experiment is showing that the
i

l: 17 upper plenum is essentially empty, and we are calculating
| :

j 18 some accumulation of mass late in the transient. And, I'll

|g 19 get to that in a little bit.
:

j 20 (Slide.)
,

21 Of some interest is the core level, and you can see
:
f 22 that the core level in the experiment dropped -- this is
n

|| 23 number 3 -- to the bottom of the bundle and then refilled

24 again due to side entry orifice CCFL and the leakage flow.

25 (Slide.),

|

|
.

w/

|
|
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()| 1 SAFER calculates similar behavior. It didicalculate

a fa'rly high void fraction e/arly in the transient when the,

2

i-

(m, 3 flow athgnates early in the transient. It went upsto the top
()

4 again during lower plenum flashing, when the flashin$ subsides
5 the level starts droppir.g and dropped to about two feet, I

i
6 guess, from the bottom of the core. And, then due to side

7 entry orifice CCFL it filld up again. This is the curve that' s

8 (tracking through the data.

9 MR. EBERSOLE: May-I ask.you a question?
/

10 MR. SH.CRALKAR: Yes.

11 MR. EBERSOLE: Some of these transient circumstances ,

1 12 caa you define for.'.me what you mean by a level in the context
|

|
'

13 of the two-phase mix?

[",

14 MR. SHIRALKAR: When you have a situation such as
/ /!

| 15 a draining situdtion the level is -- there's a fairly clear
>. I

16' transition. Because the vapor separates from the level
<

g surface and you have a fairly good discontinuity between the17

18 Ivoid fraction bel,oh and above.
'.

:
,

i 19 MR. EBE9 SOLE: Are you telling me to believe that,

1 1,;
' j 20 it's water, it's' solid water?

a

| 21 MR. SHIRALKARE No, it's not.
a ,-

d 22 MR. EBERSOLE: What sort of void fraction does it
b,

|g|
|

23 have? |
'

(m
(_) 24 MR. SHIRALKAR: .It varies in the transient, but it ''

/
l 25.< could be as high as .7, .8, .9 below. If it gets to .9 what

S

1:)|>
^

.

|

- - - _ _ _ _
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'( ( }; I we do,.particularly for heat transfer purposes, we will

2 assume that it's no longer a continuous liquid regime.
~~ 3 MR. EBERSOLE: At .97

,

/

4 MR. SHIRALKAR: At .9.

5 But, in most of these cases -- particularly in this

6 region -- the void fraction below the level is lower, there's

7 a fairly sharp demarcation between what it is below and what

8 fit [isabove.
9 MR. EBEftSOLE: Thank you.

10 (SlidG-)
,

j ti Im. SHIRALKAR: The bypass is number four and you
~

can see the bypass level fall and then fill up again when12
a i

/ 13 the ECC systems come on. And, the SAFER calculation againrp
V, 14 is predicting a somewhat earlier fall in the level and

15 refilling at about the right time. And, after about a

16 hundred seconds it stays full.

17 The lower plenum, which is region one, you can see'

j 18 that because of the side entry orifice CCFL you are not able

g 19 to wake up the water that is evaporating. And, so the level
:

g 20 starts falling in the lower plenum. It eventually gets to

f 21 the bottom of the jet pumps, and when it does it pretty much
a '

f 22 stays there because then it's able to divert most of the

23 steam through the jet pumps.

() 24 And, we-are picking up that trend very well until

25 very late in the transient where the pressure is fairly low.

- --
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(gg And, here what we find is that we get some subcooling ofi

2 the lower plenum and the result is that the steam in the lowe r

f-- 3 plenum is very small and you're able to dump the core into
'^#

4 the lower plenum and fill it up. So, in these spikes it's

5 showing up.

6 (Slide.)

7 And, turning back to the upper plenum, this again

is where the upper plenum starts to accumulate some inventory8

9 and this is because, now that we filled up the lower plenum,

10 y u need more driving head to drive that flow out of the jet
11 Pumps. And, you accumulate some water in the upper plenum

12 for that purpose. And, it's hanging around the spawler(ph)

~
13 elevation or a little higher than that.

( (~h .
kJ DR. CATTON: So, is this CCFL again?14

15 MR.SEIRALKAR: This one here?

16 DR. CATTON: Yes.

17 Fm.SHIRALKAR This is CCFL breakdown, yes.-

!
| 18 DR. CATTON: Yes.

g 19 MR.SHIPMEAR : And, at very low pressures what
:

j 20 happens is that the vapor density is very low and it doesn't

| take very much of a difference, for example, in the heat21
a
f 22 transfer from the wall to create slight differences in the
2

| 23 vapor production.
,

rw(,) 24 And, that can contribute to some of these phenomena
25 late in the transient.

's_

--
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1 (Slide.)

2 In the TLTA we had a particular problem in this

3 regard because they put some insulation in the bottom of the

4 lower plenum and we are not quite sure how effective it is.

5 DR. TIEN: Could I ask, your correlation you use
_

6 for CCFL and the CCFL breakdown, do you have the same

7 correlation with the same constants?

8 MR. SHIRALKAR: The same correlation --

9 DR. TIEN: Same constants?

10 MR. SHIRALKAR: -- it's just that the amount of

it steam is reduced by condensation.

12 DR. TIEN: So, you use the same T-1 heat to boilihg?

13 MR. SHIRALKAR: Yes.
(

14 DR. TIEN: Okay.

15 DR. ZUDANS: Could I ask a question?

16 When you discussed this lower plenum situation

: 17 from the very beginning, as you proceeded you said the level
:

j 18 went down and reached the pump exit level?

y 19 MR. SHIRALKAR: The jet pump, yes.
t

j 20 DR. ZUDANS: And, continued boiling from that point

21 on?
2

f 22 MR. SHIRALKAR: I'm sorry.
3

| 23 DR. ZUDANS: It continued boiling from that point or.?

24 MR. SHIRALKAR: Yes, it's flashing.

25 DR. ZUDANS: Where would the steam go, in the side

k
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f/f ) 1 orifices?

2 MR. SHIRALKAR: It's now able to split based on

3 the resistances of the two paths. .

4 DR. ZUDANS: Okay, through the jet pumps --

5 MR. SHIRALKAR: Through the jet pumps, the larger

6 part now is going through the jet pumps.
7 DR. ZUDANS: Now, why would the level stay, where

8 would the water come from to supplement that inventory?
9 MR. SHIRALKAR: Oh, it's coming from the core and

to the bypass regions.

11 DR. ZUDANS: I see.

12 MR. SHIRALKAR: We're getting now a situation --

<.
13 it's like a regulator almost, because a little~ water comes

b 14 down and if you cover the exit a little bit that means that

15 the resistance path changes and you put more steam up the

16 side entry orifice, taht decreases the water coming down
17 until it drops again.g

I 18 DR. ZUDANS: Okay.

i 19 MR. SHIRALKAR: So, it kind of hangs around that
a

j 20 elevation.
a

{| 21 DR. ZUDANS: You answered my question. I didn't'a
f 22 know where the water came from, now I see it.

i 23 Thank you.

() 24 DR. SCHROCK.:: Bharat, could I pursue Dr. Tien's

25 question a little fdrther?

'.
"

: : :: .,

_ .
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WD 1 MR. SHIRALKAR: Yes.
\_J

2 DR. SCHROCK. I was really the same question, I

- 3 think, that I posed to Dr. Alamgir earlier. And, I under-
'~'

4 stood then that you were doing something other than just

5 reducing the steam flow in the flooding correlation to get
6 the CCFL breakdown.

7 MR. SHIRALKAR: Well, in TRAC what effectively

8 happens is that interfacial heat transfer takes care -- there

g is no difference in the correlation. Interfacial heat transfer

effectively accounts for how much condensation you're getting10

it of the steam, and then the effective steam flow is then ag in

12 used.

13 We just calculate the vapor and liquid velocities
( 14 and void fraction and temperatures in TRAC'. So, it's effec-

15 tively the same thing.

16 (Padse.)

: 17 DR. SCHROCK: Your reduction in the steam flow
:

j 18 relates to the condensation potential of the liquid which is

3 19 coming down then, not the condensation potential in this
a

j 20 churn turbulent mixture above the tie plate, is that the

21 picture?
3

f 22 MR. SHIRALKAR: Yes, both actually.
'

23 You know, in both -- in TRAC or SAFER?

() 24 DR. SCHROCK: Well, but the steam which has_ passed
25 through the orifice and condensing in the two-phase level

- - - - - - - - - - - - - - - - - - _ - - - - - - - - - - - - -
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k) I above no longer -- that is, the condensation that occurs

2 above the constriction should no longer be important in the

3 correlation for countercurrent flow. .

4 MR. SHIRALKAR: That's true.

5 But, it feeds back because then it determines how

6 much subcool water is coming down and it has a rapid feedback
7 then on condensing it. It effectively condensation from

8 above the restriction to below the restriction.
9 Once we get this region above subcooled and you've

10 got subcooled water --

11 DR. SCHROCK: I'm trying to relate it to a simple

12 experimental device in which you'd be measuring flooding

13 with injection of subcooled water.
I?-

14 Would you calculate that condensation rate on the

15 basis of the injected water rate, or would you calculate

16 some other water rate and calculate condensation from that?
17 (Pause.)|! g

| 18 MR. SHIRALKAR: Again, in SAFER what we would do is;

i 19 we would mix the water coming in, Water we had above the
t

j 20 restriction.,

| e
I | 21 DR. SCHROCK: Yes.

a

(f 22 MR. SHIRALKAR: And, the inventory of the water
2

| 23 going down is based on that. So, once that gets subcooled

() 24 it triggers the breakdown.

25 DR. SCHROCK: No,'it's the flow rate of the liquid
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( 1 I'm asking about.

2 MR. SHIRALKAR: It's CCFL correlation based on the |

3 steam rate coming in --

O ,
'

4 DR. SCHROCK: So, you interrate on that? |

5 (Pause.)

6 You don't know the liquid flowing down until you've
7 applied the correlation?

8 MR. SHIRALKAR: Yes.

9 DR. SCHROCK: Okay.

10 So, you have interrate on that, then.

11 DR. TIEN: I'd like to come back to this again

12 very short, but you can make a comment just for my, maybe,
:

1 13 knowledge also.

g In the CCFL correlation it's well known that for
15 CCFL and CCFL breakdown you might have different coefficients

,

16 However, perhaps in your case -- especially based on some of 1

: 17 the experiments -- you are more interested in the CCFL break-
.

I 18 down.

g 19 You know, using those coefficients.'related to CCFL
c 1

;[ 20 breakdown, that's okay. Is my statement generally correct,

! 21 or do you have other comments?,

i

f 22 (Pause.)
,

23 MR. SHIRALKAR: When you say it's well kner.m, I'm

1

24 not sure what exactly you're referring to.

25 DR. TIEN: Oh, I mean for the CCFL correlation for

- - - --
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C 1 start to have CCFL or a breakdown of CCFL, you know, we find

2 -- as well as some other people find -- the coefficie~nt

3 should be different. Maybe not very different, but should

4 be different. And, there is some kind of fact there.

5 liR. SHIRALKAR: When you say that are you accountinc

6 for the fact that some of the steam is being condensed?

7 DR. TIEN: Not necessarily.

8 There are many other factors: the upper plenum

g geometry, or the entry conditions, and build-up of the water

to level, or different kinds of delta-P. So, all of this enters

11 the picture.

| 12 I ust want to make that comment.
l

! MR. SHIRALKAR: Yes.13
'

| 14 What we're using is the steady state CCFL operating
(
'

15 characteristics.

16 DR. TIEN: I think that may, you know, need some

17 improvo.nent in that case.
g

| 18 (Slide.)

g 19 MR. SHIRALKAR: I have some plots on the regional
c

j 20 masses to show some detail. This is, after all, an inventory
a

| 21 code. I'd like to show you how it does on some of the
:

f 22 regional masses.
,

f 23 What we're doing here is comparing different regions ,

|O 24 the mess history thet is measure or inferred from de1ee->

25 measurements versus what we calculate to SAFER. This is for |
;

:
|

l
|

. . - - - - . . _ . - - - - , , - - , - .
- - - -
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h) 1 the lower plenum region.

2 You see that the initial part is captured very well,

3 the drop. But, when we get to the bottom of the jet pumps

4 the SAFER is calculating a somewhat higher mass than TLTA.

5 And, since the level is the same effectively I think this

6 means is that we have somewhat lower void fraction in SAFER

7 than what is seen in the TLTA.

8 (Slide.)

a There's a divergence late in the transient, and

to this is because -- as I mentioned earlier -- we're calculatinc'
11 a breakdown of CCFL at the side entry orifice resulting

12 dumping of liquid into the lower plenum. And, from that

r'.
13 Point.on the lower plenum is filled up.

,

14 ThTthe experiment, for 350 seconds at least, this

15 had not happened.

16 (Slide.)

17 This is a comparison of the core mass. The blue lir.e

| 18 is SAFER and the" experiment is shown in black. You can see

g 19 it's doing about as well it could be expected to do, pretty
:

j 20 much following the drop, the filling, and general refilling
a

| 21 process.
a

f 22 We're getting a couple of -- 1, 2, 3 here -- fairly

23 large downflow rates and those are the CCFL breakdowns that

() 24 you see.

25 (Slide.)
~

-

:

l

- --- , , _ . . , . - . - . - .-- - --- -
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,

k) 1 This is a comparison of the masses in the bypass
2 region. And, you can see that we're predicting the draining
3 and the fillihg process fairly well. This large spike we~

4 didn't catch, and this is in the data. And, it's showing --

5 DR. CATTON: Do"youfsuppose-that is a CCFL that you
1

6 missed?

7 (Pause.)

8 MR. SHIRALKAR: It could be related to CCFL, a

9 sudden increase of flow from the bypass to the core or to

to the guide tubes, the restriction between the guide tube'and
11 the bypass.

12 And, we may have gotten a sudden increase in the

; 13 flow rate down there. I don't have a very good explanation

'O
| 14 for that right now.
,

15 (Slide.)

16 The upper plenum, you see again that the masses

; 17 are well-predicted way into the late part of the transient. .

| 18 And, this is where the upp'er plenum in SAFER starts accumula-
19 ting mass because the lower plenum is full and you need to

j 20 have some higher driving head (ph) to drive the same flow out
a

! 21 of the jet pumps.
a<

f 22 (Slide.)

I
g 23 The comparison of the masses in the downcomer. And,

()'

24 again they look pretty good almost all the way to the end.
25 And, here TLTA has accumulated some more mass than SAFER does,

',

.. _. - . _ - _ _. . _ . - .-. -
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A l 1 at the very end.
v

2 (Slide.)

3 Now, if you look at the temperature, plot this will
O

4 put this in somewhat of a perspective. You see that most

5 of the action is over by about 150 seconds a.. this is a long

6 term kind of refilling process but.thh quench 1Ag of the

7 bundles we're filling up has been long since over.

8 Now, what we tried to plot is -- if you just look
.

g at the envelope here, that's the envelope for the PCT, that's

to the drop curve. And, I think there are also some 'experimenta:

ij points shown at 90 inches and 79 inches, there are these

12 curves under the envelope.
.

, . 13 And, we've shown nodal temperntares for those five
I (

s- 14 nodes in SAFER. And, you can see that the slopes are
,

i

15 Predicted fairly well. We start heating up in SAFER a little

16 bit earlier and we don't get the benefit of the top downquench

17 that we discussed earlier.-

!
| 18 And, so we go a little further until you get a;

19 filling from below and then the temperatures turn over. And,

j 20 beyond that time everything is quenched.

| (Slide.)
|

21
i
i 22 For all your comparisons -- the previous slides --

23 everything looks very impressive, except that the bypass leve:

() 24 mass flow, you couldn't get -- there's a big dip.

25 MR. SHIRALKAR: Yes.

:tO

. _ . .. ._ .. .
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() 1 DR. TIEN: That looks like a --

2 MR. SHIRALKAR: It indicates a breakdown.
3 DR. TIEN: Breakdown, exactly. .

4 MR. SHIRALKAR: Probably at the top of the guide

5 tubes.

6 DR. TIEN: And, also I think it's reasonable to
t

7 think that the bypass case, the geometries are much more

8 complicated as compared to other regions.
9 MR. SHIRALKAR: Yes.

to DR. TIEN: So, I think it's --

11 MR. SHIRALKAR: The TLTA, I believe it's four tubes.

12 DR. TIEN: Yes.

13 MR. SHIRALKAR: I have a number of other tests. I'n..

14 going to be showing you essentially the same kind of infor-

| 15 mation. So, now that I've spent some time on the first one
i

! 16 maybe I can go a little faster on the others.

17 (Slide.)+

!
[ 18 This one is the average power case again but with
j 19 no ECC at all. And, so this, basically a heat-up calculation
*;

j 20 and the power was turned off at a certain point when the
4

| 21 temperature had reached what we felt was a safe value for the
a

i 22 heaters, or unsafe value.

I
g 23 I'll' skip the next slide on the detailed conditions

() 24 and go directly to the results.
d

25 (Slide.)

.-- - - - -
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3 The pressure, again, the same prescription that

2 we had -- the same prescription for all the tests. You see

3 that the pressure prediction is almost right on in this case.

O
4 (Slide.)

5 If we go to the levels, the upper plenum level

e starts dropping, l'ower plenum flashing increases, and the

7 upper plenum stays empty. No ECC in this case. The core

8 level drops in SAFER and you get lower plenum flashing which

9 knocks it up again.

3o In the calculation we did not get, apparently, a

33 high enough void fraction region to be called a two-phase

level. So, in the experiment the level stays up to the top ~12

33 all the time then drops. In the calculation the level,7you

i4 can see, is dropping here.
'

15 There's a slight hold-up of the level because this

16 is_wh'en:_the upper plenum starts dumping into the core and

17 then it continues to drop until it's all drained. The lower-

!
| 18 P enum level is also dropping. This time there is no ECC3l

g 19 flow and it can drop below the jet pumps and keep going.
m

j 20 Number.two is the level in the guide tubes and we

| see that SAFER is predicting the level in the guide tubes to21
i

f 22 be fairly constant for the first 80 seconds and then it
s

| 23 starts dropping, whereas in the TLTA the reduction in the

O 24 tevet or the sutae tube =* re eer ter-

25 (Slide.)

-. _ _ _. ..
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h 1 If I go again to my regional mass comparisons, this

2 is the lower plenum region and you see the initial slope

3 compares fairly well. The slope here, again,,is the same

O ,

4 but we are retaining a little bit more liquid in the lower

5 plenum than the experiment shows.

6 (Slide.)

7 This is a comparison of mass in the core region

8 and you can see again it's a very good comparison. We are

g slightly high here where we calculate water coming down from

10 the upper plenum, but then we drain again and essentially

11 drain the whole core at about 90 seconds.

12 (Slide.)

13 The bypass region in this case compares very favor-

14 ably between the prediction and the experiment.

15 (Slide.)

16 The upper plenum region shows very similar trends

17 but there is somewhat higher mass retention in SAFER as-

!
$ 18 compared to the experiment.

g 19 (Slide.)
m

j 20 In the downcomer region the trend looks very

f 21 favorable again.
=

f 22 (Slide.)

23 So, the final comparison for this test is a compari--

h 24 son of peak clad temperatures. Now, as I mentioned earlier,

'
25 this was a test with no ECC. The power was reduced at this

i
,

___ ..__ - _ _ _ ____ - _ _ _
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( 1 point, so anything beyond that -- the reason for these

2 reductions,.:I .want! to clarify, is because the power was
4

3 reduced up here.

4 But, you can see the general trend is that you get

5 an early boiling transition and rewet in the calculation

6 followed by a dryout and an increase in temperature. And,

7 this happens successively at lower elevations.

8 Now, what we've compared is the highest temperature

g that we got in the TLTA, which happene:' to be at 79 inches.

10 And, the curve to compare that against is curve number three,

33 which happens to be close to that region. And, you can see

12 that we're doing a fairly good job up to here, and beyond

13 that time we are overpredicting the heat-up to some degree.

O (S11de . )14

15 The next test was a test with very low ECC and a

16 very high power bundle, and this turned out to be the most

17 difficult test for SAFER to predict the temperatures on, and.

!
j 18 I'll get into that in a minute.

g tg (Slide.)
c

j 20 The prediction of pressure is fairly good compared

| 21 to the data.
i

f 22 (Slide.)

23 The prediction of the mixture levels, the trends

24 again are captured. You can see the upper plenum and the core

25 draining. And, in this case we have a special situation

CO

__ ._ _ - _ _ __ _
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m
|( g') 1 because we have very low ECC fluid and we had in the experi- '

()
2 ment very low jet pumps.

3 So, with that experimental set-up it's not possible
t r^s

(_) 4 to flood the core up to the top very easily. And, so what

5 happens is the core level kind of settles out at about this
I

6 elevation,.as.,you can see, in both the experiment and the
7 calculation. The core level settles out at about this

8 elevation, which is about a little less than midway to the
9 top of the core.

10 And, what's happening above that region is that

11 we're getting some liquid periodically coming down, and again

12 we have this top quenching phenomena which is not handled
[

13 very well in SAFER.
,

1() 14 So, for this particular case, though we do quite|

I 15 well on the mass predictions, our temperature predictions

16 tend to be pessimistic.

: 17 MR. THEOFANOUS: Could I go back to the previous
=

|| 18 slide?

|
|i 19 (Previous slide.)
i:

j 20 You should have a pressure difference between the
Ia

i | 21 predicted and the measured which is pretty steady over --
:

f 22 up to 100 seconds.
2

| 23 What does that mean? Do you have the wrong loss

(~) 24 coefficients, or do you have the wrong heat transfer, metal
V

25 heat coming in and therefore steamiAg. itiharder(ph) ?
!

!

l,
'

1

1
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1 MR. SHIRALKAR: I think..it's a little of both. I

2 think it's the breakflow probably partly. We have essentially

p 3 an equilibrium situation where the energy leaving is
O

effectively equal to the energy being added to the system.4

5 MR. THEOFANOUS: Yes.

6 MR. SHIRALKAR: And, I think we are probably not

7 taking out the right amount of energy, out of the break.

8 MR. THEOFANOUS: And, then in view of that how are

9 you then to interpret the levels since now you are driving
to everything with your own pressure?

