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~' 1 212CII2112I
2 (1:00 p.m.)

-| 3 ??. S!!EN ZO N : This is a meetinc of the Advisory

4 Committee on React:r Saf eg ua rd s, Subcommittee on 2eactor
*

5 ?cel. I am Paul Shewmon, subconmittee chairman. The other

6 members present today are Messrs. Mark and M a thi s , lavraskii

7'

may well make it up here. We have in attendance a

8 co ns ulta n t , Alan Strasser.

9 The purpore of this meeting is to complete review

10 of NUPEG 0630, clad, swelling and rupture models for 10CA

11 analysis. The meeting is being conducted in accordance with

12 the provisions of the Federal Advisory Committee Act and

13 Government S un ch.in e Act. Mr. Paul Eoehnert is thegg
U '

14 designated federal employee for the meeting.

15 The rules for participation in today's meeting

16 have been announced as part of the notice for the meeting in

l'7 th e Feder al Recister , August 19. A transcript of the

18 meeting is being kept and will be made available as stated

19 in the Federal Eegister notice. It is requested that each

20 of yca speak loudly enough and identify yourself so that we

21 can get your words for posterity.

22 We have received no written comments or requests

Z3 - for time to mak e oral statenents f rom members of the

24 public.

i 25 This is the second meeting at least that we have
i
l

s)

ALCER3CN REPORTING COMPANY, INC.

400 VIRGINIA AVE. S.W., W/ iHINGTON, D.C. 20024 (2021554-2345

4
=



d

-s
( \

(_) I had on this. It has to do with the criteria that will be

2 used to design against or p ro vid e a;ainst the blockage of a

3 core by the ballooning cf clad. The criteria vill rertainly

4 make things neater for the staff. '4hether thsy will mak e it

5 significantly harder for the industry is a problem, and what

6 additional conservatisms it would or wouldn't bring in will

7 be questions for the subcommittee to look at.

8 Also, there is a substantial extrapolation from a

9 lot of single pin da ta to worrying about subassemblies and

10 cores which I am looking forward to hearing-about again.

11 I think that is probably my introductory

12 co%ments. I guess W. Johnston will start and pa.rtly tell us

13 what staff pro;cses to do and what they-would like out of it.

14 "R. JCHNSTON: Thank you, Dr. Shovmon and members.

15 of the subcommittee. I am William Johnston, Chief of the

16 Core Performance Eranch in :iER.

I'7 For the committee as part of the continuing

18 discussion of NUSEG 0630, we have several presentatienc.

19 The schedule that you have before yce suggests that 3cra

20 Lauben will speak first. However, he has not made .he

21 transit yet down from Bethesda, and we don't knew where he

22 is. So we will mak e a change in schedule.

23 We do wish to discuss the general procedures by ,

,

24 which one utiiires how one makes the ECC5 calculations and

25 put the cladding calculations in the total centext of these

(~sI
%uJ

.

.
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/
( 1 calculations, and we were going to lead off with Scra dcing1

',

2 that. However, the change.is geing-to be that Ralph'% eyer

3 vill speak first and talk abcut the new cladding acdels tha t

; 4 are in 0630. Ha vill comment en the comments that have been

' 5 made since the original version of 530 came out and which

6 hava come in since the February meetine that was held vith

7 this subccomittee.

3 Following 3alph's discussion, if Norm ~has com+ in,

'

9 Norm lauben will be on next. If not, Dr. Picklesirer from

10 Pesearch, who has been also looking into this and
,i
i

11 considering some different ways of arriving at the

12 conversion of single rods to bundle blockages, will present

13 an alternative model which he has recently cene up with and
1

|- 14 make some additional ccaments en some other methods of doing

15 this.

16 But basically he is going to be speaking mostly to

17 only one aspect of the three models that are incorporated in

18 0630.

19 Finally, followin; that, and not appearing on your

20 thing, we'do expect Norm lauben again to give a summary of
;

21 our implementation schedule and the ways that we will

4 22 approach these things.

23 I would like to emphasize in the beginning that

24 . there is no intention on our part to be proscripti", os to

i .

25 precisely how one must arrive.at a suitable estimate of the

w

-
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,O
. (_) I blockage, but what has been contained in 0630 is one

2 possible way to do it and it gives a kind of a point of

3 reference that the staff can use. But we do wish to

4 en co ura ge the industry and other people to come up with

5 other ways of accomplishing the same thing.

6 The only criteria I think that we would apply,
,

7 that I want to emphasize right now, is that the result has

8 to result in an aerial ficw blockage that looks similar to

9 the data plot on Figures 14 and 15 in 0630, which is really

10 drawing a data point of a curve through the existing bundle

11 blockage experimental information.

12 So basically what we are saying is that the final

13 result, however arrived at, should be consistent with the

14 world 's existing bundle blocxage da ta . And tha t would be

15 our fundamental point. And with thit that really concludes

16 what I wished to say by way of introduction. ! don't
4

| l'7 believe Norm lauben has arrived, so --
t

J 18 MR. SHEWMCN Would you give :e a short lecture

19 for a minute? I am slowly but too slowly learning the

20 difference between staff technical positions and Reg Guides
1

21 and rules. If this gets enunciated, it would be in what
4

22 form?

23 MR. JCHNSTON: I am scrry, I did leave out a

24 portion , didn 't I? I may well a sk Dr. Rubenstein to comment
,

25 on that in particular because he is more familiar with that

G
LJ
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kJ 1 aspect of things than I am, since I have only been doing

2 this for a couple of nonthc.
.

3 3R. EUEENSTEIN: I believe you are getting to the

4 very bottom line of hov ve would implement our policy. We1

5 propose to write a letter from probably ?? 1 Check,

6 Assistant Director for Plant Systens, tc the venders,

7 specifying some constraints en how the evaluation models

8 should be done in the particular area of swelling and

9 ru pt ur e .

10 *ie would then no tif y licensees th a t effective in a

11 ;iven date, and we will come back to this at the end of the

12 seeting. The calculations should be dealt with in the new'

13 and approved evaluation model. And I will give you the
DO 14 punch line; we are talking about an inglementatica schedule

15 which starts evolving throu;h early 1992.

16 I would expect tnat if the staff's redel were

117 adopted, and we would want a letter from ycu expressing your

18 views on this matter, we would then sh:rtly thereafter

19 publish a letter saying that effective January 1st, 1931 we
-

20 would expect a revised evaluation model froc each of the

21 vendors taking into acco un t the critical elements of NUEEG

22 0630 and offering to the staff for review countervailing

23 analytical nodels in the thermohydraulics area, which would

24 be rompensating for any changes which would be perhaps in a

25 more conservative area, vnirh we will discuss.

* em
hv
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\~/ 1 .tE. SHEW 205: Well, let me come back. ! offered

2 you three options, and you didn't take any of them. I aid

3 staff technical position, reg guide or rules, and you are

4 saying we.put an --

i

5 M r. . RUBENSTEIN: No, a staff technical position.

6 MR. SHEWMON: Okay, that is a staff technical

7 position, and you can say that when new things -- new ccre

8 loadings for example -- come in for review they must meet

9 the staff technical position? '

10 MR. RUBENSTEIN4 Kigh t. That would be the third

11 step of course. We would say effective January 1st, 1991 ve

i 12 would like you to come in with your new models, taking into

13 account a sort of open season on thermal hydraulics,

14 compensating changes; the staff would commit the resources

15 to review this through the 1981 chrenclogical year,

16 ex;ecting th a t the review wculd be completed by the end of

17 1931, that we vould have another balanced overall,

18 apprcpriately conservative evaluation acdel. We would then

19 expec: on an implementation schedule wherein each plant, as

20 it came to the staff, starting in say January let, 1962, for

21 review and a pproval vould have been calculated with the new

22 vendors' evaluation models, and the staff would have

23 approved them by then and the plants in a ra ther reasonable

24 manner, for many reasons which we will discuss today, which

25 talk to the lack of urgency cr substantive safety impact, or

| xs
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m
e aY) l immediate safety inpact because there are other compensating

2 measures being taken now in the reactors through power

3 dist ribu tio n techniques, we feel that we can do this in a
.

.

4 deliberate process.

5 M3. LAW 30 SKI: What happens to the matter that a

6 new core loading is only partial?

7 y EU3EN3TEIN: Jell, that is automatically.

8 incorporated in the ECCS analysis. It is essentially the
,

! 9 new third or quarter of the core which has the peak -- or-

-
.

10 the power.|

11 We do have a presantation, as Dr. Jo hnston said ,

12 which ?.r. Lauben will presen t, which shows in the

13 appropriate context in the evaluation models the role of
e,

' 14 each of the three principal fuel-related models. We want to
,

15 review that for you and I spciocine for him not beine here
r

16 on tiae,

17 MR. SHEWMcN Fine, okay. Are you on, Ealph?

18 T3. MEYE3: I as Ralph Meyer, Section leader of

19 th e Beacter Fuel Section in the Office of Nuclear Reactor

] 20 Regulation.

21 Three correlations were described in NU2EG 0630
'

22 for cladding rupture temperature, burst strain and assembly

23 flow Lleckage. We have discussed theso three correlations

24 and our intended uce of than with the ACES previcurly and

25 several questions vere rais+d.

I
s.

s

N

i
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A.
e t
\/ 1 I believe trat my firs slide summarires the most

2 important questions tha t have come up, and : intend to

3 address t>=ce five questions during the Text half an hour or

4 so. So instead of simply starting from scratch and

5 describing step by step the contents of SUEEG C630 : am

6 going to address the main questions that have come up.

7 I am not even going to do that right now because

8 Norm Lauben has just come in the door, and --

9 33. E EEWi'O N : Are you ready to go to bat, or do

10 you want to collect your wits for a minute?

11 MF. MEYER: -- so I will interrupt this prema ture

12 presentation and we will get back on schedule with Nor:

13 La ub en .

O 14 MR. SHEWMON: Okay.

15 MR. lAU3 ens Ealph has probably already told you

16 that ha is going to follow me.

I'7 What ! do want to discuss today, and I think it

18 might help to cla rif y some of the fuels-related isrues, is

19 to discuss the ECCS licensing calculations in the cladding

20 model and how they interact. I will discuss the related

21 features of Appendix K, the velling and rupture effects;

22 that is, what the swelling and rupture do in the

Z3 calculation. I will discucs how the computer .models have

24 evolved in this respect. I will discuss the effect of

25 strain and incidence and what the effect in this respect--

(D
U
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k. 1 I mean is it important, what does it do and so forth -- and

2 the same with blockage.

-3 And then of course 3alph will discuss the specific

4 features of the cladding medels which he started to dc

5 before ! came in.

6 On your handout there is an additional slide, the

7 very last slide, which will discuss implementation and

8 schedules for the NUEEG 0630 models.

9 Now, whenever we talk about licensing calculations

10 for ECCS we must of necessity talk about 10 CFE 5046 and

11 Appendix K, and whatever itr faults may be or its strong

12 points it is the law, and it ic what we in licensing have to

13 measure. It is the standard for ICCS calculations by which
,

i G' 14 to measure.

15 So what, where in Appendix K are the things

16 rela t ed to swellin; and ruptura addressed? The first one is

17 the One that Ralph has mentiened tc you several times in the

18 past, paragraph 1(b), and it is. simply entitled " Swelling

19 and Rupture of Cladcing and Fuel Eod Thermal Farameters."

20 What does it tell us?

21 Well, I think it wouldn't be a bad idea to gc

22 through and read word for werd what it does say. (reading)

23 Each evaluation model snall include a provision for

24 predicting cladding swelling, and rupture from consideration

25 of the axial temperature distribution of the cladding and

as

i
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(D
1 from the difference in pressure between the inside and theg_/

2 cutside of tne cladding, both as functions of time.

3 To be acceptable the swelling and rupture

4 calculations shall be based on a pplicable data.

5 quers in my slide ! have that underlined --
,

6 based on applicabla data in such a way that the degree of--

7 swelling and incidence of rupture are not underestimated.

8 The degree of cwelling and rupture shall be taken into

9 account in calculations of gap conductance, cladding

10 oxidation and embrittlement and hydrogen generation.

11 The calculations of fuel and cladding temperatures

12 as functions of time shall use values for gap conductance ;

13
~

_

and other thermal parameters as functions of temperature and

\-) 14 other applicable time dependent variables.

'

15 The gap conductance shall be varied in accordance

16 with changes in cap dimensions and any other applicable

l'7 variables.

18 One thing that is saying then is be mechanistic.

19 Any parameters that are affected by changes in dimensions er

1 20 changes in the chsracter of the cladding should be acccunted

21 for in the ECCS calculations.

22 '4 hat else does it say in that paragraph? " ell,

-
23 based en applicable data, allows a certain amount of

24 flexibility in the da ta . It is not specifying particular,.

25 data. It is saying a pplicab le d a ta .

/~
\_}/ ~

'

I

l

i
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V 1 The other thing of course is it says the inten t is
,.

2 do not be nonconservative. In-the statement it says that

3 incidence of rupture' and degree of swellina are not to be

4 underestimated.

5 ME. 3HE'4?CN 31cckage was not a concern at that'

6 rime?

7 32. LAUBENs 'J e l l , we have to decide what we mean

1 8 by swelling. Svelling means bicckage too. "Svelling, and I

9 think we will get into this when we get into the next few

10 slides, b ut swelling does not just mean strain, but the

11 results of strain are also blockage.

12 !3. SHEWMON4 No, but it is thinner, so you

13 oxidire more area, the gas conductance is poorer.
p -

14 XE. lAUEENs Yes.'

15 33. SHEW?.GN And the hydrogen generation rate,

16 would go up because the clad --

2

1'7 ME. LAUBEN: Sut bicckage is addressed in the next

18 slide.

19 XE. SHE*4 MON: Okay.

20 *E. LAUSEN: In fact, I could well have enti+1ed.

21 this second slide, the next slide, "31ock' age," because these

are the paragraphs in Appendix K that deal specifically with.

23 blockage. And there really are two.

24 The first one has to do with P'4R core flow
,

j

25 dist ribu tion in paracraph 1(c)(7), and it says the .Not

.

. s
e

4
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\/ 1 region chosen shall not be greater than the size of one fuel

2 assembly. Calculation of th e average flow and the flow in

3 the hot region shall take into account crossflow between

4 regions and any flow blockace as a result of cladding

5 swelling and rupture.

6 So during blowdown that is the only place where

7 th e admonition to account for blockage as a result of

8 swelling and rupture is made.

9 Now the spc;:ification of the size of a hot region,

10 and we will show some slid _s of wha t 'a hot region Icoks lik e

11 in the calculation, but that was really based on sensitivity

12 calculations that were made arcund the time of the ECCS

13 hearing. And since that time there hasn't been anything

/
14 that would cause us to change our perception of the'

15 selection of the size of the het region during blowdown.

16 In actual fact, blockage during the blowdown of a

17 loss of ecolant calculation, I must stress once again these

18 are licensing type calculaticns, in which the mest severe

19 restrictions always have to de with the heat source. That

20 is probably the most unique hallmark of any of the licensing

21 calculations, in the fact that they specify certain hot

22 sources -- decay heat, metal-wa ter reaction, power level in

23 a reactor and so forth, the tech spec peaking factors and

24 what not, and to ma ximize the amount of heat that is

25 generated in the calculation.

(~.
(s-)

e
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O(_) 1 .Sc but what I wanted to say about that was that

2 gene rally speaking , with very few exceptions, blockage

3 during bleviown is not an important consideration. :: turns

4 out that there are generally enough blowdown flow or the

5 pressure is high enough when the flow is low enough that the

6 cladding sinply doesn't strain very much during most of the

7 blowdown calculation.

8 4e will look at some stylized plots in a minute.
4

9 The next place tha' blockage is addressed in

j 10 Appendix K is paragraph 1(d)(5), which is somewhat

11 prescriptive and frankly has given us a certain ancunt of

12 difficulty, but let me read it.

13 During refill and during reflood when reflood
O.
(-) l'4 rates are less than one inch per second, heat transfer

15 calculations shall be based on the assumption tnat cooling

16 is only by steam sad shall take into account any flow

17 blockage calculated to occur as a result of cladding

'

18 swelling and-rupture, as such blockage 'ivht affect both

19 local steamflow and heat transfer.,

20 Now once again notice that this is only a PWE

21 prescription. A later slide will discuss inplicitly how the

ZZ BW3 flow blockage is accounted for during the ECCE refill,

23 reflood period of tine.

24 Now, once again the other two paragraphs, the one

25 on the previous pa;e and the one at the top of this page, I

Oo

'
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0
\ ,s 1 was a little bit apologe tic about this because firrt of all,

2 these first two were something that in lar;e acasure in 1972

3 the staff proposed as part cf.the rule s.nd the commissioners

4 adopted it. This one on reflood heat transfer was somewhat.

5 of a surprise to us. There wasn't a lot of guidance in the

6 Commission opinion or anywhere else as to how this was to be

7 implemented.
i

8 It was not therefore based on any regulatory or

9 analytical experience that we could draw upon to help us
.

10 interpret what we were supposed to do in this case. In

11 particular, if you are not coing to base it directly on the

12 da ta that is available, such as a FLECHT experiment for lov

13 flooding rates, what do you base it on?
O
kl 14 It says steam coolant. What does that mean ycu1

15 are supposed to do? Wc11, we had to develop our own

16 guidance and our own interpretation as the models came in.

17 And at least as f ar as the experimental evidence tha t is

18 availa''e today, it runs somewhat contrary to the
,

19 experiments. And I think 'arry Fochreiter will address the

20 fact tha t --

21 X3. SHEWXCNs What is it that runs contrary to the

22 experimentc?

23 M F. . LAUBENs The idea that there is only stea:

24 cooling a valla ble iuring a reflood --
,

'M !?. SEEWZUS: Sy steam you take 100 percent

. ~ ,

-
t
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[~
1 quality, if that is the ri;ht word, for it, only cream, nc'-

2 water droplets?

3 YE. LAUBENs That is right. Now I can give you an

4 example of wha t I don 't think the intention of the

5 Commission was in this. A little later on there is a slide

6 th a t talks about Commission guidance on this. There was one

7 short sentence that they really gave us as guidance. I can

8 put thit up here.

9 XR. SHEWMON: Why don't you read it to us?

; 10 MR. LAU3EN: The guidance was for lower reficed

11 rate blockage wculd have a deletericus effect and one must

12 resort to calculations of a single phare steam cooling,
.

13 taking into consideration the effects of bicekage on ccre
*r

14 flov distributi.n.
i

15 50 with the idea that they saif delatcrious, we

16 felt that they wanted steam cccling act to be of ';enefit in

'
17 the calculation but rather to be some kind of a penalty.

18 And it appears that with this they are tying steam cooling

19 to blockage. :t is not that just when you have bicckage you

20 do stea. cooling and it is not when you have icv ficoding

21 rates you have steam cooling, but rather when you have lov

22 fleeding rates and blockage th ey want something with steam

23 cooling. And it should e x a .: t z. penalty of some sert and not

24 a benefit.

25 So that was cur inta ;retation.,

O
t t

,

us
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(,j 1 Now let ao I can go into some of the history as--

2 to what has happened, but let Te say this first.

3 YE. S HE'4%C N : You have taken up half of your time,
.

4 so why don't you let us develop it by questions?

5 MP. LAUE7N: _ Fine. If you don't want to hear any4

6 more about it I won't -- oxay, fine.

7 MR. SHEWMCN: Yes.
i

8 .5 9 . LAUSENs At any rate, these are the paragraphs

9 that discuss blockage in Appendix '<.

10 Now briefly, I put this slide up to snow you what

11 the effects of swelling are. That is, we consider first of

12 all flow blockage ss a result of swelling. It sffects the
'

13 surface heat transfer and the coolant enthalpy. Then there

14 are the strain affects; that is, the dimensional effects on

15 the pin which simply affect the surface heat transfer, the

16 film coefficient that is, the film heat transfer, the pap

17 heat transfer, the transfer of the heat from the fuel tc th e;

18 cladding, and the me tal-water reaction, inside metal-water

19 reaction, thinning of the clad, more surface area per
4 -

20 reaction per unit mass of cladding. This certainly is an

21 extremely important effect.

22 Now the next slide says the same thing as the last

23 slide, only it tries to show scae interrelationships. First

24 of all, I have outlined in heavy outline the three models

25 that were of primary interest to Ralph and Dale when they

n)%
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\s/ 1 worked on NUEEG 063C; that is, a model that will predict th e

2 incidence of rupture or, that ic rupture temperature, the

3 amount of cladding strain, in particular the amount of
9

4 cladding strain at rupture. ,t

5 They did not go into great detail about the anount

6 of cladding strain at locations other than the rupture

7 lo ca tion . I think Dr. Picklesimer may address that today to

3 some decree as it relates to blockage.

9 HE. SCE*Jh0N s A strain is not often found to be-

10 maximum where there is rupture, is that part of the problem?.

11 ME. LAUEEN: '4 e l l , I am sure he will get into that

i 12 in some great detail.

13 ME. CICKLISI2ER: The rupture strain is the
)

\d 14 maximum, but in my opinion it is th e anximum blockage.

15 ME. LAUBEN: And of course the tnird aspect is

16 flow area blockage. The idea that a reduction in flow area

l'7 due to swelling is goinc to lead to some effects that can
i

18 cause some fifficulty.