11 MR. SHIRALKAR: Well, it's not the pressure, I think,

12 that's so important as the pressure rate typically for --

13 MR. THEOFANOUS: Well, no, no.

' h~ ' 14 I mean, you know, if you look at the levels after

15 100 seconds.- -.dnd that's where you begin to deviate -- or

16 80 seconds, from then on all the levels inside and how the

|I 17 different regions are going to drain or not is going to.

j 18 depend on the actual pressure level in the lower plenum.
g 19 MR. SHIRALKAR: The CCFL characteristics will be
:

j 20 affected by that.

k 21 M2. THEOFANOUS: Sure.
i

f 22 And, nbw I'm saying: Is there any bearing there on

'|R 23 the story that you were giving us in the next slide, or not?

24 MR. SHIRALKAR: I think it will have some effect

25 but I don't think it's the major one.
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1 DR. SCHROCK: I'm interested in your comparison of

2 your SAFER"c6mparison with%the:'calcul' tion and the TRACa
.

73 3 calculation with the TTLT data. In the case of this runV
4 6425, your prediction of the pressure as presented in

5 Alangir's graphs shows that you have substantially lower

6 prediction in TRAC. We discusse that earlier, and now

7 in this case it appears to me that you're -- I'm sorry.

8 I'm misinterpreting the comparison. This is TLTA against

9 SAFER. No, I'm not misinterpreting it, excuse me. So it

10 cloos as though SAFER predicts for the same run the pressure

11 in the long term better than TRAC does.

12 DR. SHIRALKAR: Yes, but you've got to be careful

13 because TRAC is calculating it from a first principle..,

( )
'# 14 equation. In SAFER, we're applying a prescription for a

15 particular experiment or set up which we believe to be good

16 so we have applied some prior knowledge to obtaining these

17 results. It's not a first principles calculation by any. g
1
1 m

i 18 means.

3 19 DR. CATTON: You've tuned SAFER more?
c

j 20 DR. SHIRALKAR: Yes.

21 DR. SCHROCK: But still you've succeeded through
3

d 22 your tuning in retaining the early time correspondence'

2

j 23 which it has in common with TRAC but you've eliminated

e i
(_/ 24 the long term discrepancy which you had with TRAC.

25 DR. SHIRALKAR: Yes.

(
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1 DR. SCHROCK: I don't understand exactly how you've

2 done that with tuning. That's interesting.

3 DR. SHIRALKAR: Well, the prescription we chose

4 is what I described to you. We have some entrainment

5 as calculc.ted in SAFER, two jet pumps and combined with

6 the prescription that we chose it does a good job.

7 DR. SCHROCK: That may suggest something for the
~

8 TRAC development, I suppose?

9 MR. EBERSOLE: I'd like to get your comment,

to your reaction to it. In the meantime, out in the boondocks

11 we are requiring that the diesel plants at these reactors

12 be crash started once a week without benefit of pre-oiling

13 such that they're up to and available for pumping in ten

O 14 seconds. Do you think that makes sense?

15 DR. SHIRAIKAR: The question makes sense to have the

16 pumps available early?

17 MR. EBERSOLE: Yes, with a potential costi6f..g

| 18 degrading their liability a great deal.

i 19 DR. SHIRALKAR: I'm not sure I can nake a --
:

j 20 DR. PLESSET: I think you'd better say you're
ti

'

! 21 not an expert in this field.
a

$ 22 DR. SHIRALKAR: I'm not an expert.
t

'

| 23 DR. CATTON: But Milt, this is a --

24 DR. PLESSET: It's a gcdd point.

25 DR. CATTON: It's a big point for a best esimate as

CO
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I contrasted with EM..

2 DR. PLESSET: Mr. Shiralkar may not even know
.

3 about this terrible thing. .

4 MR. EBERSOLE: 5' ell, that's why I mentioned it.

5 DR. CATTON: Give him a little more incentive.

6 DR. TIEN: Let me ask you a question. You are an

7 expert.

8 DR. SHIRALKAR: Let me say one thing though,

9 If we do find that you get early injection of a high pressure

to system going it does have a fairly significant effect.

11 MR. EBERSOLE: Nell, you can't get it above

12 400 PSI. That's why I picked this curve to make the

13 observation because the machines can't develop it. So I see,

14 do you see where 400 pounds is? It's way out, 60, 70

15 seconds but we crash start these things without pre-oiling

16 or whatever. Do it once a week. Just tear them up. And

17 the real hazard, of course, is that we're damaging them;

j 18 so that they won't run in the long term and we've got to
*

i 19 cover for that. That's all.
a

j 20 DR. PLESSET: You should tell him he has a very good
a

| 21 point.4

3

f 22 DR. SHIRALKAR: No comment.

i
'

23 DR. TIEN: Now, I come back to the SAFER code.'

g

( 24 It appears to me that you could take everything except

25 when you get to bypass level.

: O

-- -
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[ 1 DR. SHIRALKAR: That was that one case.

2 DR. TIEN: The next slide after this also --

3 DR. SHIRALKAR: Yes, yes. .

4 DR. TIEN: So that's for two cases, the relative

5 big discrepancy. Can you improve somehow?

6 DR. SHIRALKAR: This one, I really don't know what

7 the cause is. I think you're referring to this plot which

a shows a regional comparison of mass in the bypass region.

9 DR. TIEN: Mixture level also.

10 DR. SHIRALKAR: Mixture level also. And I'm frankly

11 at a little bit of a loss in this case to know why our how

12 we could have a situation where the level in the bypass is

13 so high compared to the core because normally you would

14 expect that the density in the bypass would be higher and

15 the level and equilibrium will be lower so I would like to

16 take another shot at looking at the data also.

; 17 DR. CATTON: Maybe CCFL again?l

| 18 DR. SHIRALKAR: It shouldn't affect the cass

g because the leakage path which equilizes between the bypass19

j 20 and the core -- you have a big Delta-P in the bypass and

i

! 21 a small one in the core. It should have equalized the
a

f 22 leakage flow.
t

! 23 DR. CATTON: Maybe the Delta-P in the core is
'

() 24 higher than you think.

25 DR. SHIRALKAR: I don't believe so.

GD

. --. _ . . -
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) 1 DR. CATTON: Something's got to hold the water in,

2 there.
.

3 DR. SHIRALKAR: Because you can see that there

4 is water coming down from the top and the CCFL situation

5 so I don't believe the pressure drops very high in the

6 core but there is a point in which I don't have a clear

7 resolution on it.

8 MR. THEOFANOUS: In your previous slide, again,
'

9 isn't there a different trend between the bypass and the
10 core? I see that they are in the experiment, the one

11 that was draining and the other was more and the calculation

12 was the other way around. Is there some explanation for that ?

. 13 DR. SHIRALKAR: Come again?
\~

14 MR. THEOFANOUS: Nas it again --

15 DR. SHIRALKAR: This block?

16 MR. THEOFANOUS: No, the previous one.

17 DR. SHIRALKAR: The levels?g,

j 18 MR. THEOFANOUS: Yes, the different levels or is it

g 19 a table? Maybe it's a table. Look at 3 and 4. It looks
a

20 like it's just totally opposite.,

| 21 DR. SHIRALKAR: You're saying that four is
'

a

f 22 calculated to be higher than three?
*
| 23 MR. THEOFANOUS: Look at between, around 70 seconds.

| () 24 70 seconds where you're draining and filling again. Do

25 you find that the experiment and the calculation are exactly

(D

. -.
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1 180* apart.

2 DR. SHIRALKAR: The experiment you're saying

3 drains earlier in the core.O .

l 4 MR. THEOPANOUS: Look at the experiment. 3 is
;

5 under 4, okay? The calculation 3 is over 4. It's a complete,

i

; 6 reversal.

| 7 DR. SHIRALKAR: I would say that they are pretty

8 close in the calculation.

9 MR. THEOFANOUS: No, no, no. Look at the trends.

10 In the experiment the three is draining a hell of a lot more

11 than 4. In the calculation, three is hanging up there while

12 four is draining. .It's an opposite trend.

13 DR. SHIRALKAR: That's partly also because of the,

} 14 two phase level that you calculate.in SAFER. This has,

15 much more void than this one does so it shows up that way.;

16 Look at the masses. I believe it will not be the same way.

17
,i MR. THEOFANOUS: So it's in effect a void fraction,

,

j 18 then?,

!

i 19 DR. SHIRALKAR: I believe so.

j 20 If you look at the Regional mass in the core,
i

,' ! 21 it is true that they're showing holding up a somewhat higher
a

d ZZ mass in the core in SAFER beyond this time, but during
s

| 23 this time it's planing at about.the same rate. In the

( 24 lower plenum mass, an excellent prediction earlier in the

25 transient, the same problem very late in the transient.

.

-- --, .. .. .-- , . - . .- + - . - . , . - ---
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h 1 The upper plenum masses --- we're predicting

2 a higher increase during the lower plenum flashing period

( ( 3 than is seen in the TLfA. The downcomer region, the
%-]!

4 predictions are pretty good. So, we end up then with this

5 peak clad temperature plot and here you see what I

o indicated earlier. Again the jet pumps in the TLTA

7 contribute to the situation, the very sharp jet pumps so

8 that the core level hangs up around the middle. Under

9 those situations, the heat transfer above the level is

to primarily from steam cooling or from liquid falling from

11 above. They can see that in the experiment, if you look

12 at the PCT which is really the envelope of all the

13 temperatures, you can see a periodic rewetting phenomena

' (_s)
14 going on becauce of liquid coming fron the top. The SAFER

'

15 calculation does not have the benefit of the high heat

transfer to the liquid d'wnflow and it basically is goingto o

17 to a much higher temperature than what is is seen. So in;

| 18 this case we are conservative.

I 19 The small break tect, this is a test with the HPCS,
;

; 20 not available, degraded (ph) situation, small break in the

21 recirculation line. I'll skip over the details of the
a

f 22 initial conditions. I'll show you the results. This is

! 23 the vessel pressure. You can see that you have an=

r
i (_) 24 initial small drop in the pressure and it stays fairly
!

25 constant because you're not removing much energy through the

p
W
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) I break. The level will drop to a point to activate ADS.v

2 I'm sorry. First you get a -- activate ADS and MSIV closure.

gg 3 MR. EBERSOLE: Could you interpret for me what
\_)

4 that level means since that has to be a discernible level
5 rather than a calculated level. It's got to be the gadget

6 that trips the ADS.

7 DR. SHIRALKAR: That's correct. That is the --

8 MR. EBERSOLE: So at what quality --

9 DR. SHIRALKAR: That is the collapsed level in

10 the downcomer, now, not in the core.

11 So at this point we have reached level one in

12 the downcomer which has triggered the MSIV closure and

13 you can see the effect of the MSIV closure is to pressurize.
r,,i'

'>
14 We over-predict the effect of the closure as compared to the'-

15 data. The ADS comes on at this point and can blow the

16 system down to a fairly low pressure. The LPCS and LPCI

17 systems come on at about this time and have to fil] up

5 18 the system. Now, this is a case where I won't show you

i 19 a temperature comparison because the temperature now
a

j 20 gets about sattration, because the ADS is effective in

f 21 keeping the core covered and there's no temperature rise
a

f 22 at all but I will show you the regional masses and levels

3
g 23 because I think they are still of interest.

() 24 DR. CATTON: To calculate things in your code,

25 you calculate the collapsed level in the downcomer from the

|
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h'- 1 information you have at hand to determine when the ADS

2 should, or did you just decide?

3 DR. SHIRALKAR: From the experiment, I thinkrms
V

4 we simulated what we've done in the experiment. '

5 DR. CATTON: You picked a time rather than

6 calculate a collapsed level.

7 DR. SHIRALKAR: That's rioht.

8 DR. CATTON: Okay.

9 DR. SHIRALKAR: In this case, you can see that
.

10 the predictions of levels are pretty good. You.can see

11 the upper plenum level is dropping, yqu get ADS a'ctuation,
'~

,. -

12 you get a level swell and then slow drop in'the level as

you keep on getting flashing coming'up from the core.r \13 "4, . . . ,

( ) .''
14 The core level stays at the top all the time in the calculation

. ,

15 and the prediction and the experiment! 'N s
t %

16 DR. CATTON: Could you point to 7? I can't
'

N

: 17 find 7. ~#:,
,

| 18 DR. SHIRALKAR: Seven and eight are --
.

3 19 DR. CATTON: On top of one another? ,

c ,

j 20 DR. SHIRALKAR: I think they are: overlaid, yes. ~ '

i 21 The bypass level though does drop quite a bit and then
.

,

j = _
, - .N

| 22 refill is then when the low pressure systems cone on and '

a
j = ,, fills up again to the top. Ne cet a slight CCFL phenomena23

v,
,

( _

! (j) 24 when the ADS action has airest terminated with the reselt
' a

! 25 that you get some level formation) calculated in the transie,nt

n('8 '

t

. ,

4

I'* p
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1

(h
1'g as well as,seen in the transient experimentally. The

2 regional mass comparison for the lower plenum -- up to this
3 time the lower plenum is full. Then you have.the ADS flashing

~

O
- -4 off soiw liquid. We are over-predicting the mass. held

5 in the SAFER by some amount and then follow the train in

6 terms of decrease and then eventual fill.
e

~l. 7'- ' The bundle mass agreement is excellent so you
- 8 can see that even though the level has stayed up to the top,

the riiass in the bundle did drop quite a bit and filled
'

9

to up again.

11 The bypass response again, very well predicted.
,

12 DR. CATTON: Do you have a figure for the downcomer

13 Ir. r s N %- -..

#
N. v 14 DR. SHIRALKAR:'' I don't have a figure. Basically,

;
:'15 '"

.

' ,
.. . wbat happened, the downcocer mass was that prediction was

excellerkt up to the time of the ADS and beyond ADS we' -

16

17;{ under-predicted the mass.
a ,s

| g 18 DR. CATTON: The reason I'm interested in it should,

j 1R 'be kinc,of obvious. That's what you have information about
* "

J.N-

sj 20' in the contro[ room. If one of the eventual uses as you
g - .

~

s 21 ~ indicated earlier was to, for< plant control.
5

j 22 DR. SHIRALKAR: Yes.,

S '
. s %.s

|| 23 ' DR CATTON: So I think that in the future when

|O iroueresentthesehindsofthines1d11keteseethedowncome2- r
,.

25 'mahn. ,, ,

t. v

' \.

. - -
.

. .
i *t _.

4 % %

4

%4
%

..,,? , . , . , .w. .- .-.. - - . . . + - -----
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,

8
. DR. SHIRALKAR: Okay. This is the upper plenum
k

2 mass and you can see the boil-off in the core leading

3 to a drop in the upper plenum mass and then an increase

4 due to the ADS and'then picking,up the trends very well
- , - ' ,

5 in terms of transients.

6 DR. SCHROCK: In making these comparisons, itj,

7 looks as though you've~ chosen the point valuc from the

data corresponding to the time step tha't was used in SAFER8
f

-i

s9 and that gives rise to some sort of saw tooth funny business

'to on the data as wel as the prediction. Is there any -

11 inportant noise in'the datc that gets them scared in any- ,

12 of these compartsons? , s-
,

,

#
13 DR. SNIRALKAR: Not as a result of this plot

CO, '

.,

14 I think, because you notice -- i

15 DR. SCHROCK: Not this one so much as.some of
4

16 the others.

17j DR. SHIRALKAR: The time scales are very larg'e.
,

j 18 yem talking about several hundred seconds time, scale here.
19 DR. SCHROCK: Am I incorrect in supposing that|

j 20 some of the saw tooth intervals on SAFER alculations is
i

j an indication of the time step that you've used?21

f 22 DR. SHIRALKAR: In SAFER, obviously we're not
Ij 23 plotting every time step so we're plotting every so many time

24 steps so I don't think it's this time step oscillation that

25 you see.

W< O

|
|

.-. . - _

_ . __ __ . _ _
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'

b. .() 1 DR. SCHROCK: Well, I'm looking at one which I

2 guess I would have a hard time identifying it's region for
'' 3 bypass around 6432 run 1. It's a mass plot and what I

4 see is that the jogs in SAFER correspond identically to the
'

5 jogs in TLTA and I don't think that's a comparison of
6 predicted and actual system response in a real sr 1se. I

J

7 think it's the way you presented the experimental data.
,

8 DR. SHIRALKAR: I will check into it further

9 with the people who actually plotted it but I believe

10 that you know, since the time steps, time s ales are fairly

11 large, I don't think we're doing that --

12 DR. SCHROCK: Could you back up just about

13 three slides? Maybe you'd find out that looks like what. . -

LO 14 I'm talking about end you'll see what I mean.
1

15 DR. SHIRALKAR: Is this the one?

16 DR. SCHROCK: Yes, exactly. See, on that rising

17g section is there something other than coincidence

j 18 leading to the little nick in both of those curves?

i 19 DR. SHIRALKAR: I cannot answer to the little3 '

j 20 nick.
i *

i 21 DR. SCHROCK: Yes, but it's surprising that the
a

5 22 experimental trace would show that and that and that the
2

| 23 SAFER predictions shows it at exactly the same time. There

() 24 are other places where I've seen similar things to what you've
,

25 shown so I think it's the way you're making the comparison and |

l

($($)

_ .. _ _ _ -
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v) I what I'm asking is, is there anything important in the(

2 experimental data that's getting obscured by choosing point

(^} 3 values out of the data and then plotting it as a straight lin a

v/
|

4 linking of points that are selected from the experimental '

s data.

6 DR. SHIRALKAR: I don't believe this. I don't believe

7 so but I can confirm it, you know. I will make sure that --

8 The final test I have is the so-called boil off

9 test and this is a test in s'.ich the pressure was maintained

10 at about 400 PSI. There were several test runs. We chose

11 this particular one. A bundle power is maintained at

12 250 Kilowatts and the bundle is just allowed to boil dry

13 and htis is a check on the void fraction and the temperature,.

( r, )
~k/ 14 the heat up for the rods.

15 The first plot I have is a comparison of mixtare

16 levels and the way the test is run, we have to go to some

g i.1itial transient period where we set up the SAFER code17

; j 18 and the TLTA with some conditions such that there is
|

g some mixture level in the upper plenum, so the core in19
'

j 20 the upper plenum are full, then we start boiling off
i1 ; 21 slowing the water and eventually the level will drop to,

'

:

d 22 the top of the core and progress further, so we're picking

i 23 up the transients here. We are at the level as it dropped

| k_m) 24 from the top of the core.
/

25 DR. CATTON: Why is the bypass different then? If

|
|
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1

| this is just a boil down process, why is the bypass at

2 a different level?

3 DR. SHIRALKAR: Because of void fraction differences-

,

4 4 The bypass is essentially saturated.

5 You can see that the boil off rate is of course,<

6 fixed by the heat input but you can see that the level

| 7 prediction which corresponds to the change in the void
8 fraction as we progressively boil the water off is predicted

9 very well. -

I 10 We are predicting the bypass level somewhat

11 lower, the parallel to the experiment. The reason for that
.

12 is because the void fraction in the bottom node of the core
13 is not being predicted absolutely correctly and I will show

L.O 14 you that in the next slide.

15 MR. THEOFANOUS: What is the matter with the Wilson

16 rise or the drift flux, this printing or calculations? (ph)

17 DR. SHIRALKAR: What the code does is that atg

|j 18 very low flow rates it switches automatically to the

g Wilson so may guess would be --19

ij 20 MR. THEOFANOUS: So that's Wilson then.

21 DR. SHIRALKAR: I guess it would be Wilson, yes.
3

d 22 You can see the comparison of void fractions -- void

2:: fractions in the experiment are inferred from Delta-P
'

O 24 meeeuremente basice uy. These are the void f= actions ehee

25 were measured along the height of the channel and this is a

. - _ , - - - _ - _ , , - - - - - - . ... . - - . - - - - , - - - . .- --- . - - - - .
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) I curve that SAFER puts through it's five notes. You can 1

2 see that while the void fraction in this region are very
p 3 well predicted, we tend to under predict the void fraction
V

4 at the very bottom region. That is whether we have a very

5 large slope in the void fraction curve and this results

6 in', does not effect the total level here that is dominated

7 by the swell in this region but it does effect to some degree
8 the pressure drop, therefore the bypass level which is,

9 has the same pressure dropped and should be slightly

10 different compared to the data. This is a comparison of

11 temperatures. What happened in the test was that we boiled

12 off liquid up to what would correspond to the fourth node

13 in SAFER from the bottom so the top one, fifth was boiled
(,.b)~'

14 off and then the feed water was turned on to turn the

15 temperatures off and refill the core again. What you're

16 seeing here is a comparison of one SAFER plot which is

; 17 number 5, the fifth node as compared to individual

i 18 thermocouples which all lie within that node, so here is

3 19 where we have a fairly large node which is averaging

j 20 temperatures and you can see that the temperature in

21 fact is being treated (ph) quite well. It's averaging

d 22 the temperatures within that node.

! 23 I have a summary slide on the peak clad temperature=

QV 24 predictions. If we were to look at all the five tests that

25 I have discussed in terms of the peak clad temperatures,
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1 this is what we do. This is the predicted peak clad

2 temperature versus the experimental peak clad temperature.
3 6432 is a small break and that remains at saturation and
4 we predict it to remain at saturation so that one was right

6425 is the reference case and we are slightly5 on.

6 over-predicting the temperature because of again the top
7 down rewet phenomenon being .not there in SAFER. We tend

8 to be slightly low on the boil off tests and this is because

9 of the averaging or the node of the temperatures within
10 that node. 6426 is the average power, no ECC case and

11 we over-predicted the temperature rise in the late part-
12 of the transient there. 6423 is the one that gave us

13 the most trouble and this is because the top half of the core,.

(.. O
14 and the experiment was cooled slowly by liquid falling down
15 and did not predict very well.

16 This summarizes the five experiments that we have
17 seen. Now, I said that I did not have anything on the ROSAg

4

j 18 experiment to present to you. If you run this, got results

i 19 from the small break and the large break. The small break
s

j 20 again is right on, though we do get a temperature rise in

21 that case but prediction is excellent. With a large
a

d 22 break we are in' a similar situation to this case. We have
i 23 been over-predicting the temperature by 200* to 300'.g

24 Those are just numbers that I am giving you orally. I do

25 not have the material in a format that I can hand out to you.
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( ) 1 DR. CATTON: One of the ROSA III tests has become
2 a standard problem.

3 DR. SHIRALKAR: That's a small break.. That is excellent.
4 DR.,CATTON: Are you going to use it?

5 DR. SHIRALKAR: Use it for what?

6 DR. CATTON: For part of the checking out of SAFER 7

7 DR. SHIRALKAR: We have already.

8 DR. CATTON: Oh, good.. I guess I wasn't listening.

9 DR. PLESSET: ROSA III has a short core.

10 DR. SHIRALKAR: That's correct.

11 DR. PLESSET: Can you tell what the effect of that

12 is in the behavior of a system compared to a full scale,
13 full length -- you'd be able to tell what the effect would

..( )'
1-4 be of having a reduced length.

15 DR. SHIRALKAR: I'm not sure I can summarize those
16 in a --

17 DR. PLESSET: Not in che line, I guess.g

| 18 DR. SHIRALKAR: Or just compare them with the full

| i 19 length at this stage. The temperatures that it calculate --
a

j 20 peak clad temperature wise, we are coming out reasonably
'

4

| 21 close toward, to calculate for a BWR with SAFER so from,

a

f 22 that point of view, probably it's not too far off but there

i 23 are obviously compromises in the calculation of variousg

() the CCFL and the 'apor generation rates and so24 parameters, v

25 forth, though the tried to scale them the best they could.
! ,, .

is

______. _ _ _ _ _ _ _



18

357

.; 1 DR. SCHROCK: I think your ROSA comparisons are

2 very important because you've tuned the code with TLTA

3 data and now you've shown us comparisons largely.or
4 exclusively to that same facility which was used for the

5 data tuning, for the code tuning. But, are you prepared

6 to make a prediction on how well the presently tuned version
7 of SAFER is going to stand up against FIST data?

8 DR. SHIRALKAR: First of all, I don't agree with

9 you that we tuned the code for the TLTA.

10 DR. SCHROCl*; No?

11 DR. SHIRALKAR: The only thing.I think we tried4

12 to predict as well as we could was a pressure response

13 but given the pressure response I believe it calculated, ~ .

14 quite well the mass distributions and the heat up so

15 I don't agree that we're tuning the model there. On ROSA

16 we do have some results.

17 DR. SCHROCK: You did tune something you toldg

j 18 us in order to get that pressure to curve in shape.

g 19 DR. SHIRALKAR: The break multiplier.
a

j 20 DR. SCHROCK: And do you think that will influence,

'
a

| 21 nothing but pressure?
8

f 22 DR. SHIRALKAR: No, effectively it shows that if

23 you can do a reasonable job on the pressure that SAFER will

24 predict quite well the distribution of masses and heat up.

25 DR. SCHROCK: I guess the break flow adjustment is

CO



.9

358
1 the most popular one to make in making pressure curves fit
2 and it tends to mask an awful lot of other things which --
3 I guess I come back to my same question. When you go now

4 to the FIST facility --

5 DR. SHIRALKAR: Could I interrupt one second though?

6 I agree, the break flow tuning is the most common thing

7 but I hope that we've shown that the masses and the levels

8 in different regions feel quite reasonable so I think it's

9 beyond the first level of just saying tune the break and

to look at the end products. We've looked at various inter-

11 mediate things.

12 DR. SCHROCK: Okay, but then the last question is.

13 how comfortable are you with your ability at this stage to

O<
14 say that you think this code without further tuning is going

15 to do well against FIST data?

16 DR. SHIRALKAR: I think we should do well against

17 FIST, I feel.j
I 18 DR. SCHROCK: So we'll simply have to wait and

*

19 see,g

j 20 DR. PLESSET: Let me go back to the half height

21 question. Do you feel you'll be able to say what the effect
:

5 22 of the reduced height is corr.psed to a full scale height?
Ij 23

-

DR. SHIRALKAR: i don't'have a ohe to one

24 comparison to give you an answer to that and we have not

25 run ROSA with full * height or half height. The only thing we

O
.kJ-
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(h I do have is maybe a comparison of a typical BWR calculation
- 2 versus what ROSA might do.

f 3 DR. PLESSET: What does that indicate? Have you
-

N3!
4 done that yet?

5 DR. SHIRALKAR: I think we're going to end up
6 with just the temperature is in the same range. That's

7 not to say that there are various things in between that

a may be different.

9 DR. CATTON: Isn't it a matter that if you use a

10 half height facility and you understand the physical
11 processes and you build them into a code, there should

12 be no problem with it being half height. On the other
la hand, if you're using a lot of engineering judgement inr~%

14 putting together your code then you better worry about it-

15 being half height. I think that's where TRAC is probably
16 going to be very helpful for them in putting together a code

g 17 that's more based on eingeering judgement with one that
j 18 has more of the detailed physics in it.

g 19 DR. PLESSET: I think that's an important question,
a

j 20 really. Maybe not for the boiler but, well, there's been

21 a lot of use made of loft. This is a half height facility
a

f 22 and the question is well, how meaningful is this in detail
a

j 23 for a full scale full height plant? Do you see what I'm
n
() 24 getting at?

25 DR. SHIRALKAR: Yes.

mp
kj

.
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\' 'n) 1 DR. PLESSET: Now, that's not your concern butq,
,

2 it's of interest to us.
.

3 DR. CATTON: The measured peak temperature that

4 comes out of a half scale facility doesn't have meaning

5 except through analysis for a full-scale facility.

6 DR. PLESSET: The question is, how good is that

7 extrapolation? Let me state it that way.

8 DR. CATTON: Sometimes I wonder.

9 DR. SHIRALKAR: I think the only way to get at

10 it really or use the data is to simulate the facility

11 with the model.

12 DR. PLESSET: Yes.
!

13 DR. SHIRALKAR: And see what it does.

~O 14 DR. CATTON: But that means you need to be involved

15 in some of these blind type standard problem exercises

16 and I think both Dr. Plesset and I were at the International

17j Standard Problem Program in Japan and we saw very few

i 18 vendors. As a matter of fact, I don't believe we saw any

19 other than the Japanese.

j 20 DR. PLESSET: We didn't see any there.
i

! 21 DR. CATTON: And that is I think where you prove
a

f 22 that your half scale is okay to represent full scale
I
! 23 because they're requiring the blind predictions. People

( 24 come in and give it a shot and I think one of the conclusions

25 at the last meeting we were at was that given a little bit of

|
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k) 1 tuning, most of these codes will do a fine job and it gets

2 down to how skilled are you and where are you going to
3 demonstrate that skill but with a blind standgrd problem.
4 That's a plug for the Standard Problem Program in case

5 it wasn't very obvious.
.

6 DR. PLESSET: Yes.

7 MR. EBERSOLE: May I ask a question?

8 DR. PLESSET: Yes. Let me make just one final

g comment, Jesse. You're in a good position to make a

io comparison of half height with full height tests, I should

ti think particularly when FIST is finished, don't you agree?
12 And you have ROSA III data?

.. 13 DR. SHIRALKAR: Yes.

14 DR. PLESSET: Well, I think it would be interesting

15 if you did get some ideas from such comparison.

16 DR. CATTON: By the way, that's another standard

17 problem based on a, I think it's Swedish BWR integral
j 18 facility. I believe it will be a blind, but I'm not sure,

g is That might be a good problem for you to exercise your code on
s

j 20 and demonstrate it's ability to and your skill to predict

f 21 what's going on.
a

f 22 DR. PLESSET: What kind of facility is that?
s

| 23 DR. CATTON: I don't recollect the details but

() 24 there was an effort to try to locate and I think the word

25 they used was Virgin BWR facility for testing the code.

(

.

|
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m.
(- 1 DR. PLESSET: I think they have an interesting

~N

2 capability here.
.

3 DR. CATTON: I'd like to see it tested and proved

4 against one of these facilities. That would really give

5 a great deal of comfort.

6 DR. PLESSET: Well, fine. Jesse?

7 MR. EBERSOLE: Because of the relative higher

8 probability of the small break, I think there's a test

9 that's not up there that night be there and that's why

to I would call it an inhibited blowdown test and the reason
11 I say that is is because of the peculiar way in which a

12 small break is handled. Thereis a period of attempting

13 to detect the presence of a small break and then an attempt
'O 14 to determine whether high pressure core injection is

15 working or not. The end result of it is there is 90 second

16 interval as I recall wherein the operator can assert himself

17| and by a very simple action stop the blowdown. The conse-

i 18 quenessrof his stopping blow down is of great interest

19
[. when he needs blowdown so if you took 6432 and progressively
j 20 delayed the time of blow down, it might produce some very
a

| 21 interesting results. Do you follow me?

f 22 DR. SHIRALKAR: Yes.

I
g 23 DR. PLESSET: Does that complete your presentation

()- 24 for this morning?

| 25 DR. SHIRALKAR: I have a summary slide, I think.

r'(]%d

I

_ - - _ .- __ - .
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I !

DR. PLESSET: 'Let's let him finish. He's got' !
2 !one more slide'he wants to show, I think.

O 1 !
'

oa. Saza^txia= The gressure erediceion is
#

controlled by the break in the ADS flow and with the model'.

5j that they used we got excellent predictions for all the
e; cases. The mixture levels is controlled by the depressuriza- ,

I

tion, the CCFL particularly and I think the predictions
8

are generally good.

8 ,

Tht core level is sometines difficult to define,
M particularly in the bottom flooding kind of situation

I " at low. pressure but the definition of 90k void for
1 12 triggering the heat transfer seems to work fairly well.

13j, The regional mass distribution we are well protected. There
' 14

was a problem in the lower plenum mass prediction at the
18

end of the transient and we attribute that to accurate
j 16

calculation of the-vapor production of the lower plenum
I7! and subcool CCFL breakdown. The peak clad. temperature

i ! '8
heat up was well predicted. The PCT tended to be over-

"
| predicted particularly because of the top quench phenomenon;

<f which is not modeled very accurately and overall, I believe
21

the predictions are good and we demonstrate that we have
f 22

'

i the correct phenomena and trends, particularly when you
fE compare them with the data and also what I showed you

23

24
yesterday with respect to the current evaluation model. I

25 <

think this is a big step forward in achieving much more

|

|

)

_ _ _ - _ - . __
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) 1 reasonable predictions.

2 DR. PLESSET: I think we have another question.
4

3 DR. ZUDANS: Yes, my question relates to the[
4 integration method that I read the report which describes

5 it and I see that for the post part explicit oiler method is

6 used except for pressure rate which is computed implicitly..
.

7 DR. SHIRALKAR:: That is correct.

8 DR. ZUDANS: On a couple of occasions yesterday

9 and today, I asked you whether or not there was any iteration

to of the state from time -- within a time step and I don't

11 find in your flow chart any iteration although someone said

12 thene was some iteration. Could you explain it to me and if

13 you don't have an iteration, how do you control the stability(()..

14 of your explicit solution algorhythm.

15 DR. SHIRALKAR: I think thcre are some iterations

16 within loops but on the whole the scheme of the method,

g it is an explicit oiler method and we checked the stability17

(| 18 primarily by wearing time step size and looking at what

19 time step size give us, kind of an assimtotic (ph) behavior.

| j 20 DR. ZUDANS: I guess that particular aspect is
d

{ 21 not shown in the flow charts that you put in the report
5

s 22 but you do vary the time steps and repeat the process of

I 23 computation to see whether or not you match the previous

j 24 solution, that's what you're saying?
|
I 25 DR. SHIRALKAR: No, we don't do that.

(
.

. - _ .



- - _ _ _ .

365

k/) 1 DR. ZUDANS: Oh, then you don't vary the time

2 steps.

gg 3 DR. SHIRALKAR: Not within the given calculation.
V

4 What I'm saying is that we've made sensitivity studies
i s that establish if the time steps are reasonable.

6 DR. ZUDANS: Oh, before you make a specific run

7 you kind of take a trial around and see what time steps

8 would be acceptable.

9 DR. SHIRALKAR: Not for every one.

10 DR. ZUDANS: For a title run, for a group of

it runs but you don't have any explicit stability control

12 criteria within the computational scheme itself?

. 13 DR. SHIRALKAR: I think what we do is we check on
~

14 the -- Maybe I shouldn't say more than I'm familiar with

15 the details but I believe what we do is we check on the --
16 an estimate of the second derivative to estimate what the
17 error is but by and large there is a criteria which.

!
! 18 tells me what the time step should be' based on that.

:

g 19 DR. ZUDANS: Let me tell you why I asked this
a

j 20 question. It's a highly non-linear problem. Of course,

| you can only solve it by some iterative scheme completely.21
i

f 22 You use an explicit solution, algorhythm. That means

23 that unless you iterate to correct solution at each time

() 24 step you're solution does not have to be unique. In other-

25 words you can get good looking curves but they don't mean any-

t

.

- - - _ - -
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9_) I thing. They could mean nothing. I'm not saying that they

2 don't mean anything, so I'm concerned that unless you
3 iterate within each time step t'o complete conversions of
4 you or all (ph) the questions, you may not have a unique
5 solution so I'd like to see how you handled that some time.

6 Next presentation.

7 DR. SHIRALKAR: All ztght.

8 DR. PLESSET: Any other question?

9 DR. SCHROCK:. I have just one additional point

to concerning Ivan's plea to use the standard problems and
11 make pre-predictions. I would certainly heartily endorse

12 this idea.

. 13 There is an aspect of the user choices in all

(O~ 14 of the codes which will influence any pre-prediction which
15 is encremely important. An example of that that I'd cite

16 was the RELAP-5 pre-predition of the loft, a specific
; 17 loft test, I don't remember which one it was but the predictio n

j 18 was quite poor and the reason that the reason was poor

,i 19 was quickly diagnosed as poor modeling. That is, it was

j 20 inadqquate heat slabs. You may recall that one and so it

21 emphasized the fact that the setting up of the code involved
a

$ 22 some user choses and that hasn't been discussed much in
i
g 23 connection with the presentations we have heard about,

24 SAFER, or for that matter the BWR TRAC developments and I wou:.d
25 like to ask that also we have some discussion of these aspectu

:D

_ - __



i
l

J
|

?8 367
1..

Y 1 when we go into further detail in a future meeting. I

2 think this is extremely important in gaining overall

3 confidence that the codes are really you know., becoming more

4 orless fool proof so that they can be used by a variety

5 of users and expect to get the same results.

6 DR. SHIRALKAR: I agree.

7 DR. CATTON: I might just mention the Standard

8 Problem Program.again. I think one of the things that they

9 found was that the worst, what we considered the poorest

to codes sometimes predicted things the best and the best of

11 codes soometimes did the worst job when they were comparee

12 with one another. I don't think we're ever going to sort tha :

13 our, Virgil unless you go to a really true first principle
'.

14 description and we just don't have that in front of us.

15 We're always going to depend on the skill of the program

16 user and we're really going to have to develop some means

17j of making a measure of that.

I 18 DR. PLESSET: Well, that sounds like a good thought

19j and maybe a discouraging one to recess for lunch.;

j 20 (Whereupon, at 11:55 a.m., the hearing was
'

21 adjourned, to recovene at 1:00 p.m. in the same place.

f 22

!j 23i

24

25 -

|
!

. _ - __ _ _ _ _ _ _. -- __ _ _ _ . . _ _ _
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49 2 DR. PLESSET: ~4e'll reconvene.
r^3 3 (Pause) .V

4 DR. SHIRALKAR: This is Bernard Shiralkar again
5 and the topic of my talk now is results for some typi. cal
6 BWR LOCA calculations that we are in the process of performing.
7 For this purpose, the analytical tool that we're losing is
8 the TRAC B02 model which we've talked about earlier. The

9 plant we're looking at is a typical BWR 6218 from the 624
10 bundles and the rated (ph) 2894 megawatts and looking
11 at a break spectrum calculation, we're looking at these
12 transients, the main steam line break, the high pressure
13 code spray line break, a 100% recirculation line break,..

(' j_( ')
'

14 that's a failure of the recirculation line and some scaled
15 down recirculation line breaks, an 80% break and a one foot

16 square which turns out to be about a 47% break for this

; 17 plant.

| 18 The basis of the calculations are nominal conditions.
I 19 ' We are assuming a single failure in the calculations of an
.

j 20 ECC system and that is the HPCS system for all of these
'
.

g 21 calculations and we're doing these calculations at fairly
a

d 22 high tech spec type linear heat generation rates. Now,
s

! 23 we have completed three of these calculations. The other
(D(_) 24 two are ongoing but I hope I can give you a flavor of the

25 results as I go along.

.g
'W.
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1 This is a summary of the calculations we are

2 doing. For the recirculation line breaks, I have listed

3 the areas of the break. For all those breaks.the ECC
4 systems available are three low pressure coolant injection
5 systems which come into the bypass region, a low pressure
6 core spray system and we've triggered MSIV closure at

7 times zero based on high driving pressure. The ECC

8 system not available is the high pressure core stress system.
9 For the main steam line break case, again we have three

10 LPCI's and LPCS system and MSIV closure at times zero.

11 Failure is the HPCS system. For the HPCS line break which

12 is a fairly small break we lose one HPCS'due to the break

13 and we lose the other one due to the assumption of antO"
14 HPCS failure. I need to check on that. Excuse me for

15 a minute. Are you sure, Jens, whether we had the HPCS

16 failure in this case or the LPCI plus LPCS failure?

17 DR. ANDERSEN: My name is Jens Andersen. You'reg

! 18 talking about the HPCS line break?
!

g 19 DR. SHIRALKAR: Yes.
:

j 20 DR. ANDERSEN: Okay, in that one, of course,

21 we lose the HPCS system and we assume the failure in the
a

f 22 LPCS system so we lost that one, too.
I
; 23 DR. SHIRALKAR: Okay, so what I have there is

24 correct?

25 DR. ANDERSEN: Yes.
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-() 1 DR. SHIRALKAR: So we are left with two LPCI's and
2 the ADS system and we've lost the diesel generator which

'a 3

(V gives.us the LPCS and LPCI systems. *

4 The calculations that are done with these
5 assumptions, that the LPCI, LPCS systems are activated
6 on 500 PSI plus a delay of nine seconds. The MSIV closure
7 is triggered for a .5 second delay and a 5 second stroke
8 time. The recirculation pumps are tripped at times zero
9 and the scram occurs at times zero. We also assume a loss

to of feedwater, at zero with the feedwater linearly shutting
11 off in five seconds. The ADS is available, tripped on

12 the other one with a 105 second delay.
13 This is the nodalization that was used for the("n).t"
14 calculation. We're using TRAC, the B02 code and the

15 nodalization that we have here shows, I believe 11 axial

16 levels -- 11 axial levels corresponding to the various levels
17j shown here. We are modeling four rings radially, the

j 18 outermost ring being the downcomer wall, the shroud wall

i 19 and three rings inside the shroud and we have a number of

j 20 channels, types, groups.of channels connected between
a

j 21 the lower and upper plenums and in this case we are modeling
a

d 22 three regions of channels representing a high poser channel
3
g 23 and an average, a lower power channel.

i O
i V 24 The HPCS, LPCS, LPCI systems are simulated,

25 though I believe in none of these calculations was the HPCS
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(( ) 1 activated and an ADS capability exists in the--- to relieve
,

2 pressure if needed.

3 This is just a summary of the nodalization. There

4 are 11 axial rings, axial levels, four radial rings.

5 We modeled just one theta sector, making for a total of

6 44 vessel cells. The total number of components in the

7 simulation is 33 and the core is represented by three groups.

8 of channels which have 11 axial cells within each channel.
9 DR. SCHROCK: Excuse me. Does that high power

to channel correspond to the maximum power channel or is it |

11 just an average in a high power region.

12 DR. SHIRALKAR: For this calculation we are

- 13 taking a fairly high limit in the sense that we have taken

tO"
1-4 the highest power channel but we have taken quite a few

is off them, more than would exist in area (ph) plant.

16 For the main steam line break, I just show here

17 a schematic at the bottom. There are four steam lines.

! ,

| 18 coming out of the reactor vessel and there are isolation

g 19 valves on either side of the containment barrier, barrier
a

j 20 wall and beyond that they joined together for the proceed.

f 21 to the turbine. The break we're considering is one which
a

f 22 is inside the containment. This is a break in one line.
I
g 23 Now, there are flow restrictors on each of these lines so

() 24 that for the first few seconds before the MISV's close,

25 we're getting a break corresponding to the restrictor area

.

, - - - - - -_
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() 1 on this side and then the flow coming out of all these

2 three steam lines is available to come out to this end.
3[} When the MSIV is closed then we have essentially a single
4 inner break because now all these have been isolated. This

5 happens in about five seconds.

6 So we have one steam line with a double inner
[ 7 break initially. We have three impact lines which are

8 closed off at 5.5 seconds.. The result from the calculation
1

9 was, we ran the plan for 20 seconds following a break. There

10 was no boiling transition. At 20 seconds the core floor

11 settled down into a natural circulation type mode and

12 there was no heat up of any kind.

13 DR. TIEN: Do you get a natural circulation..

' I. ( )
14 mode -- you mentioned that found from your calcul n ion?

15 DR. SHIRALKAR: Yes.

16 DR. TIEN: And you only have three rings, right?

17g DR. SHIRALKAR: We have three rings inside the

'! 18 shroud and one outside.

I 19 DR. TIEN: I mean core flow; natural recirculation?
c

j 20 , DR. SHIRALKAR: Yes.
a,

| | 21 ~DR.'TIEN: What types ~of; say, is the nodalization
'

s

f 22 is good enough to demonstrate a natural circulation?'

I 23 DR. SHIRALKAR: Yes, I believe so. The naturalg

( 24 circulation I'm referring to is coming from the downcomer

25 into the core so it's the density head difference.
,

(
L

!

|
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1 This is a sequence of events for the main steam

2 line break. We postulate a steam line break at times zero

3 with a scram, fee'dwater trip and recirculation line trip.

4 The MSIV closure is initiated at times zero and it starts

5 affecting it at .5 seconds. The'feedwater is completely

6 off at 5 seconds. The MSIV is completely closed at 5.5

7 seconds.

8 This chart shows the pressure response following

9 the postulated break. You can see that initially we have

10 a somewhat larger slope because the MSIV's are not closed

11 and we have a larger break area. At about this time now,

12 the MSIV's are closed and the pressure is continuing to

13 fall but at a lower rate.,

~O
14 This shows the plot of the break flow versus time.