19 Now this first box here indicates the basic

20 parameters that affect the internal pin pressure and

21 consequently the stress on the cladding. Primarily we

22 arrived at this 'ist ba sed on a sen sitivity study tha t we

23 made Exxon ;o through tack four years a;o and determined

24 th a t this list has the most important ef f ect on what the

25 internal pin pressure is.

b
\, /
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- 1 " hen the in te rna l pin pressure - the internal pin

2 pressare is then compared to a -- through the correlation to

3 a ru pture tem perature. If the actual temperature exceeds
,

4 the rupture temperature, then rupture is said to occur.;

>

5 There is another correlation that ?.alph vill talk about that4

i
6 reistes the strain to the cla/. ding temperature and rupture,

)

7 and in another one of course it relates te flow area,

8 bicekage.

9
[
'

i 10

|- 11

12,

13
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i 14
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GY $1

() 1 So, in essence, really, pin pressure affects

2 ru pt ur e temperature, which, in turn, affects straining and

3 blockace.

4 Now, on the other side, we do have another,

5 experimental variable that has entered, and that is rarp

6 rate, or the rate of change of a cladding temperature with

7 time. In reality, that's not a primary variable, really, as

8 I understand. The strain ra te and time of temperature are

9 more nearly a primary variable. But ramp rate turns out to

10 be the variable that's most often used in the experiments.

11 Now, what affects ramp rate or what affects the

12 rate of temperature change? Well, briefly, it's the heat

13 generation and the heat transfer. I could, if I were to

() 14 make this more accurate, draw a lot more arrows in this

15 diagram, but I'm afraid it would be nothing but confusion.

16 ME. SHEWMCN: Are you trying to present the way

I'7 th e codes work at this poin t? Or j ust list the relevant

18 variables and show which are interrelated?

19 M3. LAUBIN: No, this is how the codes werk. And

20 I think --

21 ME. SH EW ?.O N : Okay.

22 MR. LAUBEN: -- to a large degree --

23 ME. SHEWMON: So when you say --

24 MR. LAUBEN: -- yeah --

25 MR. SHEWMON: -- you could draw more ar.3ws, are

|
i

u>
,\
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O'Ns 1 you saying ycu should drav 7 ore arrows to show us how the

2 code works or not?

3 MR. LAUSFNs For completeness, yes. ?ecause --

4 va , sug;v0N : Okay.
,

5 MR. lAUBIN: Eut I -- I t'11nk i t would be more

6 confusing, and they're not as i.?.portant, in my opinion, as

7 the arrows that have been drawn here.

8 At any rate, if you look on the lef t-hand side,

9 th e n , we get down to the fact that the rupture temperature i
1

10 vill determine what the cladding strain is, the claddinq j

11 dimensions will thus be determined, and from claddinc

12' dimensions we pet the three primary effects on the cladding
1
113 heat balance, namely, metal-water reaction , gap heat
i

14 transf er, and surf ace heat transfer. In other words,

15 cl adding strain affects all of the primary heat balance
i

!
16 va riables on the cladding.

17 .4 3 . STRASSER: '4here do you factor the properties

18 of the cladding on such as effects of radiation or effects

19 of manufac*.uring techniques?

.20 MR. LAUSEN: '4 e ll , we -- each model, each computer

21 model, has properties as part of the computer model. In

22 other words, they'll have equations or tables or values as a

23 function of the appropriats variables. Those, those

24 property equations and tables, have been evaluated and

25 approved. Iney're in the computer code; that's what I can

O
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I) 1 say. They have been evaluated. They appear in the reports
v

2 that have been supplied by all the fuel vendors, all the

3 propertier, the ("0?DS UNINTELL GISLE) capacity.

4- MR. STRASSER: I'm thinking mostly of mechanical

5 properties.

6 MR. LAU3EN: Mechanical properties as well.

7 FR. STRASSER: Particularly whethe r they were

8 taken care of in your experimental base.

9 MR. LAUREN: Well, let me see.

10 XR. SHEWMON: That will ccee up --

11 MR. LAUSEN: Teah.

*2 HR. SHEW"GN -- some later. And I'm not sure

13 he's going to be happy with the answers, but --

t)
#

14 MR. LAU3ES: Rementer --

15 MR. SHEW"0N: -- why ton't you hold it for a

16 little bit.,

17 MR. LAUSEN: Yeah. What we -- there are -- see if

18 I can separate it out and tell .r.e if this is what you're

I 19 lookin; for -- in ter:s of burst strain, burst temperature,

20 and blockage, of course, that's exactly what Ralph is going

21 to talk about. There sre aspects such as pre-rupture

22 plastic strain, for which -he vendors have proposed models

23 which have been reviewed and accepted; and there are Liso

24 models for elastic strain, for which the vendors have

'
25 ;coposed :oiels and they have also been reviewed.

rs
(&./)

.
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, ~).(- 1 Now, NUREG.0630 has not specifically addressed the

2 latter mechanical nodels that I've discussed. Eut we are

3 proposing that perhaps the review should be a bit more
!

4 general. And we may, depending on how ultimately flow

5 blockage is handled, we may very have to perform a very

6 detailed analysis of trings like pre-rupture plastic strain,

7 those kind of mcdels.

8 I just wanted to say on this that flow area

9 blockage, of Tettse, means flow diversion around the blocked

10 area. It's going to affect the hea t transf er coef ficient,
|
,

! 11 because the flow is going to be reduced. Also, if you're in

12 a steam cooling mode, the fluid enthalpy. In any event,

13 fluid enthalpy is going to be changed due to the flow

-] 14 diversion. An: that's going to, those two things are both

15 going to also have an effect on surface heat transfer.
s

16 MR. SHEWMON: Ncw, your models conserve T. ass? So

17 that Fernoulli's principles, you know --

18 MR. LAU3 ens Ah.

19 MR. SHEWMON: -- if the area -- the cross-section

20 goes down, velocity goes up or something?

21 MR. LAUSEN: Well, you have brough t me to the next
i

22 slide. That was a good lead-in. !
i

23 MR. SHEWMON: Okay.
1

1

1

24 ''R . L A UB EN : If only it was good.
,

i

25 This is a typical PWR core model. Shown here, tha

()'

t-
,

,

|
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gg
(_) I blocks here, the lar;e blocks, are the fluid volumes. This,

2 this large -- th'e se this -- the lar;e blocks down this ----

3 on this side re;;;2ent wha *ee call the average cora

4 channel; that is, all the fluid that is in the core, reactor

3 core, except for the one hot assembly channel, which is

6 represented independently, by itself.

7 .Now, excuse me, the sverage -- there is also a

8 fuel rod, an average fuel rod, that it supplies a heat--

9 source to this average channel. And as it says over here,

10 this average core fuel rod represents anywhere from 25,000

11 to maybe 55,000 fuel rods, depending on the reactor design.

12 In addition -- the -- the hot assembly channel

13 typically will have two fuel rods associated with it, the

p) -
(- 14 hot assembly rod, which represents the average fuel rod in4

!

15 the hot assembly, and the hot rod itself.
4

1 16 Now, that, this fluid arrangement, for the

f

l'7 blowdown analysis, is typical of all the PWR models excenti

10 the EEW model, which has an inte rmediate cha nnel as well, so
|

19 they have three channels.

20 Also, some of the calculations have a hot rod, or

21 part of the hot rod, in a separate calculation; that is,

22 it's not included in the -- right along with the hydraulic

23 csiculation, the idea being tha t there wo uldn ' t be very much

24 feedback effect from the one hot rod hydraulically into a

25 channel with 20C other rods, so it can simply use the input

O. _ /w

3
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(~)s I from the hot channel fluid calculation, the output of the-

x

2 boundary condition to a separate hot red calculation.

3 Now, to answer your question, yes, mase and enercy

4 are conserved within the volumes, or, at least, within the

5 limitations of the computer programs, and with the

6 generation of-codes today in a one-dimensional fashion,

7 momentum is conserved in these junctions of flow paths

8 represented by the arrows.i

9 .N o w , in -- that's true o f a blowdown calculation .

10 Now, for a reflood calculation, it's a little more

l 11 prescriptive, som e thing somewhat different. Frequently the

12 hot -- well, frequently the reflood calculation has an

13 implicit average channel, when one is calculating the flow

Q\_s 14 or One flow diversion in the hot channel; some of them do

15 not. The coint is th a t every vendor had a somewhat

16 different way of approaching hew you calculate flow behavior

l'7 or flow diversion in the hot assembly during reflood, when

18 one is attempting to abide by the Commission regulation that

19 says with low r+ flood rates do it that way.

20 MR SHEWMON: You have used up almost all of your

21 time.*

22 ME. lAUBEN: Sure.

Z3 XE. SHEWMON: You may be telling us more than we

24 care to know about this. At least, my particular interast

25 was on the impact of th e n e w rules and how it can -- or

# <s

(mJ'
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o)(s 1 -isplementation and --

2 MR. LAUEE3: Okay. Fine.

3 MR. SEEWMON: -- on what they did. So --

4 MR. LAU3EN: I'll tell you what. We can skip --

5 33. SHEWMON: -- let'c cet on to that.

6 MR. LAUBIN: We enn start with this slide, then.

7 And in fact, if you want, we can even stop we don ' t even--

8 have to look at the next slide.

*

9 MR. SHEWMON: Did you have a question?

10 MR. MARK I have a question. You don't need to

11 put the slides back on. You mentionad that low reflood

12 rate, an inch per second.

13 MR. LAUSEN: Yes.
O
\/ 14 53. M. ARK It doesn't se?m frigntfully low.

15 Tha t's five f eet a sinute and --
I
t

16 MR. lAU3EN: Well --
I

17 MR. MARK -- you can hardly boil that much water

18 out of a thing.

19 MR. LAUSEN: Right. No w , let me show ycu this.

20 MR. 3 ARK; Is that -- well, don't explain it

21 further -- is that amoncst the things that might be modified

22 in the new branch technical position?

23 MR. LAU3EN: Well, as a matter of fact, it was one

24 of the things it was suggested that be changed in the rule

25 when we were very actively pursuing a rule change a couple

O
L/

,
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k/ 1 of years ago, before Three Mile Island. I believe, in fact,

2 there was a whole -- I have that slide, I took it out of the

3 presentation that we made -- and the answer to that is yes.

4 Cur intantion at tnat time, and I still think it's a good

5 idea, is that we do not make distinctions between less than'

6 one inch per second and greater than one inch per second,

7 but that the experimental evidence be evaluated on its

8 nerits and that's what the calculation be based on.

9 MR. .1 ARKS Okay, that answers =y question.

10 X3. LAUEEN: Yeah. And, in fact, tha t's why the

11 regulatory, NER, and, I think, the industry, as well, has

12 .been very strong in urging Research, EPR!, and the

13 "estinghouse triu=virate in the FLICHT test to proceed with,

;

14 all due speed with the blockage test, because with the

15 proper evidence we feel that that would be the thing to do.

16 MR. ?:EK: (WCRDS UNINTIL1:GISLE) would be a

17 change in the rule, as opposed to the tranch technical

18 position?

19 MR. LAUSEN: Well, it would have to be a change in

20 the rules, anfortunately. The branch technical position, on

i
21 this issue there really isn't one; it's the rule that has to

22 he obeyed. It 's App endix K that has to be followed. It's

23 Appendix X that's giving uc the difficulty, in part. So we

24 wo uld we would need, unfortunately, it would appear, to--

25 require a rule change in this area.
.

L)
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(_) 1 And, I tell you, we have --

2 ME. MAEE: And a rule-making preceeding.

3 M2. L A U 3 E.1 : Yeah. Whatever that might entail.

4 MD. SHEW 50N Okay, that's --

5 MR. LAU3EN: Yeah.

6 3. SHEWMON: (WCEDS UNINTELLIGIBLE).

7 XR. LAUBEN: We have probably bent, in my opinion,

8 ve have bent the interpretation of what the Commissioners

9 meant when they said "stean cooling" just about as far as we

10 can bend it and still be within what anyone would consider.

11 the law. So, I think, to make - *.o change it much more, we
.

12 would have to have the rule changed.

13 ': o v , let's see, I can -- let me -- I have lumped

14 toge ther the effects of rupture strain and incidence of

15 rupture, because, by and large, unless the rupture occurs

16 later in reflood, after the reficoding rate is less than one

17 inch per second, which generally it does not, but sometimes

18 it does, the incidence effects are aise effects en the hota

19 rod as f ar as strain , gap conductance , and that sort of

. 20 thing is concerned.

21 And I just want to mention quickly that the

22 effects that are directly calculated in using these

23 parameters is simply geometrical changes and engineered

24 results, anything that is a function of these geometric

25 parameters is going to be affected. All the effects, except

m

.

4
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1 possibly with the possible exception of surface---

2 radiation, are considered for all analyred pins throughout

3 th a entire transien t. Surface radiation models if they are

4 applied now have a sna11 effect, less than 30 degrees. The

5 greatest effects of the individual burst strain and
,

6 incidence of rupture are on the hot pin or, in the case of

7 the BWR, the hot plane. The strain incidence effects can

8 affect the FWR for the rupture elevation up to the nine-f oo t

9 elevation, roughly speaking, and beyond that, too, to some

10 degree, but primarily in that range. Below thtt there's not

11 much effect. The g eatest single effect -- and I think this

12 is fairly obvious -- is the two-sided reaction. The

13 two-sided rasetion makes the calculation extremely sensi tive
,

14 to 11most any soall change.

l
15 ME. SHEWMON: What's a two-sided rea ction ?

16 YE. 1AUEENs The fact that when it's ruptured you

17 are required to start the reaction, the metal-water

18 reaction, on the inside of the cladding as well as the

19 outside. That's a requirement of Appendix K, as well, for a

20 distance of three inches fron the center of the ruptura, one

21 and a half inches in each direction f rom the center of the

Z1 rupture.

23 Now, to answer the question that you asked, the

24 very last point addresseds the effects of the proposed

25 strain / incidence model chances proposed in NUEEG 0530 are

O
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) 1 worth 0 to 300 degrees F. In some cases, some plants, some

2 modals, it doesn't ha ve an y ef fect. Cn others it may b9 as

3 high as 800 degrees.
,

4 Now, I think it's important to put that into

5 context, because most of this effect is on what I've just

6 mentioned, the ruptured node, which ir extremely sensitive

7 to metal-water reaction. Therefore, if you put it in terms

8 of F-sub-C, or over our :-sub-C, the number is really not

9 that large; it's maybe rero to .05. A small change in

10 overall peaking factor, generally speaking, can account for

11 an SOO-degree effect when it's affecting the ruptured node

12 on the pin of interest.

13 Next we have the blockage effects. As I mentioned

i 14 before, tha blowdown effects are rather small, except for
,

15 some 3CW client calculations.
1

16 3R. RU3ENSTE;N: Nora, in limited cases, can

17 (WGR35 UNINTELLIGI31E) rise to maybe .27 (WGRIS

18 UNIN~ELLIGIBLE)?

19 13. LAU3EN: Seg your pardon?

20 XR. RUBENSTEIN: In limited cases cannot the

21 F-sub-0 rise up to about .2 (WCRDS UNINTELLIGIBLE) reactors?

22 MR. LAUBEN: Well, are you talking about the

23 compensating benefits, is that what ycu mean?

24 XR. SUBENSTEIN: Yes.

25 %R. LAUBEN: Cell, let me -- for the -- yes, I

w),
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o
5/ 1 think I can -- I can discuar it. That's a rather specific

,

2 Westinghouse type of thing that we're talking about. Eut

3 let me get through this first.

i 4 ME. SHEWMON: Is F-sub-0 some critical heat flux
i

5 or ratio of heat fluxes?
E

i 6 3R. LAUEEN F-sut-C is the ratic of the power in
;

! 7 the hottest spot in the reactor to the average. F-sub-Qs
i

8 typically a re in a range of 1.9 to 2.7, depending en whose

9 plant you're talkinc about. Two three is a fairly typical

10 number fo- an F-sub-C.

11 So . We're saying, fron the previous slide, is

12 that if you have an 7-sub-C of 2.3, it doesn't take a very

13 significant refurtion in overall peaking factor to account
:

'

14 for an 600-degree effect. And all that's saying is that

15 when it comes to ruptured nodes with the two-sided

16 metal-water re ction, they're extremely sensitive. I think

1'7 that's renething we've lived with for eigh t years, and

18 som+ times it surprisas people, but those of us that have

19 done the esiculations -

1

20 3E. S HE*iXC N When you -- you talked about a hot

21 and average pin in each --
a

ZZ ME. LAUBIN: Yes.

1 23 XE . SHEW:10N in the subassembly.--

'

24 ME. LAU3 ens Yes.

25 ME. SHEWMON: Do you -- when the hottest pin

O
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1 ruptures, do you assume that everything in the subarse:bly

2 ruptures? Cr how do you --

3 MR. LAUBEN: Sone :odels do, and some models don't.

4 If you're talking about blowdown, the answer is

5 no, because in blowdo vn all three pins are carried

6 explicitly.
4

7 If the hot pin ruptures, that doesn't have a

i 8 blockage effect.

3 MR. SHEWMON: I'm talking about a rupture strain.

10 I'm on your last slide --

11 MR. LAUBEN: Okay. Yeah?

12 MR. SHEWMON: where you say the greatest-- --

13 " strain / incidence effects can effect PWR" - " greatest
s

14 sincie effert is two-sided reaction a t ruptured node."

15 MR. LAUEENs Yes. Yes, at the ruptured node I--

4

16 should have said "of the hot pin."

l'7 35. SHEWMON: Well, but if one pins ruptures, it

18 probably doesn 't --

1 19 MR. LAU3EN: It doesn't affect --

20 MR. SHEWMON: -- go very fast towards giving you,

*

21 17 percent.

22 MR. LAUBEN: Well, remember, 17 percent is a local
,

23 number. It is -- if you have one spo t in th e wh ole core , b e

: 24 it the three-inch node of the hottest pin of the 50,000

25 pins, if that reaches 17 percent that 's still the limit. It

O
-
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m
-) 1 may be somewhat restrictive, but that's still the limit. We

2 do n ' t --

.

3 M. R . SHEWMON: Only sonewhat you feel?

4 X3. LAU3EN: Well, I'll tell you --
'

5 M R . S HEW M.ON : Scratch that. Go ahead.

6 33, ;AUSEN Yeah, okay. Right. Compared to the

7 German method cf licensing, which (ces a more probabilistic

8 -- what's this (WORCS UNINTELLIGISLE)?

9 70 ICE: (UNIN TELLIG!E LE )

10 33. LAUBEN: Yeah. That's it, the hot pin. It is

11 the hot pin that determines conformance with Appendix K in

12 this regard, with respect to the 2200 and with respect to

13 the 17 percent. Assessments are made of --

D
14 YOICE: (WOECS UNINTELLIG!3LE) hottest spot in the-

15 hot pin.

16 yg..L;ug N The hottest spot in the hot pin.

17 That's correct. That's correct.

18 Ch, okay. Let's see -- blockage effects. I think

19 I mentioned number one. Oh, yes in the BWP, the--

20 post-blowdown blockage effects are implicitly accounted for,

21 in the heat transfec derived from the BWR FLECHT program.

22 In that case, they did have typical blockages in the -- in

i 23 some of the FLECHT experiments, and in that respect the

24 effect of blockage is taken into acccant in deriving the

25 heat transfer model for the SWEs.

|
| %
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1 ?WR blockage we've dircussed of less than one inch

2 per second. And we have diccusred the fact that flov

3 diversion -- well, flov diversion and heat transfer are

4 calcula ted very fif f erently. Each .endor came in with a

'

5 different model, and we approved those models, somatimes

6 af ter a good deal of deliberation. And each vendor went

7 through a good deal of deliberation, because we all didn't
t

8 have a great deal of idea how we were coing to attack this

9 problem a t the time.

10 ME. SHEW:4CN a If we can stop on item three for a

11 minute, it seemc to me that's the nub of much of the

12 discussion here.

13 MR. LAU3ES: Yes.
~s
l 14 MR. SHEWMON: Appandix K may require that if one

15 spot on one fuel element gets 17 percent, tnen you've got to;

7

I

i 16 yell uncle or something. 3ut it seems to me that if you're
i
i 17 saying that -- that says the " hot rod only" will be
1

l 18 considered for flow blockace effect, and it's going from

19 that hot rod to the whole subassembly blockage which is
1

20 going to be most of our discussion today. So I guess that

i 21 one I'd like to hear you say more about.

E MR. LAU3EN: Well, let me say this. There are

23 some models that carry along a hot assembly pin that is

24 calculated as well as the hot pin. And blockage will not be

'
25 calculated to occur until the hot assently pin, the average

..
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k- 1 pin in a hot assembly ruptures. Cther models it's the hot

2 pin that rup tures. I don' t some -- well, I -- ef course,--

3 to a certain de;ree, and I don't want to characterire thet

4 degree because that, it may be competitive --

5 M2. 2HEWMON: What you're describing here is what

6 the vendors do, not what you require or what is being

7 suggested?

8 YE. lAU3 ens Well, this is what they do, thic is

4 9 what they have proposed and what we have accepted. We

| 10 didn't want to overprescribe the hydraulic models so that
1

11 everyone had the same hydrau'.ic model. We felt that it was

12 in the interest of -- of inco;endence that each vendor

13 prescribe a model that accounted for flow blockage, and

'

14 everyone derived a different model. And we all felt t h a *;-

15 each model, albeit they're different and have different

16 effects, there's different degrees of conservatism in each
1

17 hydraulic model, that still they -- they make c -- a

18 reasonable attempt to abide by the Commission rule on this,

19 on this score, and that they're conservative.

i 20 MR. SHEWMCN Now, part of the reason we' re

21 gathered together today is to try to get less diversity in,

22 at least, some of this data.