15 The core flow decays because we have tripped the pumps and

16 we're in mode of decaying floor flow until we reach

j eventually a fairly steady flow at a decay heat type level17

j 18 and that the circulation flows'in about 15 seconds, even

19 earlier. It's a very benign transient and it does notg

j 20 produce any heat up. Look at the peak clad temperature

i 21 in the high power bundle. It's pretty much following the
a

d 22 saturation curve with of course the temperature drop across

I 23 the filn.g

24 The -- I show the. temperatures now in the three

25 different regions of bundles. Again, they all fall in the

00
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) i saturation curve and are displaced slightly because of the
2 power level.

n 3 So the steam line break results in a.very benign
U

transient and it does not result in any heat up.4

5 Let me go to the next one which is the high pressure
6 core spray line. This transient was run for 330 seconds,
7 The first part of the transient, we have a scram but nothing
8 else has happened so the water is slowly boiling off. The

g pressure regulator is trying to hold the pressure and the

39 downcomer level slowly drops. The level drops to the

11 level one set point. That would initiate MSIV closure and
ADS. So the ADS depressurizes the system at 200 seconds.12

There are no high pressure systems available because they've13,vm

-

34 lost HPCS through the brick. At the end of the depressuriza-

tion, we have lost water out of the core because of the blow-15

down process and when the depressurization subsides, we16

develop a higher wide fraction region near the top of the: 17
=

| | 18 bundle and we start gettiniJ some dry out and temperature
1
|

g ig heat up but shortly after that, the low pressure systems
a

j 20 come on and quench the core. It t. urns out that we do get

j 21 a temperature rise if peak clad temperature is close to
a

'

f 22 the initial steady state cladding. temperature because it's

23 happening so late in time.
i

(n) I have a chronology of event for this case. We
| 24

postulated the break at times zero accompanied by a scram,25

'(
|
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t.( ) feedwater trip and recirculation line trip, circulationI

2 Pump trip, sorry. The feedwater is completely shut off
3 in five seconds. The level drops until at 91 seconds

4 it reaches L-1 tripping the ADS and MSIV closures.

5 MSIV's start closing a half a second later. They

a are completely closed in five seconds. After a delay of

7 105 seconds from the signal to the ADS, the ADS occurs,

blowing down the system, allowing the low pressure system8

9 to come on about 300 seconds and shortly after that at

to 325 second.c you get a quenching of the core.

11 This plot she is the pressure response. As you

12 can see, after a small initial depressurization, the

- 13 Pressure essentially is constant, and although the MSIV's
t

'

14 are not closed, he pressure regulator is essentially shutting
15 off the steam flow to maintain the pressure.

16 When it can no longer do so, then you see that
17 the pressure starts dropping because of the break flow.

i

j 18 leaving now through the HPCS line. At this point, we have

g 19 reached a level, one in the downcomer which results in the
s

j 20 automatic repressurization system activation and we blow

f 21 down the system.
a

f 22 This is a plot of the break flow and the break is

23 now in the upper plenum region. It's right on the HPCS

() 24 line so we're getting periodically, we're getting liquid
25 going through the break acting as sort of a regulator and you

r0s-



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

9

i.
%

f7
- ,

. .
3781 ..

a-
.'

, , 9 m,

k. 1 get liquid going through the breal:, the depressurization' ',

2 drops a little bit, liquid level drops, depressuritation

3 increases slightly, you get more liquid through the~ break -' -

4 and progressively we go through that phenomena and eventually '

,.,

b we've exhausted essentially the liquid in the upper plenum.' .

6 This is the flow through the steam line and this is basically -

7 the pressure regulator which is responding and shutting b ~

1 ,
,

8 off the flow that's going to the turbine and' shutting it
'

._

(
,

9 off to essentially zero. Later on, the MSIV closure L'

'

to would occur and completely stop any flow leaving the
,

'

.t , . ,

11 steam lines.
"

u
12 This shows the total discharge flow to the jat

~ . , ,

' ~13 pumps. There is a drop in the flow because of the recircula-,

(O..

14 tien pump trip and go to essentially zero flow, going through
~ '~

N15 the jet pumps -- the lower plenum flashing at about this '

16 point responding to the depressurization, produces o. i
,

g an increase in the flow that's leaving. The flow is ,'- .17
,

,

j 18 essentially at very low values throughout the transient. Y
,,

'j 19 This shows the inlet flow to the high power bundle #
. s

j 20 again showing the similar characteristics to the jet pu3np '

i

! 21 discharge flow, early decay and a small amount of flow throug a
a

f 22 the core until finally the system comes on and refloods the
a

! 23 entire core region. This chart shows the peak clad

24 temperatures for the three different power regions and

'' 3 you can see that t.hty are following the saturation curve all
i

CO '
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b the way'down here through the depressurization. The1

2 pressure 2.2 dropping here to a lower level. When the.

'
s, .''

'

s..

,3 depressurizaf.lon is coming to a -- is slowing.down and
,4 you cqn see'a dry,out occurs and the temperatures start

5 cliinbing, the LPCI comes on and you get a quench a few
6 seconds later. The peak clad temperature you have here is

lower than your initial temperature ,that you had so it's7

\'<

8 once again a very low temperature.

O DR. TIEN: The quenching time was calculated,
n ;

10 correct? t

\ . ~, ~

,

' _ -
11 . DR. SHIRALKAR: That's correct.

';s
12 DR. TIEN: 325 seconds and then you stop all your

13 computations? Is th[t correct? All your computation. . .

( '\ %
- ~ 14 carried may be 330 seconds?

'

15 iDRf. SlfIRALKAR: That's right.

16$ DR.,TIENs To that point. So you just, how the,

; 17 machine know,-you just'~say any time when you have the
,

-

i 18 PCT dropped a little bit, you just stop?,

3 19 DR. SHIRALKAR: They way we run TRAC, there's no
a

'

20} way we can run this transient in one shot, so we probably

| 21 run it in,several increments evaluating the results before,

:
'

f 22 we see how far we need to go.
' I

; 23 Let me come now to the recirculation line breaks.
,

24 We are in the process of completing these calculations so
i

25 I do not have all the results to show you at this time. But

,

t

.
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1 let me describe the trends. I will be showing you the

2 smallest of the breaks which is a one foot squared break.
,

I3 The behavior system response is very similar for the three '

4 breaks. It's just shifted in time. The smallest breaks,

5 the smaller breaks depressurize later-the sequence of
6 events is very similar.

7 You get an early boiling transition in the high

8 power bundles followed by rewet. Later on the lost inventory

9 results in cladding heat up, mostly in the area (ph) and
to high power channels. Occasionally we have seen it in the

11 low power channel also.

12 The ECCS activation subcools the bypass and upper
t 13 plenum regions with drainage to the lower plenum, so..

k~
'

14 we're getting liquid that's coming through the core,

15 helping the heat transfer. It's also helping to reflect

16 the lower plenum. And the fuel is cooled by inventory-

17g accumulation as well as cocurrent upflow. There are periods

j 18 where you have upflows through the channels. There is

19g periodic drainage of liquid and the overall heat transfer,

j 20 is fairly high.

21 So with that, let me go to the results for the
a

f 22 one foot square recirculation line break.'

s

| 23 DR. SCHROCK: Can I ask a question before you

24 leave this? As I understand it, activating the ADS system

l 25 is extremely undesirable and the operator as Jesse has told
i

GD '
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.(3 I~ y us can't override it. Your peak clad temperatures calculated

2 now for the small break indicate that there is no difficulty
3 until the ADS is activated. It doesn't creabea problem
4 vis a vis peak clad temperature but it cer ainly creates
5 a problem for the pressure vessel so is there any thinking
6 to modify operational procedures in view of this as the

|
7 activation of the ADS system, indeed desirable at this point?
8 ' DR. SHIRALKAR: Well, yes, because there is no other

9 source of water at this time and high pressure, at least
to the calculation we have assumed so in order to -- if you
11 did not have any water coming in then ultimately you would
12 get heat up so this allows you to get down to lower pressures
13 where the low pressure systems will be available.._

(')
,

' 14 DR. SCHROCK: But is it not possible to get there

15 at a rate that doesn't jeopardize the pressure vessel?
16 DR. SHIRALKAR: There has been some thinking going
17 into that in terms of control blow down, and so on, yes.j

| 18 DR. ECHROCK: But that's something for the future.

I 19 DR. SHIRALKAR: The recirculation line break wec

j 20 ran was a one foot square break. That's the one we have
21 the results for today. The -- again, the break was postulated,

a

$ 22 to happen at times zero. We also had a scram, a feedwater
i s

fj 23 trip and the circulation pump trip. Again, a similar
'

(~h
s_) 24 sequence of events. The isolation valves start to close

25 at about .5 seconds. We see a boiling transition in the high

-
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1 power bundles very early in the transient at about 1.1

2 seconds.
.

.

(~N 3 DR. WARD: What triggers the MSIV valves to closeq)
4 at half a second?

5 DR. SHIRALKAR: I believe it's the dgy wen pressure.

6 DR. WARD: The dry well pressure?

7 DR. SHIRALKAR: Yes. The peak cladding temperature

8 for this transient happened very early in the transient

9 at about 3 seconds, 3.2 seconds which is the time it

to rewet and reached about 687* Kelvin or 777 Fahrenheit.

11 The feedwater shuts off at five seconds, the MSIV is

12 closed completely at 5.5. Later in the transient there is

.T^)
a progressive evaporation of water in the bundles leading13

'''
14 to a dry out. The temperature starts rising again. The

15 LPCS and LPCI come on as shown here at 99 and 107 seconds

16 and you get a quenching of the bundle eventually but the

g peak clad temperature in the second rise of temperature17

.

g 18 turns out to be lower in this case than the first one so

i 19 the peak clad temperature in fact is the one that -- three
:

; 20 seconds farthis case.
i

! 21 This plot shows a typical steam dome pressure
a

d 22 response. You get the early small depressurization when
2

| 23 you first get the break and the MSIV is closed. You

O(_/ 24 actually pressurize the cystem above initial operating

25 pressure. At some point, the level in the downcomer will have

C#
)
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.. 1 dropped to uncover the brealc line, the recirculation line,

which allows steam discharge instead of the water discharge2

3 that speeds up no.- the depressurization rate here until

4 at some point slightly later at about ten seconds-the

5 initially subcooled water in the lower plenum and downcomer
6 flashes. You can see the change in be depressurization rate.
7 Following that, the system continues to blow down to near

8 atmospheric pressure.

9 MR. EBERSOLE: May I ask you a question? Which

to of these breaks maximizes the gradient differential between
11 the pressure in the fuel channel per se and that in the
12 bypass area? And the reason I ask that is, there's an old

- .. 13 flap that goes on forever about the square can distortions
1

'

14 and the implications of impeding the control rod insertion

15 process. Does your ca' ion develop the pressure'

16 gradient between the . # the box enclosure and

17 the exterior?.

!
| 18 DR. SHIRALKAR: Yes. I don't have an answer as

3 19 to which is the worst case. I haven't looked at it.
a

j 20 MR. EBERSOLE: Does your new results coincide

21 with the older calculations and is that aspect of your
a

f 22 design evaluation being looked at anew?

| 23 DR. SHIRALKAR: Do you want to take that, Dave?

24 MR. HAMMOND: I'm Dave Hammond from General

25 Electric. On the -- for these transients we don't get any

CO
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1 significant depressurization until you uncover the recircula--

2 tion line which usually is on the order of about 8 to 10

3 seconds and by that time you've already inserted the control

4 rods. So, there shouldn't be any major' pressure gradients

5 prior to insertion of the control rod or until after they

6 have been inserted.

7 MR. EBERSOLE: For no depressurizations of any

8 sort? All right.

9 MR. HAMMOND: Yes.

10 MR. EBERSOLE: You said for this kind of depressuriza- -

11 tion?

12 MR. HAMMOND: Well, for the DBA LOCA which is the

. 13 most severe event as far as what you would get a rapid
)

'

14 depressurization for, you'll have the rods in --

15 MR. EBERSOLE: Before you develop the differential?

16 MR. HAMMOND: Before you develop any large

g differentials, yes.17

| 18 MR. EBERSOLE: Thank you.1

i 19 DR. PLESSET: What does that 15.649 hours refer to
a

j 20 on that?
i

i !_ 21 DR. SHIRALKAR: It's probably the time.
! g

f 22 DR. PLESSET: It must be a time, it's hours, but

i 23 time of what?e

| - 24 DR. SHIRALKAR: Either the time the computtr did

25 something or the plotting or the execution of the run, probab:.y .

00
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1 DR. PLESSET: It doesn't mean anything then?

2 DR. SHIRALKAR: No, not as far as information

O. that I intend to convey.3
.

4 This shows where the break we're talking about,
5 the in tact jet pump suction flow which drops as the
6 pumps are coasting down -- you have an increase when you
7 have the flashing due to the lower plenum flashing and
8 then steadies out essentially zero flow.
9 This shows the same plot for the discharge flow

to from jet pumps.

11 Looking now at the broken side of the recirculation

12 loop and this is the jet pump suction flow in the broken

13 side and see a very rapid reversal in flow as the break

14 occurs, eventually sending down to essentially very low
15 flows.

,

16 This is a plot for the discharge flow transient

: 17 from the broken jet pump.
:

| 18 I show here the inlet mass flow versus time for
g 19 the high power region of bundles. Again the early coast
:

j 20 down followed by some lower plenum flashing. We have

21 essentially steam inflow into these channels for most of
a

f 22 the period until you have -- in this period we are beginning
i

23 to see large amounts of liquids, liquid comingdown through the

O 24 evereee chenne1 es we11 es so=e from the hish gower chenne1
25 and the-lower power channels filling up the lower plenum

|OD
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k(s) I rapidly and the final spikes you see are due to the refilling

2 process where now the liquid is going up into the hot channels

{} and that's going to turn the transient around.and quench3

4 the temperatures.

5 This is the flow in the inlet of the average power

6 bundle and the same characteristics again. If you look ;

7 at the details you'll see that the steam flows going in

8 here are smaller than those going into the high power bundles.

9 Down here we are beginning to get a break down at the lower

to end of the average power bundle and that results in a fairly

11 rapid filling of the lower plenum followed by complete

12 reflood.

13 The lower power bundles behave in much the same

O 14 way until you get here at about 100 seconds into the

15 transient and now we are getting the effects of down flow

16 into the low power bundles. You are beginning to see fairly

g large amounts of liquid down flow coming down here and17

| 18 in the process of subcooling the peripheral bundles. You

19g have a fairly large downflow at this point which helps to

j 20 refill the lower plenum and now here we have turned around
i

!, 21 and leaving to reflood the core.
a

d 22 This line here is just a plotting aberration when
t

! 23 we put two plots together.

24 This plot shows the high power bundle peak clad

25 temperature. This is really an envelope of the temperatures

!

- -
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t.! ,) 1 showing the highest temperature at any given point in :s

2 time so if we go through this transient we see the early
3 boiling transition at about one second getting to a
4 temperature of about 680' Kelvin, a rewet in the well cooled

5 region until we start getting a dry out here due to lack

6 of inventory. Temperatures start increasing and there are

7 periodic liquid downflow in the channels which tends to

8 cool the channels. Now this particular downward spike
9 here is due to the fact that we shifted from one node to

10 another. In otherwords, the -- initially, node five out

11 of the 11 nodes were the highest temperature node. That

12 quenced and we pick up the trend then for the lower node,
13 for . ode four and continue here. We start seeing large,,

~ ~(jx

14 amounts of water coming in periodically resulting in
15 quenching. It's trying to quench here. It doesn't quite

16 make it. It heats up a little bit more and then finally
17j quenches when you get the reflooding envelope so the

| 18 peak clad temperature still is this value here initially
i 19 at 680* Kelvin.
s

; 20 DR. TIEN: You mentioned that periodic PCT is

| 21 due to the liquid flow, kind of periodic flow into that
a

f 22 but in that flow before, it didn't show anything. Last
I
g 23 flow. It's very sensitive.

k 24 DR. SHIRALKAR: It's small because of the scale
25 and it's quite small compared to the initial flow but

,(
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9, ) I basically it's giving you a higher liquid content inside

2 the bundle and it's getting you more cooling.
3 DR. TIEN: I see. So there's no inconsistency

4 between your previous --

5 DR. SHIRALXAR: No.

6 DR. PLESSET: That peak clad temperature was

7 Kelvin?

8 DR. SHIRALKAR: It's Kelvin on the lefthand and

9 there's also Fahrenheit on the righthand side.

10 DR..PLESSET: Okay.

11 DR. SHIRALKAR: The highest temperature in

12 the average power bundles -- as you can see there's no

'D
early transition here so we are pretty much follouing13,-

''' 14 the saturation line until vna get a dry out and mild increase

15 in temperature fairly well cooled and the final quench at
16 200 seconds.

17j This is a temperature in the lowest power bundles.

| 18 It's the peak clad temperature in the lower power bundles
j 19 and you can see that this essentially follows the
,

j 20 saturation curve. You do see in this case a small amount of
dj 21 deterioration of heat transfer at about 100 seconds but
a

d 22 again that's quenched fairly rapidly and you keep following
ij 23 the saturation curve.

24 So to summarize the results we inve to date in
25 terms of peak clad temperatures for the main steam line break

l) -

- - - _--- ---- ------- ---



,

I
|

%8 |
|

USCI !
$x |

(J(v
s

1 I there was no heat up at all so this temperature is at 566*
2 initial temperature. The HPCS line break, 584*. For the

:

- 3 one foot square break, 782*. So these temperatures
V, ~x

4 represent our best shot today of what we would expect in
I

5 these kind of LOCA calculations. These calculations have i
I

6 been done with nominal conditions and with our best
7 calculation in TRAC B02. The other two breaks, the

8 calculations are ongoing and we are somewhere in the

9 transient now in terms of calculation of time. We see

to similar behavior to this but we expect some higher

ij temoerature than that because of the larger breaks but we

12 would expect to bound them between say 800 to 1000*.

13 DR. ZUDANS: I have one question to the model.
A
k-)

34 You said that this was just one single ring and wasn't

15 subdivided circumferentially, right? So you're assuming

16 that the core acts in axisymmetric configuration. Is that

: 17 the correct statement?
:

I 18 DR. SHIRALKAR: That is correct. There is one theta

g 19 cell.
:

j 20 DR. ZUDANS: Under those conditions you assume that
' a

I E 21 there's an instant mixing wherever the cold water comes in
I
f 22 out the ring, the entire circunference ceases --

23 DR. SHIRALKAR: Circumferentially that is true.
: <,

(,) 24 DR. ZUDANS: How would the fact that the pipe only

25 comes in one of these sectors and it doesn't see the rest of

|

!

!

|
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(}( 8,) I the circumference for some delayed time. Would these results
.

2 be representative results or is this an optimistic picture?

3 DR. SHIRALKAR: In the bypass region,.you're talking

about the E'CCS injection now coming in?4

5 DR. ZUDANS: Yes.

6 DR. SHIRALKAR: We believe it's a reasonable

7 representation but we do have calculations which are

8 performed earlier with more than one theta cell.
;

9 DR. PLESSET: Has there been any effort at G.E. --

10 these are low probability events?

11 DR. SHIRALKAR: Yes.

12 DR. PLESSET: To scale them as a relative probability?

13 Any effort in that direction? Do you see what I'm after?,_

'O:
' " ''

1<4 DR. SHIRALKAR: Not exactly, no.

15 DR. PLESSET: Well, these are low probability but

16 as a recirc. line break more probable than an HPCS line

17g break or less probable or a main steam line break? Just

| 18 relative. I know they're allcupposedly very small. Has

19g there been any thought in that direction?

j 20 DR. SHIRALKAR: I don't know of any. I'm not an
i

! 21 expert on the data.
E

d 22 DR. PLESSET: Well, that's all right.
2

| 23 MR. DENNISON: We don't have the right people here

O(_) 24 to answer that. We have a PRA and safety people that

25 I'm sure -- I'm not sure if they're in doing that or not but

- ----- - - - - - - - --
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1(_/ I'm sure they're involved with something like that.

2 DR. PLESSET: They've thought about it, you think?

3{ MR. DENNISON: I think. -

4 DR. PLESSET: Well, it would be of some interest

5 to have your views on this. If you have any idea of any ;

6 absolute probabilities, I know they're terribly small and

7 that would be interesting also. I've been thinking about

8 the swedish design with the recire. line and the pumps

9 are inside the vessel if that's really worth the trouble

10 or not. You have no opinion on that, I gather?

11 DR. QUIRK: Let me address that, Dr. Plesset.

12 We do have a probablistic risk assessment people and we have

13 evaluated our BWR-6 Mark III design with a PRA and to be(''- v)
'

14 honest with you, the design basis accident did not dominate

15 the risks that come out of a PRA so --

16 DR. PLESSET: I'm not surprised really. I guess

17 you aren't either?i

| 18 DR. QUIRK: No, we're not. It's the -- what I

_i
19 call the end of spectrum events where you have say, a,

,

j 20 s tation black-out , total loss of off-sight AC power, totali

a

| 21 loss of on-sight AC power and you just lose availability,

a-

f 22 of a lot of make up systems and you follow those all the
*

!

| 23 way out and those tend to dominate the risk.
O
( ,1 24 DR. PLESSET: Very good. Well, I think we shouldn't

25 forget this kind of thing. I mean, it's very nice to have

CG
.

> i

|
|
!
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) 1 these very beautiful calculations and I guess you have to
2 do it the way things are and so on, but we have to keep
3 in mind what the real world is trying to tell.us. Well,

4 thank you very much.

5 DR. SHIRALKAR: That concludes this section.
6 I do have another one to make on the approach we are pro-
7 posing. Should we take a couple of minutes break and
8 resume?

9 DR. PLESSET: Do you need a break?

10 DR. SHIRALKAR: No, I can go on if you like.

11 DR. PLESSET: Well, we don't need it. If you don't

12 need it, we don't need it. -

13 DR. SHIRALKAR: Just enough to get ny slides.
"\J 14 DR. PLESSET: That's all right.

15 (Pause)

16 DR. SHIRALKAR: Along with the development of our

17g evaluation methodology we've been also working on an

| 18 application methodology that we-have proposed to the NRC
I

19- Staff and this is something that's under evaluation by
j 20 the NRC Staff now and I'd like to give you what our thoughts
a

! 21 are on how we think we should use the information we have.
a

d 22 What we are proposing is that loss of coolant
2

| 23 accident events be analyzed with nominal input values in
() 24 SAFER /GESTR. We proposed that the nominal peak clad

25 temperature is then increased by an " adder" to obtain an

s

. _ _ - - _ - _ -
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() 1 upper bound PCT for design evaluation. This " adder" has

2 to encompass in some . lay the Appendix K specified values

3 as well as other uncertainties combined in some statistical,

4 manner and reference is made here to a January '82 meeting

5 between G.E. and the NRC Staff where we discussed some ways

G to do this.