23 MR. LAUBENs Yes.

24 ME. SHEWMON: I don 't '< n o w , I guess Ralph doe sn ' t

25 have it in his handout. So that you're saying that --

|

|

|

l
'
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1 you're talking only about the theraal hydraulic medels.

, , .. . . . . _ _ .
. . . a a m :. s .es.- .

3 1 :. . SHEW 50N: And there ycu try to let 100 flevers
.

} 4 bloom or somethinc.
i
j 5 MR. L;U3ES: . ell, six or seven maybe."*

1

1 d "R. SPEWMON: Okay.
i

| 7 (La ugh ter )

i.

! 8 *R. LAU3EN: It has its advantages and its.

I

j 9 disadvantges.

f 10 32. SHEWMON: I agree.
>

11 ME. LAUBEN: And I don't think there's any simplej

| 12 answer.
i

13
'

j O u
4

i 15
i
i 16

17
*

4

5
4

t 18

h
| 19

i m
,

21 ,

22'

23

24
4

i

|
:

O
i
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' p
1 The bcttoa li.e of this one is tha t the effects of4

2 blocraga are atcut rere to 150 degrees, once agein depending

i 3 o~ the model, depending on the plant. Howaver, the effects

4 of blockage have a much stronger effect on F cr power
C

5 level compensation. Whereas the other one wd: .05 for 300

6 degrees, this is .15 per 150 degrees. So it 's much stronge r.

7 MR. SHEWMON: That F is the steady-state power
0

8 factor?

9 MR. LAUBEN: That's right, power distribution

10 factor, that's correct.

11 52. SHEW 3ON: But the maximum -- the vendor would .

12 like to keep that as flat as he could in order to avoid DN3?

13 in certa.n accidents or something?'

14 '' R . lAU3EN: Well, he would like to be able to

15 have the highest poss_bie F so that he can operate with
0

16 the greatest amount of flexibility. It allows him in come

17 cases to load file better. It allows him not to have to
I

! 18 monitor the core flux distribution as rigoreusly. It allows

19 him much more flexibility if he is allowed to have a hi;her

20 value for F .
C

21 ME. STRASSER: You're saying that this will leave

22 a .15 F in his margin?
e
d

23 h2. LAUSE": Exactly. Now, I think that we don't

24 need to discuss that -- let's see. Oh, okay.

25 MR. SHEWMCN Isn't there a maximum for the worst

O
V
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(~') 1 case?'-

2 YE. LAU3EN: For the worst case that we've seen so

3 far in our assessment since November.4

4 MR. SHEW 5CN: And you've looked at all the numbers ?

5 MR. LAU3EN: Well, yes. We've made -- I think

6 Jack Rosenthal discussed it. I don't know if he diccussed

7 it with the Fuel Subcommittee or not. Was that the Fuel

8 Subcommittee? Yes. (Inaudible).

9 The kind of assessments we went through for each

10 of them, I don 't think ! vant to go through today. I'll

11 tell you what, I von't -- I won't spend much time on these

1:2 last few slides, simply to no te tha t blockage data, which is

13 very important. We mentioned the Flecht experiments. There

14 are a number of other experiments.

15 At this point it would be somewhat premature to

16 use these experiments to define more accurate flow diversion

l'7 models as a result of blockage. But we do expect, within a

18 couple of years, to be able to do that better. Now, I think

19 once again, larry Hochreiter has some of the recent Flecht

20 tests of blockage.

21 I think the bottom line is that we do expect, from
t

'

22 what information is available from these flow blockage

23 experiments, that we vill find that, as we expected and as

24 the Commissioners in tended , in the current model (Inaudible) |

25 and we would get some relief. But I don't think we can ge*
l

l'\
t tV
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1 the relief if we don't have a rule change.
..

2 This is a rather busy slide of the two-phase flow

3 effect. In fact, I think I discussed it and I don't want to

4 go over that again, less than one inch per second.

5 Let me just say about this that the intent of this

6 slide was -- the bottom line was that our two-phase flow

7 ef fects a re a big deal when it comes to swelling and

8 ru pt ure ; th a t is, their influence on swelling and rupture.

9 The point is, ! think, probably the key point on this is

10 this point right here, that reflood test data indicates a

I
11 rupture occurs at 250 degrees above the reflood

12 temperature. That two-phare flow behavior probably has very

13 little effect on strain and blocka;e. And we believe that
(~)
'#

14 the appropria te kind of atmospheres for these 'ests are~
.

15 steam atmosphere.

16 And let's see. Gkay, the schedule we'll discuss

l'7 later. And now we're all th ro ugh .

18 12. SHEWMON I guess the only thing that bothers
.

19 se a little bit on that is, in this land of Alice in

20 Wo c.d erla n d , I have difficulty deciding when it is we're

21 trying to develop best estimate models and when it is we're

22 trying to meet things -- use models that meet Appendix K and

23 in some way a pproximate reality at the same time. And so

24 when you say that that's the way it happens in reality, I

25 agree with you. But when it co=es back to living with

("%q.)
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) 1 Appendix K and the models you're using, I don't know whether

2 yo't' re in lef t field or in right field.

|

3 M:. LAU3EN: Well, we have tried, as far as flow

4 diversion is concerned and heat transfer, with respect to

5 less than one inch per second. I believe from those -- that
4

6 one-sentence admonition f rom the Commissioners to ld us, I

| 7 think, that they wanted us to be conservative if we landed

8 in this area of less than one inch per second refloodin7

9 rates.

10 Now, I'm not sure -- unfortunately, they didn't
,

11 talk about it much more than that. We believe that if we --

12 the problem that existed at the time of the rulemaking

13 hearing was that there wasn't any data that anyone agreed on
~

14 that was very applicable data. There were some limited

15 plate blockage experiments. Ihe sleeve blockage experiments

16 th a t were available were very short tubes.

1:7 MR. SHEWMON: What will come out of the Flecht

: 18 results that you think may chance the --

19 MR. LAUBEN What I would like to come out of that

20 is that as a function you would be able to derive heat

21 transfer models that not only were a function of the other

22 appropriate variables, but would also be a function of

23 blockage; that you could deriva sooe models that could tell

24 you how to treat blockage during reflooding in a more
,

25 realistic way; and you wouldn't make any artificial
i

~

/
rd

..
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(,\
'/ 1 distinction between less than one inch per second and

2 greater than one inch per second, but simply what does the

3 data -- what would the data indicate that you ought to be

4 using for reflood heat transfer and reficod flow models.

5 Also, in addi tion , the one slide did show that

6 there were FEVA experiments and NEU experiments that are

7 trying to address the same thing. So in a little while we

,8 do expect some of this same to be available.

9 M3. ESPOSITO: Dr. Shewson, may I clarify one

10 point. I'm Vincent Esposito from *a'estinghouse.

11 What we attempt to do with these values is to
,

1

12 maximize the licensing (Inaudible), so that we can give the

13 plants flexibility in operation, but not the operating,s

U
14 team. We're not trying to maximize that.

15 MR. SHEWMON: Ckay. Thank you.

16 ME. MEYER: When Norm was talking about the

l'7 peaking factors and showing what kind cf peaking factor

18 adjustments are needed to compensate for various increases

19 in peak cladding temperature, you shouldn 't infer from that

20 that one has to change the peaking f actor to live with the

21 cladding model changes. Because in fact compensa tions can

ZZ be made in the thermal hydraulic models so that there might

I 23 be no need for any change in an operating pa rameter as a

24 result of revisions that might he made to the ECCS models.

25 I just want to note, as I start, I see that I'm 25
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,ei
\/ 1 minutes behind the appointed time of starting of my ta lk ;

2 and tha t you've given me only half of the time that you

3 offerred =e initially. So I ho;e you will be understanding

4 if I don't finish on schedule.

5 MR. SHEWMON: We'll do our best.

6 MR. MEYER s Oka;. To pick .; where I left off, my

7 intention today is to address five questions which ! think

8 are the essential questions which have haen raised with

9 regard to the cladding models. If there are other questions

10 that you want to discuss, you'll have to bring them up

11 separately.

12 The first question is: Were important d a ta sets

13 overlooked in deriving the rupture-temperature co rrelation

. Q)
>

(_ 14 in NUREG C630? This slide shows the Oak Ridge correlation,

15 shown as the solid line, that was used in NUREG 0630, along

16 with some additional data ;oints. The slide is basically

17 Figure 2 in the report, and we have added Westinghouse data

18 points, which are shown by the little circle with the "W" in

19 it; and KFK data points, which were shown on other figures,

20 in the NUREG report.
.

21 The KFK data were shown in the NUREG report, but

22 they were not used by Oak Ridge to influence the derivation

23 of the correlation. These Westinghouse data were not shown

24 in NUREG C630 because they did not meet our basic

25 requirements for typicality for data selection; and they
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, . ,()s 1 vere not used in deriving the correla tion by Cak Ridge.

2 M3. SHEWMCN: Are these clusters or single pins?

3 MR. MEYE24 I sho uld poin t out that most of the

4 points are single -- single pins. Th e 'Jestinghouse poin ts

5 are experiments which contain anywhere from two to ten

6 individual rods, and th ey are spread on the Westinghouse*

7 data around each of these points, on the order of plus or

8 minus 30 depress C.

9 da. SHEWMON: To cover the rupture of all of the'

,

10 pins ; is that right?

is the mean11 MR. MEYE34 If this peint has ten --

12 of ten data points, the ten data points scatter within plus

13 or minus 30 degrees.

o

'/ 14 33. SHEWMON: But do they run data -- when they

15 run these, io they run a clustar of pins or one pin?

16 M3. MEYE3: Are these all single-rod? These are

17 all single rod.

18 MR. SHEWMCN Maybe Westinghouse should answer.

19 MR. BUEMAN I'd like to ask a questien. Are

20 these points the uncorrected temperature points?

21 MR. MEYER: Yes.

ZZ MR. BURMAN: But we established that there was a

23 temperature bias in the measure:ent and that these were not

24 the correct temperatures to use and the staff accepted that.

25 MR. SHEWMON: And would that tend to shift them?

~%

(V
i

{
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o)(- 1 MR. BURMAN: It vould shift the: upwards.i

2 13 SHEWMCN: Ckay. So it veuld 1:e -- you would

3 improve the agreemeat with the curve?

4 MR. EURMAN4 Yes. Thank you.

5 M. R . STRASSER: Were these the electrically heated

6 rods, the Westingnouse ones?

7 MR. RURMANs These were external, radiantly

8 heated, sinple rod tests, with the pellets, alu=inum pellets
|

9 on the inside.

i 10 MR. SHEWMON: Go ahead.

11 33. MEYER: Okay. You can see that the Oak Ridge

12 data and the correlation are 25 to 50 degrees more

13 conservative than some of the VFK data. In this case, if
T

14 tha line ir belev the d a ta it's more conserva tive.~-

15 Y. R . LAWROSKI: How do you get your 25 to 50

16 degrees? Do you use all th+ peints?

17 DR. SHEWMON: No, just tha black point, just the solid KFK

18 point.

19 MR. LAWROSKIs Ch, just the KFK. I thoucht he was

20 ta lkin g about --

'

21 MR. MIYER: There are a group of KFK data points

u that are on the order of 25 to 50 degrees above the line.
,

23 There are another group of XFK data points that are right on

24 th e line. The Westinghouse uncorrected data points are down

25 here.

'
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( 1 None of tnese data points are corrected. They're

2 all actual data.

3 MR. 1.2WECSK!: When you talk abou- corrections,

4 what's the sire of the correction? 5 degrees, 50 degrees?

5 MR. MEYER: It depends --

6 F.R. lAWEOSKI 103 degrees?

7 ME. MEYER: -- on the care that was taken in the

8 ex pe rim en t that was performed. In the case of the Oak Ridge

9 data, the temperature error is estimated to range between

10 rero, when they go t the thermocouple real close to the burst

11 node, to about 25 d eg re e s.

12 In the case of the Westinghouse data, which they
<

i3 may want to con =ent on in more detail, I think the errors

14 were considerably larger because they were tests that used

thermocouple. 'They didn't always get it close to15 just one-

16 tha rupture node.

17 The -- okay, you see a group of KFK data that are

18 above the line. .A n d after Westinghouse corrects this data,
1

19 they get a correlation, shown here as a dashed line, which

20 is also above the line in a region that's of interest to

21 us. And so the question has been raised about whether the4

22 NUREG correlation should be raised in this region.

23 In reclying to this question, several points have

24 been made. Chapman showed that the Oak Ridge correlation

25 also fit data f rom the Argonne National laboratory. He

/'

I
%
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.(-
\-) I presented his analysis to this Subcommittee on February the

2 14th, and concluded that the Oak Rid;e co rrela tion t.id the
.

3 Cak Rid:e data were not unique.

4 If you'll recall that presentation, yo u 'll '

5 renember that 3cb did a regression analysis of the Argonne

6 data, and the results were almost incistinguishable from the

7 curve that is shown on this slide.

8 hE. SHEW 3CN: Ralph, remind me, please. Is the

9 engineering hoop stress the average pressure from tne --
,

10 stress from the pressure at the rupture tamperature, or is

11 it the pressure stress before you start heating it, or what?

12 MR. MEYER : The engineering hoop stress is a

13 measure of the pressure at the time of rupture, singly
O
\# 14 converted to the dimensions of the undeformed tube.i

' i5 MR. SHEWMON: So it rises to that point?

16 XE. MEYIE: That's correct, that's correct.

1'7 We pointed out in the NUEE0 report that the MFK

18 data points that you see above the curve here were from

19 isobaric experiments and th= t they were not prototypical in

20 that respect. In a fuel rod which has a constant number of

21 moles of ;as, the internal pressure will drop as swelling

22 and ballooning progress. This will result in lower strain

23 rates at the time of rupture than in an isobaric test.

24 And CEcall that deformation in circalloy depends

25 strongly on strain rate. It's like silly putty.

.
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., 1 And the Westinghouse data are also from isobaric

2 tests. Cak Ridge, on the other hand, usually uses the nore,

3 prototypical constant gas inventory as a standard test. But '

l 4 they recently performed a couple of compara tive tests at

5 constant pressure. At a given stress, the ruptures occurred

6 at a higher tempera ture by about 25 to 50 degrees, roughly

; 7 the same as this discrepancy.

8 .'i o w , I've been cautioned not to make too much out

9 of thiss two tests aren't conclusive. But they do seem to

10 show that the isobaric conditions raise the burst

'

11 temperature. We know that the isobaric conditions will
,

12 affect the burst strains. It also appears that they vill

13 affect the rupture temperatures.

i 14 Dr. Chapman is here today and if you want to talk

15 about these Cak Ridge tests, I'm sure he'd be glad to

16 co mm en t on those.

17 So we discovered something else about the KFK

18 data. When we look closely, if you will recall, we had

19 grouped data by camp rate, sometimes calling it slow ramp

20 and sometimes calling it fast ramp, and using various ranges

21 of camp rate to include in those categories.

22 It turns out that all of the KFK [ata points that

23 are above the line are for ramp rates tha t are significantly

24 higher than 23 degrees C. per second; they're in the range
,

'

25 of 25 to u0. We had thought that ramp rate effects
|

O)-%
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1 saturated at about 25 to 30 degrees per second.

2 The KFK data points that fall right on the line

3 were very close to 28 degrees per second. Again, I don't

4 think there 's any conclusiva message here. But it is

5 possible that the discrepanciec that you see here are

6 residual camp rate effect sad not related to any other.

7 MR. SHEWMON: Why don't you go on. At least I'm

8 more interested in the blockage part, and I think that's

9 where the discussion is leading.

10 MR. MEYER: Well, I'll move on to the burst

11 strsin. Eut I'm really --

12 5R. SHEWXON: Fine.

13 MR. MEYER: The burst strainr I think, is probably
,

14 more important for our discussion than the blockage per se,
i

15 because the burst strain -- the selection of the burst

16 strain co rrelation drives the blockage model .

17 So tha question about the burst strain data is,

18 were the data selectively used to produce larger strain,

19 large strain in the burst strain correlation in the NU3EG

20 report. Selection of data is very important, because

21 experimental conditions can affect th e results drama tically.

22 The cent al issue is whether or not local

; 23 temperatures in a fuel. rod during s ICCA would be more or

24 less uniform :han in the experiments we've chosen to rely

25 upon, because temperature uniformity appears to be a very

,

;

i
i
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1 important variable controlling burst strain.

2 We believe that the best approach to capturing

3 temperature gracient effects is to mock up experiments as

4 close as possible to real fuel conditions and accept the

5 results as they come out. ^ther approaches presume to know

6 what local temperature gradients are in a LOCA, and we

7 believe that it's unknowable with any reasonable accuracy to

8 know that.

9 So therefore, our approach has been to rely on

10 prototypical experiments and to get proper heat flow,

11 siuulating K heat, and to include a tmospheric conditions f or

12 oxidation. We selected only da ta taken in experiments that

13 utilired indirect internal heaters in aqueous atmospheres.

O
I 14 Rut we did not place any artificial limits on how small or

i

15 how large the temperature gradients might be.

16 MR. SEEWMON: Is steam an aqueous atmosphere?

|

17 "2. v. EYER : Yes.

18 In retrospect, I believe we should have rejected

19 isobaric data, but it turnt out not to confuse the situation

20 very much.

21 With this as back;round, there are really two

22 separate questions that were raised, and these were raised

23 at the last meeting we had, on Valen tine 's Day: One, is the

24 Westinghouse data conservative; and, two, did we improperly

25 wei;ht individual fata sets, data within the set we

p)x
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3
1 evaluated in NUEEG 0630. Stated another way, is the

2 Westinghousa burst correlaticn adequa tely conservative and

3 is the NUREG correlation too conservative.

4 Let me first address the Westinghouse data. We

5 rejected such data because the direct and external heating

6 methods produce incorrect haat fluxes tha t can lead to

7 extremely uniform local temperatures. Su cit uniform local
j

8 temperstures could exaggerate strains and get rasults that

9 are too conservative.4

2

10 In the Westinghouse case, however, other

11 atypicalities were present that produced just the opposite

12 effects. The Westinghouse tests were isobaric, as sentioned'

;

13 before. This will produce strain rates that are atypically

O 14 high, thus resultina in strains that are biased low.

15 In addition, the Westinghouse bundle test uses

16 spray-coated oxida covering to reduce electrical shorts, but

l'7 the rods spalled, arced and fatled prematurely due to local

18 melt i s. Therefora, one can only conclude that features

19 that were present in the Westinghouse -- there were features

20 that were present in the Westinghouse test that would bo th

21 enhance and suppress strains, and on balance the dagree of

'

22 conservatism or nonconservatism is unknown.

23 To confuse matters a little more, Westinghouse has

24 excluded all the slow ramp data from the strain analysis,

25 because they believe that ;1an t transients wete fast
|
t

I T
d
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1 transients. We recently have come to realire that that is

2 in fact not the cace, that most of the plant trans;ents are

3 slow transients.

i 4 We found that the Westinghouse da ta are somewhat

'
5 nonconservative in comparison with other data, and therefore

i 6 we believe that the correlation somerises underprotects

7 burst strains.

i 8 With regard to the weighting of individual data

9 within the fata sets evaluated in N"RES 0630, I have the .

J

l 10 following comments. This is a slide directly out of the

11 report. It's Figure 6, and except fot the initial screening

I
12 of the experiments that didn't use internal heaters or

13 aqueous environments, no selecting of data has been done
OG

14 here.;

f 15 In deciding where to place the correlation curve,

16 however, we did use judgments that in effect weighted the

; l'7 data differer.tly. For example, these open squares dowh in

18 the bottom were effectively ignored when we decided where to

19 place the burst strain curve, because these were tests run

20 at Oak F.idge with unheated chrouds. The shroud is put in
I

i

21 there to make the f uel rod f eel like it 's in the presence of

22 other fuel rods, which it can transfer heat to.

23 These tests were rerun under almost the same

24 conditions, except with the heated shroud being used,

25 resulting in the open diamond-shaped points at the top. So

f
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(_) 1 'e did indeed selectively use tne data in determining the.

2 position of the curve in the correlation. And ! have a

3 graph tnat shows --

4 M3. SHEWMON: Have any tects been run with

5 unheated pins 10 one of a group of 5 cr 36 or something?

6 MR. :iEYER : Yes, there have a couple tests.

7 Either Dale or Ecb should answer the question, becaus: I

j 8 don 't know the details.

9 MR. CHA? MAN: There have been bundle tests in

10 Japan with two or three unheated pins.
!

11 MR. SHEWMCN: Cut of hos many?

12 MR. CHA? MAN: 49. The RESEKA 4 test had one

13 unheated pin, the biggest one, out of 25. The next test we
\

4
*

14 run will have 2 out of 32.

15 MR. EHEWMCN: The reason I ask, as you know, is

16 that there's always some con trol rod tubes around and

17 usually a wa ter rod or something , and that produces an
i

18 asynmetry whien nay operate like this. And wha t I'm trying

19 to get at it. Was there a marked difference, then, in

1.

a.
20 blockage, when you had a fair amount cf rupture? Cr can one

1

21 ge ne ralice ?

i

ZZ MR. CHA? MAN: That's a difficult question.

23 think the results from the REREKA tests were sonewhat

24 surprising in that the thin; went somewhat to the opposite

25 direction as they were anticipating. There was an effect of

-s.

!
1.,

!
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1 the heated or the unhea ted rods, and it took some time to

2 understand it.
.

3 I can't conment much more th=.n that. I don't '

i
'

4 remember the details.

5 In the Japanese tests, again there was some

6 effect, but I don't believe a very large effect.

7 MR. SHEWMCNs Why don't you bring it up when you

8 get in and integrate everything with it, if you would. Nov

9 I'm speakin; to Westinghouse.
,

10 Okay. Thank you. Go ahead.

11 MR. MIYER: 'n'e do make an adjustment for the

t

12 presence of guide thimbles in the bundles, in the model for

i 13 flow blockage.
s

J '

14 Back to the burst strain data, this is the ficure

15 in the report. Here is a figure that has been changed in

'

16 the following way: From this fi;ure ve have simply re:oved
,

17 all the tests with unheated ~ or without shrouds, that is,
,

;

18 removed some of the data down here at the bottom. 'a' e h a v e

19 also added on a number of data points that have come out

20 this sumner through an ASTM meeting and some exchanges that

21 ve've had, that have largely added data points over in the

22 beta phase region, which makes us look kind of
;

'

23 nonconservative~over th e re .

24 However, if you'll focus on the alpha phase

25 region, which is the important region, and if you're not

'
i
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( 1 overly influenced by these rtragglers down here that all

2 came from one test, I think you will have to admit that

3 we've pretty much best estimated the data.

4 MR . SHEWMON : I'n not sure you're plotting the

5 right variabler, but you may well have put the best curve

6 through those points if.you insist on those variables, or if

7 lauben insists on them, or whatever.

,

8 (laughter.)

9 ME. STRASSER: Are these all unirradiated rods?

10 MR. MEYER: Yes. Oh, I wanted to answer the

11 question you asked before, very briefly. We don't account

12 explicitly for fabrication variables such as texture or cold
i ,
'

13 work or things like that; nor do we account for effects of

f~')(_ 14 radiation. We assume that s11 these things anneal out and

15 the tests are run with specimens from commercial tube

16 fabricators.

17 All the tests are done with well, no t all of
|

--

18 tham. Thera are a couple of -- there were some irradia> '

19 rods tested at Fatte11e-Columbus, so I shouldn't say all of

20 them. ?ut for the most part, th e tests involve unirradiated

21 tuben.

ZZ M3. STEASSER: How about the variable of

23 dimensions? How do you characterize clad thicknesses?
.

24 MK. MEYER: Jall, all of the work has been put on

25 the same footing with this engineering hoop stress. So

(~%
\-) .
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(
(_)) 1 we've eliminated the diameter and thickness design

2 differencas from affecting there comparisons.

3 MR. SHEWMON: My 2uestion relates to the direct

4 analysis of the test. Are these well cha racterized rods?

5 Sosetimes clad wall eccentricity can take up ten percent of

6 the clad thickness.
,

7 52. MEYER: Bob, did you hear the question and

8 will you answer it?

9 MR. CHAPMAN Yes. !n our care, the tubing is

10 well characterized. The tubing is not in fact that far out

11 from uniformity. And we do not believe that the uniformity

12 is significantly -- all these other parameters, the other

13 things are much more im porta n t than variations in the

O
i %/ 14 cladding.

15 dR. EHEWhCN Is the variation you're talking

16 about circumf erential around one pin?

17 MR. ST3ASSER: Yes, clad wall eccentricity.

18 M3. SHEWMONs You mean if I had a thick wall on

19 one side of my pin and a thin wall on the other, it won't

20 affect the burst strain?

21 MR. CHAPMAN: Yes, it will. I'm saying that the

22 tubing that we're talking about, that's not important,

23 *eecause it's not a large variation.

24 M?. SHEWMON In yours. But the question is, what

25 happens in reactors.

-m

o
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!s). 1 M2. CHA? MAN: Well, I think our fuel is comparable

2 to the reactor specifications.
.

3 MR. SHIWMCN: Now, you're saying it can be ten or

4 it is ten percent?

5 52. STEASSES: Not unusual.

6 MR. SHEWMCN Well, if you could get it to be

7 standard, maybe they'll make you an allowance for it.

! 3 M3. PICKLISIdER: May I answer part of that

9 question? My name is Pickissimer.

10 I have looked at a good bit of the tubing. I'm on

11 the ASTM committees that set the standards for this nuclear

12 tubing. The manufacturers come in with surprisincly close

13 tolerances on this. And you can examine from one
O
(._) 14 manufacturer to another. They're remarkably scod.1

15 So one line of tubing is, for the most part, so

16 far as these tests are-concerned, they can be considered

17 completely comparable; and that's whether it's made by the

18 Japanese or the Germans or the Swiss or the Americans.-

19 They're that close together.

20 MR. STRASSEF: My basic question was whether it's

21 measured and recorded as part of the test program, so that

22 it can be interpreted.
1

23 MR. EHEW.MCN The answer is often.
.

24 MR. MEYEP: Well, let me fi.'ish up the bursting

25 poin t by saying that I don't think th e 's any question that

,,l(a
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: c '1 burst strains can be la rg e , they can be a lot larger than
:
,

2 100 percent. Oak Ridge has seen strains as high as 100

3 percent.

4 But based on prototypical experiments, we don 't

5 believe that the burst strains, on ave $ age, will be mere

6 than 90 or 100 percent in the important alpha region. On

7 the other hand, we believe that smaller values would likely

8 underestimate the degree of in-reacto r s(selling , and tha t 's

9 not allowed by Appendix K.

10 I'm now ready to turn to the third question, on

11 the flow blockage methodolccy, and the question is, is the

12 methodology valid for converting burst strains into flov

13 blockace.

14

154

16
|

17

i

! 18

1

19

20

21

22

^

23

24

25

f
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,R
(_) 1 The first thing we should do is review the ,

2 methodology, and this slide ir Figure 10 from the N1'EEG

3 report.

4 First, and starting from the top of the slide and

5 working down, from three Oak Ridge multi-rod bundle tests we;

6 compared burst strains with average strain in a plane,

7 finding the average strain to be about half of the burst

8 strain. This average strain was then converted into a

9 pe rce n t area blockage using simple geometrical assumptions

10 that presumed that the fuel rods swell into square shapes

11 after they touch.

12 Then further adjustments were made to account for

13 nonsvelling tubes such as control rod thimbles and
A
() 14 instrument tubec.

15 The question was raised tha t deals with the first

16 step of the procedure. The ratic between burst strain and

17 average coplanar rod strain was based on only three Oak

18 Ridge tests performed in the alpha phase temperature region.

19 5E. SHEWhGN4 Do ycu have a plot in here that

20 shows an average in plane strain, or to be specific, dces

21 that exclude all ruptured elements in that plane? ,

22 YR. TIYERs No, it does not.

23 MR. EHEWMON: Okay.

24 ME. ?.EY EE : Figure 11 in the reports, on page 27,,

25 it shows a cross-section in the first bundle test at ;. 7

(%,/
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rx

' _/) 1 plane of maximum blockage.'s

2 ME. SHEWMC3 Now to get the strain for those

| 3 ruptured elements did-you inscribe a circle that aculd'
4 represent the unvashed out fuel pellets and take th a t as the

5 effective diameter, or what did you use as the effective

6 diameter for the average strain?

'
7 MR. MIYER: The strain on all of the rods was

8 taken as the ratio of the length of the deforned cladding
!

9 around the circumference to the -- original circumference,

10 undeformed circumference.

11 MR. SHE*4 MON: Why?

12 ME. MIYER: It is total strain.
i

13 MR. SHEWMON: What got us here is the British;

- 14 ex p e rim e n t., which shoved that if you have elements which do

15 not rupture and they puff up like bananas or balloons or

16 something you can have flow blockace.

17 MR. MEYER: Yes.

18 MR. SHEWMON: But I don't see any relevance

19 between the strain of that extended U-tube and flow blockage.,

20 M2. MEYER: Hold on. Because we measured the

21 strain in every rod, whether it ruptured or not --

22 MR. SHEWMON: Yes.

23 ME. ." EYER: -- and in this case you have a 16-rod

24 bundle. This is the plane where the area, the flow area is

25 smallest by any definition that you might choose to put

O
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1
1

1

/ \

'(_) 1 about the blockage around the rup tured node. And the poin t

2' : want to make is that the rupture -- !a sorry, the

3 blockage is indeed controlled lar;ely by the tonruptured

4 rods. And there are only four of these ruptured in that

5 plane, and they are not controlling the blockage in the

6 plane. They have --

7 MR. SHEWMON: Well, if that was true, then why

8 didn 't you go back -- it seems to me you can argue that the

9 fuel pellet may always he there.

10 12. " EYER: Sure. It may not, but I would be

11 Willing to argue that.

12 13. SHEWMON: Okay, and that is a conservative

13 position and it may not. But ckay, let's assume it always

by 14 is.

15 MR. MEYER: Yes.

16 ME. SHEWHON: Then if you took the fuel pellet
;

l'7 diameter, it seems that that is the maximum you can argue is

18 indeed blocking at that poin t. So why wave your hands and

19 sa y , gee, it doesn't make much difference by taking this

20 other approach?

21 MR. MZYER: Can you tell me where you are coing

22 with this question because I don't think you are going

23 anywhere that is --

24 MR. SH EW.M O N : I am going with this question that

25 the basic question to me for this afternoon is the--

s

'w
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1 relationship between flow blockage and independent burst

2 strain.
1

3 w ' ^
v. . .. f :. = s s >.. a y ..:

- 4 32. SHEW 2CNs And if you take a physically
3

5 impossible method of calculating an average strain, implying
4

6 that it implies blockage, then you know I would -- sort of a

7 red flag goes up and ! say, gee, I don't know whether ! can

8 believe or how much I want to believe anything that comes

9 af te r this.
.

10 33. MEyE2; You are missing the point.

11 MR. SHEWMONs I an sure I an.

12 vR. MEYER: And I think half cf the people in this

13 room have missed the point from the very beginning.

14 32, sgg;3;Na Gee, if you got the other half you

15 are doing well. Keep going.
a

16 (Chuckles.)

,
17 M3. MEYERs There will be a reduction in flow area

i

18 at every elevation in this bundle because the rods rupture
;

19 and swell all over the place actually. In any plane that

20 you choose to examine you can define an average rod strain

; 21 that would produce that amount of blockage.

I 22 MR . SHEW MON : What amount of blockage?

23 M3. YEYER: The a: cunt of flow area reduction that*

24 you measure in that plane.

25 ME. SHEWMON: And you measure where the whole pin
.

]

.
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) 1 or a t points along there the flow resistance, is that right?

2 MR . :' EYER : A comparison tetween these ares

3 reductions and pressure drops ha ve been made in the codes,,

4 and that is shown that using an area reduction is a

5 legitimate way of describing blocka;e, because in the codes

6 it does indeed produce the pressure drops that you measure

7 in thest very bundles when you test them after the

8 temper ture test. You do a flow test, measure the

9 temperature, measure the pressure, which is shcun here by

10 the little dots, and you do a code calculation where you

11 have input this measured flow area reduction.

12 MR. SHE'4YCN4 And the measured flow area reduction

13 is not the flow area reduction; it is what you call average

f')s\_ 14 strain, is that right? That is wnere I as going, because,

#15 when you say flow area reduction I don't know what you are

16 saying. '4hether it is I think is that is physically

17 plausible or credible flow reduction or whether it is some

18 average strain that you calculate this way .

19 YR. RUBENSTEIS: Falph, there is a small

20 three-dimensional drawing which shows the blockage just

21 above and below this maximum width you are taking?

22 13. MEYER: No, I don't think so. There is indeed

23 an ambiguity about what you call the a: cunt of flev

24 reduction produced by a blocked node. And Bob Chapman has

25 used two definitions: one where he does in fact use the

,_
,
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,

,) 1 inscribed circle and one where he dcecn't. They don't make

2 much difference on the flow stea reduction in a t'.ane

3 hecause there are only a few ruptured nodes in that plane,

4 and their effect is divided by four er five or whatever the

5 ratio is.

6 We in fact use the least conservative, the most.,

!

7 realistic of his definitions.

8 MR. SHIWMGNs It tay he least conservative, but if

9 you are talking about something that can't bicek and say it

10 can bicek I don't think that is realistic.

11 MR. MIYER: Suppose that we had found a plane

12 where there were no ruptured nodes at all.

13 MR. SHEWMON: Okay.

14 MR. MFYER: New would you agree that we can

15 measure a flow ares reduction in that plane?

16 MR..SHEWMCN: And I would also agree that what You

17 said he did sometimes of the inscribed one is such more

18 physically credible.

19 MR. MIYER: Okay, we used that one by the way, and

20 when we obtained a flow area reduction for a plane that had

21 a burst nede in it we used the inscribed circle method. But

ZZ you could go actually through this bundle and there would be
,

23 a lot of planes where you wouldn'- have a burst node. And

24 in those cases we wouldn't have any probles discussia; the

25 flow area re d uc tion .

t
':.
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1 In these cases 700 could then say that if every
s

1

2 red had strain ~ I wouli produce the same ancunt of flev

3 = res reduction and calculat+ an average red strain in that

.t
4 plane. Okay, that we did, ceccetrically, simply from taking

5 the flow area reduction and back calculating an average,

6 copianar rod st ra in .

7 Then we said if we knew what this average coplanar

- 8 rod strain is we can work tne problem back the Other wa.y and

9 calculate the flow blockage.

10 New what data did we have available to us? "9

11 didn't have measures of avarage coplanar rod strain. That

12 is a fictiticus number in th e first place; they are all
i

13 different. !n fact, we didn't have, althouch scne night say

14 we could have gottan then, we didn't have the strains,

s,

15 measured at every elevation alcag the whcle red for all the

16 tests in the verld.,

17 "h a t we did have vers burst strains. And so we

18 said is there a correlatica te: Ween burst strain and averacs
,

19 strain in a plane. And we iccked at bundle tests. The

20 three that we had were good pedigree, and in those three

21 cases when we raticed the nunbers we ;ct nearly a ccnstant.

22 And so we said we will use burst strain as a correlating

23 parameter. It has nothine to dc whether mechanistically the

24 burst nede is contributing to blockage or not contributing

25 to ticekaga. All it does ic say that if Icu are in a
.

i

r~
(w
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n/N- 1 temperature region where the material is ductile you are

2 going to get a big burst and you are probably gcing to get

3 big nonburst swelling.

4 And sc we used the burst strain only as a

5 correlated parameter, as a me: ins of getting the average

6 strain.

7 :;ov Pic is going to tell you about another way of

3 doing business, where instead cf using the burst strain asi

9 the correlating parameter, he is going to measure up and

10 down the rod and take an axial average strain on a single

11 rod, and he is going to take the ratio of that to this<

12 coplanar average strain and say that this is pecrably a

13 better way of doing b niness than using burst strain to

n''' 14 correlate on. And : :n probably agree that that is a

15 better way of doing bt *Tess, except that we didn't have the

16 data ; the W0rk hasn ' t been dona. So you psy your toney and

1'7 you take your choice. I think the d'ff.rence is a second

18 order effect.

19 's' e chose a parameter to cc . relate on, and the

20 ad eq ua cy of that correlation is what ! think is a good
:

21 question that has been raised about the blockage model. And
'

22 I ha ve a cocment to make about that good question if we are

23 ready to move on to that.

| 24 .? ?. . MATH!S ?alph, ycur maximum blockage is ;oing

25 to occur just before your burst, when you have got maximum
|

\;
s

1

j
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(ms,)' 1 .svelling without ru;ture, right?4

2 :!? . ': EYI3 : :: c , ac t .ecessarily, because the
i
! 3 burst, axially the burst in different rods occur at

4 different elev&tions. They are not coplanar.

5 MR. eATHIS: Well, I realice that.

6 ME. MIYEF: And so you could.indeed have ---

7 Y2. ZATHIS: Eut you are going to have ficw paths

8 in and out though?

9 MR. .! EYIE : Ycu could indeed have the nest blocked

10 plane not_having any bursts in it.
4

11 M?. NATH!S: That is right.

I 12 ME. MIYEF: In this case I think they all did have

13 bursts in them in your three bundles. Eut it is not

Ps/ 14 preordained.

15 If they were coplanar, you s+e, then we vauld

16 really be stuck on what defines flow blockage if we have got

l'7 an area that is just full of ructured nodes. As it stands

18 no # , the uncertainty in what is the flew area is -- there is

19 an uncertainty becauce we don't quite know how to treat

20 those burst nodes, but there are just a few of them on

21 average in this plane. And so we make a reasonable quess.

22 We use the inscribed circle method. And that is how the

i 23 area reduction is defined in the plane where ycu have a

24 burst node.
4

25 ::ow the questica --
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Gk ,/ 1 MP. STFASSER: let me ask you this.%,

2 V. ;. . *d. T. V. 7.% C_ u - a. .. .

3 v. 2.. . .- . _e e .e r_ . .- . a _4- _- ..<.- o _e 'u .e+. ~ _- =_ .4 n .o: e+n a _ -

4 average rod strain that you find constant for the Oak Ridge
T

,

i . tests, do you feel that has a physical basis or is it a
,

1

6 happenstance?,

7 MR. MEYER: No. I think in a very crude sense it

8 has a physical basis, and that is in the alpha and the beta ,

9 pure alpha and the pure beta regions where the material is

10 very ductile you would expect both turst strains and

11 prerupture strains to be big, because you are dealing with a

12 ductile material.,

I

13 In the mixed phace region where the material is

J
14 fairly brittle you will expect the rupture strain to be

15 small and the rod strains away iros the ru pt ur e to be small.

16 MR. STEASSER: Cepends on the ramp rate to a

i 17 certain extent? ',)4
-

; !

18 ME. ::EYEE : Ies. Su- fundamentally there is no'

1

!19 mechanistic connection. We don't pretend th ere is.2

' 2(L !2. STEASSEF: How did you find your maximum plane |

1
i

21 of ficw blockage?

Z2 MR. MEYEE: Well, in the Cak Eidge tests they

23 sectioned them how often. every --

24 VOICE: One and a half centimeters.

25 F3. FIYE34 Every one and a half centineters and

p).,
%r
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o
1 looked for them.

2 Okay, the quection that was raised was about this

3 ra tio of burst strain te coplanar average strains, anc the
,

4 question is you -- or maybe it is an observation -- that we

5 tock that ratio from th ree bundle tests, the only three

6 bundle tests that existed at tne time, and all three bundle

7 tests were taken in the alpha phase region. And the comment

8 was that as you move up through the mixed phase and inte the

9 beta region that you might expect that deformation in the

10 burst node and deformation away from the burst nede might

11 get out of kilter a little bit, so that the ratio wo uldn ' t

12 hold.

13 Fut very simply we are using a correlation, a
1

(_) 14 ratio cutside of the range that we had data to derive it.

15 And that is a risky business. And it is a good criticism.;

16 There are only two problems. One is that there aren't any

17 data outside of the alpha phase region. So there is nc way

18 we can remedy the situation. And in other modeling

19 assumptions like these of avers;e strain or anything else

20 would be subject to the sama limitations.

21 And secondly, the alpha phase region a;; ears to be

22 the most important for the licensing analysis anyway. So we

23 feel fairly comfortable in the regicn that is most

24 important. It is the region of the biggest strains and

25 where most of the plant transients fall down.

%
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\- 1 Ic we do indeed ac' nowled;e limitaticas of ther

2 model. I don't for a minute tnink that this is the model

3 that is going to stand for 2C years without acdification.

4 But at the moment, considering the data th a t exists, I don't

5 think that you can do much better.

6 Now there were two final question: that were more

7 philosophic in nature, and they were: is there a need to

3 require cladding model changes and should it be done now?

9 Let me first flash throuch the different vendor

10 modcls for the three cladding correlations. This is a

11 comparison of the vendor models f or cladding rupture

12 tempera ture which gives the incidence of rupture.

13 The comparisen has been made for a ramp rate of 5

14 degree C. per second, which is a very common ramp rate in''

15 the plant transients, although in most cases the vendor

16 models don't have ramp rates as a parameter. Sc no mLtter

l'7 where we wculd, what ramp rate we would be interested in,

18 most of the vendor models would s ta y ;ut. The NUEEG model

19 labeled NEC is a solid line, which was done at 5 degrees per

20 second. And the ~4estinghouse model was also a 5 degrees per

21 second. It is the only rupture temperature model that is

22 curr en tly used by tne industry that does have ramp rate as a
.

23 parameter.

24 Now that is rupture temperature, which gives the

25 temporeture in pressure or hcop stress at the time of

n
( \
'x.,/
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(_) I rupture, and is what you use to decide if you have had a

2 rupturs or not.

3 : think you have seen this one before. This slide
.

4 compares burst strains for all th e ve ndo rs. Again, none of

5 the vendor curves account for ramp rate in the burst strain

6 c0rrelation, and this is even true in the Westinghouse case.

7 Westinghouse uses ramp rate as a parameter in the

8 ru pt.ur e temperature correla tion but not in the burst strain

9 and not in the flow blockage.

10 Here again, this comparison has been made with our

11 so-called slow ramp curve, which is a curve that was fitted

12 to data with ramp rates between nero and 10 degrees C. per

13 second.
/'~T
(_) 14 - And here is the corresponding flow blockage

15 curve. The NEC flow blockage curve looks just like the NRC

16 burst strain curve, because that conversion process, th e

l'7 model simply gave us a factor to scale the strain curve with.

18 Vow, on this slide I have simply listed three

19 reasons why we believe that changes shoulc be made in the

20 cladding models. The first reason is that there is no

21 physical basis for cladding models to vary significantly

22 from vendor to vendor. The obvious design differences like

23 diameter, thickness, fill pressure are all explicit inputs

24 to the odel.