7 The method that we're proposing is basically the

8 following: calibrate SAFER -- first of all, let us divide

9 the uncertainties into two groups, uncertainties in the

10 model itself and uncertainties inherent in some plan

11 parameters. Now, the modeling uncertainties we propose

12 we calibrate against of course, the BWR LOCA experiment

13 and the way we propose to do that, it is a TRAC calculation

-

14 for a BWR and that would be corrected to account for the

15 bias and uncertainty in the TRAC calculation itself in some

16 way. And secondly, quantify the effects on te peak clad

: 17 temperature due to plant parameter uncertainties and this
=

| 18 we would handle then by performing sensitivity studies

g 19 with the SAFER model about the nominal case. So the
a

j 20 basis for the adder is test data, TRAC predictions off the

f 21 test data, TRAC benchmark calculations for plants and the
a

g 22 SAFER /GESTR calculations for plants and we're trying to'
2

| 23 integrate the technology through the experiments, TRAC

() 24 and SAFER to make -- to develop a methodology for reactor

25 application.

-
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'( ) 1 What we have proposed is that the adder explicitly
2 account for a bias and the uncertainty of these quantities, '

) so the upper bound peak clad temperature that.you apply for3

4 design use might be a nominal calculation augmented by an '

5 adder -- that adder is formulated in this way. It's

6 Delta-1 which is a bias, an average bias of experiment
7 minus TRAC values for the peak clad temperature and this
8 is assumed to apply in the plant because TRAC is the best

way we have today of extrapolating from experiments to plants.9

10 Delta-2 is the average bias of the TRAC plant value of PCT
11 relative to SAFER /GESTR plant values for the same LOCA so

12 you calibrate SAFER with the spectra TRAC or the spectrum

of breaks v.tich -- and we are in the process of doing that13

"O
14 now.

15 DR. WARD: So would those be negative numbers?

16 DR. SHIRALKAR: They could be.
.

]g 17 DR. SCHROCK: Would you apply them as negative

| 18 numbers?

g 19 DR. SHI.RALKAR: We propose to,yes. Well, thesec

j 20 account for model bias. Now, we also have to account in

f 21 some way for uncertainties in the model and again, what
a

| f 22 we've done is to evaluate and add a contribution due to the
!:

|| variance of TRAC minus experiment values which goes along23

() 24 with Delta-1 and the contribution due the variance of
25 SAFER /GESTR TRAC values. So through these, what we're hoping

|

|OD
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) I to do is to account for the modeling part 'f the biaso

2 uncertainty. The last tern here is to account for things

3 that are not in the model, the plant uncertainties, the

4 uncertainties in the plant parameters. So that last term,

5 is a contribution to the adder due to the variance of
6 the distribution of uncertainty in SAFER /GESTR plant vaines.
7 This reflects uncertainty in these groups of variables.

8 one, variables whose values are conservatively specified
;

9 in Appendix K. Now, if you live within the rules of .

10 Appendix K, we have to have some way of accounting for these
11 uncertainties and there are four, I believe, which are

12 explicitly in the letter of the law of Appendix K and

. 13 they specify the use of the decay heat model, the maximum '

:(O
| " 14 temperature of transition boiling, break flow models, the
;

i 15 slip flow, Moody model,.and.the megawatt reaction, _

I 16 red: .(ph) J coef ficients , the breaker just (ph). So that's

17j one group of variables with which we are to deal in some

| 18!

way.

19 The second group are variables whose values are,

j 20 much better known in the experiments, controlled in the
i

i 21 experiments, than they are in the plant. These are things
a

f 22 like core power, peak linear heat generation rate, bypass
t

.

-

! 23 leakage coefficients.i

( 24 DR. WARD: Let me ask you a question about that one.

25 That one strikes me as one where there might be a lot of

.

..._ .. . . _ _ _ _ , _ _ . _ _ _ _ _ _ _ . _ . _ . _ _ _ . . _ _ __ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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h 1 variation even within a plant from bundle to bundle. I mean,

2 that's not a design flow path in which their quality

r~T., 3 assurance practices make sure it's of a certain size and
V

4 shape but those are just sort of clearances as I understand

5 which are more or less accidental.

6 DR. SHIRALKAR: There are both kinds.

7 DR. WARD: Pardon?

8 DR. SHIRALKAR: There are both kinds.

9 DR. NARD: There are both kinds.

10 DR. SHIRALKAR: There are specific codes in the

11 tie plate which are definitely quality control and which

12 contribute to almost 50% of the leakage flow. There are -

~ 13 others which result from clearances.
- ("N
'V

14 DR. MARD: And those clearances could be -- there

15 could be a spectrum of clearances in a given plant from

16 bundle to bundle, right?

17 DR. SHIRALKAR: They could be and what we've donej
| 18 is to kind of average them oVer a large number of components

'

i 19 and that would be a nominal value. We will somehow have
c,

j 20 to get an estimate of what the variation is for this study.
1 i

| ! 21 The initial minimum critical power ratio which
| 3

| d 22 dominates the initial boiling transition and ECCS water

|I 23 temperatures and initiation signals which we included:

( 24 but which we feel are out of lower importance than the

25 others and the lact group are variables which are not in ,1ved

<.m
UO

|
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h 1 in the experiments at all, in the hydraulic experiments
2 that we've seen and they are basically the ptored energy

/~N 3 which derives from the pellet-clad gap conductors and theV
4 fuel rod internal pressure so these variables are not modelcd

5 in any of the experiments we've seen. So we need a method,

6 a procedure for accounting for these variations. And this

7 part of the adder which we are calling the plant uncertainty
8 adder, what we've proposed is that we will evaluate --

9 we will look at the number of nominal conditions around the
to worst nominal conditions and we might do this for example,
11 for a large break and a small break separately. But for

12 each variable we will establish a nominal value and an
13 upper bound value of some probability and for variables

14 specified in Appendix K, this upper value will correspond

15 to the specified value. Then we will perform sensitivity

16 studies by perturbing each of these variables above the

17j nominal value in SAFER /GESTR calculations and then combine

| 18 them and what we're proposing is that we combine them in

19 independent or RMS manner.

j 20 DR. TIEN: Did you say why the fuel rod internal
a

| 21 pressure is also -- were a factor of PCT as an uncertainty?:
d 22 DR. SHIRALKAR: I don't believe it's a very
2

| 23 important parameter in this case. The way it does effect
n
(-) 24 it is through possible perforation of the cladding which

25 results in increased megawatt reaction.
-

ix

.u-
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||| 1 DR. TIEN: But then that would offset the whole
2 thing, right, in terms of lumping all these variables

3 together?
.

x/
4 DR. SHIRALKAR: Well, we'll find that the effect

5 of that is very small, the sensitivity studies, so effectively
6 yes. We'll put it in for what it's worth and evaluate

7 What it's worth is.

8 DR. SCHROCK: Can I ask a question about the way

9 in which you would make this adder determination on the

to break flow? As I understand Appendix K you are required to
11 do a series of calculations using different break flow

12 multipliers in order to discover which of those produces
13 the most adverse peak clad temperature. That sequence, ^'

|
(\ 2

i

1-4 of calculations isn't being made here, is it? So how

15 do you determine an adder that's associated with the

16 peak clad temperature variations which are associated

g with the Moody model in contrast to the --17

| 18 DR. SFIRALKAR: That's a very good point and

g 19 I must confess I haven't given it a lot of thought. I
t

j 20 have not, because what we've thought so far would be
i

'

! 21 primarily to take the largest which is the multiplier of
a

| f 22 one on the slip flow as being representative of Appendix K.
t

| 23 Now, we do cover the whole break spectrum and cny changes
|

k', 'j)'

24 in the multiplier will be caught just at maybe a slightly
l

25 lower break size.

. ps
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1 DR. SCHROCK: It has the effect of saying it's

2 a smaller break size?

3 DR. SHIRALKAR: Yes. .

4 DR. SCHROCK: So there is a problem in coming up

5 with a single number, I guess for that one, isn't there?

6 I don't see how to do it offhand. It's a good idea.

I7 DR. SHIRALKAR: What we propose to do is evaluate;
,

'

8 these adders at different conditions and then we will

9 have to determine exactly how we apply them and this is

10 something we are still in the process of talking with the

11 NRC Staff on what a good-approach _might be and we could

12 take the highest value of the adder at different points.

.. 13 Ne could make it function off -- at least have one or

0 14 two values and correspond to different break sizes, perhaps.

15 MR. EBERSOLE: Maybe at this time I could step

16 into what -- my real world and I mention a very small break

; 17 indeed which may produce very embarrassing circumstances.

| 18 I have in hand a little study done by one of our fellows.

19 It says that some of your older plants, and I hope maybe

; 20 they are older ones and only older ones and this is on a

21 plant specific basis -- every potential for having impulse
a

.

d 22
.

or header line breaks which simultaneously oroduce a very
7

; 23 small loss of fluid, yet they blind the response systemsr

24 because all the response' systems are headered (ph) into

25 that one instrument tap take off which usually is about a

i
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II ) 1 one inch line -- do you go so far as the implications of

2 losing -- that's sort of, you understand, the Achilles

) heel of this system. It's the keystone witich, if you pluck3

4 it out, all this rationale falls apart. Do you look at

5 these aspects of your design problems and see by what

6 means the operator could hope to recoop safety in the event

7 one of these things fails? I can tell you these lines do

8 fail, they are socket wells and they-do come apart. As a

9 matter of fact, the last shut dowd at Brown's ferry was

10 do to socket failure, socket well failure on the first

11 stage turbine, turbine first stage. Do you look at these

12 degradations of the rather pure logic that you're always

13 going to get the required response?

O
14 DR. SHIRALKAR: I think basically you're talking

15 about very small breaks?

16 MR. EBERSOLE: Oh, yes.

17 DR. SHIRALKAR: And the response to those breaks.

| 18 Now, I think the whole break spectrum ought to be covered

i 19 in a procedure like this, but however, not further
:

j 20 degradation. Here we are trying to work out a procedure

21 that's in conformance with Appendix K. I believe that if
a

~

d 22 we need to look at some more severe degrade'd conditions
s
j 23 we should take our best shot at it with our best models.

( 24 MR. EBERSOLE: Well, in a way what I guess I could

25 see here is, you could develop some times which would be quite
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1 long within which something could be done to recover the

2 situation. I don't know how long those times are.

3 DR. SHIRALKAR: I think you're talki,ng about

4 operator guidelines.

5 MR. EBERSOLE: Whatever. Yes. I don't know what

6 he can do because I don't know what he's got left. He in

7 essence has been blinded and so has his equipment.

8 DR. SHIRALKAR: My understanding is that these

9 events are covered in the emergency guideline procedures

to but I am not the expert --

11 MR. EBERSOLE: They are not covered because that

12 hypothetical break has not been introduced as conceivable.

13 It has been called incredible, even though it's far

'

14 more probable than the ones you are discussing.

15 DR. QUIRK: Mr. Ebersole, are you referring to,

16 let's be specific, water level instrument line break and

g one, say, ticket two division plant, you fail one side17

| 18 and then you then single fail the other side such that the

i 19 initiation of safety systems is blocked because this has
=

j 20 a false --
||
| 21 MR. EBERSOLE: Yes, that sort of thing. I don't
a

f 22 know to what degree these combinational sets are organized.

| 23 The effect is, there's been no regulatory control over the

O 24 hvdrau1ic e1en desiens. The resu1 torv centro 1 eeeen et
25 the electrical transducers region. In the early stages there
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1 was nothing in the regulatory controls that expressed
2 a requirement that a hydraulic contact system to the primary
3 process has certain configurations. As a result, there's

4 a random configuration in the field.

5 DR. QUIRK: I was going to agree with you that

6 this it very specific to plants. The later plants have

7 much more tolerance to these types of things as do the

8 early ones, not quite as much. We have not overlooked

9 these in the way of EPG's. In fact, EPG's have been

to developed recently, have included a step where if the
11 operator is confused he's getting high dry well readings
12 and pressure readings-and he's not sure what his levels

13 are, he's instructed to ADS and depressurize and bring on
O 14 low pressure systems so your concern has been identified

15 and is being discussed.

16 DR. SHIRALKAR: 74e are right now in the process of

17j determining these elements that go into this adder and I,

| | 18 think I identified them before. The first element is to

19 obtain a TRAC BWR calculation calibration with respect to
j 20 experiments. The second element is to get a SAFER versus

| 21 TRAC one on one comparisons for a spectrum of breaks.
a

d 22 And thirdly, to perform SAFER /GESTR sensitivity studies'

t

| 23 to quantify the effect of these parameters we lumped into

24 plant uncertainties so all these activities are ongoing

25 and we expect to discuss them in more detail with the Staff

:s

_
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) I when we meet them early next year. On the TRAC calibration

2 versus, experiments, the objective is to assess the TRAC

3 bias and uncertainty in some rational manner., And the
4 experiments we plan tc utilize are primarily the TLTA

5 and Oakridge tests which are available now. The code

6 versions utilized are going to be TRAC B02 which is, as I
'

7 point out close to the TRAC BD-1 version 12 at Idaho plus

8 the G.E. models and TRAC B01 which is the G.E. version close

9 to version 12. And we may choose later on to add more

to experimental comparisons to this base as they become

it available and -- okay.

12 The second element is the SAFER TRAC comparisons

i .
13 and the objective of these is to calibrate SAFER bias

14 and uncertainty for BWR calculations. The results I showed

15 you a little. earlier.are a part of the study. We're going

16 to simulate the BWR/6-218, a representative plant and the

: 17 BWR/4-218. The main difference between the two is that
*

t

| 18 in the BWR/4 the ECCS systems come into the lower plenum'

g 19 through the jet pumps and you get a flooding from below.
m

j 20 The transients that are being simulated are the midn steam

21 line break, the core spray line break and the circulation
a

$ 22 line breaks. For the BWR/4, at present our plan is to do

23 the large break to get a' calibration of 3AFER performance

() 24 for the bottom flooding events.

25 The final element is the sensitivity study. The

CD

:

:
_
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h 1 objective of that is to quantify PCT changes due to plant
2 parameter uncertainties and Appendix K requirements which

r^x 3 are sort of upper bounds on some of the parameters we haveV
4 to use. And for this we would establish the most limiting
5 break and ECC combinations for typical 6's and 4's and
6 then perform these sensitivity studies around these nominal

;

7 cases as I explained earlicr. -

8 Here's a summary status. The TRAC BWR calibration
9 studies -- we've done some B01 studies and they were shown

10 to you today and yesterday. The B02 studies are in progress.

11 We expect to get most of the ones we plan tc do now by the
12 end of the year. The SAFER TRAC comparisons are under way.

i _ 13 The SAFER sensitivity studies -- right now we are -- the
'

' 14 base calculation of break spectrum are under way and
!

15 sensitivity studies are to be performed. S.; I think we

16 are proposing a way -- I think we're making a serious approach
17j to this problem of how to use a nominal kinc. of Tel within

| 18 the Appendix K guidelines and that's the approuca we have

j 19 proposed.
,

*
1

|j 20 DR. PLESSET: Well, thank you. Any questions'

21 DR. ZUDANS: Yes, just one. Do you intend to use
a

1d 22 the same model you showed us today for TRAC BWR calibration
s

|| 23 with the walk (ph) sector?
I /~

i (_ T) 24 DR. SHIRALKAR: Yes.
1

25 DR. PLESSET: Go ahead,

fw{N
~-

_

-- -
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1 DR. WARD: Let me make just one comment. I think

2 this is really an excellent approach, your adder, best
3 estimate and your adder approach and I think you're
4 leaving yourself open to people picking at the details.
5 I mean, you're putting everything out on the table and

6 everybody can look at all the details but I think that's

7 the-way it ought to be done. In the past, all these same

8 considerations have been buried in big black boxes or big
9 black guesses, conservative assumptions and so forth and

to I guess I congratulate you on taking this rational approach.

11 DR. SHIRALKAR: Thank you.

12 DR. PLESSET: Any other conment? Well, thank you

13 again. It was a very good presentation and we did appreciate'O 14 it. As Mr. Ward has said, you evidently got-it across

15 very well. j
16 DR. SHIRALKAR: Thank you.

17 DR. QUIRK: Dr. Ebersole, that concludes our

! 18 *

presentations that we have planned for you over these two

i 19 days, recognizing that we have given you an awful lot of
a

j 20 information. I would like to just summarize some of the
'

21 key messages.
a

d 22 Yesterday, Dr. Gary Dix identified some of the

1 23 extensive tests that we have conducted to date, the TLTA

24 and the Lynn Steam Sector Tests and other tests conducted

25 in Japan. These tests provide an extensive data base which is

w

. _ _
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1 the foundation of our analytical effort. And our analytical

2 effort is really two steps. The fir,st step is to develop

3 sophisticated best estimate molel TRAC which we'll use
)

4 for benchmark calculations. The second effort that I

5 alluded to is to develop a more efficient engineering pro-

6 duction code, SAFER, which we intend to be the workhorse

7 of our analytical effort and TRAC, of course, is calibrated

8 to the extensive data base described by Dr. Gary Dix and
9 SAFER is calibrated to TRAC so we feel that there is a cicse

10 coupling between our analytical effort and the extensive

11 data that exists. We feel quite good about that tie and

12 we wanted to assure you that as in the past maybe uhen

13 we were less mature in the industry we produced some models,)'()
| 14 and codes that predicted everything and maybe were over sold

15 in some instances. We think the difference today in this

16 maturing technology is that we have conducted tests that

g 17 are aimed at simulating some very complex thermohydraulic

| 18 phenomena that occur in BWR's and then we develop analytical
19 models that predict those quite well, so we feel that this

j 20 effort is extensive and it's on the right TRAC and is a

21 basis for proceeding in licensing.
a

f 22 DR. PLESSET: Well, thank you. I think that
s

| 23 the feeling up here is similar, that this is a very reasonabl e

( 24 way to proceed within the confines of the present requirement s

25 and tl.e like and we're sure to go into it more with you again

W, A

- - _ _ - - - - - -
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(| t as you know and it seems like a very worthwhile engineering

2 analysis which you're undertaking. It should be very

3 useful, and I again want to compliment you for trying and
4 the way you're doing it.

5 Yes, another question? I

6 DR. WARD: Yes, let me just ask one question. Given
7 completion of this SAFER /GESTR system, what sort of -- just
8 give me some estimate of the effort that it will take to

9 qualify a new reactor core. I mean what sort of -- using

10 this system, what will the cost of the analytically
11 qualifying the new reactor core for Appendix K be?
12 (Pause)

13 MR. TOWNSEND: I'm Hal Townsend from GeneralCT
\~J

14 Electric. Obviously we're starting something really knew
15 here that we haven't much experience with, but from the

16 early experiences we've had, I would say to reanalyze the
17j new core, the first ones will probably take on the order of

| 18 six man months to a year of effort and probably in the order
19 of six months calendar time. I would expect after that

j 20 first pass that they would be somewhat faster but I think
i

! 21 we're in that ballpark of half a year to a year manpower.
a

f 22 DR. PLESSET: Let me ask another question while
!

! 23 you're there. Do you have any estimate of what gain you
O)(_ 24 might get regarding core utilizability, load following

25 capability? Is there any estimate? You must have a rough

( '
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5

1 idea of what you might expect.

2 (Pause)

3 DR. PLESSET: I appreciate that this will be a

4 guess at this point.

5 (Pause)

6 MR. TOWNSEND: That's again a very difficult

7 question for us because we haven't had the opportunity to
8 really evaluate how to use this. We are anticipating some

. 9 relaxation in the core parameters so that we can get

to better fuel utilization. I think the other question is

11 with so much margin relative to the 2200* today is just
12 how do we use that? I think Dr. Ebersole alluded to,

13 something earlier that we have gotten into through design
O 14 with our older codes of testing our diesels for early

15 start, 10 second type starts. We really need to relook

16 at those things with these kinds of models and maybe get

17j rid of some of that kind of stuff and probably improve,

j 18 safety i the process, but we're so early in this cycle

19 that I don't think we've had the chance to think of just

; 20 how we will utilize this.
4

| 21 DR. PLESSET: I appreciate that. That's all right.1

a

d 22 Well, I guess that concludes this part of the program and
i I

! 23 we'll look forward to having a meeting with you later on,

( 24 to go into some of the details that we couldn't go into
!

25 at this meeting. Thank you again and we'll be seeing you.

[
|
|

_ _ _ - . _ . . - - _ , - , - _ , . _ -. - - _ _ - _ _ _ . - - . - , - - - - - . - - - - - - -- - - -
-
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\ _ -3$ ,) We have one other item on our program. Mr. Collins1

2 is going to make a brief comment from the point of view of
/'N 3 the Staff. .

G
4 (Pause)

5 MR. COLLINS: I'm Tim Collins from the Reactor I

6 Systems Branch of NRR. I've got really two brief presenta-

7 tions to make, one prepared by the branch reviewing the !

8 GESTR part of this code and the other branch which is

9 reviewing the SAFER part. Our review is not something that

10 is brand new. GESTR was originally submitted to us for

11 review back in March of '78 and a separate report on the
12 Urania/Gadolinia properties was submitted to us in January
13 of '77. Ne essentially completed review of these two

- 14 reports. As far as the draft SER is concerned, we sent

15 that to G.E. and they elected to work on a revision and

16 that's where the GESTR-LOCA model comes in with the

i
17 Gadolinia/Urania properties model as an appendix to that

| 18 and SAFER was the second volume, SAFER just being a modified

i 19 version of SAFE and REFLOOD.
:

j 20 The GESTR part for volume 1 is being reviewed in
i

g two parts, Oakridge doing the review of the Urania/Gadolinia21

i 22 report which is Appendix B. Oakridge has completed their
s

| 23 review and the results are in the hands of the postal
[''t(j 24 service right now but it's our understanding that their 1

25 evaluation is very favorable. The balance of volume 1 of

'
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1 GESTR is being done in conjunction with Battelle and we
2 have received an evaluation from then which again is
3 favorable with.a few outstanding issues. The outstanding

4 questions have to do basically with comparisons of
5 some experimental data and details on those outstanding

issues I think are more easily found by just referring to6

7 Staff questions which were issued back in October in

8 GESTR-LOCA. I think the Subcommittee was provided copies of
9 those issues. I don't want to really go through this whole

to chronciogy here of submittals and questions. The only thing

I'd like to point to is the-schedule here of January '83.11

12 The people doing the review of the GESTR portion believe
13 that if the responses are provided to us before Christmas

O
14 time, that they can complete their review of GESTR in

15 January.

16 As far as the SAFER portion goes, we see it
17g as basically four parts to the review, the first one being

j 18 to simply find out what the changes are from the evaluation

i 19 model we have in hand and to evaluate the uncertaintiesa

j 20 and conservatisms in the new model and determine the
21 sensitivities and then finally compare against what

a

f 22 Appendix K requires.
Ij 23 Basically, the first one is complete and the

24 rest are still in progress and require inputs from G.E.