25 The second reason is that the cladding

/"T,

(d
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(_) I co rrelaticas in the MUREG r+ port were developed to give the

2 minimum values that would satisfy Appendix K. That was cur

3 intention. If yea agree thst the NUEEG curve satisfies that

4 purpose, then you can see from the previous slides that

5 almost all of the licensing curves undarestimate the deg ree

6 of swelling and incidence of rupture at one temperature or

7 another. And even if you dcn't agree that the curves in th e

8 NUREG report sctisfy the -- illustrate or shev,the minimum

9 requirements of Appendix K, I think you still have to

10 recognize that some of the vendor curves are way out of line

11 based on the data that you have seen.

12 Finally, the claddin; aodel discrepancies shewn on

13 the previous slide can produce large changes in peak

14 cladding temperature. Norm talked about this, and of course

15 there are compensating margins and other peaking factor

16 changes that we can use to avoid the consequences of that.

l'7 But these changes greatly exceed the threshold for action,

18 which is 20 degrees F. as stated in Appendix K.

19 Therefore, we believe that we have got a problem

20 with part 1(b) of Appendix ' that must be dealt with. The-

21 question then boils down to should the changes be made now.

22 MR. SHEWMON: Where did this 20 degree F. come

23 from?

24 M. E . MEYER: Appendix K. Can somebcdy quote it?

25 Appendix X says if you got a discrepancy of more than 20

PO
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(_s) 1 degrees ycu cot to redo the analysis.

2 !?. LAU3IN: 1 ell, actually it says if the nedel

3 results in a peak cladding temperature change Of scre than

4 20 degrees we have to report it.

5 MR. SHEWMON: Have to what?

6 MR. LAUSEN: 3eport it, and it has to be reviewed.

7 MR. YFYER: You know, if we were talkinc about

8 changes in peak cladding temperature that were on the order

9 of 20 deg rees, then we could simply say that is interesting,
,

10 but we are not obliged to do anything about that. But we

11 seem to be vell above that threshold.
,

12 Well, down to the home stretch here, the question

13 whether ECCS evaluation acdels shouli te changed now is

_) 14 really broader than the questien I an goin; to address.

4

15 .Vorm vill address the larger question with the schedule in a

16 few minutes. I will address only the feasibility and
.

i

17 desirability of making cladding =cdel changes acw in light

18 cf ongoing research progranc.
]

19 The first reason that I would like : give you is

20 that we have learned enough in the past five years to know

i 21 that the present measure models are not very good. And even
,

ZZ if you are not convinced that the research programs in the
i

23 last five years have given us significant new insichts or
i

24 knowledge about ladding behavior, we are still faced with a |
't

25 rather recent revelation that .? cst of the plant transients

O
1
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-( I are in fact slow transients, not fast transients.w

2 This cakes a big difference, and a lot of the

3 early work was predicated on havinc fast transients.

4 MR. SHEWMON: When you say most of the transients,

5 are you talking about experience or what is stylish these

6 days to make people calculate and come back at or redoing

7 big 10CA's or what?

8 M2. M E YEP. : What : 1: talking about is when we

9 actually looked last winter at 10CA calculations done for

10 licensing purposes we discovered somewhat to our surprise

11 that almost all of the ramp rates in these calculations were

12 what we would call slow. They were not up in the vicinity

13 of 20, 25.

w/ 14 MR. SHEWMON: This is the full-blown, big pipe,

15 instantaneous, doucle-ended pipe break?

16 MR. LAUSEM: When he talks about slow, he is

17 spesking of the rate of tenperatura change at the time

18 rupture is occurring in a plant. Of course there are times

19 when the clad temperature may be changing a thousand degrees

20 a second or something like that. That is very early in the

21 transient, and the pressure is still high in the system, and.

22 there is no danger of rupture.

23 MR. SHEWMcN: Yes.

24 MR. lAU3EN: But at the point where cladding

25 rupture is occurring, almost without exception there are--

% ,-
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/% I two exceptions. The rate of temperature change is what
(a)

2 Esiph has termed slow 10 degrees C. per second or less.--

3 M?. SHEWMON: Well, somed ay we can also discuss

t

4 the relevance of the instantaneous to the average, but that

5 is a separate ramp rate.

6 MR. MEYER: Yes. We a re , by the way, using a

7 long-term, not an instantaneous ramp rate, both in the

8 analysis and in the experiments themselves. ,

9 Well, just to underscore that point one more time,

10 five, six years ago, when a lot of these NRC-funded prc;ramt

11 were being started, we just did the 28 degree C. par jscend

12 test, because we th ough t that they were all going tc be that

13 order cf magnitude. And the investigation of the slo %er
j

() 14 ramps is a relatively recent event.

15 Okay. Tae second ;cint with regard to the

j 16 imminence of critical research, I think that some false

l'7 hope s were raised before this committee back in February.

18 At that meeting a slide was shown by Westinghouse that

19 listed three future research programs, and then the

20 conclusion was drawn that the test schedule in the near

21 future would provide data for derelopment of more definitive

Zt cladding models.

23 None of those tests were designed to measure

24 cladding behavicr. They were all thermal hydraulic tests

25 with predetermined fixed amount of ballooning and blockage.

m
v}f
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I
<~ !(3m ,1 1 MR. SHEWMON: There is nothing coming out of the

2 NRU experiments on claddinc?

3 MR. MEYEE: Now, those NEU vere not the three that

4 Westinghouse showed. I am going to talk about the --

5 33. EHEWMCN: But they are done in the next five

6 years I hope.i

I

7 32. MEYEo s I am going to talk about the N2U right

8 now.

9 YR. SHEWMON4 All ri gh t .

10 MR. MEYEE We talked about the NEU tests at our

11 February 14 meeting, and that program will indeed contain

12 the cladding behavior tests. The initial tests in the NRU

13 program that will be run later thi year are unpressurired

(s} 14 nonballooning fuel. Sc the first tests with ballooning ands-

15 rupture are scheduled early next year.

16 I think the present schedule is for about January
:

l'7 or February. The NEU program will run for about three

18 years, Juna 1992, and the blockage data will probably not be

19 available till near the end of the program. We also

20 understand that schedule slippa ges are righ t now being |

:

21 discussed on the programs, slippages on the order of a
|

22 year. And so it may realistically be late 1983, 1984 before '

23 the NEU bicckace results are really available.

24 Now if you want to probe into the schedule for

25 that, ycu will have to ask the Eesearch pecple.

!
~-

.
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(3) MR. EME" MON: I have, thank you.
,

1

2 M3. "IYER: But I wouldn't count on results from
P

3 N3U that are going to make a big difference in what we have

4 done in less than two or three years. There will also be

5 some more Oak Ridge oute r reactor multi-rod tests, and there
1

6 should be some additional tests from Cormany, Japan, and

7 England during this period of two or three years that th e

8 NRU program is running.
,

| 9 Most of the most new tests are multi-rod tests, a
,

| 10 lot of in pile tests. They are difficult, expensive. I
!

| 11 think the results are going to be controversial just like
|

12 th e results from the first five years have been

13 controversial. 'de have already heard disagreements about

'm 14 the shape of the shrouds and balloon sections and the number(_)
15 of ballooning rods in upcoming tests.

16 Eo I think it would he unwise to think that we

l'7 vill reach anotner plateau with a useable licensing pocition

18 in less than five years from now.
I

19 The next point has to do with some calculations

20 that were done after November of last year. There were some

| 21 rough calculations done to show that there were compensating
!

22 features available in the cladding models so that this whole

23 business was a so-called nonproblem. Those approximate I
,

l
24 calculations really can 't be relied on to sa tisf y the l

i
'

25 requirements of 5046, and th a review schedule that we favor

)'

-
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(m\
(_/ . I would uporade these calculations in several steps as final

2 model revisions are made.

3 I think there is cienty of indication that there

4 are compensating features available. I don't think as a

5 regulatory policy that we can rely on the approxima te

6 evaluations that have been done for an extended period of

7 time. I do think we can rely on them to allow us to maka

6 revisions in an orderly and nenhysterical manner.

9 ZE. SHEWMON: Would you explain what you mean by

10 that last point on the slide near-term a;;rovals are--

11 already needed for several vendor models?

12 MR. MEYER. Yes. I haven't gotten to that yet. I

am going to do'that right now.13

Q\s 14 The last point. it is an interesting point and I

15 want to mention some vendors by name. Combustion

{ 16 Engineering, whose claddin; correlations appear most out of
i

17 line, have ackncvledged the need to make changes and they

18 have submitted revised cladding mocel: that now need review.

19 The point that I am trying to make is that there

20 are I am going to go en with some other vendors now-- --

21 but'the point I as trying to make is that there are actions

22 that are already needed in this area that have been

23 precipitated by one thing or another so that this is, !

24 think, an additional reason for going ahead and doing it new .

25 CE has some acdels before us which need review.

(~)
%J
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\_) 1 Westinghouse a couple of yea rs ago added this ramp rate

2 variable to their ::all break model. I:u remember

3 Westinchouse has one correlation that has ramp rate as a

4 variable, and tha t is the ru pture tem perature correla tion.

5 But it only hac ramp rate as a rariabl= in the small break

6 model, no t the large break model. And Westinghouse has

7 contacted us after our round of questions last November and

8 said that they really ought to be using the ramp rate

9 dependence in the large break model.

10 So here is an item that needs an action'. I think

11 you could on a technicality wonder whether Westinghouse had

12 an approved large break model at the moment.

13 Exxon. Now as I understand it, and I haven't
q
k/ 14 confirmed this, but as I understand, Exxon has recently done

15 some planned analysis for reload work, where they have

16 already taken the cladding nodels from NUREG 0630, pluqqed

17 them into their code, and done the analyses and submitted

18 them for reload.

19 Technically, of course, I think that is a scod

20 thing to do, but again there is the question of whether that

21 constitutes an approved ECCS evaluation model or not because

22 it hasn't been ble sed by the .NRC staff and locked up in the

23 safe with the others. And then finally I don't think GE

24 evaluation models have ever been formally approved, but it

25 is less important there because you don't even have this

(~%
\ )v
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('s
's ) I blockage concern.

_

2 "kay, that is th e end --

3 ME. EHEWMON: Why is it with GE you don't hava it

4 because they ara shielded, or clad or --

5 MR. LAUBEN: Go ahead.

6 33, 3Eyza; .N o , you, please.

7 .12 . lAUBEN: I was ;oing to address your question,

8 you said about them not having approved codels. But I think

9 you asked a different question.

10 ME. SHEWMON: Yes. I thought it was this blockage

11 can't occur there.

12 MR. MEYER: I said they don't have one yet, it

13 doesn't matter so much.

Q(> 14 MR. SHEWMCN: 310ckage can't occur there because

15 of the subassembly walls or what?
1

16 ME. LAU3EN: s: o , as I mentioned in my one slide

17 that first of all, the lower pressure that GE tends, and the

18 better heat transfer that you ;et because yo u don ' t have as

19 large a b reak , causes them to have lower temperatures during-

20 blowd'wn. (inaudible)c

21 MR. SHEWMON: Okay.

22 MR. LAU2EI14 Now they do have blockage, but as I

23 said, bicekage is accounted fcr implicitly in the heat

24 transf er model in GE's computer model, ro it isn't as

25 necessary to go thrcuch such and such -- --

i

v
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() 1 MR. SHEWMON: Thank you.

2 YE. MgYE3: They den't ".a ve a blockage correlation

3 for exan;1e.;

4 MR. SHEWMON: The world, as Ralph said, the wo rld

5 in which you live or we live is new set up so that these i

6 th ree correlations are what must be put in to keep the

7 computers operating for these calculations. Is that right?

8 HR. MEYE9: That is right to a first i

9 approximation. There are a few other cladding related

10 pieces in the models. For example, prerupture strain and

11 the axial extent of strain on a rod that has a rupture in it.

12 MR. LAUBEN: I don't think the computer programs

13 are that limited as to what they can -- -- there was a
-

(.
(_ 14 better way to calcula te blockage or strain. I am sure you

15 could handle it as long as the variable is something that is

16 a calculable, quantifiable material.

I'7 MR. SHEWMON: Okay, are there any other questions

18 for Ralph? All right, why don't we take our ten-minute

19 stretch now?

20 (A brief recess was taken.)
.

21

22
..

24

25

. .

Y
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I 1 MR. SHEWMON: Dr. Picklesimer, could you cover the

i I

() 2j schedule? He is down for general summary and implementation on !
$

3! my agenda. That was what was given me.
.

4j MR. PICKLESIMER: I have a rather large handout. I i

n

5 .f would appreciate it if you would go through it quickly.a
'

$
j 6; I am. going itx) surprise you. I am going to be sure

A v

R 7, that you have certain kinds of information available to you for
-

,

s !j 8' study at your leisure whenever you wish.

d
d 9 M D. . SHEWMON: Okay.
E.
;j 10 | MR. PICKLESIMER: I plan on using 15 for 33, and since,

3 i

_

11 the pages are numbered we can go through them fairly easily hereE
< 'a

1m/l - 12 ' and quickly.J
E
n .

d 13 Let me start out by saying that -- and I speak for the
O- =

~x
$ -14 Fuel Behavior Research Branch now, not just PIC. Now we have
M
.

E
E 15 | no problem whatsoever with the rupture temperature pressure
d '
-

1

y' 16 correlation that is used in UH-630, nor do we have any problem
s
y 17 with the use of the bounding burst strain curve when it is used
w
= i

G 18 , for the calculation of fighting oxidation room, nor for hydrogen
= i
S |

C 19 i evolution.
x
n

20 Now, what we do have a problem with is the use of this

I21 i bounding burst strain curve to calculate flow blockage. I am of !
! i

!

22 i the opinion that the burst strain has nothing to do with blockage!.

23 It has nothing to do with the material parameters that are

24 ; important in blockage, and that it is a misleading factor.

(~h '

\/ 25 Now, I intend to show you some of the reasons for that
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2 1 in the slides that I intend to bring up ncw.>

2 I am going- to propose a different approach which uses
!

3, what I call average rod strain and which I will hopefully define j
i

'

4 later on satisfactorily, and pose the possibility of developments j
!

=, 5' in"the near uture which I am prepared to discuss, if you wish,
'

9
j 6 such as the F VA work, which shows the effect of 90 percent

M
$ 7 blockage on the temperature of the cladding and the burst region
s !

j 8| and the simulated blockage region and in the bypass region,
d ,

d 9i In the Erbacher report, whi'ch ;was given at the Boston
z'

'

c
y 10 | Symposium on Zirconium in' the firsi veek of August, which gives
3

[E 11 a new kind of correlation, a new method of correlation for
3

y 12 getting at burst strains, calculating from, we think, material

,-

r3 5 13 ' properties, but we are not sure; it is very complex.
tJ 5

m
g 14 MR. SHEWMON: Is that still available only internally?

E
2 15 MR. PICKLESIMER: No, sir, I have copies. In fact,
x
=
j 16 ' David has a copy.
s
6 17 This was the ASTM presentation given in Boston. Then
u,

='

E 18 finally I am prepared to discuss, if you wish, some of the Seng-
,
~

C
,

E 19 piel_Borgwaldt 0 calculations on probabilistic analysis for
5 '

i"
t

20 ' blockage in bundles, if you wish.

21 I Now, I understand that translation has been sent to

22 ' me in'.the mail, but I haven' t been able to put my hands on it
'

: 23 yet.

!
| 24 That one is, so far as I know, still in German, but

25 the translation should be available shortly.

.

!
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I
'

3 i Now, it is my thesis that the average rod stream and

'f- cross section of a bundle can be calculated and can be used to j

'

2l I,

i
'calculate the pressure drops measured there in flow tests. You3)

,

4 saw some of the.t data a little earlier. I will have to show you

!

e 5 another --
4 E

n
N 6 MR. SHEWMON: Now, I assume that Ralph would completely
e
R
g 7, agree with that first statement, what you have just had on that
-

7.
3 3: slide?'

: a

d
! d 9, MR. PICKLESIMER: Yes.

Y
MR. SHEWMON: I don' t know how he massages that data,

@ 10 j
3
5 11 but it seems to me --
<
E :

d 12 , MR. PICKLESIMER: That iswhat I am going to prove.
z

i =
~

; gg j 13 MR. SHEWMON: You are going to explain what you mean

\_) =

$ 14 by that statement?
d
u

! 15 , MR. PICKLESIMER: That is what I am going to show you.

s
. 16 , All right. Now, this is a table showing the sectional sprains'

3-
a

p 17 in each of the rods for all 16 rods in the bundle. This is the
x
=
5 18 blank by blank sections taken a centimeter and a half on the
-

9
E 19 bundle. I want to consider the strains between one grid and
x 4

1

20 | the other grid.
,

21 This is what I considerthe test section, right in
4

22 ' here. All right. If I take the strains at each of these cross-

i

23 ' sections, average them, then I will wind up with this column

24 , of averager strains.

(/ 25 This column of numbers then is put into COBRA as a

:
!
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l
4 1' single subchannel to calculate this curve right' here. These are ;

,

() 2i the experimental pressure drop measurements that were made.'

;

:!.

3; Now, the only ones that went into COBRA were these ;

!
4 average strains right here. That tells me then I can use the

|'

e 5. average strain in the cross-section to calculate the presaure
I

A.
3 6' there measured in flow tests.o
R
$ 7j MR. SHEWMON:- How does that average strain differ
A !

j 8' from Ralph's average strain?
i

d
d 9 MR. PICKLESIMER: It is no different. It is the
$
$ 10 i same.
3_ .

j 11 ; MR. LANROSKI: It includes a rupture?
'

ts

j 12 MR. PICKLESIMER: Where the rupture occurs? Yes,
,=

; 13 the rupture is closed off so there is no credit taken for the

j 14 , passageway of the rupture.
H=
2 15 ' MR. LAWROSKI: I am not sure that is entirely clear.
w
=

y 16 What you are showing are all the strains, including the strains,
A

d 17 rupture elevation and all others.
w 1'

I

E 18 - MR. PICKLESIMER: From the cross-section. '

:
.

G 19 ''g MR. SHEWMON: And what you used were inscribe smears '

.4

20| which would correspond roughly to the pellet diameter. Is

21| that right?
!
I

22 ' MR. PICKLESIMER: No, sir, to the circumference of
i
t

23 the first rod. Circumference of the first closed up to make a
,

24 , circle. That calculates a rod strain for that particular

(},

25 , point.
'

!.

I
;
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5 1 MR. STRASSER: Circular or straight line?
lf-' _g 2| MR. ?!CKLESIMER: The circum:erence of the first is

I

\) |
3

!3 the circumference of an equivalent circle.

4i MR. STRASSER: Ch, I see. You push it together.

e 5 MR. PICKLESIMER: Push it together; that is right.
S
j 6 Now, Chapman has done two types of measures. He
R
$ 7 takes a straight line across the lips or you can close it up.i

; -,

j 8
'

It makes only --
d
a 9'". MR. STRASSER: Preburst diameter.
?
C 10 ''j MR. PICKLESIMER: Yes. It makes only a small
=
5 II ! difference, a few percent in any of the calculations you want
*
" 12 'g to make any way with us, so it doesn'.c really make all that much
4
j 13 , difference.,

x_) $
5 14 Now, the other set of data that are important here
5 i

j 15 ! is the average rod strength for each of the rods in this bundle.
=

g 16 Now I am averaging between these two points only. I am not
A.

$
17 averaging over the full length of the rod.

=
5 18 Now, if I average the average axial rod strains, I_ ,

"g 19'jP
'

come up with 19.2 for the average rod strain in the bundle in
n i

20 | the test section. If I average the cross-sections I come up

21| with 19.2, as I should. I sampled the same body of data, just
!

22 i different ways.

23 ' I cone up with sigmas for these, 3.5 and 3.4.

24 f I submit that the average of the axial rod strain

() 25 is as good a measure of the blockage in the bundle as is the
,

*

f
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8 't

6 1 average of the cross-sections.
/~'
(>) 2> Now, the correlation I do not yet have is for the !

;

'
i

3I maximum plating of blockage in that. This is stuff I was doing

Monday at home without complete references of library or anything!4

c 5 else, and I donit have the correlation complete, but I know that,

P.

j 6 this works. I think we can make this one work.
R
$ 7

i Now, we can --

% |

j 8 MR. STRASSER: Is there preference for one over the
d
c; 9 other for some physical reason?
?
@ 10 I MR. PICKLESIMER: Yes.
_3
j II| MR. STRASSER: Yes. Measurement reason?
E

I 12 | MR. PICKLESIMER: Yes. We have data in one way and
5 '

/~N 5 13 ' not the other.
(_) 5

,
- z

% 14 ; Now, here was a set of measurements made the same way
Ej 15 on that with this bundle, with two different correlations for
=

j 16 ' fraction f actors, axi that makes a difference in the two dif ferent
A

f 17 regions of fit. So this part has been fairly thoroughly
=

} 18 | covered.
: !

"g 19 ' Now the correlation that Dr. Meyers and Povers used
n ,

20'' to get at the blockage is through the burst strain. I contend

2I| that the burst strains are not physically related to the
!

22 average strain in the rods nor to the loss of flow area in the

23 bundles.
|

24 Now I want to show you one of the reasons why I thinkr

O 25 -they were misled. Here is a plot of the rod average strain for

i
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g 8d

i

7 1 | each of the individual rods in the bundles against the first

C) i
..

,

2i strains in that rod. Now this is not acainst the blockace clain.!
l I
,4

.

,

3 It is not the maximum burst strain, it is for every individual ;

4' red using the axial rod strain average. !
l

c 5 Now the slope for.the best fit of those points is j
n 1

1-

g 6 .5, whichis essentially the ratio they came up with, and it is
( R

$ 7: bounded by a slope going from .4 to .65.
~

!j 8' I think that this is a fortuitous thing. It just
J
d 9 happens to be those three bundles that give it that way. If we
?.

@ 10 i go to other bundles it won' t happen.;

3
_

@ II , Now one of the reasons I say that is this. I take'

s i

I 12 that same table that I used before to get at this bicck. I take
=
-
~

13 out all the burst strains and replace each of the burst strains
=
x
5 14 by the nearest neighbor non-burst strain, and some of these
b

h IS are going fro things like 67 percent down to 40 percent.
,

=

j 16 I do my same averaging everywhere, and I find there
x

$ 17 is no significant difference. I go from 19.2 to 19.0 for my
E

f 18 average strain in the bundle. I can remove all these and it
-

E
19 , makes no difference in the anarfsis. My analysis is bettera

.9

20 than the first one.

21 Now, with and without those burst strains here -- I
;

!

22 have the table comparison of the individual rcd strains, and I

23 have underlined only those that have made changes. I am going

24 | from those of 19. 6 to 19. 4 ; 19.4 to 19.6. The largest one in |,

l
'

25 there is 23.3 to 25.1. I think that is probably the largest

!
|t
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8J
:
i

8 1 difference there is for an individual rod, and it just doesn't |,

4,~

(_) 2' make that much difference in the bundle average. |
3 I

3| MR. SHEWMON: Tell me again what Iamsupposedutohavej,
I
t

4 I in my notes for that?
i

e 5 MR. PICKLESIMER: This is all material that I covered
9
j 6 last spring, so you should have a more cocolete set of notes. I

E
g 7: This is the table of values with the burst strains. This is

i-

f8 the ones without the burst strains for calculating the pressure
J'

i

9,
.

drop with the covered measurement, and what I am saying is it
?

$ 10 doesn't make any difference whether you include the bursts them-
3
_

j 11 selves or not, if you include a large strain, the next
a

N 12 neighbor.
3
y 13 So I can throw the burst strains out and not make a

-O =
z

14 significant difference.p
,

: C
!

~j 15 Now I 1m going to show you here a plot this is--

;
: !

'

j 16 on Figure 8, or page 8 -- which shows you the start of what I
; A
1

| U. 17 want to propose as an alternate. The bounding curve here is
E
C'

w 18 almost directly out here around 630. I am not sure that I
'

= |

#
19 | got all the points right. I was reading a graph, and I am nots

5 '

20 , sure that I applied it exactly accurately, but it is close

21 , enough.i

22 I took all of the rods inthe bundle and a number of

23 the single rod burst tests that Chapman has run recently. I

24 don'.t have all the data, but I have most of it, and I plotted on

( 25 here the average strain in the rod, axial average, and the Surst
;

'
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i

9 1 j burst strain, and then for most of the single rod tests I

(~T l
\_/ 2 1 connected the average strain with the burst strain for that

1

3 particular rod.

4 Now some of these, the average strain drops when the

|
g 5, burst strain increases when you start comparing one rod to another c

A |.

6 so the conclusion that the average strain is greater ~when the
|
!

n

$ 7; burst strain is greater is not correct. It may be smaller. You
M
j 8 never know. I

1

4 I
0 9 I have included here the average strains for each of
3,

5 10 I the rods 'and the burst strains for each of the rods in each of
3_
j 11 , the three bundles. Now I have enveloped this set of average
w

( 12 strains with the proposed curve. I am proposing to use this
,=
~

13 curve to go directly to the full blockage calculation, rather
Os =

h 14 than the burst strain to the average strain for the flow blockage;

d
! 15 , calculation.
E

g" 16 + MR. SHEWMON: What is that bunch of sparrows between
s
y 17 the two lines there?
w
=
5 18 MR. PICKLESIMER: This one in here?
_

E !
&
g 19 | MR. SHEWMON: Yes,
n

20 , MR. PICKLESIMER: Those are the first strains for

21 | bundle B-1 and 3-2.

22 ' MR. SHEWMON: Okay, and there are lines over here

23 for --

24 : MR. PICKLESIMER: Yes, for single red tests. B-3,

( 25 average strains right in here and first strains right in here.

ALDERSON REPORTING COMPANY. INC. |.
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MR. SHENMON: I guess you connected con;9 lines and10 1

() others without lines.2,

1 i

MR. PICKLESIMER- .I-ha've. connected.. single red tesrs |

3|,

4' now. Whether they have been run as single rods now, I have j
i

5' connected --e
|~

N i

N 6 MR. SHEWMON: Okay. We will go back to that set of
e

k 7' points I first asked about, B-4, B-2 or B-1, B-2.
- ,

- .

E g[ MR. PICKLESIMER: B-1, B-2. These are the average
n

d
g 9 i strains of the B-1, B-2. These are the burgt strains. This is

i

$ 10 , a single rod right here. This is a single rod.

5
'

i

-j ij MR. SHEWMON: But B-1 was a group of rods?
<
5
j 12 ; MR. PICKLESIMER: That was the first bundle, 16-rod
z
=
3 13 bundle.
~

=

$ 14 ,p
MR. SHEWMON: Yes.

.
a

<f
'

k 15 i MR. PICKLESIMER: You could look upon these really as
5
-

j 16 being replicates of a given test run.
';

s
;j 17 MR. STRASSER: Does the same phenomena hold true in

x.

E 18 B-1 and 2 as B-3?
= I
-

-

t 19 MR. PICKLESIMER: Yes. This is B-3 right here for
=
a

20 j average strains and burst strains. Now this. B-3 was a slower
| =

i

!
'

21 test.

h
22 ! MR. STRASSER: I meant does the same hold true for

!

23 - B-1 and B-2?

MR. PICKLESIMER: Yes.24 ;

25 MR. STRASSER: Diverging burst versus average rod

.

I
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I

11 1 - strain?

likely it does for the individuai2 MR. PICYLESIMER: "ot1

i ;

3 rod strains here, no. They are much nore tightly grouped. |
|

4 Now, these are individual tests that have special !

;

g 5; heating rates. Some of them are pretest. Some of them are wrap
9

3 6 test. Some are isobaric tests. They are grouped together as an
R
$ 7' average strain, where the burst strain does not.

I
-

u
j 8 Now, the problem that I see here -- I will agree that

d
:; 9; you can form the ratio for the average red strains versus the
?
@ 10 i burst strains for the bundle test. You can average that. That
E

) 11 . gives you a number. I claim that that number cannot be used
3

:j 12 outside the temperature of your data plots:.- You can.'.t use it
=

(_3
5 13 | anyplace else.because the burst strains, ratic to the average("

/ E
z
5 14 strains does not represent a material parameter. There is no
+
= :

f 15 ; physical basis for that.
E

j 16 i Therefore, you can't take an outside temperature range,
x
d 17 Now, I show you sme fo that. I have here a set of data points
w
x
$ 18 where I have calculated the average ratio of the average strain
: :
-

$ 19 | to the burst strain for individual rod tests. I want to
n

20 : emphasize that now, for the individual rod tests over a large

21 temperature range.
I

22 | Now, I can classify these into several grours, .e

23 ' the strains are less than 30 percent, circular points, where I

24 ; have no circle -- another symbol on the points, like these

(~s
\- 25 j three right here. Their strains lie between 30 and 60 percent,

I

i
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,

12 1 burst strains; diamonds give me strains greater than 60 percent;

\ 2 scuares give me strains greater;;han 90 percent. The larger |
I !

3i the strain in general here, the larger the burst strain the smalles

4 is this average.

1

g 5: Now, the correlation that has been used in NUREG-0630
0 i
j 6' lies a' set of points right here about .45 to .5, in this region

7 |I
E

here, and I say that as the burst strains go up you do not haveE
a !

'

j 8' an increase in average strain. This ratio was found, especially

J '

% 9! when yougo to another country. Therefore you cannot use that
?

5 10 I outside the temperature where you have actually made your
?

| 11 ; calculations of data.
8 i

j 12 i Now, I would like to make this particular statement as
= ,

S j 13 ' an emphasis. If a standard flow blockage curve must be establishes
=
A

5 14 now for use in auditing vendor models, then I suggest that it
b
! 15 ' be done based on average strains an the rods, not the burst
_

I*

j 16 strains. |
'*

d 17 Le have average rod strain data that is in about as
x
=
5 18 good a shape or as good as the burst strain in the selected data
P i

$ 19 ; pool that we have to work with. If we don't have all of the
5 ;

20 ! numbers, they will be readily available in a few months time.

21 All we have to do is go and pull them out.

22 I know that the Germans have axial rod profile data

23 on their burst rods. The only data that are reported in the

24 | literatura are burst. I can ask them for the average. They can

\-)/ il'
25 give us that. Thatis no great problem within a short period of

,

|
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i

13 1 time. Chapman does not have average rod strain calculated as I !
,~ .

(_) '
2, wish it to be calculated for all the single rod tests. He does !

! !

3 have rod strain profiles. They can pull this out in a few weeks'!
|

|
4 time. It doesn't take long to get together a suitable set of |,

I'

e 5 average strain to use for this, as far as I am concerned. |
9 i

j 6 One of the big points on this is that it is directly |
R .

$ 7; applicable to flow blockage calculations, yet if single rod
~. tj 8' data can be used at all, I am not yet convinced that single rod'

d
d 9' data can't be.
i
O i

$ 10 : Now I would like to propose then this as a possible
z
=
j 11 bounding curve for calculation of flow blockage. I have on here
a

f 12 j the average rod strains for the single rod test. All of the B-1
E

13 ' data points fall within this rectangle. All of the B-2 fall() ~

z
5 14 within that, and all of the 3-3 fall within that except -- I amV

:-
= !

} 15 sorry. This is the average plus one sigma. |
= i

'
g 16 There are a few points that fall outside those, but
s
y 17 not very much out. So these blocks represent the average plus
5
-
G 18 | one sigma for B-3, B-1 and B-2.
= 1

# I

19 ! If I then bound that with this curve here -- I amg
n '

,

20 suggesting this as a starting curve for looking at a calculation
,

21 i to flow blockage. Now, we could improve this by simply getting
i

22 | more data points, and I know of at least 25 or 30 more that are

23 ' available. We just don't.have them.

24 ' MR. SHEWMON: If we stayed with that, how does that,
-

)
J 25 , differ from what -- or if you backed the flow blockage out of

I
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|

|

|
i

|14 1 that, how would it differ from a suggested flow blockage curve, or

I2 have vou had time to do that?
| l'~

3' MR. PICKLESIMER: I haven't had time to get at flow |
t

-

4j blockage itself. The thing is I am substituting this average

e 5 strain curve for the one that is calculated from burst strains.

8
j 6| for NUREG 0630.
R
$ 7 MR. SHEWMON: Well, go back the other wa' . You sid

,

sj 8| the correlation that they had was the slope of one-half. If that
U

$ 9i is right -- ,

? i

@ 10 MR. PICKLESIMER: Burst average, yes.
E

h II | MR. SHEWMON: Then what they would say would be the
B i

j 12 | maximum strain for this curve would be 70 percent, and it would
= i

2
- (J/~.) 5 13 ' decrease monotonically to go to higher temperatures.

=
w
g 14 , It would correspond to a burst strain of 70 percent
$

'

j 15 ' maximum.
E

j 16 MR. POWERS: It would correspond to a maximum burst
w

y 17 , strain of 9 percent reduced by .46. It would be the maximum.
t
-

{ 18 ; MR. PICKLESIMER: You would be in that neighborhood,
C i
6 I9 ' yes.a i

5

20 | MR. SHEWMON: I guess I don't know what .46 is per

i

2.I . units.
i

22 'R. POWERS: Point four six is the reduction factor jJ
,

23 which we --

24 MR. SHEWMON: Are we taking 90 percent and multiplyingf- ,
,

(v)'

25 , it by .46 or are we subtracting half a percent?
t
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!

:
, g.

15 l MR. POWERS : Multiplying it by .46 and claiming that as.

\> 2' what is to go into the flow model.
#

3| MR. SHEWMON: Thatis the average strain, so 90 times
i

4' .46 must be about .4. I

i

e 5i MR. POWERS: That would be the maximum.
R

3 6| MR. SHEWMON: Okay. So he edds up with five or six !

$ 7|
E

percent less maximum strain than you do, average strain.
;

j 8 Okay.
.

J-

q 9| MR. PICKLESIMER: All right. Last strain in our
z !

i

y 10 i discussion, I presented to you a set of strain profiles of the
3 |

_

11j individual rods in the free bundle test. I simply want to showj
* i

I 12 youhere my conclusion on that. You have in your handout the
= i

5 13 | actual plots that I used.()e

E ;

x
g 14 ' Now, the point here is that the same profiles of the
t
_j 15 , individual rods in the four by four bundles -- single rods now
E ;

y 16 as far as I can see cannot be used to calculate the bundle datai

m .

$ 17 for any single rod. I have not yet been able to find any full
x ,

= i

E 18 i rods in there that will allow me to calculate the bundle
!

-

G 19 '; ; characteristics from these four rads.
n >

20 ! Whether we can go on to nine or not I don't know. I

21 | haven't made all of those calculations. The point is that one

! <

22 single rod cannot be used to characterize the bundle properties.

23 Now, I think that --

24 MR. SHEWMON: Let me come back to that for a minute.

n(,- 25 What you showed on your first coupleof slides with all kinds
|
6

!
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,

1 I '
of numbers was that the average -- in my own mind called picture |

2 body theorem, but that is a separate story -- that the average |
3 across the plain equalled the axial average when you use the

a .

4 whole set. i

1
e 5 MR. PICKLESIMER: Yes. !
9 |

i_

$ 0 iMR. SHEWMON: And now you are telling me that if you
R
*
5 7 take one pin out of that and take an axial average, that

.-

s 3'A doesn't correlate well with what you get for the average of the
a
n 9
Z.

set.

100 MR. PICKLESIMER: It does with the average of the setz
:

'5 II ' but not for the bundle characteristic. Let me show you.
s
" 12
2, This is cace 19 of the handout, and this is a

.

r 2
13' _j j frequency plot of the times a certain strain -- in the strain

E 14
3 increments was encountered within the test section. It is just
=
0 15
t a standard frequency, increments of strain.

!,= i

k Ib '
Now if I sum over here on this side the strains at

a
" 17
d every cross-section here on this, I line up wich a certain
=

I profile here. There is not one single rod nor any four here_

a
"

19
3 in here I can put together that will get me that profile.
n

20
.

What I am submitting is that in single rod cannot bc

21 i
used to calculate that profile. Therefore, I am concluding that

22 '
I cannot characterize the bundle from a single rod. I have got

23
to have multiple rods, and I don't yet know how many I have to

i

-
24 ' |have, nor do I know what I have to have for an average rod

( ,

25 |
; property and a one or two sigma. That I don't know yet. We

I
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!

!

17 1 shall have to come up with that.
;,-,

>

2* MR. SHEWMON: How many did you have in your bundle? |
| |

i3! Si.steen?
f
!4 MR. PICKLESIMER: Yes.

i

e 5, MR. SHEWMON: But you think 16 works from the first
9

'

j 6 half of your discussion today.
R ;

$ 7i MR. PICKLESIMER: That is allithe data we have. I
!-

U l
g 8; cantt characterite a bundle of 16 from a single rod.

+d
$ 9 ! MR. SE2WMON: And thus you are saying you are not sure
3
@ 10 l you can't characterize 14 by 14 bundle from a four by four bundle ,

3

h II ! MR. PICKLESIMER: That is right. We are not. That
^

3 ;

I 12 | is why Chapman has done an eight by eight, because we are in the
5 i

/~' j 13 i process of characterizing flow by flow amount.
=
z
5 14 | All right. I feel that a statistical approach must

:-

=

g 15 ! be developed eventually for the estimation of a flow blockage
'=

f 16 in the bundles. I don't know how this is to be done yet. This
*

,

p 17 ' still has to be worked out, but I think we are on our way.
E
-

{ 18 ' There are three recent developments that I want to
-

G
19 , mention here, and I am prepared to discuss them if you wish.g

5
20 Otherwise I will not discuss them.

2I , Erbacher of PFP presented at the Boston symposium a

22 calculated procedure for determining the time of burst. Knowing

23 the time of burst then was the creep equation, an oxidation

24 !} equation of burst stress correlation and input heating rate and

(~) 1
25 initial pressure. He can calculate then burst strains, burst~'

i
|
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1

1 stresses, all of the other parameters you want for the burst

(~/)L 2i itself.
i

3' Now, I think rhis same line can be used to calculate

4' the rod average strain, but I haven't had time to work it out yet.
1

*

g 5; to see if it can. But I thinkrhe same procedure can be used.
s
j 6 Dr. Hagelman at EG&G working on our metro work and
R
$ 7, track team has been modifying balloon-2 code, which is a subcode
~ '

j 8 of flat-T, to allow calculations on the axial strain profile of
d
; 9i hallooning rods during ballooning at any time in the temperature

3

@ 10 i range using statistical variation, appellate dimensions and
3
_

$ II power, axial and asmysal temperature gradients.
,

B

y 12 Now, he does this -- he is calibrating this at the,

=

13 iO present time with some of Chapman's single rod tests where we
=
*h

5 14 know the infrared heater scan of the heater. He is using this
; t
i =
; g 15 now as input to see if ne can predict the axial strain profile
! E
i

16 *-g that Chapman observes in the single rod test.
s

d 17 The indications are that he will. His calculation so
N
E 18 ; far has only been made with the sine wave input rather than '

<

_

? !-
g 19 , an infrared scan, but that is what he is doing this week and
n

20 : next, but we will know within a month whether he is successful
i

21 on that or not.

22 ' If this is true, then we have a statistical approach

23 for getting at the a::ial strain profile of a rod. Therefore,
;

24 we can get the averago strain in the rod at the time of bursr.

f-)T
I,

% 25 The more important, I think, approach that has been

I
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i i
19 1 developed recently was a presentation that Sengpiel and Borgwaldti

I- 2 made at our annual information exchange in Carlsbad last June,
I !

3, where they have done a probabilistic analysis or rod strain and |
'

4i flow blockage in a 15 by 15 bundle.

e 5i They used response surface methodc-)gy, statistical
n
j 6 variation, red geometry, temperature gradients and some other
R
$ 7| things, including neighboring cold rods.
s
j 8' Now I will show you a couple of slides from that set

J
0 9i of presentations that I think are very important.
?,

@ 10 ' Now, this is a 15 by 15 bundle at the plain of maximum
E

h 11 ! blockage which he deliberately forced by a very sharp cosine
3

y 12 ' power profile to occur in a single plain. This is a worst case
=

() 13 as far as he is concerned, and these represent that rod strains

a
g 14 that he calculated using the Erbacher burst strain correlations.

;

E
J f 15 Now, he then locked at the subchannels in each of

5
j 16 these places and he calculated the probabilities for those having
x

g 17
'

less than 30 percent passageway and less than 20 percent passage-

5
a 18 way. This is a plot of those having less than 20 percent passage-

,

=
19 way left in the bundle.

20 Now, he also defines what he calls blockades. In

i

21 , this particular group right in here there are two in there that
i

22 do not form or have greater than 20 percent passageway left.

23 What he does is take those two out and collapse all of those

!
24 into one cluster now that has no holes in it. He calls that a

-
.

25 blockade.

i
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20 1 All right. Now, he looks at three different classes I

('
'

2 of rods. There is one in here, one a higher power and one still i:
! !

ll i a higher power within that bundle. He took into account full !!
l

4, rods, thimbles, neighbors, so on and so forth,

'

s 5 Now, dth that they calculate this set of parameters.
9'

; j 6 The plotting here is a distribution, probability distribution

R
R 7; for blockades of certain sizes, a cluster such as blocked, say,
;

,

J 8| from greater than 30 percent.
.4

d
: 9i Here are his probabilities for peaking here, a cluster
Y

$ 10 of six subchannels. That has a maximum pro,bability.
z
=
j 11 , A cluster of 10 is almost Lero probability. For
3 !

j 12 20 percent passageway, his maximum probability is for a cluster
5

(~T N 13 of four neighbors. That is a three by three array of rods.4

\-) 5

j 14 A very low probability for a cluster of eight. A clus-

_b
2 15 ter of 16 is essentially improbable by his calculations. A
u
= '

y 16 - cluster of 16 is a four by four array of subchannels and a
w

d 17 five by five rotary, and he is saying that that is probably by
u
=
5 18 , his calculations the maximum size of clusters you would e7er
= 4

M !

C 19 i observe in a balloon burst bundle.
g

- i

20 , Ncw, this remember is a conservative forced calculation

21| where he is forcing his burst to occur in a given plain,.all of
!

22 them. Now. not all the rods burst.

23 MR. SHEWMON: How is he getting the variability within

24 that plain? |i
(:)

~'

25 MR. PICKLESIMER: He has variations on the rod ii

,
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21 1 j power in the neighborhood, and rod to rod power, and thermal

2 hydraulics and surroundings, like cold rods. He is getting all
1

3 of these as statistical variations.

|4' MR. STRASSER: Is he using Erbacher's methodology?

c 5 MR. PICKLESIMER: For the burst data, yes.
'

N

j 6 MR. STRASSER: You previously mentioned that you don't

R
M 7; think you can use single rod tests to apply to bundles.
E !

$ 8| MR. PICKLESIMER: Yes.