25 The major changes that we see -- the same thing that's pretty

.
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1 much been discussed in the last two days -- the expanded

2 CCFL model, most importantly CCFL at the site entry orifice,

3 the additional backflow leakage which is primarily leakage

4 to the lower tie plate holes and past the finger springs

5 and then the enhanced steam transfer models. The steam

6 cooling -- there is no credit for steam cooling in the

7 currstit mod &l. We think that that will make a big difference

8 depending on what model we finally find acceptable. Bromley

9 film boiling correlation would replace an Allan correlation

10 which is currently used. G.E. is also requesting an

11 increase in core spray heat transfer based on fluid conditio ns

12 that result from CCFL and there's also an increased transitio n

13 boiling heat transfer.
,O

14 We have questions on just about all of the areas.

15 The single most important one that we see is how uncertaintie s

16 are going to be treated in the application of the model.

17j We have seen what was just presented in the last presentation

| 18 but we have not received a formal proposal from G.E. as

19 to how the adder is going to be used and we are not really

j 20 at this time doing a review of the adder methodology simply
.;

! 21 because we don't have a formal proposal on it. It's
a

f 22 in the treatment of uncertainties that things like decay
4j 23 heat and stored energy need to be addressed. At this

24 point, we're not sure how they're going to be addressed.

25 We think that could be the major area of the entire review.

'19a
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1 We also have not received the qualification runs

2 against TLTA or other experiments. We've asked for break

3 spectrum calculations and a comparison of those calculations i

4 with the current evaluation model. What we're looking for

5 there is really an understanding of.where the conservatism I

6 is being chopped away. We've also asked for additional
7 justification for coefficients used in the CCFL correlation

8 at constrictions other than the upper tie plate. Once

9 again, thr key one is at the site entry orifice and wee

to really don't have in hand a justification for the coefficient

11 that they're going to use there and that again is a very
12 important part of the entire model. The steam cooling

. 13 model as the way it has been presented to us, we understand
0 14 that they'd like to use a Dittus-Boelter relation but there

15 is really no justification for that particular model that

16 has been provided yet. We're waiting to see that. And

17g the same with the improved core heat transfer and transition

| 18 boiling. Really, what we think we have is a statement of
'

19 what G.E. would like to use. he're missing a lot of the

j 20 meat which makes for the justification for using the
21 models. We've also asked for more discussion of a sensitivity

:

d 22 of what we considered to be the minor model changes. Things
e

! 23 like changes in the noding, the use of a drift flux model

24 as opposed to the Wilson bubble rise model. There are

25 several other changes which we think are minor but we'd like

k
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((;r) I to have a better feel for, the impact that they have
2 on the overall calculation.
3 And assuming that General Electric answers all
4 our questions, by the 26th of January we think that we can
5 finish our evaluation about 6 weeks after that which would

|6 make it about the middle of March. That's really all I
|
;7 have to say. '

8 DR. PLESSET: Thank you, Mr. Collins.

9 DR. SCHROCK: I have one -- I'm a little confused
to as to why you say that Decay Heat is something that falls
11 under the category of uncertainties. Did I understand
12 that correctly? -

i 13 MR. COLLINS: Yes.

O
14 DR. SCHROCK: Well, it's a model which, I mean

15 a calculation procedure which is being proposed that is

different than the one that's stated in Appendix K.16

: 17 MR. COLLINS: That's right.
t

| 18 DR. SCHROCK: So it's a different model. It's

3 19 not just a question of dncertainty.
j 20 MR. COLLINS: Nell, that hasn't been proposed to
i

! 21 us yet. Not formally.
a

f ZZ DR. SCHROCK: We heard an Idaho Falls presentation
23 from the Staff as well as G.E., that there was a proposal.

() 24 Yesterday, I raised some questions recalling that meeting
25 about whether or not the Staff has raised questions now with

i

. . __ _ _ -
__ - ._
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h 1 G.E. pertaining to exactly what it is they are requesting in

2 that regard. Out of that discussion, I understand that

3 no, G.E. has not or the Staff has not asked G.E. for
(")N\-

4 clarification of that submission so at this stage I must

5 say I'm quite confused about what you're saying.
6 MR. COLLINS: I think we need to separate -- my

7 concern is how the decay heat comes into play in SAFER

8 and I think there's a different question which has to do

9 with changes to Appendix K as a whole. Now, the way I

10 see it right now, we have a rule and things have to be

11 applied as the rule states. Unless there's a change to

12 that rule, then we use it as it is. I think there are

13 separate issues, but decay heat plays such an important
'^''

1-4 role in the overall calculations that I don't want to just

15 leave the fact that it's not addressed in SAFER out altogether.

16 All I want to do is surface the fact that it's an important

g 17 consideration. Now, if it's handled separately as a change

| 18- to the rule, that's fine. If it's handled as part of a

19g SAFER package, then that's something that we have to be

j 20 aware of. I'm not sure how it's going to be handled.
ij 21 DR. SCHROCK: I guess you've answered part of the
a

d 22 question that I've raised but the part of it pertaining
2

| 23 to the relationship between what we're hearing today and
fs(,)'

24 what we heard in previous Subcommittee meetings is still
25 missing. Previously on two occasions we've had Staff

'I-
.

--- -.______--__
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1 tell us that it looks like a proposal for an exemption.
2 to Appendix K requirement on Decay Heat is likely to be
3 approved. That's in the record. .

4 MR. COLLINS: Well, an ex-emption -- I think an

I5 exemption is a third case, actually. Does the rule change?

6 Does an exempt -- if you take an exemption and apply it to --
7 you have to apply it to a specific case, I believe.

8 DR. SCHROCK: I guess I'm not getting through to

9 you with my point. I spent a good deal of time in two

to previous meetings -- a total of four days as I recall and

11 what I hear you saying is that you don't acknowledge that
12 there was any information transferred in that meeting that
13 pertains to the meeting that we've been engaged in here

O 14 and I find that a little bit unacceptable. Am I missing

15 the point here, Mr. Chairman?

16 DR. PLESSET: No, that's the way I recall things,

17 too. Well, we may be pressing Mr. Collins beyond what heg

Ij 18 is aware of because there have been indications to the
I

|| Staff along the lines of what you're saying. They are19

20 talking about a two step change in Appendix K for

| 21 example, along the lines of what we were told or at least
a

$ 22 what was indicated to us in our previous meetings. They
s

| 23 may be backing away from that now with a new submittal or

| 24 a more filled out submittal from G.E.
|

25 DR. TIEN: Mr. Chairman, could I make one short

P;
,(A

-
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1 general comment, one suggestion. Regarding the data base

2 justification, I think point out as CCFL coefficients,
.

3 steam cooling model and the improved spray heat transfer,
4 I think -- including also the film boiling, heat transfer,

5 I think the CCFL coefficient is very crucial as you mentioned
6 in the last two days, the side entry but that problem seems
7 to also, is less low and also compared to the other data

8 base problem, however, it is a relatively clear cut problem.
9 I don't know whether -- I'd like to make a suggestion,

10 whether it's out of place or not, but maybe NRC or EPRI
i

11 and,so on should, perhaps a little more make further

12 studies on this because considering it is crucial importance
. 13 and relative unknown situation, maybe you'd like to have,

(O'-

1-4 some comparatory data base and so on but I think perhaps

15 some independent study should be made in that particular

It is relatively clear cut and also may be very16 area.

g profitable in terms of overall situations.17

| 18 DR. PLESSET: Well, thank you again, Mr. Collins.

g 19 I think that we're in a very fluid and dweloping situation
:

j 20 and the next couple of months may tell us quite a bit,

21 about what's going to happen. Any other comments? If not,
a

f 22 we'll adjourn the meeting and for me it's a real adjournment.
s

| 23 Thank you.

() 24 (Whereupon, at 2:35 p.m., the meeting was

25 adjourned.)

O

1
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A. Introduction 8:45 am

J. F. Quirk
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i

** BREAK ** 10:15 am'
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C. Overview of BWR LOCA Technology 10:25 am

B. S. Shiralkar

D. SAFER Model Description 11:25 am
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** LUNCH ** 12:30 pm
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G. A. Potts

F. TRAC-BWR Model Description 2:30 pm

B. S. Shiralkar

** BREAK ** 3:45 pm

O iii. Use er n ectricei vs Necieer Neeter Ra s for t0CA 4:00 -
Experiments

T. Knight (LANL)/W. G. Craddick (0RNL)
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O TRAC-BWR QUALIFICATION AT GE (1982)

CODE: TRACB02e

QUALIFICATION DATA BASE.

-SIMPLE VESSEL BLOWDOWN (PSTF/ NORTH VESSEL)
-ORNL SINGLE BUNDLE LOOP

,

-TLTA (SINGLE BUNDLE BWR/6 SIMULATOR)

-SSTF (30* SECTOR REPRESENTATION OF
| BWR/I4, BWR/6; 58 BUNDLES, CORE

STEAM INJECTION)
>O

-REACTOR DATA (PEACH BOTTOM TURBINE
TRIP TESTS) .

i

QUALIFICATION STATUS: WILL BE COMPLETED DEC. '82'
.

TRAC RESULTS VS. EXPERIMENTAL DAiA*

.

O
Md. A
12/3/82

.O
~

i

!
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TRAC QUALIFICATION ACTIVITIES

O -

Activity /

Fact!Itv Test

O R.TA 6425/2(DBAIECCF
6426/l (DBA,1!0 ECC)"

<

6441/6-1 (BOILOFF)
6424 (DBA,PEAKPOWER,' ECC)

.

SSTF SE3-IA (UPPER PLENUM
(MIXING)*

- SE5-1A (SE0 CCFL, 4 SEN-

S'ITIVITY STUDY CASES)*
SRT-3 (DBA SYSTEM RESPONSE)

EA2-2 (LOWER PLENUM MIXING)
.

BWR PEACH BOTTOM TURBINE

TRANSIEflTS TRIP TESTS, TTI, TT2, .'

AND TT3.
-

VESSEL PSTF57-2-16'(LARGEVESSEL/
BLOWDOWN NV 8-2I-I (SMALL VESSEL)

THTF3.08.6C(FILMBOILINGfORfil
(OAKRIDGE)

* TRAC vs. DATA COMPARISON FOLLONS

i.id. A
2/3/82

O

O

_ .. _ - __:_ -
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TRACB02 QUALIFICATION

O
ASSESSMENT OBJECTIVE

VESSEL BLOWDOWN*

- FLASHING / LEVEL SWELL IN A " FREE" P0OL ,

- VOID DISTRIBUTION

0AKRIDGE SINGLE BUNDLE TEST.
'

- FILM BOILING (MEASURED R0D TEMP * 1500*F)

TLTA LOCA TESTS (AVG. POWER, DBA, WITH & WITHOUT ECC).

- OVERALL SYSTEM RESPONSE (KEY PHENOMENA, SEQUENCE OF EVENTS)

- CRITICAL FLOW

- CCFL/CCFL BREAKDOWN ,

-

- HYDRAULICS' IN A " COMPLEX" POOL (E.G., LOWER PLENUM)
.

- JET PUMP PERFORMANCE
,

- BUNDLE THERMAL RESPONSE
.

! BOILING TRANSITION /REWET

TEMP. & HEAT UP RATE (FLOW /H.T. REGIME)

|

| SSTF'(3D - EFFECTS).

ECC MIXING IN UPPER PLENUM

- SUBC00 LING DISTRIBUTION (UP. PLENUM INVENTORY)

1 - SPRAY / SUBMERGED JET PERFORMANCE

O MULTIete BuNDte CCet

- PARALLEL CHANNEL HYDRAULICS ,

Md.A

12/3/82
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TRAC PREDICTION OF A '

VESSEL BLOWDOWN EXPERIMENT

(PSTF 5702-16)

.

b
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e

5

|

r

Md. AO 12/3/82

:
,

O

<
. _ . . ._ .. ___ _ _ _ _ -



E

.

. .

,

O

O &
le et

NCOE 7 PM ESSUR E V ESSEI.

47 in.1.0.
t4 ft LCNG
180 cu tt l APPROXIMATEtyptt.S N -

I
NCOE 4 10 5 ft - -

to n. DIAMETER OIP TuaE
9.5 ft POR TCP 5LCwoCwM-

TEST 3/"* ''
DP7 b?(, pp5

7.5 ft .

NOOE 4
5.5 ttwATER LEVEL

3.5 ft M-

O -

.

COE3 BLOwCOWN LINE

, 3.5 ft -- -

'
9 wm m,

DP.( DP3 TP2 2FC~--[_ $|! |
' '' ~

9.S et - ,

- MOS 1 AuPTURE OtSC Asstugl.y

O tt .;

'
PLCW LawsTr*+G
VENTunsatTM
Misclugu TkqOAT

SIZES FROM
*

2 TO 3 L a .a..

LARGE BLOUDOWN VESSEL

(PSTF)

O
V,d. A

t2/.s/82.
' ~

2- ~,

O . r,.s-< = :: . - .- . . -
-

.
. .

.
.

'

.i

s g ",

.

'

~ - _ _ _ - - _ . _ _ _ -- ..__._ _ _ . _ _ _ _ _ , _ _ . _ - _ _ . . , _ _ _ _ . . _ . _



.

.

4

-
. .

.

6 :
x18

7.5 1 I I i
,

#

', sysym excesom
~

.

O i

i s..
--

:
: ,
- ,

'; ,
- , DATA-

'* - ,
-

,z.s ,

me ~, ,~~.
'

_ ....,

e- .
, , ,

...

-- --7 . , 1. . .
78.e (s)n.smune vasset *

,,
n.m e r.

*
.

84 4 LD.s.G. m., !. .
. ___ .

I i

--/j- i. .u -

i

/ =. . .. -s ',;- *- zee i.em ___ _

/ ; h, ,'t
, , ,

.

"
s, T Ac E

q s,,e voes -

y ,y, ,,, e. j _ u ..... ..,
een ---- A

0.9 E> 190 --

+- 6'a* 6 e=>
(;* .e- o

>us --- y ,, ,

N ~.~.:}~ \!?
}+

|
<C BREAV FLOW.s

' '^" /~ '*

Q_QQQ f,,n
-

. ,
i*,m.s oise g g,g |, , , , ,

_ _ _ *6 5 10 15 28, , _ _
_eien etc t . r.

""Uo"E, ., U M ($) t'.
mass e 1

3 ro s u m. .

( Large Blowdowl Ve1581
|i

4 4 1

^ - TRAC
E sardt

_e- - - - .mATA g ,v
a
s *

,

Lu|

O
"

> >
-.._____r. era _vr>< w n._ _ _ _ _ _ ?_ _*_q < _

z
I TyP* CAL.uMCEstTAarery

o
$ *

, , ,e e

: . , ,, ,, ,e

TIMEth)

PSTF 5782-16

< m



i

|

TRAC PREDICTootl OF VotD FRAcTrod IN THE PsTP
.

.

WID F144CTION CORRESPmDDG TO DPE
~

''' ' 'O 'i f ""
'

.

''
t.

- 7 tac f

3 | - - marA
'

4 -

e.s -

cm Wsses. LesAreoAl ueg
j SWh** PIPC INLET"

e

' ' 'e- ...
e s 1e is a. |

-

.. e __ _ _ =

Time (si |
;

,, eessoune vesse6 1

es e s.
to440=G

, , , , _
- ' ' ' " * * " " ' ' ' " * " ' " VOID F154CTICH CCME3MNDItG TO CP3
l I

e. -- - -/- ... i i i
I

. . . -__ _ s _ _ vg
me s

-----------Npa n -
, . - -

5 ! s *

/~"'''""''"'
_, __

_ _

; W Sacoe a
>

Mss= ---

$~.* * *

-see r
' e- .

is-

, , ,
=cos e i

}
ms - g,3 g

8 5 19 15 25e ., -
.sie. . _

Tier (s)

. Lage Slowdown Vnsel VOID FRACTICes CCPPCSPCNDItc TO CP1 * EP2

1e I i !

~ ruas .-

" " %ATA

I
:

y ,_, ,,y- -,---.
,

O
,

3 #

2 /

O4 f t f
S.9 1

8 5 15 15 3B

Tase (s)

Md.A
a/3/82

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

__



.

|
'

; d .',

.

4 -

3 . -

- ; . ,

i
*

s

.

.

O

.

!
TsTF (500l-15) LestL Sueu.

(?EVELOPMENTAL Assessment TEST case}
.

1
*

.

-

4

1TecALocecterwry.

;<I
.

_
*

o ..

. ,g ,
a

..
e8 eT. a 8 e1 =

p
'-

; .. '
. .

<,

i,

:
..;

4; .
.

:i
&

* TRAC
I DAT4e

%

*

e , .. ,, -,

hms(N
1

t'

$

I
TRAC PREDicTIOM OF TWO-?HAsE LEVEL IN PSTF E8 01 - I -g<

(masonen sysrem messoas eseus a sooawy conoms) -
,

.

1
-

i

1

,2
4

- - - . .-- _ ___



. - - .

.

-
.

()<

O
CONCLUSION

* TRACB02 INTERFACIAL SHEAR MODEL ADEQUACY CONFIRMED

- ACCURATE PREDICTION OF VOID DISTRIBUTION / LEVEL
SWELL IN A SIMPLE BLOWDOWN EXPERIMENT

.

- FLOW REGIMES COVERED .

BUBBLY / CHURN FLOW

ANNULAR / DISPERSED FLOW() C0 CURRENT / COUNTERCURRENT FLOW
'

1

-

.

.

.

.

T

.

Md.A
12/3/82;

)

($)
'

,

|

, -- . _ _ _ _ . - _ . . _ . - . . - . . . on,.._. .< . - ,.-. ~ __ .-_-__ _ _-.___ _ --
_.

-



_. _ _ _ _ . _ _ . _ _ _ . . _ _ _ _ _ _

0

0
%

O

O

TRAC PREDICTION OF OAKRIDGE

FILM BOILING TEST

(THTF 3.08.6C)

O
.

O

D 4

O no.a
12/3/82

O

-- - -- r



-- - - . _

.

'

.

'

O

O
|

1

CUTLITN022LE
| SPOOL PIECE

,

| | ~ '

UPPER vtat CAL -

PLE!4UM OufttT5r00L HORIZONIAL
_

FtECE OUTLIT srCOL

| MAIN HCAT
-

bIC

| ENCHANCift 7| "I~
==

FLUS 877A53
- .

'

, . u
| 1 unfAA 9*
7 'l N.

g y - Vf HTICAL $
5 INLET Cr00L 5
T

- Fi(C6
N0

a, j !
- i i -

N | nostat04TAL$
isg c i Nttitr006 rCV.18

C 0 shLEy rstCE I
" 8ht^'

, ,
,T.

,arrASS y

'

o a
-N

HCV-2
EXT (ItNAL 00wr. COMER* 3r00Lrs(Cis

3,

~

_

r'mt" - '**

sieurs.4 rir. .r intr (ogat.)
.

e

O

O

- -. . - .



- .

TRAC / ORNL TNTF 3 08 6C.
..

O
, ,

O . - . . . , , . . , . . . . ,

-

g - TRAC -

e i, --- 34r4

!= - -

:
*

e

*
.

'i-

IN/f4W;M.,6
' ' " '

.

. . . .
Time (s) .

O
.

.
.

.

= * *'

.

_se otr st .e u .c , ns.,e ,rc

' - resc-

: >> --- 34r4

| 't. I
i ! I f,i

'.,'i,

. , : i |-| ' I1
-; 8' i! .

. u ,,, 5 ,1,,

t''p( '' '"pg J,;9,, W, ,,/|| !
isii i- e .* a % .i i

'

i
.j l' < i l gg,. .jg

-, ,i ., ~'

'

' ' '

O -

. ,. . .,

Tise (s)

!O
Md. A
ap/az

!

_ . _ ___ _ _ _
, _ ._ - -

-



- -- - ._.

.

* .
,

O
.

.

O -

.

i

1

e

.

o

-

9 -

eo ,s

b 7 Qw r 2
-

4 N Oy k@ .

tb o

$h Dh k$g 5 .

-

Of WL

ma lo q* C - a

u. :: 2
Wy gs - 2
s s ,e . -

Ya 4 ei.
w ea$ a

ge

O tL

N
-

fyk 0* G -

o "d C 3-
,

Ah R
O4 =

N Yb g
N

-O

3 -

-

O -
-

. . .

m a f I f f E i I I 8 I E g

*

O 3 3 3
. w
==a

(d) S S1126$561

.

__

_



..

.

*
.

O
,

O
.

TeAc oRNL THTF 3 06 6c

i RODTINO20122 2 TE-345AG

1500 1 I
,

- ~ _

. -r Rb' '

A00'X
1 l.-

' ,

"~ , par 3_________________,__ _
x

_ '1000,

O .N.
s'

- .

2 .t'
Q
ti

500
~

-''-''

ROD TEMP. (LEVEL G)

pss nox = uoo a s.,:s
| | | |
| 0

0 10 20 30

Time (s)

O

Md. A
O

.

sz/3/a2.,

|

|

|

l
t_ _



:-

-

:.

O :
'
,

)O CONCouSION

6

1

R0D TEMPERATURES IN FILM BOILING
,

.

.

- ACCURATELY PREDICTED FOR A LOW MASS FLUX CASE
-

- OVERPREDICTED BY 200 K FOR HIGH MASS FLUX CASE (Dmin)
0

A SEPARATE DROPLET FIELD REG!JIRED TO ACCURATELY CAPTURE.

BROAD RANGE DISPERSED DROPLET FILM BOILING. SITUATIONS

NUNBEk (f. DRbPLE'IS' ;O - - CONSERVATION 0
'

,

'

- ALTERATION OF DROPLET SIZE ALONG THE FLOW PATH
^

-
.

,

* a s

#
< . ,

4

*

~

' '
. ,

- * ,

D-' Md.A,

-12/3/82-

.. ,
,

'

.O x e -

-

1.
.

.
,

~

, .,,
._

O' s -

. c..
.

)*

'
5 ,

(
$

&

.\"
_



|

\.

.

:

O |
|

O

TRAC PREDICTION OF

TLTA 6425 RUN 2

(AVG. POWER, DBA, ECC)
,

.

O
.

b

.

%

Md. A.

O 12/3/82

O

_ _ _ _ ___

a.



9

O
:

O

we/nrs aus-
.

*

6
X10 .

7.5 I
'

'

4 LOWER PLENUM
BULK Ft. ASHING P1 STEAM DOME

r ..

_ _

-

O !
""

-

"7+ -

a: -

E!*
\

E \ ( l'
''3 s

> - % ~~

2.5 s
s

%

%g

"% %

"* mm_

'

t-- ! I
0.0

--

0 50 100 150
~

Time (s)'

O
.

O
Md.A
12p/8=

.-
- - _ - _ - __.

_ _ -



$
I I I I I ||

g-
- -

g.
-

O J- a,-

S ; N
I e NO* -

,;2t- "

I"
$O sd -

tu-

O e n - ,-
a =-

n i

u!g -.-

"
g> . -

- a

15 .

. e-5-

e
e-

-

.
,-

-

=_
- g

'
I I I I I

,e
1,

-

e e , u e yg 3 e'
#
g

se/ess asia evex (
d 's .,
2 R

'

>5 # 'iQ z.,j <s~

f w w- . a
,

.

ta r~ g t'
i

~

b ~ ~h-~_ _ _ _ _. ]U
kn

N i e', *
u- ~ ,

< 5
. 5dh 5q

N ,-

o .

OC

r
; M .-

,
1 e
i

E 3
4

i

|' |' reisen meia ...n
g

.I
'

.3

1 $ e
-. e

ft7 *

O !!, a'\
36

.
= t
.

t,

' O
>

- -

.
.

.

k
0

m

O E f!
(s)Sx) NOTI ssyw

__



i

.

. ,

TRAC TJA 64a5 Rud A i

1

m
!

|

|

|

O
z.e -i s- n ansnns.-

i..
--

. we ~AltduLUS Tife-PHACE LEYt2.g,g W
. .

i.4 [ yggegepg gou,4saqy }

E .a -

v . . 3

{ e.=. . .
i

______________________- . 4 .g.a .a -
_ _ _ _ - - _ _

5= o'
""

9 p, y. . .

!~

l
.

- ____ _._ - ____.- - _--______________.
- |'_

- - LS.4

- - TPAL g

ggad SUCTION |b s.z ,

I I I I I .t I I I! , , , . . . . . i 6.. Ar.=a LINE f .

,,,
N

. = 4 . . i. 1, 14 1. 1. 2. e

Tsame (s)
- -

O
.

e

.

.

*

1s i i i i

ruc
- _ DATA

~
e

j is ;
Soctiod LINE serAK FW

m s s
S I
m. i i

= | |
; , .

s |- 1
-

i i

O 3a i s

'1,'+4, ,

.
''.

, , , , m i._____-e

O 8 23 de 6dB SB iSB

Tsame (s)

Md.A
a/3/s1

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



.

|
.

<

TRAC T.TA (A25 RoN A. .

.

1

O
,.

AO
+ 'i Si' 4

,,, -m......,..........n...in......3.................im.................,..n.....

^ MA Ptspuan FWO-Pr%$E LGvg*t.

{ (8Ufft TRAC AssJ4)
.4

4 | f W

g' j h ,,,! wr4

______________________ __.t, ,.4 _- __

*is ii ?g g _ __ ______ ____ __ ____ __ __t,,Et3_ __

<
1 s

- 4. o.rtAs
(LevAT44 SP TET Pvd EstrF -W) . .,4

o' - - - - - - - - - - 3 - - - - - - - - - - trvett- -

& e.5 % --

- - - - -ts sLt- - - - -

i_n ., n.1n. ,,,. . . fi . . ,. .. . . f. ,, . .. . .f. .. n .. .1. n n n ui. n n . . n f n. .n . n'... n n oli . . .. n n,,,

e is as 3e m se se 7e se se im

Tese (e)

U

1.5 ~****'l***"***'l'*"""'l"""'"l'~'""'l'"'"'''l'*"'""a"'"'"'i"''"'"i"""'"

tow (t. PLtaduAt TWO-Pt'ASE LtvfL
& Ythe RouG)

v

d /_ DATA> g,, _______________________g,,,q_-_

,t
u

-
_______________.___te,n3

i
. _ _

#"^'W
V **'A

( tevr6g _- - - . ..
s. s ,4r...a

i 8.5 ** af evue aair
O
3p. _ __ __ _ __ _ _ - _.... .

innn nfo nninl n n ui.fon.ini ,innen fen..nnf unn n>Inno.n ninini!in n n nf I
i,,

e to as 3e e se se 7e se se ice

Time (a)g

M.A
u/s a2.

,
.________._-_a_- -



,
- . _ __

( g

-
.

TAKEN fAO)H};
\

PRossxAs IN A0 bet.IHG 0F GMALL BREAK LocA -H.austz
,,

Q J NURE6-0754

|(GELTt0N3: LIQUID GMTRAIWMENT IN ^EPEAK Flow,ggzq). Oc785ER> |98 0
O

.

'. '

.

.

-y.

8
a

.

V[e
d*IL*9

( L, 3 3/2g g
> 5.7 '

94L lg.o.

9, i W &7 .

.
A a Frauer 0'

"unus. -

oru
.

a. Liquid withdrawal through vertical pipe.
Correlation for incipient withdrawal - Ref. 9 ^ - 10

,

(EurniWEur -'
.

FAcroe) .

.
.

,

- .
.s.

,,

T ..
,

VY0 L \
9 . . g 9 I 9 '

Orifice: ;a: 3.7.5..

g g3 t \d /o
d : --+.Vg 9,

L '.f. ,g .

.t |

VY 0 fE \
9 9Slot: ) 1.52 (- g

,

j
| Y9G0Lg

|
'b. Liquid withdrawal through side orifice and/or slot.

O "''"""''"""'a'""**''"d'"*"'-"*'7""'"*'* l

.

.
.

.

FIG. 3-2 LIQUID WITHDRAWAL. DUE TO BERNOUI.LI EFFECT ,

Mvh
njs /21

m.. .. . .. . . . . . . . . - ~ . . . . . --. 7



.k~
-

_ _ . . . _ _ . . . _ _ _ . . . _ . . . _ _ _ . . _ . . _ . . _ ._ _ _ . . . _ . . . _ _ _ . . .

, .

.

/.._ _\Q.
-: cl

-,-. .

O J. __ . 4. _. _ __ _-

l
. % - ,s -

_ =_ + 2-4 w a

.

1 FR NO.4_-D RATIO 2 NATH

z 1 1 I i

v,[}['
ENTRAnnMeur h(6-f,)L$

N FACTO R *
3/2

5 soGO<
*

-

g n r reem -

currenustar Tweessa.d~

1
h Y.

-
Ua 1

'i1r
G V=
n

1

0 ^

- - - - . .

Time (s)O
TLTA fo'I2s|* z

'

| O
MbA
/2/ 3 [s2



- - - _ _ _ _,
I

5
xte

t.e i I
.

-

TRAC

O : --- ~ ^

CoRg pggssage peop

'"
O t

', oWER P',5 plum FLASHi>J6

'

E ,

E ' , ,
;,o,4'e4%s

_ .@W "'
-

...

e SW 188 15.

Time (s)

deneo | | ,

TRAC .e

' --- DATA j*
,,

, , l\f'BYPASS MessuRE Deop ,'

,,

* f .A , * :\ f
_

, ,,
|;,:

's ,' %
raror .
SYPAssm , *' ,

6$88=' s'

7 :;
,s' -

E a,-

M }
'

'

,i
..,-

'' LPCS LPCI e 8 /
A, i i

V"lU
HPCS s i - - #

i .' - '! il[
,

. 1. se.

7:se (s)

10000 | |

$tho~ov'k '" e )
g ,/[*f '

'',|,j ---- o

: .p.oe.

'

.,

' ' k il ,I
t

g 50= et#jh' If(;l{ -
&i |

^
'

-

2
5

h Guior ruesO 'W5 PRESSURE Drop
- -- vArs

| |
e

e 1.s is,

,
O Tsme (s)

!

TRAC TL.~rA G4.;t s Rors .2. }d. A
uz/>/az.

--



| m | | 4 4 I i i i 1
.

| --TRAC
--

...pg4

O .

s ', -" #
G ' ..____"

,___

j 5ee -~

:

O !" T
-

"
e FIL N BOLLING

- -

, - -

UPPER SUNbLE ELEVATtonM _ -

ELEV=Go"
l I I I I I I I lans

e 2 4 6 e is 12 14 1s se as

Time (e)

1.s i ; i g g g g g to

e.9 -

TRACe.e

fe.7 verD FRACTION. ELEWs $23 INQESg
g e.s - ~

| e.s - s ..
R e.4

- a.

O E
e.3 -

efA1 BUICLE FWWER (MNI ee.2
-

-

-e.1 '

'

I I f f I I 'l i I
-

8.8"
~ ee 2 4 6 e to 12 14 is is as

'

Time (e)
.

Jose I i I I I i i i 1-

f .

-,

O, .

-g
I h Mass FLtDr AT 1201MOf ELEVATION

& 1see -

3
-

as
~ gens

- 5.a
- -

i -
-

N--

O '

, , , , , , , , ,
.See

e 2 ,4 s e is 12 14 1s le 23

Time (e)

O TLTR s4254! (DBA, EXII

Md. A
ap/s1

L
_ . _ __ -- -



TRAC /m.TA 6tt2r Rotaa
1 R00ftPCPIE313 2 RC".'PSE3173 PU7-C71-1.012 4 P18-C71-1.026*

b.P21-C71-0. C e "54 {71-1.82'7es | l ,I | I I | | | | 1 | | |

o_

aan ems .-
--a

_

p
V == '' . +GOOOOOOO.:'\-

' , . . 'I 'v,a -

: -D I GOOOOOOO
" . ', GOOOOOOO

_ -

pi ", I ' ' * ' _

, -t4 GO999999- <

''%1 ,'i 4 , ''' $ - GOOOOOOO
p i ' "-

See *O ! ^'"**'%-_ , GOOOOGOO
''

\~
-* "

GOGOOOOO
3GG999999,,, _

_

2- rue.
3m -- para a ~g -

-

_ l 1 1 1 I I' f' I , , , , f I

e le 2e 3e de 5e 60 7e se se See 11012e s3814015e
Time (s)

1 RODTIPC00306 2 ROOTIN298306. ip ,i '

h ree ' M 'i*"i i i i I *f''t *P i i i

3 P12-C35-1.056 4 P17-C35-1.018
"

n!

!! -

.se

f _ , c -' *GOOOOOO8
-

e

p'! E" % ;';,''# 'T ',,* -

f GOOOOOOO
_

4 : -
-

.

iIM != - .

t: ', GOOOOOOO-

t '
\

f 55" ' ' ,, ; GOOOOOOO-

pd ,

. _

sg,. f>, GOOOOOOOLy||'
3

-

* - ,d'-
-

.

- - - GOOOOOOO

f'(i

= - G9999999$ - GOOOOOOOkh; - TRAC , 3 o,

u -- asrs
-

w
'

_| t i i i i i i i , i , t ,,
. .

-

e le 2D 30 de 5e 60 7e se 98 100 11e 120 13e ide 15e-' -
Time (s)

/ 1 RODTit'/003E3 2 RODTIPCOLTJU33 P14-E10-1.T4 4 P34-C10-1.02.1
700 l i l i i l | | | | | | |

~ s
r> %

"GOOOOOOd' ' -"s -

: GOOOOOOO
" -

,-s
- GOOOOOOO

-

i * * *~
'

GOOGOOOO! _..'- '' ' ,

Q- ! see ' e ' *, - GOOOOOOO *,

'

-% GOOOOOOe* -

* G9999999
#GOOOOOOO,,,, _

_

~ TRAC w- - >^rsm -

-

,, - , , , , , , , , , , ,,,,
y. ,

e
le 2e 3e de se se 7e se se les 11012e 13e ide 15e e2[.5/62.

Tase del

/



. -- .

.

-

.

,

CONCLUSIONS

O
GLOBAL RESPONSE (SEQUENCE OF EVENTS / KEY PHENOMENA).

WELL PREDICTED FOR TLTA SYSTEM BLOWDOWN TEST WITH ECC

GOOD AGREEMENT OF.

- FLOWS

- REGIONAL PRESSURE DROPS (MASS INVENTORY)

- TIME / AXIAL LOCATION OF ROD DRYOUT/REWET -

TLTA/ TRAC PREDICTION-DATA COMPARISON CONFIRMS ADEGUACY OF.

- CRITICAL FLOW MODEL
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- JET PUMP PERFORMANCE (NORMAL / REVERSE FLOW)

Q - CCFL CORRELATION /y m, -

- HEAT TRANSFER CORRELATIONS ^IN NUCLEATE /

TRANSITION BOILING -
.

- REWET CRITERIA IN FILM BOILING

. TLTA SYSTEM PRESSURE UNDERPREDICTED IN THE LATER TRANSIENT

- LIQUID ENTRAINMENT FROM A P0OL DUE TO BERNOULLI
EFFECT (CORRELATION FOR AMOUNT OF ENTRAINMENT NOT

AVAILABLE IN LITERATURE)
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GOOD AGREEMENT OF SYSTEM RESPONSE PREDICTION WITH*
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DATA IN TLTA BLOWDOWN TEST WITHOUT ECC.
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SYSTEM PRESSURE RESPONSE
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: O |CONCLUS10nS

. TRAC CAPTURES MULTIDIMENSIONAL EFFECTS IN THE

SSJTE UPPER PLENUM MIXING TESTS

!

- GOOD AGREEMENT OF UPPER PLENUM INVENTORY

- PREDICTS OBSERVED SUBC00 LING DISTRIBUTION

- TRACB02 UPPER PLENUM MODEL DOES A GOOD JOB ,

IN PREDICTING ECC MIXING ;
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CONCLUSIONS

O

. MULTIPLE BUNDLE CCFL TEST

- TRAC CAPTURES MULTIPLE BUNDLE HYDRAULIC INTERACTION-

- PREDICTS OBSERVED PARALLEL CHANNEL FLOW MODES

- CORE PRESSURE DROP WELL-PREDICTED

.

FURTHER SENSITIVITY STUDIES ONG0ING' .

- NUMBER OF RADIAL REGIONS IN THE VESSEL

! - DISTRIBUTION OF BUNDLES
~
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OVERALL CONCLUSIONS

TRACB02 PREDICTIONS COMPARE WELL WITH EXPERIMENTAL.

DATA FROM SIMPLE 1-D EXPERIMENTS TO COMPLEX 3-D TESTS

QUALIFICATION STUDY ONG0ING. .

TRACB02 ANALYTICAL MODEL ADEQUACY DEMONSTRATED.

THROUGH PREDICTION-DATA COMPARISON

O - INTERFACIAL SHEAR

- CRITICAL FLOW
'

- TWO-PHASE LEVEL TRACKING
-

"

- JET PUMP COMPONENT ,

.

- HEAT TRANSFER CORRELATIONS /MODELS

- UPPER PLENUM MODEL

AREAS FOR IMPROVEMENT.

- DROPLET FIELD FOR DISPERSED FLOWO
- LIQUID WITHDRAWAL NEAR A POOL DUE TO BERNOULLI EFFECT
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SAFER ASSESSMENT STUDIES -

O

. Two-Loop Test Apparatus (TLTA)

5 Tests-

- Comparisons Completed

ROSA III.

- Small ana Large Break Tests

'O ereliminary Comparisons-

RESULTS SHOW GOOD PREDICTIONS ,

SIGNIFICANT PHENOMENA AND TRENDS CAPTURED

O
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SAFER CALCULATIONS

O,

:

INPUTS

: Initial Conditions - Pressure, Power, Recirculation Flow,*

Feedwater, Steam Line Flow>

i

Power, Feedwater, Steam Line Flow vs. Time*

;

ECCS Flow and Temperature vs. Time',O a

:

Recirculation Pump Flow Decay Time Constant+

Time of Transition Boiling,*

i
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TAllLE 1 TLTA TE515 SEl5cIED FOR SAFER QUALIFICATION

-

-

.

Teat BWR TLTA Teet Basia Por Documentation '

No. Steak Simulation Configuration Condition Candidate Test.

* " *'

6426/11 DBA BWR/6 TLTA-5A A'erage , 3 , , ,

without ECC
No ECC .

6425/R2 D3A BWR-6 TLTA-5A Average Reference test for

I
Central power BWR/6 Simulation. CEAP-24962-1

Average ECC ECC effects on eye-

(1 IIPCS/ILPCS/ tem responses

|
- IIECI). ..

,
-

k
6423/R3 DBA BWR-6 TLTA-5A Peak Power Bounding case,'High

.
Low ECC flow PCT CEAP-24962-1

,

rate high ECC
;

.
flow temperature

j -

| 6432/R1 58A 3WR-6 TLTA-5C Average Degraded ECCS Small CEAP-NUREC

Central Power,No break test 23977-18 .
'

HPCS and FW, ADS ,

'

Tripped ,1 LPCS/%2
LPCI*

,

|

j ittif) 7 No break, BWR-6 TLTA-5A Steady power THI-like te3t. Steam
250kw ' cooling / bundle heat CEAP-24964

separate
Steady ayates transfer evaluation'

Effectuy Pressure 400-(bolloff) p, iia, No forced ,

! coolant flow
'

j

l
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! BREAK FLOW MODEL '

|! O
|

i

! l

.

Homogeneous Flow * 0.8 (h = 2.0)
|j .

! !

l
,

Subcooled Multiplier of 1.2
'

. .

t

Based on TLTA Geometry, Previous Experience with.

C ' SAFE' code,

i
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PARAMETERS COMPARED ;

J

Pressure Transients.

Mixture Levels !*

Regional Mass Distribution4 .

Rod Temperatures..
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'| I

INITIAL CO*.0ITICNS OF THE 30/ECC 1A REFERENCE TEST (5425 :iun 2)

| I
initial Conditions TLTA

8Bundle power 5.05 : 0.03 MW

5 team dome pressure 1044 : 5 psia (7193 kPa)

Lower plentn pressure 1071 : 5 psia (7334 kPa)

Lower plenum enthalpy 528 : 5 Stu/lbm (1223 TJ/Kg)

bInitial water level 73 t 6 in. El (1.35n)

Feedwater enthalpy 41 : 2 Btu /lbm (95 VJ/kg)'

.

Bundle inlet to outlet OP 17 2 2 psi (117 Pa)
|

| Steam flod 6: 1 tem /sec (2.7 Kg/s)

Feedwater flow 1.4 : 0.3 ILm/sec (0.5 <g/s)

Orive Pump 1 flow 9.1 2 1 lbm/sec (4.1 (g/s)
r's

J Orive Puns 2 flow 8.4 1 lbn/sec (3.8 Kg/s)

Jet Pump 1 flow 22 2 lbm/sec (10 Kg/s)'

|
Jet Pump 2 flow 20 : 2 lbm/sec (9 Kg/s);

I
; Bundle intet (Icw 39 : 5 lbm/sec (18 Kg/s)

All uncertainty bands are judged from the maximum of data fluctuation and/
or absolute uncertainties of the me3surements.'

!

8 NOTE: 5.05 MW is central average bundle power; core average power is 4.60
.'fA for BWR/6.

bNOTE: De13tive to jet pump support plate.

['N
'd

(Ov

_ __ _ . _ ____ _ ______ _ ____ __
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BD/ECC 1A TEST 6426 RUN 1 INITIAL CONDITIONS( ( Avg. Power. No ECC)
-

~

.

Initial Conditions
5.05 2 0.03 !".4Bundle power

Steam dome pressure 1044 e 5 psia

Lower plenum pressure 1068 : 5 psia

lower plenum enthalpy 526 5 8tu/1bm

Initial water level 123 ! 6 in. El

Feedwater enthalpy 66 1 2 Btu /lbm
-

; e

i !
I Bundle inlet to outlet DP 15 2 psi

,

Stean flow 6 : 1 lbm/sec

'l Feedwater flow 1.3 2 0.3 lbm/sec

- Drive Pump-1 flow 8.2 2 1 lbm/sec ,

Drive Pump 2 flow 8.4 1.1bm/sec

Jet Pump'l flow 16 2 2 lbm/sec

Jet Pump 2 flow 20 2 2 lbm/sec
'

Bun'dle inlet flow 33 2 5 lbm/sec
||

All uncertainty bar.as are judged frcm the maximum of
data fluctuation ar.:. .r absolute uncertainties of the
measurements.
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TEST 6423 P.UN 3 INITIAL CONDITIONS..

(Peak Power Low Rate /High Temperature ECC)
q

( .

Initial Conditions
6.46 : 0.03 HW

'

( Bundle power

1037 5 psiaSteam dome pressure
*

1065 : 5 psiaLower plenum pressure

518 : 5 Btu /lbmLower plenum enthalpy

' 123 : 6 in. E1Initial water level.

41 2 Btu /lbo.

Feedwater enthalpy

Bundle inlet to outlet OP
16 : 2 psi ,

7 1 lbe/sec
Steam flow

-1.0 0.3 lbm/sec
Feedwater flow

'

8.1 2 1 lbm/secOrive Pump 1 flow

8.3 : 1 lbm/sec
i Drive Punp 2 flow

17 2 lbm/secJet Pua.p 1 flow
19 2 2 lba/secJet Pump 2 flow
33 : 5 lbm/seeBundle inlet flew

200 : 15*FECC fluid temperature.