O
q 9 MR. STRASSER: How can you then use Erbacher's single
z i

=
1 g 10 j\ rod methodology to apply to the bundle hera? Is there something

E

h 11 different about it?
3

j 12 ' MR. PICKLESIMER: There is in this way. Erbacher's
=

13 >{} methodology is an averaging of a number of tests, many tests.

z>

14j Many and some of these are duplicate tests. Others are -- you
,

$'

2 15 ' have 20 data points on a curve and you are averaging a whole'

! E
* 16 i bunch, so he is not just using single rod data, but he isg

A

$ 17 calculating on the firsr data now. We have to still look a't
a
=

} 18 this for getting rod average strain. I am not sure we can, but
,

t '

$ 19 , we have to work at it.
n <

20 All right. Now, the Fuel Behavior Research Branch

21 ( has the following suggestion to make concerning the licensing;

i

22 actions involved in fuel rod ballooning and flow blockage in

23 bundles.

24 The first thing is that if a flow blockage audit

25 curve must be established at this time, let us base it on an

4
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22 1 average rod strain, not on burst strains. I believe it is on
,

()' i
2i a sounder basis technicallv, and it is much more easily i

! !

3 defended, and it can be extrapolated over different temperature |
;

4, ranges, although we don't have all of the data that we would lika j

5| The developments that should occur in the coming yeare

h
j 6 in code analyses of ballooning and flow blockage in fuel bundles
R
$ 7 should provide a much sounder basis for auditing ficw blockagei2

I~

j 8' calculations by vendors than will be available from the use of ;
d
d 9' NUREG-0630 correlations.
Y

@ 10 : Proper combinations and modifications of Erbacher's
3
-

j 11 ; burst criterion, Balloon-2 code, ORNL-MRST average strain data
3 i

Y 12 ' and the Sengpiel/Borgwaldt probabilitistic approach should permit
=

}. ! 13 ' best estimate pretest predictions to be made for the NRU tests .
- =

|=
5 14 ' and for the larger bundle tests that may be scheduled.in Loft i

$j 15 if we can get them to go.
=

g 16 Now, I have already talked to FRAPT people on this,'

*^
\

y 17 ' and they don't see any great problem in doing this.
$
5 18 MR. SHEWMON: You talked to what people?
,

o ;

b t

19 MR. PICKLESIMER: Code people at EG&G.; r

n *

20 i '
MR. SHEWMON: Code people?

2I MR. FICKLESIMER: Yes, people whoaare doing the

22 FRAP-T developments. It is a branch of NRV.
i

23 The FRAP-T people at Idaho is what I am talking about.
i

24 ' Now, we can see within the branch that we should have |

25'

.
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23 1 a complete and verified code for best estimate correlations for 1

2; -flow blockage in large bundles available in less than five years,-

|

I

3, verified by both ex-pile and in-pile large bundle tests. These
i !

4j are the NRU and Lof t, as well as out-pile bundle tests running
l

!

e 5, up to 32 rods.
-

J

]
6' That completes my presentation.

U i

6 7j MR. SHEWMON: Is this the first time you have heard

i s I

j 8f this?
;

! d
: 9! MR. MEYER: Some of it as he mencioned, is very

1 i
: : ,

y 10 | recent work.
t- z .

= i I

j 11 i MR. RUBEN: We have been establishing our requirements!
B i

j 12 I Now, if the measures that are being given here support flow
,= ,

s

j 13 blockage, I have no objection if there is a sufficient amount
=

,

' z i
: g 14 | of data pursuing Dr. Picklesimer's flow of the art approach.

$ !

2 15 Is this material based rather than a phenomenological
E_

'

g 16 i approach? Perhaps it will be verified , or in the intermediate
* :

$ 17 , term, perhaps a couple of years. However, if someone has any
u
= ,

6 !

w 18 i average strain model or sufficient data, we would be happy to
- .

A i
&

19 i consider it.g
?.

20 i We also would exercise some constraints that the
!

21 ! flow blockage model predict the bundle data and flow blockage
I
i

22 ' data as perhaps represented in the new HE-14 and 15, and I
i

23 guess --

24 | MR. SHEWMON: Sorry. What report?

C)~

25 , MR. RUBEN: -- would suggestthat the strains would not

| 1

1>
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24 1 be too much given.

f' ,

!2 f1R. SHEWMON: What is the new report 13 and 15?
O I

3| MR. BURMAN: Figures 14 and 15 of 0630. Those two

4 figures show actual measures of flow tests. What we are saying'

e 5 is that l't is relatively unimportant how you get there if you
A

; j 6' have different approaches. That is fine. Just make sure that
#
$ 7| you come out with a blockage-mcdel that: predicts reasoh&bly sell
sj 8' the blockage data.
J
n 9' MR. SHEWMON: Yes, I guess discounting partly the
3, :

5 10 ! enthusiasm of the research man for how soon he is going to get
5

h 11 ! results, I certainly have -- I would be happy with an average
a

I I 12 ' strain than a maximum strain, I guess. It just seems so much
= i

(} more plausible physically to me.13

| 14 Now, you can say I massage my numbers three times and
'

5j 15 get my point, and you may be right. That is my interpretaion of ,
= !

,

j 16 I what you told me when I-asked you that before, but if you can
s

k 17 bring it in the first place, then you don't have to assume that
E
-

,

I

3 18 |, when you massage your data once that it is for all temperatures '

-

-

G
19 or whatever sorts of things there are.

20 MR. MEYER: Thereare still some massaging ascumptions

21 in -here. They are less risky than the ones involved in our
;

22 | method.
!
,

.3 : MR. SHEWMON: Yes. I am only talking about the first

24 | part, not the statistics of the last part, which is an

( 25 interesting separate exercise. l

I
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25 1 MR. MEYER: Just in the assumpticn that the axial
1

2> average strain equals the coplanar of the strain, I think one |
!

3' needs to look carefully to see that that holds for all strains.
t

,

4' MR. SHEWMON: Yes. t

i

e 5, MR. MEYER: For example, the model would absolutely
9
j 6 preclude 100 percent flow blockages. You wouldn't have an i

R
e
E 7| average axial strain depending on -- you would have a -- I

Ia

|
j 8 think it is abetter approach. I don't mean to be quibbling
J-
0 9: about that.,

?.
g 10 | It is relatively unexamined, and I can see that if
3 3

_

11 | you pursue the same avenues of critique that have been pursued$

,

a

Y 12 | with our model, that you will run into similar problems. My
:
m

g 13 guess is that they would be more forgiving than ones that we-

j 14 - ran up against.
'

$j 15 It is a matterof what is in hand and what isn't.
= i

j 16 ' MR. SHEWMAN: Yes. George?
A

N I7 MR. MORINO: I would like to point out that --
E

} 18 | MR. SHEWMON: Louder.
C .

I9 '+
s MR. JORINO: We will have to have a correlation factor
n

20 ! for the average rod strain versus the average of the strain

21 of maximum blockage, aid that correlation will be subject also to

i22 critique outside the range where we will fund the data.

23 ' Now we are. hoping that since we have material

24 , properties, that zircaloid is non-stable. We want to be able |

f~)\(_ 25 I to predict that. But we think it is a better approach.
d
.i
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26 1 MR. PICKLESIMER: A very quick, cursory examination
/"T '

i
- 2 this mornine of the bundle data indicates that the maximum !

I i

3| blockage is equal approximately to the average rod strain in the

i !,

4' bundle, plus two sigma of that red strain. So it looks like we j

5| are not too far away from having a satisfactory usable correla-s
1i g

j 6 tion, but it has to be looked at.
,

! -2
M 7; I just think we are on sounder ground for going out-

A'
EnD TA0j 8, side the temperatures where we have data.

5 .;1 ,

Bsgin : 9| MR. SHEWMON: Very interesting, Dick. Thank you.
,

Tape 6 i ,

@ 10 I don't promise any comp time for Monday but we appreciate it.
;

i 1m j
1

y 11 |
Gee, the rest of the afternoon is scheduled for

s i;

| j 12 ' Westinghouse, it says. I hope you don't take all the time you
i = i

i

O 'E 13 are scheduled for.
E

j 14 ; MR. ESPOSITO: We will at least give you the hour.
,

5
2 15 , My name is Vincent Esposito. I am the Manager of
5
y 16 ' Safeguards Engineering forWestinghouse. There are a number of
w

I y 17 items we would like to discuss this afternoon. All of the
w
= !

E 18 ; presentations that are being made, the handouts have already been.

: !
I

-
'

{ 19 given to you. We will not go through every one of the s lides
M

i

20 j there.

|

21| We have included the slides for information purposes

3
22 and for making the points more vivid, other than just some

23 one-line comments. So you have the basis for many of the.

|'

24 ' comments we plan to make.

25) The items we wouldlike to go through this afternoon
1

,
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1

27 1 are first what the issues are as we see them; namely,. hat are
3

f'' )
\- 24 the differences or opinions between ourselves and the NRC

I |

3| model. j

|

4, We would like to then look at the ft.el aspects. That I
|

g 5j is what you have been hearing basically today, with the excep-
9 -

@ 6 tion of Norm's presentation. How we interpret the data, our

R
$ 7| overview of the technical issues relative to fuel aspects; and

'nj 8' our results of the review of the data that you have been seeing

d
: 9; this morning.
Y

$ 10 : The next item we would like to go through is the heat

E_ i

j 11 transfer of flow blockage information. Dr. Meyer made a comment
3

y 12 ' earlier that we were using this as a basis for saying that the

E i

(J g 13 ' fuel model or swelling shoria be. Really what we are doing here)
u =,

*A

3 14 is to show the thermal hydraulic effects of blockage in terms of
_

!

C_

j 15 . what the experiments are giving us.
E,

y 16 Dr. Hochreiter will give an overview of the available
A

d 17 data and some recent Flecht-Seaset data which we received over
x
=r

5 18 : about the last three months or so.
P :

$ 19 ' one issue that has been brought up a number of times
M

20 today is what is the potential impact of NUREG-0630? And we will

21 present peaking factor impacts from evaluations that we have

i
22 , performed to date using 0630, and we will give you that

23 information.

24 Then finally I will wrap up with some conclusions

25 j- and. recommendations. Some of the conclusions will be technical-

J
!

i
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,

!

8 1 ;and some will be philosophical, and the recommendations will be

2, very pointed. t

!.

3' Let me first discuss what the issues are. There are ,I

'

4 three basic issues. You have been hearing about them all day

e 5 today. We are talking about burst temperature, strain and
8
j 6 blockage. The differences of opinion between Westinghouse and
R ,

? 7i the NRC is the following.i

s |

j 8 ! In temns of the burst temperature, Westinghouse does
d
& 9 not agree with the NRC's heat uprate dependence on burst
z
: ,

y 10 i temperature. As it was stated earlier, we did put in our small
3

h 11 break model a heat uprate dependence on burst temperature. That!

3

I 12 dependence, that model shows less of a dependence on heat uprate
= i

(} 13 than what the staff shows, especially down in te low heatup range,,,

x i

g 14 and that will be discussed in detail by Dennis.
$
2 15 In terms of burst strain or strain information, I
5 .

j 16 , think'e all agree it is important to use prototypical data. I

A

$ 17 think the problem is that we all have a different interpretation
5
E 18 , or a different definition of what prototypicality is. Again,
,
-

R
.

'

g 19 , Dennis Burman will cover each of chese fuel aspects.
n

20 Finally, in terns of going from strain to blockage,
i

21 | the use of a statistically average, not maximum strain to
!

22 arrive at a flow blockage we believe is appropriate.

23 Those are the three basic issues as we see them. We

24) will address each one of them in the technical presentations that:
OO 25 gallow,
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29 1' Just for giving you a frame of reference again in a ;

() 2 little bit more succinct way than may have been done earlier, I
3 1

3| want to tell you what the different parts of those models do in |
I :

,

4j terms of the evaluation. I

e 5. For example, if you look at burst temperature, indeed
|M '

n
~

6 this determines the incidence of burst. If we use NUREG-06304

o

R
R 7j we will get earlier burst. This results in one more circ

3 lj 8| reaction and two, higher gap conductance after burst. Both of

-J

n; 9! these will give you a peak clad temperature --
E

@ 10 i MR. SHEWMON: The first one I understand. Ispess I
z !

1 =
E 11 i don't understand the ses.ond one.< i

' E ;

y 12 ' MR. ESPOSITO: The reason for the second one is that
:

Os
! 13 by bursting earlier, the clad hasn't expanded or hasn't formed
*

|

A 14 away from the pellet, so if you burst earlier your clad is closer5

0
-
-

! 15 | to your pellet, so you have better communication in err.s of
a !
m -

|
j 16 heat transfer between the pellet and the clad.
A

d 17 MR. SHEWMON: You are saying the average strain is
a
F
E 18 | lower at first if you burst irlier?
5 !

19 ' MR. ESPOSITO: That is correct, yes,aui that will
8
g ,

5
1

20 ' give you higher heat transfer between the pellet and the clad,
i

21; and therefore, increased clad temperature. So that is what you

22j see.

23 MR. SHEWMON: I mean, in essence he is saying that |
|

i' 24 - the rputure strain to average strain is higher -- there is less |
/~N !

(/ 25 average strain for rupture earlier, even though it bursts i ,

,
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30 1' someplace.

O(s 2 MR. ESPOSITO: At the non-burst node, the clad will
!

3 not have moved away as far from the pellet if you burst earlier. |'

i
4 This is the non-burst node. !'

g 5; MR. SHEWMON: That must have more to do with your
S

3 6 model than data, though.
R
R 7j MR. ESPOSITO: Well, this is the result of what you
* '

y 8' will get if you use the model that we have it. ,ur calculations
J-
n 9' along with the NRC model.
3,

$ 10 MR. MUENCH: As I mentioned before --
a

h 11 MR. SHEWMON: Are you from Westinghouse?
,

3 1

N 12 MR. MUENCH: Yes.
=

gg ! 13 MR. MUENCH: Rick Muench from Nestinghouse.
U =

A
g 14 A valid point =ade earlier was only three models
$j 15 have changed, burst temperature, blockage and burst strain.
=

j 16 Swelling prior to burst model did not change, okay? So we have '

x
y 17 not changed swelling prior to burst in a manner consistent with
$
E

18 |
burst temperature change, so by bursting earlier all we do is

|-
i-

19g we burst a t a point where the plant has swollen on the average.

R |

20! actually to a less extent.
:

21 That is what gives us the difference between -- it isi
.

22 | a function of what you would get if you raise --

23 ' MR. SHEWMON: But it is a function of your models,
I

not the NRC models? I24

25 MR. MUENCH: The NRC models.

|\
t

,
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31 1 MR. LAUB: Because the NRC models --

O
2 MR. SHEWMON: Let's let the NRC speak up. t

'
|

3| MR. LAUB: NUREG-0630 concentrates on bursting and

'4 in answer to your question earlier, what about other mechanical

; 5 things. I said NUREG-0630 is not addressing pre-rupture strain,
n

] 6' so that is as Rick said, not being affected.
-

E I

7
i So if you are bursting earlier, your strain on"

Mj 8| locations othe than the burst location is not going to be
I J-

; 9' affected. It is just going to be less.
E

@ 10 ' MR. SHEWMON: But 10 minutes ago Ralph was telling
E

h Il i us that he assumsd the average strain that he related to flow
is !

N I2 blockage increased with burst strain, and therefore, he should
=

13 ' have a very high average strain. And you just don't talk to himp* =
O =

| 14 about that part with your model,
b !
_j. 15 | Is that what you are telling me?
:

j 16 MR. LAUB: And I think I also said that if we are
A ,

N I7 going to talk about blockage in the future it is going to be
:s
E
3 80

,

related to average strain, it is going to be very important to
E |"
m 19 , review pre-rupture strain model.
n i

20 | MR. SHEWMON: Is that a commitment?

2I MR. LAUB: Well, I guess it has to be, depending on

22 f what is being submitted.

23 MR. SHEWMON: Okay. Touche.

24 MR. ESPOSITO: These are the two ways in which the
o i

V 25 burst is -- the next one in terms of burst strain - !

|n

; !
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32 1' ,which determines the strain at the burst location; again, with'

,

(~h t

\-) 2 630 giving more strain, which leaves more surface area for this i

i i

3| ZR- water reaction again. I think that is pretty straightforwayd
I

4, Finally, in terms of blockage which determines the i

g 5{ cooling penalty, NUREG-0630 gives more blockage, which will also
N il

j 61 give us an impact in terms of peak clad again because of
G -

$ 7; what the models are doing.
|-

n ij 8' So this is in general how the three areas affect the
d
d 9I ECCS calculation given models that we have today. So I have
Y

$ 10 | tried to crisply give you the issues and their impact. The
z
=
j 11 first part of our presentation will be by Dennis Earman on the
B i

f 12 i fuel aspects, and that will be followed by Larry Hochreiter on
'

,=

(~ 5 13 ' the heat transfer and flow blockage information.
% = ,

5 14 ' Dennis?
A

-

b
! 15 i MR. SURMAN1.._Hefore I start on my presentation, I would
E |
j 16 i like to address a few points that were raised earlier. That is,
* |

p 17 + in discussing whether there were cold tubes in any of the
w
.=
5 18 | multired burst tests. In the Westinghouse multi-rod burst
= t

# t

; 19 | test, we had two cold tubes in a four by four array, so that we
M i

20 i had 14 heated rods and two cold rods.

21 I have not done an analysis of the strain near the
,

1

I

22 | cold tubes versus other places, but I have looked at the
,

23 ' direction of the bursts, and I find that with a very high i

24 : degree of confidence you will find that there is a cold wall |
s .

'
a |

| J 25 , effect in that all of the hot spots which had already been burst

k I
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1 '
33 1 ! were pointed away from the unheated rods.

(<~l'' 2, So there is a temperature localization effect there,
,

3 and I would expect that to carry over into the strain because

4 as we will get into later, the amount of strain is a direct

e 5 function of the temperature non-uniformity, and all the other4

@
j 6 effects are second order.
R
$ 7j There werera couple of comments made about the

'"

j 8| Westinghouse multi-rod burst tests that I would like to tear up;

e
d 9 first, that we usad a spray coating. We did a careful analysis
Y

5 10 i of the use of the coating prior to doing these rods, and we
3

! 11 burst rods in a single rod mode with and without the coating,i
!

k !

I 12 , and thereswas a preparation of the cladding, sand-blasting,
E .

(~s}
j 13 ' roughening of the surface prior to putting the coating on.

x =
z i

j 14 We tried it both on prepared rods, rods with the
t
-

15 : sand blasting, and rods with the sand blasting and coating and2
5 !
-

g 16 found that the coating never resulted in less strain in virgin
a

$ 17 rods which had received no treatment, so there was no reduction
s ;

5 i

G 18 : of strain due to the coating.
: I-

[ 19 There were a few rods failed by arcing. There was
a .

20 less than 10 percent of the total rods tested, and therefore,

i

21 | although that is a source of non-conservatism, it is not a
|

22 ' large factor. So I like to keep the record straight on that. |
!

23 In Ralph's curve on maximum strain, he shows some

24 ; points up quite a ways above his burst strain curve, and as I
. (
* ''' 25 i look at those points -- and I talked to Bob Chapman -- most of

!

!
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34 1 those points were points in which the heater rods had a linear
rm
k- 2 power of the order of .3 or .4 kilowatts per mete- '

S I

3| Now, the power in our rods in LOCA is about .7 kilo-
.

4 watts per foot. These very low power levels result in a low heat
i

e 5| flux across the gap which results in low circumference of tempera-
9
j 6 ture differences and make them non-prototypical tests.
R
$ 7i The same criticism, I believe, applies to the Erbacher

is
Ij 8 test, although I don't have a one to one correlation. I recall

J
d 9! Franz Erbacher telling me that they should not be used because
$
@ 10 ' they were very low powered tests and not appropriate for -- and
3
-

@ 11 ; not prototypical.
3

I 12 I MR. SHEWMON: You are saying low power goes to high
=
-

>g E 13 strain?(~
-

N_ , =
w

5 14 MR. BURMAN: I will get into what causes large strains
_bj 15 and small strains a little bit, and it is essentially a tempera-
=
y 16 , ture difference around the cladding, as shown by Argonne, and
A

d 17 that can be shown und we will in the future be able to present
x
=
5

18 | you data that shows that that is a direct function of the heat
:

.

- i
n

19i g flux across the pellet clad gap, and not a function of heat
n

20 up-rate.

21| This is just quickly what I propose to cover, that

22 our small burst temperature model shows good agreement with
i

23 ORNL and other data, and that there is no need for a new

24[ correlation, that our burst strain data and corr alation show
,

\- 25j good agreement with the ORNL multirod burst test individual rod <

1
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35 1 i burst strains, and the difference between the NRC and the
'es

(_) 2 Westinghouse models is rhe use of maximum versus average
i I

3 strains. |

4 MR. SHEWMON: How do you define average?

e 5 MR. BURMAN: What I am talking abouthere is not the
9

6 raw average, but the average burst strain. In other words , as~

e
R
R 7j you recall from some of our previous slides -- and there is one

s
j 8 in your handout which shows a block of Westinghouse data that

d
d 9 shows some rods with very high strain and some rods with very
i

@ 10 low strain, depending on the particular temperature distribution
3
5 11 that they receive.
3
d 12 , I think I included that. It is one I have showed vou-z
,=

13 before anyway.-

'

a
3 14 MR. SHEWMON: I am sorry. The answer to my question

! b
_

E 15 ' is that you have averaged how?
5
y 16 , MR. BURMAN: These averages are average burst
A

i 17 strains.
x
=
5 18 ' MR. SHEWMON: Oh, not on a four by four or some

I-

P i

E 19 cluster?
x
M >

20 | MR. BURMAN: No, these are the average burst strains

21 ; of a whole lot of individual bursts.
!