All uncertainty bands are judged from the maximum of data
fluctuation and/or absolute uncertainties of the

. measurements.
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COMPARISON OF TEST CONDITIONS
,,

'

/ (TLTA Small Break Test No. II, 6432/Run 1)

.

Q Break Size Specified Measured
< v
; Line No. 1 0.125!O.001 in. diameter 0.125!0.001 in, diameter

Line No. 2 0.153!0.001 in. diameter 0.15310.001 in. diameter

ADS Orifice Size 0.677 0.001 in. diameter 0.677 0.001 in diameter

ECCS
Inlet Fluid Temperature 80:15*F 90!4*F
HPCS HPCS deactivated deactivated

! LPCS (see Figure 2-6) activated activated
'

LPCI (see Figure 2-7) activated activated

Initial Condition
Steam Dome Pressure 1050220 psia 1048 5 psia
Water Level (Outside Shroud) 283 6 in. EL 283 3 in. EL
Bundle Flow (Core Flow) 34 5 lbm/sec. 34 5 lbm/sec.
Bypass Flow, Total 1.5 0.5 lbm/sec. 2.1 0.5 lbm/sec.
Steam Flow 1.410.5 lbm/sec. 1.6i0.5 lbm/sec.
Bundle Inlet Subcooling 23!5'F 21 4*F
Downcomer Temperature -

.

(d)
Above F.W. Sparger T sat 553 4*F|

.Below F.W. Sparger (T sat-23*F)25'F 532 4*F'

|

'

Timings
j Pump No. 1 Trip 0.0 0.2 sec. 0.0 0.1 sec.
i Pump No. 2 Trip 4.021.0 sec. '4.010.2 sec.

Feed Water Trip 0.0A0.5 sec. 0.1!0.5 sec.
Break Open Line No. 1 t>140 sec. 1 sec. t>138!1 sec.
Break Open Line No. 2 140<t <286 sec. 13821<t<28611 sec.
ADS Opening 28612 sec. 28611 sec.,

| HSIV (Steam Valve) Closure 166 2 sec. 165 1 sec.
'

- ECCS Activated 3711 sec. 3711 sec.
Intact Recirculation Loop 2011 sec. 20 0.5 sec.

(No. 1 Isolated)
.
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TLTA Experimental PCTs (*F)

Comparisons of SAFER Predictions with Experiment ; for TLTA Tests:

6425 - DBA, average power, average ECC

6423 - DBA, peak power, low ECC

6426 - DBA average power, no ECC

6432 - Small break

6441 - Boiloff
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(g SUMMARY OF TLTA COMPARISONS

O . eressure

Controlled by Break (ADS) Flow-

Excellent Prediction-

.

Mixture Levels.

Controlled by Depressurization Rate, CCFL,-

Recirculation Flow

Good Predictions-

Core Level Difficult to Define at Low Pressure-

(Defined by Location of 90% Vold)

Regional Mass Distribution.

0 Core and Downcomer Masses weil eredicted-

Lower Plenum Mass Overpredicted at end of Transient-

(Subcooled CCFL Breakdown at SE0)

Peak Clad Temperature.

Heatup Behavior Well Predicted-

- PCT Generally Overpredicted
(Top Quench Phenomenon not Modeled)

OVERALL GOOD PREDICTION DEMONSTRATING

CORRECT SIGNIFICANT PHENOMENA AND TRENDS

'O
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i RESULTS FOR BWR LOCA CALCULATI0f|S

;

<O
. Analysis Tool: TRACB02

,

Plant.
,

! BWR/6-218

624 Bundles '

2894 MW
.

Transients Analysed:.

i 1. Main Steam Line Break

2. HPCS Line Break !

;O 3. 100% Recircuiation Line Break (DBA)* |

4. 80% Recirculation Line Break"

5. 1 ft2 (47%) Recirculation Line Break

Basis: Nominal Conditions.

i

Single Failure

Maximum LHGR

O'

* Not yet complete.

O BS Sniraikar ;

12/3/82
.

- . _ , - , . . . . - . , _ - . , . - - - . . . _ _ _ . - . . - . - . _ - , . _ _ . - . _.._- .- .-- -_ ._ -, - _ - ..- -
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SUMMARY OF ASSUMPTIONS'

() -

!
.

Break ECC ECC System
2

Transient Size (ft ) Systems Available Not Available

-
.,

n
Recirc Break'

4

DBA 2.143 3 LPCI

80% 1.714 LPCS HPCS
/-

47% 1.000 MSIV Closure begins at
time 0.0

O
Main Steam
Line Break 2.536 3 LPCI HPCS

LPCS|

MSIV Closure begins at ,.

i

: time 0.0

'

HPCS Line 0.230 2 LPCI LPCS +

ADS 1 LPCI

MSIV Closure on L1
-

,

|0 -

.

.

k

_.._...m __ _ . _ . _ _ , _ . . , _ _ _ _ _ _ _ . . - , . . - . , _ . _ . _ _-_-._,__.,.--..__,__..:. _ . _ . . . ,, . . _ - _ _ , . . - , , _ - _ _ . . - . ,_
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d

'
.

O
TRIPS ACTIVIATED

|O .

i

LPCI
500 PSI + 9 seconds: :

LPCS'

!

MSIV: 0.5 second delay; 5 second stroke time

RECIRCULATION PUMP: Tripped at Time 0.0

POWER: Scram at Time 0.0

Oi

FEEDWATER: Tripped at Time 0.0; linearly closed in
t 5 seconds
:

ADS: Tripped on L1,105, second delay time.

O -

O

-. .- .- __- . . . -. _ _ - - _ _- .. .. -_
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TRAC N0DALIZATION

: ,

;

VdSSEL: 11 Axial Levels
'

4 Radial Rings 44 Vessel Cells,

,

1 6 Sector

;

Total Number of Components = 33
a

Q CORE: 3 gr0Ups of Channels (11 cells, 9 heated)4

:

!
,

'!

!
,

J

h

O -

~

4

,

!
4

...-....,,---a ,_,,.__,.---.,,a__. _ _ . , , , ._-.,n , , , , . . _ . , , , . n- . ., . . - , , , . - . . , . , . _ _ - - , , , , -,,,.
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MAIN STEAM LINE BREAK

!O
:

! !

1 Steam Line: Double-Ended Guillotine Break

3 Intact Lines: MSIV Closed at 5.5 seconds
;

4

t

Result:
,

Transient Time = 20. seconds after break. .

| No Boiling Transition*

At 20. seconds, core flow = 10% Initial Value.

(Natural circulation)

;

i

!

i

O -

..
.

O:

)

!
*
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SEQUENCE OF EVENTS'FOR MAIN STEAM LINE BREAK

($)

!

EVENT TIME (sec).

Main Steam Line Break;

.: Power Scram;

Feedwater Trip;

Recirculation pump trip 0.0

i

MSIV Closure Initiated in intacti

(]) Main Steam Lines 0.5.

:

! Feedwater Off 5.0

MSIV Closed 5.5
,

l

i

'O .

i

()!

_- _ -__
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STEAM LINE BREAK FLOW

D MFLOW970003
| 5.00E 03 | | | g ; ; ;

, -

1 Q 4.00E 03- -

o
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I O~
i

{ 2
1 0 2.00E 03 --

| d
!

(f) ,
.,

"

i O

; g 1.00E 03- -

<>;

! I I I I I I I
0.

- O. 5.00E 00 1.00E 01 1.50E 01 2.00E 01
! 12/01/82

RERCTOR TIME (3ECOND3) (SEC) 15.126 HRS.
! MAIH STEAM LINE BREAK
:
i
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! TOTAL JET PUMP DISCHARGE FLOW
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HIGH POWER BUNDLE PCT-

,
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980.8.00E 02

| | | | | | |
M
:p
M

w
! g 7.00E 02- - 800. g
j v r
'

O_ $' I gW m*
6.00E 02- -

620. M
ga

Q % a
#

.

I C - C C. ,
~- . mi . '

@ M
:

440.1 w -

CL 5.00E 02- - N
-

,

4

| | | | | | | 60.4.00E 02

] 0. -5.00E 00 1.00E 01 1.50E 01 2.00E 01
12/01/82

j RERCTOR TIME tSECONDS) (SEC) gg,g7g gg3,

MAIN STEAM LINE BREAK
,

!
I

f

,

i

,



_

_

_

.

_

_-

O

O

mM>* OU RNm pj$ 9~
1

0
0 0 0 0 0

.8 0 2 0 6 E S9 8 6 4 2 0 R2
- - - 0. 8 H

2/ 0e 1 0g 0a / 2
r 2
e | ? 5I 1

1S v _

1E A 0L
D 1

N 0 E
0U 0

| I 5B 0
1 , ,

,
1R 6

E T

O W D
O O
P R | I

C
)

K
A 1 EH E , , 0 SG ,P (

I
H E )

0 5
D + | I 0 D K

lN Ai
1A D E

C R
E - E B- SG h '

R oi
| I EA wg (

N
E IE LH 1

V O l1 L
IA 1 1 E T M00 0 A, 00W 00

|
. R E0 O T' I

O 02 - 5 T SL 66 C
TT - I HFR DD - E IO OO R AF RR | I MKK

T AA b-C EE
P PP

O - -XD2.

2 2! 2 E .
0 0 0 0 O 0

_ E E E E E
0 0 0 0 0
0 0 0 0 0

O 8 7 6 5 4-

.

- gwCIt* aE g6cLu t)
7

_

4
-
.

-

ij l I ; , *i' ; j !! i|: ,: |i1 i I I!I



__

.

.

($)
~!

HPCS LINE BREAK

,

.

. Transient Time = 330-seconds after break.
:

Pressure Regulator holds pressure as downcomer level.

i slowly drops.

!
S ADS depressurizes system at --200 seconds.*

>

Dryout occurs after end of depressurization.*
,

'

LPCI auenches core.*

PCT close to initial steady state cladding temperature..

;

i,

|

O -

|

!

i

i
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:O
SEQUENCE OF EVENTS FOR HPCS LINE BREAK

O -

EVENT TIME (sec)
:

!

HPCS Line Break; Power Scram;

Feedwater Trip; Recirculation Pump Trip 0.0+

!

Feedwater off 5.0
:

,

L1 Trips ADS, MSIV 91.5

i O
:

! MSIV Start Closing 92.0
:

MSIV Closed Completely 97.0

ADS Opens 196.5
l

I

LPCI On 306.4
|

i PCT, Followed by Quenching 325.0

IO -

! O

|

;
_ . _ , - _ _ - . _________ _..____.__ _____ _ _.. _-_ ___. __._.-
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HPCS LINE BREAK FLOW.
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IIIGH POWER BUNDLE INLET MASS FLOW
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PCT FOR LOW, AVERAGE, AND HIGH POWER BUNDLES
'
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O
RECIRCULATION LINE BREAKS

O

+ Similar behavior for the three breaks, shifted in time.

Early boiling transition occurs in high power channels,.

followed by rewet.

Loss of inventory results in cladding heatup in average.

and high power channels.
,

i

(]) ECC activation subcools bypass, upper plenum regions with.

' drainage to lower plenum.
|

Fuel cooled by inventory accumulation in average power.
4

channels, co-current upflow in high power channels.

!

,

,

.
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1

:
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1 ft2 (47 ) RECIRCULATION BREAK

O

:

|

O -
,

, ,

O,

:
i

i

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



__

.

|

2
SEQUENCE OF EVENTS FOR 1 ft RECIRCULATION BREAK
,

O
EVENT TIME (sec)

.

Recirculation Line Break

Power Scram
0.0

Feedwater Trip

Recirculation Pnmp Trip

MSIV Starts to Close 0.5

Boiling Transition in High Power Bundle 1.1

Peak Cladding Temperature (687 K) 3.2

(777 F)

Feedwater Off 5.0 ,

MSIV Closed Completely 5.5

Dryout in High Power Bundles 60.'

LPCS On 99.5

LPCI On 107.0

0 .

O

:
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I BROKEN JET PUMP SUCTION FLOW.
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SUMMARY OF PCT |

! @
i
:

i.

| PCT ( F) !.

-

'
i

1 Main Steam Line Break 566 |
i

4

I

i I

i HPCS Line Break 584 i

:
1

2
1-ft Recirculation Line Break 782

.

- f

I

i

I
'

t
.

1

I!

;
j.

[
.

.

t

G ;
'

5

|

...- .-.__, . , _ . . __ _ _ ____ _ -_.. _ _ _ .- _ -_. _ _ __ _ __.,._..____, __. . _ _ _ - . - _ _ . . _ - _ _ .|_



6,S S A>v.1A,v |

,
,

.

O
,

SAFER /GESTR APPLICATION METHODOLOGY
~

O

LOCA events are analysed with nominal input values in.

SAFER /GESTR.
'

Nominal PCT is increased by an " adder" to obtain an.

upper bound PCT f or design evaluation.

The " adder" encompasses Appendix K specified values as.

([) Well as other uncertainties combined in a statistical
manner (Reference January 1982 GE-NRC Meeting).'

,

1

h

BS Shiralkar(])
12/3/82

O
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. Calibrate SAFER Modeling Uncertainties vs. "BWR-LOCA

iExperiments"

BWR-LOCA Experiment" = TRAC-BWR Prediction for BWR"

|
-

Corrected to Account for TRAC-BWR Bias and!
>

Uncertainty.

O :

Quantify effects on PCT due to Plant Parameter Uncertainties.

by Performing Sensitivity Studies with SAFER.'

:

|

:

:
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BASIS FOR ADDER '

O :

4 Test Data
,

,

,

TRAC Predictions af Test Data.

!

TRAC Benchmark Calculations far Plants.

O
| SAFER /GESTR Calculations for Plants.

|
: >

!

,

O

O,

.-.
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ADDER CALCULATION

O

PCTUpper Bound = PCTSAFER/GESTR
NOMINAL

%
Adder = A1 + ^2 + (r2+r2

2+r3

^1- Average Blas of Experiment-TRAC values of PCT.

O Assumed to apply in plant.
.

g

P for
2- Average Blas of (TRAC) plant values of PCT relativea

odel
to SAFER /GESTR Plant values for the same LOCA.

Blas
Accounts for simplified models in SAFER /GESTR.

2 Adder contribution due to variance of TRAC -r -
,

Experiment Values.
Account for

' " d' ""'''~O -

tainties.2
Adder contribution due to variance of SAFER /GESTR,r -

TRAC values.

O
.

_ _ _ _ _ _ . . . _ , _ . _ . . . - _ . - _ _ . _ _ -
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.

2- Adder contribution due to variance of distributionr
of uncertainty of SAFER /GESTR Plant values. This -

O reflects uncertainty in:

a) Variables whose values are conservatively specified in
Appendix K

Decay Heat.
,

Maximum Temperature for Transition Boiling.

Break Flow Model.

Metal Water I,eaction Rate Coefficients.

b) Variables whose values were much better known in the
experiments than in a plant

Core Power.

O eeak tinear Heat Generation Rate.

Bypass Leakage Coefficients.

Minimum Critical Power Ratio.

ECCS Water Temperature.

ECCS Initiation Signals.

c) Variables which were not involved in the experiments

Pellet-Clad Gap Conductance.

Fuel Rod Internal Pressure,.

4

0

O.

- - .

.
. _ _ _ _ .- _ .
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EVALUATION OF PLANT UNCERTAINTY ADDER()

2r will be evaluated at several break sizes and ECCS

failure combinations.

.

1. For each variable, a value representing an upper bound
-|

probability will be established. For variables specified

in Appendix K, this upper value will correspond to the()
specified value.

!

2. Sensitivity studies will be performed by perturbing these'

variables to the upper bound value in a SAFER /GESTR

calculation,
i

f

O

O

.-_ _- .- - _ _ _ .. - __
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ADDER ELEMENTS ;

O :
.

1. TRAC-BWR Calibration vs. Experiments :

:

2. SAFER /GESTR Comparisons vs. TRAC BWR for BWR Transients

3. SAFER /GESTR Sensitivity Studies to Quantify Plant

Uncertainties.
,

: '

|

,

i

Y

'

O

! O
,

i

_ - . _ _ . . - . . . - - - - - . . , . . - - - . - , _ , , , - . . . , - - , - - - - . -- , . - , . .
. -
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O
TRAC-BWR CALIBRATION vs. EXPERIMENTS -

()
]

Objective: Assess TRAC-BWR blos and uncertointy.

.

i Experiments Utilized.

TLTA-

- ORNL Film Bolling Test
i

Code Versions Utilized.

TRACB02 (BD1/ Version 12 +(])
-

GE Models)

TRACB01 (GE Version close to-
,

Version 12)

'

|

i

.

O

O

-- _ - - _ _ _ - _ - _ - - -.
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() SAFER vs. TRAC COMPARIS0NS

_

O Objective: Calibrate SAFER bias and uncertainty for.

BWR calculations

Plant Simulated.

BWR/6-218 BWR/4-218

624 Bundles

2894 MW Initial Power

Transients Simulated ;.

() 1. Main Steam Line Break

2. HPCS Line Break

3. 100% Recirculation Line Break 100% Recirculation Break

4, 80% Recirculation Line Break

5. 1 ft2 (47%) Recirculation Line Break.

O

O

,

--- - -- - - - - - - - , - , . - - - - - , - ,,-



.

.

.

O
..

SAFER /GESTR SENSITIVITY STUDIES

Obj ective: Quantify PCT changes due to Plant Parameters

Uncertainties and Appendix K Requirements.

Establish most limiting break and ECC failure combination.

!

for typical BWR/6 and BWR/Li plants,

,

O Perform sensitivity studies to account for piant-

; parameter variations around limiting cases.
|

0 -

|
i

O
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.

.

O
STATUS

_.

O
. TRAC-BWR Calibration

TRACB01 studies completed-

TRACB02 studies in progress-

SAFER-TRAC Comparisons.

- TRAC calculations almost completed for BWR/6,

underway for BWR/4

O
- SAFER calculations underway

SAFER Sensitivity Studies.

Base calculations of break spectrum underway-

Sensitivity studies to be performed.-

.,

O

O

.

- - - - - - - p.w,- , , - - . +,,w-, - - - - _ ., ,-, , , ,-. ,
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O O O O O i
.

GESTR > GESTR-LOCA

NEDE-23785 (MARCH 1978) NEDE-23785-1 (DECEMBER 1981)

VOLUME I
'

URANIA/ GAD 0LINIA PROPERTIES > APPENDIX B

NEDE-20943 (JANUARY 1977) \'
.

:

i SAFE > SAFER , ,

NEDE-23785-1 (DECEMBER 1981)
,

;
REFLOOD > VOLUME II.

-
1

;\t-s-

|

.

9

JCV 11/29/82 1-

-

_ -__-_
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APPENDIX B 0F NEDE-23785-1 VOLUME 1, WHICH DEALS WITH

URANIA/ GAD 0LINIA PROPERTIES, WAS REVIEWED UNDER CONTRACT

WITH OAK RIDGE NATIONAL LABORATORY. THE RESULTS OF THAT

EVALUATION ARE BEING SENT TO THE NRC STAFF.
,

.

V LUME 1 0F NEDE-23785-1, LESS APPENDIX B, IS BEINGO
REVIEWED BY THE NRC STAFF WITH THE SUPPORT OF BATTELLE

PACIFIC NORTHWEST LABORATORY. A TECHNICAL EVALUATION

OF THE BASE DOCUMENT BY BATTELLE HAS BEEN RECEIVED BY

THE STAFF.

|

| O

i O .

;

JCV 11/29/82 2
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l
GESTR-LOCA CHRONOLOGY :

'O |
. . - - c .

O .12/30/81 nEDE-2378s-1v0tunEiSusM11TED.
~~~

& 1/18/82 ,' _4; ,

'
.

1/21/82 GE/NRC STAFF MEETING ON GESTR-LOCA.

6/10/82 ERRATA AND ADDENDA TO NEDE-23785-1 VOLUME 1

ISSUED. s

9/8/82 STAFF QUESTIONS ON APPENDIX B ISSUED.

10/7/82 GE RESPONSES TO STAFF QUESTIONS ON APPENDIX B.

REVISED 11/12/82

/20/82 STAFF QUESTIONS ON GESTR-LOCA ISSUED.O _

10/22/82 PNL ISSUES TECHNICAL EVALUATION OF GESTR-LOCA.
,

? GE RESPONSES TO STAFF QUESTIONS ON GESTR-LOCA.

JANUARY 1983 SAFETY EVALUATION OF GESTR-LOCA COMPLETED.

|

|O
.

.

JCV 11/29/82 3
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i -

. SAFER REVIEW PROCESS
.

..-
.

. .

. .

.

I .' IDENTIFY CHANGES FROM CURRENT EM
4 .

1
' ~

;

EVALUATE UNCERTAINTIES AND CONSERVATISMS,

. DETERMINE SENSITIVITIES i

COMPARE AGAINST APPENDIX K REQUIREMENTS: .

|
;

| ,.

'

,

|
:
|

[
!

I

:
;

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

. - - . . _ _ _ _ _ _ _
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L

!

:'

MAJOR MODEL CHANGES

! l
.:

,

!
'

1 EXPANDED CCFL MODEL.

,,f
-

.. .

ADDITIONAL BACKFLOW LEAKAGE.
-

..

| . ENilANCED HEAI TRANSFER.
'

,

: - STEAM COOLING

BROMLEY FILM B0ILING-

| :
. INCREASED CORE SPRAY HT

i \,\
I

'

I
i

!
'

,

'
.

1
-

!,
e

t

l
'

- _ _ _ _ _ _ _ _ _ . _ - __
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4

AWAITED INFORMATION
-

..
,

.

. TREATMENT OF UNCERTAINTIES
'

-

QUALIFICATION vs. TLTA.

.

BREAK SPECTRUM CALCULATIONS vs. EM,

.,

DATA BASE / JUSTIFICATIONS FOR:.

CCFL COEFFICIENTS-

STEAM COOLING MODEL-

- IMPROVED CORE SPRAY HT

SENSITIVITY vs. " MINOR" MODEL CHANGES.

-
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1

,

I

SCHEDULE ,

.

!
'

*

,

!

RECEIVE ADDITIONAL INFORMATION - JANUARY 26, 1983 i., . .

/', ( ;
,.

,

|

,

i
-

.!
,

j t.

| { i

i !
'

| COMPLETE EVALUATION - MARCH 11, 1983 ;.

! !
'

i4

. ,
_

! !

)
'

:
<

!

!
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'
i
|

t
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