22 i MR. SHEWMON: Okay. I thought that is the way Ralph

23 defines his maximum burst strain, isn't it, or he could define

24 it that way.
A
kJ 25j MR. BURMAN: In that sense Ralph's definition is very

i
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36 1 similar to ours, but then he applies it to much higher single

2 rod strains than we do because of his use of data with very low |
h

'

3I circumferential temperature differences.

4 A cuick rundown of the comarison of the data bases: I
s

-

g 5 In numbers of single rod burst test. data points, Westinghouse has
0

3 6 a total of 261 versus the ones reported in NUREG-0630, which were
R
$ 7! 178 in total.
s
-

; g 8| MR. SHEWMON: I take it you have made all 261 available
d
d 9 to the staff?
$
@ 10 MR. BURMAN: They have been available to the staff
_3
j 11 since our early models.
3

N 12 MR. SEEWMON: Okay.
= ,
M '

.

g 13 ' MR. SURMAN: The number of multi-red burst test data
'

(S
%J =

3 14 points were 11 in either case, and I think more importantly,
s
=
E 15 ' the statistical characteristics here in that our tests were runx
: :

f 16 under a single seti of conditions with many tests at the same
M ,

y 17 condition in order to get statistical variation, whereas the
?
{ 18 , material in NUREG-0630 seemed to be heterogeneous. They are from
E |r -

g 19 , many different investigators using different methods, and very
n

20 , few were tested at the same conditions, so they don't have good

21 i statistical scatter data.

22 i Therefore, they used essentially an eyeball upper

23 hound. 4

1

1 1

24 ;, The question of prototypicality: We have tried to |
'

(~)'~' 25 prototype expecred inpile temperature differences because that

.

ALDERSON REPORTING COMPANY. INC. |



I
~

11a :
;

|

37 1 is what is going to cover strains in a reactor. In NUREG-0680,
!

em() 2 the prototypes are only internal heaters, regardless of wherher

3 they had the proper power and steam-cooling on 'the outside or

4 whatever. They were anything that was done with an internal |

e 5 rod heater; it was considered prototypical.
'

s
j 6 Here I have a curve of the ORNL single-rod burst

R :
-

$ 7; test, burst temperature curve, and that is compared with the

sj 8' Westinghouse small grade curve for the same 28 degree C/second

d
@ 9! data, and you will notice these dark lines here, bound the
?
$ 10 i Westinghouse region of design interest.

?_
j 11 ' This is where we are designing reactors, from here
B i

y 12 | to here. If you will note here, they have a cluster of data

E
13 here in which our curve fits a group of data as well as theirs

-

fs()t

3 14 ' does.
-

Ej 15 Furthermore, since we know that the measured tempera-
E l ,

y 16 ture always has to be some amount less than the burst tempera-
s

i 17 ture because rods always burst at the highest temperature --
w
= 1

5 18 ' it may be very close, but there is always a delta -- the only
|-

E i

$ 19 | point that they have other than here within our data range is
\5 ;

l

20 : this single point here, which is really fitting our curve better ]
I

21 than their curve.
i

22 | So that in the area where our curve is non-

23 conservative with respect to their curve, the data actually fits

24 our data better.

() 25 Now, I don't know about the Argonne data base. Do you
I
i

*
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38 1 have any data from Argonne that fills in that area?
(^T ,

\-) 2 MR. SHEWMON: What is your point on this? i

l i

MR. BURMAN: The point is that they are saying that we|3;
|
i4' are non-conservative because we are higher than they are, but the,

s 5j data itself supports our curve better than theirs.in this
s
j 6 region.
R i
5 7 MR. SHEWMON: Okay.
~

,

j 8| MR. BURMAN: Now we don't care really what happpns
d '

0 9' here because we are not designing over here, and we are not in
?,

$ 10 i bad agreement over there.
3 !
_

@ 11 j MR. SHEWMON: And that 20 degrees difference is
3

.j{ 12 | enough to argue about?
E :

13 I MR. BURMAN: That is enough to argue about.

z
3 14 ! MR. SHEWMON: Okay.
-t
j 15 : MR. BURMAN: Now, further discussion of the ORNL
$ |

E 16 single-rod --
A

N I7 MR. SHEWMON: While you have that there, one of
a .

3 t
w

3 18 | Esposito's comments was Westinghouse doesn't agree with NRC's
c !
6 19 'g heatup rate dependence. Youare going to get to that later?
n

I20 MR. BURMAN: We will get to that later.
i

2I MR. SHEWMON: Okay.
.

!

22 ' MR. BURMAN: This is a plot taken from one of.the

23 ORNL rotary reports which shows thu temperature heat-up at an

24 elevation near the burst for four different azimuthal locations,
i

O-N 25 and this is for what is called in NUREG-0630 a 28 degree C per1
i
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39 1 second heatup rate. Now, the 28 degree C per second is a curve

|2 with parallels in this lower part. i

I

3d Up in.here where the strain is occurring, you can see
,

4 that the heatup rate is much slower. Now, this is only ,

i |
.

e 5| representative. Here it is about one-half of the 28 degrees C
E i

j 6 per second. But we looked at many of these curves, and we found
R ,

d 7! that some of these were negative heatup rates in these last three

5 i
,q 8 seconds. Some of them were zero, one, five, whatever.
-J

$ 9' In the suggested way of implementinc 0630, they
Z |

@ 10 requested we wait the heatup rate, since it is not a constant in
z
=
@ 11 a reaction, towards the time just prior to burst, the highest
a

I 12 temperature area. If we do that, thenthis should not have been
,= i

(' y 13 i a 28 degree C per second heatup rate. It should have been
=s

n
j I4 , something like a 13 degree per second.

E '

g 15 ' MR. SHEWMON: It looks like L negative heatup rate
E ;

!E I0 to me.
-A

N l7 - MR. BURMAN: Well, that is after curst. When the
d
=

18 pressure drops off here is the burst time. ;

g i,

19n MR. SHEWMON: Which one of those is pressure?
5

20 MR. BURMAN: This is pressure. I am sorry. The

2I temperature scales were arbitrary, so --

s '
22 MR. SHEWMON: It seems to me anytime you get into thes |

1

two parameter curves for something as complex as a LOCA, you
' ,23 '

24) have got approximations. Is there any particular resemblance

'- 25 .to the annointed LOCA calculations- heatup rate and that heatup

.
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40 l rate? Was that sort of chosen to get an average, or does that
! ~.
I 1 i

I-

2; correspond to what is likely to happen during a --

i

3; MR. BURMAN: What happens here is a --
|

i'

4; MR. SHEWMON: What would the real one look like in a

e 5| LOCA?
n -

j 6, MR. BURMAN . It may be all over the place.
R .

$ 7! MR. MUENCE: I had one slide I didn't shou. This is
!-

f8| an instant computer printout.
J ;

:[ 9! I am just going to draw something. I am not sure it
z .

O I

y 10 ; is relevant, but it is conceivable it would:be.
z .

E !

y II : MR. SHEWMON: You make more points with the chairman
3

I 12 ! if you could 4- go ahead. Draw it, and then you can talk about
=

f) 13 , it. You are blocking it all out now.
xs -

,

z
5 I4 MR. MUENCH: I am not trying to bias the proceedings.
-Cj 15
. The way th. LOCA starts is you have the initial plant heatup,
=

j 16 and this is when you are going to close stagnation inthe core,
m

$ 17 and then there is a cooldown during the flow reversal, and I
6
- ,

{ 18 ' probably have these a little bit relatively out of whack here.
-

s
.

19g As we get to -- almost the flow starts diminishing
n

; 20! towards the end to blowdown. This cooldown rate diminishes and

i

21; it actually starts heating up again; go through refill and then
'

ir

22 , reflood. Okay?

23 ' So here is approximately end of blowdown, and it is

24 ' around this range here typically they are reversed. Law, there
( !w

25 are variations.

i
d
'
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41 1 MR. SHEWMON: For the particular high heatup rates
,q
( ) i

' 2; that he was talking about?'-

3| MR. MUENCH: Well, this heatup rate we are calculating!

4 would be in the neighborhood of five to tan degrees per second.

e 5' That is the heatup right here.
s |

5 6 MR. BURMAN: There are variations. The reasonifor
R
$ 7i this particular shape here is that about in here the clad goes

!,,
,

j 8| into alpha plus beta transition. It doesn't in all of the
. I

C i

d 9| curves, and that is not necessary.to see this slowdown. Then
I i

5 10 | as it comes down of it, as the strain starts, then you are
3_

'

@ 11! getting to very high temperatures; the radiant heat loss, their
B !

( 12 i unheated shroud causes a larger heat transfer, and they have a
4 i

(~T g 13 fixed constant power, so that the heat uprate drops off.%] =
z
5 14 When we correct some of the data for that -- w.d I
$ ,

j 15 apologize for a couple of errors on this slide -- the x's on
G '

g 16 | here represent -- and I don't know whether you can read your
'

-n

d 17 handouts better than the slide. They are very small.
u
=
5 18 i The x's here represent what was reported to be a i
- , >

t i

1'b I

19 , 28 degree heatup rate. The numbers alongside of them is our: g
n

20 calculated average heatup rate over the last three seconds prior

21 i to burst, and you can see that -- here is one that I pointed out

22 a little bit ago. It tended to support our line better than
i

23 ' theirs but it is actually a 10 degree a second rather than 28

24 | degree per second.
f)
''' 25 As you look over in here, we see a four degree, a

>
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42 1 33 degree, a 10 degree, a 25 degree all grouped together in
N

i
2- terms of burst temperature.'

3, Up in here there is a minus 8 here. There'.s also a

4 one which overlays this that we didn't put on the curve. There 1

:

5' is another minus eight. There is a 17, and I am not sure if thate
.
ti
j 6 is a minus or not. There is a two (3 gree; a zero degree here.

'
R
s 7| MR. SHERMON: Let me ask a different point. If I

'

sj 8' take longer to heat a tube up to its first temperature, will I
J-
d 9 get a higher burst -- if I heat something up along slowly until
z,

* O
y 10 it turst, and I heat another one up faster, which one will

i z
> =

END j 11 rupture at the lower temperature?
TAOE 6 3

'd 12
E
4

(~g E 13

\_) 5
$ 14x
'

r-

15 "2
5
-

'

- 16 'm
A

y 17
x
2

E 18
'_

E 19
5
n

20 ,

21
e

,

22

23

24

(~\ i
l 25j's

i.
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,/*i
\/ 1 MR. BURMAN: The one that will rupture at the

2 lower temperature is the one that has a maxinum strain

3 localization dua to temperature differences around the

f 4 tubing. And tha t's a f unction cf the heat flux across the

5 gap. And it's not necessarily a f unction of the heat-up

8 rate.

7 MR. SHr4MCN So you're telling me tha t creep

8 exists in metal but it's irrelevant at this point?

9 MR. BURMAN: In th ese, these kind of things, there

10 is some small amount of creep, but argon and -- in the work

11 that they've done have shown th a t essentially you can --

12 well, they've shown essentially that you can correlate the

13 circumferential temperature differences to, in their terms,

(m)
x/ 14 heat-up rata, because they were using a constant cooline,

15 and therefore the higher the heat-up rate, the higher the

16 heat flux.

17 And Mageman at Idaho Falls has shown that the

18 burst always occurs at the sane true stress level for the

19 same temperature.

20 Okay. Now, the more that you localire the strain

21 and you tend to get the local melting eif ects, yo u 'll get

22 burst at a lower temperature with higher temperature

23 differences. 'Jhich means that anything that gives you a

24 high temperature difference will give you a somewhat lower

25 burst strain.

t.w
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( )! 1 4R. S HEW:1C N And low heit.ng rates give higher

2 temperatura differences?

3 MR. SURMAN: low heating rates give lower

4 temperature differences for the same steam flows.

5 MR. SHEWMON : But I thought the lower -- the lower

S heating rates gave lower burst temperatures, didn't they?

7 MR. EURMAN There's no difference in this data --

8 MR. SHEWMON: I know there 's not. But if I look

9 at the -- <

10 MR. EURMAN: -- other than -- yeah --

11 MR. SHEWMON: You have certain -- sometimes you

12 quote from the Oak Ridge data.

13 MR. RURMAN: Yeah.

() 14 MR. SHEWMCN In fact, if we look at that graph

15 that you had on earlier, it showed some of that data, though

16 you chose not tc talk about it at that time.

I'7 MR. RURMAN: We found we found that slower !--

:

18 heat-up rates did give lower burst temperatures to some --
!

19 but to a lesser degree than we have here.

20 XR. SHEWMGN Rut it should give a higher rurst

21 temperature, by the reas'oning you were giving, wasn't it,

22 that the slow heat-up rate would give more uniform, less
1
|
|

23 temperature difference, and thus --

24 ' .i R . EUR.7AN What we're plotting against is not

25 true stress. Eut we're plotting against essentially |

0)'%
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|}k/ 1 encineering stress. The dif ference between a true stress

2 and engineering stress gets larger as it -- as the

3 temperature difference gets larger. And therefore for the

4 same true stress --

5 MR. SHEWMON: How is " truth" defined in this

6 case? What's "trae stress"?

7 33. EURMAS: That's the local -- the local stress

8 at the rupture versus the average original -- stress based

9 on the original diameter and thickness.

10 MR. SHEWMON: And so this is -- is the average --

11 the stress locally while it's.still uniform or after we've

12 gotten instability which has started to thin ?

13 M3. BURMAN: The true stress at the point of

(~%''' 14 instability is the one that's important, I believe.

15 MR. SHEWION: Where the instability starts?

16 ME. EURMAN Yeah.

I'7 MR. SHEWMON: Ckay. Nov let me come back. If I

18 go to your second or third Yu-graph, I find that their burst

19 temperature is lower if I have a low heating rate.

20 ME. SU3 MAN: Yeah. When -- when plotted on a

21 engineering stress basis, th at 's cor rect. And that --

22 - MB. SHEWMCN: Yes.

23 MR. BURMAN: -- that's be ause of the greater

24 difference between engineering stress and true stress.

25 MR. SHEWMCN4 So it's complex. Well, go ahead,

'

pJ
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O i then.

2 MR. SCRMAN: Okay. It's a very complex arcument.

3 M2. SHIWMON4 I'a not sure it 's co rrecr. But it's

4 complex,

5 ME. BURMAN: The other point to make here --

6 first, the error that I mentioned in the gra ph is that these

7 two solid circles here should be X's. These were also 28

8 degree per second so-called tects.

9 The round circles here are the dark, round dots--

10 are other ramp rate tests, other than 28. Some -- some were

11 listed as 5 degrees, some as 10 degrees, and some as

12 isothermal, O degrees.

t 13 And the -- as I understand, the way that the 0630

14 model was developed was to use the 29 degree per second

15 curve and the isothermal data in here and, essentially,

16 linearly interpolate between the two. But isothermal data

17 can be put anywhere across here on the curve, depending on

18 how long you want to wait for it to burst. So it doesn't

19 form a valid poin t down here.

20 Cur curve happens to agree quite well, our 1
.

21 degree C per second curve happens to agree quite well with

22 theirs. But we consider that an invalid extrapolation,

23 because we were using a logarithmic extrapolation between 5

24 degrees and 25 degrees.

25 MR. SHEWMCN Now, why did you get any differencej

O
/
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o
/ 1 between 25 degrees and 1 degree? You were extrapolatinc on

2 what plot?

3 MR. 3URMAN: In our single-rod burs test data,

4 not -- nothing to do with this da ta , we have data at 25

5 degree C per second and at 5 degree C per second. We also

6 had faster data. But our slowest rate for 5 degree -- 5

7 degree F, I'm sorry, 5 degree F and 25 degree F. When we

8 fit all of the data to a curve, using least sqeare fitting

9 techniques, to correlate the ra p rate effects, between th e

10 maximum data, which was 200 degrees F per second, and the

11 minimum, which was 5 degree F per second, and it fits that

12 data pretty well. When we extrapolate it down to 1 degree --

13 MR. SHEWMON: You marr "it fits that data well,"

14 does it mean that there is an effect ci heating rate?,

15 MR. EURMAN: There is an effect of heating rate

a

16 when it's plotted against the engineering stress or

17 pressure. I think what Hageman shows is that if you plot it

18 against --

19 ER. SHEWZOU Okay, go ahead. It's Esposito that

20 has to explain what he means.

21 MR. ESPCSITO: Uhat I mean by that is that the

22 heat-up rate is less significant, the limit is less

|23 si gr. tf ica n t of a variable than what the staff's heat-up rate
|

24 is. That's what that comment means.

25 XE. SEEWTON: Okay. It doesn't mean it's

OV
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p)\- I nonexistent. It*: less significant.

2 MR. ESPOSITC N o, it does not mean that.

3 :'R. SHEWMON: Fine. Thank you.

4 MR. ESPOSITO: It Just means it 's less significan t.

5 MR. SHEWMON: Pardon me, then.

6 .19 . RURMAN: I've done some comparisons with other

7 data. This is a comparison of our heat-up rate dependent

8 curve and some data from the French ED ; AR tests and their

9 correlation of data. And you can see that there's very good

10 agt ement between those.

11 I also have compared our data with the REEEKA data

12 of Erbacher. And this dashed line is our 1 degree C per

13 second curve, which agrees with his very well. And a --
(D
N/ 14 this line with the X's on it here is a 30 degree C per

15 second line, which compares very well with his 30 degree C

16 per sec0nd line.

I'7 So these three data sets, ours, th e French EDGAR

18 program, and the German REREKA program, all agree very well

19 on the heat-up rate within themselves.

20 Cur conclusion, then, on the ramp rate effect on

21 burst temperature is that when ramp rate effects are

22 correctly accounted for, the Westinghouse small break burst

23 temperature model is in reasonable agreement with the Oak

24 Ridge data and th e French EDGAR data and th e German PEPEKA

!
25 data.

(~1 |m

t

I
t
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('>)\- 1 And because of that, we don't see any reason for

2 imposing a fifferent model. We do not currently use the

3 small break model in th e large break LCCA, but we have said

4 that we would do that.

5 This is the curve I mentioned a little hit ago ,

6 which shows the Westinghouse single-rod burst test data and

7 showing the larae scatter in data at essentially the same

8 conditions. And it's simply a function of th e randomness of

9 the temperature distribution. In our case, because we had

10 pellets inside of the rod which were unheated and were

11 acting as heat sinks, and they never stay in the center,

12 j'a s t as fuel pellets never stay in the center, and we had

'13 uniform external heat flux in. You get the same sort of

CE)
'

14 thing, we would expect the same sort of thing with fuel

15 pellets on the inside and a uniform heat sink on the outside.

16 I want to show here a comparison. The curve I

17 just showed vac the Westinghouse single-rod burst test

18 data. This is an upper envelope of that data and a lower

19 envelope of that data. And in here I've plotted the Oak

20 Ridge multi-rod burst test data, the individual burst

21 strains, individual rod burct strains, from the CRN1 test.

22 I also have shown our Westinghouse LOCA model for burst

23 strain. And you can see that it captures almost all of the 1

24 Oak Ridge multi-rod burst test individual rod burst

25 straias. This is meant to be a best-estimate model and was

.A
%_.-)
\
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n
f )\/ 1 approved by the staff previously as being in compliance with

2 Appendix K, even though it did not -- it was not an

3 upper-bound model. The staff is now saying that that was

4 not valid, that one must use an upper-bound model. This is

5 a difference in opinion between previous NRC personnel and

6 current NEC perconnel. And it makes our job very difficult

7 if next month they have a new person who comes in who has

8 yet another interpretation.

9 Rut you can see that we essentially, we consider

10 the -- their multi-rod burst test data to be nearly

11 prototypical. And you can see that we envelope most of

12 their points; there's a couple of outliers.

13 Getting into the effect of temperature
G\ 'i' l'4 distribution, this is ANL's plot where they have plotted the

15 maximum circumf eren tial strain against what they call a

16 " strain localiration parameter," which means the -- a cort

17 of max' to average strain around the rod. And you can see

18 that there's a direct correlation, a very steep correlation,

19 between these two factors.

20 They also show a circumferential strain

21 localiration or, I'm sorry, the same radial strain--

ZZ localiration parameter that was plotted ca the last curve is

23 shown here against the circumferential temperature

24 difference at burst, which shows that this is not some

25 mysterious property of rircaloy that makes strain localire

h_-,
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1 on one sides it's the , m;erature dif fe rence around.

2 EE. SHEW 5CN Tell me how you're determining the

3 radial strain localization, how do you define it?

4 MR. BURMAN: I don't have the exact definition.

5 But, essentially, it's the integral of the thinning of the

6 cladding with reference to the -- either the minimum or the

7 maximum clad thickness.
!

8 Do you recall, Bob? Have you gone over that?

9 33. PICKLESIMER: No, I don 't. (20305

10 UNINTELLIGISLE).

11 ME. EURMAN: It's written out in their summary

12 report.

13 ER. SH EW110N : If you had a tuhe which ballooned

14 completely uniformly, would it be one or rero?

15 MP. EURMAN: It would be rere.
i

16 I'm -- I'm corry, I'n sorry, I'm corry, nc. No,

l'7 it would be infinite, I think.

18 3R. FICKLESIMEE: No. No, it doesn't matter.

19 This radial strain localiration is a circumferential strain
:

20 localiration.

21 MR. EURMAN: Yeah, it's --

ZZ ME. PICKLESIMER: It's circumferential.

23 MF. SHEWMON: So at a given elevation it's the

i 24 uniformity around the thin;?

25 MR. SUEMAN: Around --

Oe
t-
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O_- 1 MR. PICKLESIMER: Related tc the unif ormity arounds

2 it, yes.

3 MR. RURMAN: Yeah, okay.

4 MR. S*4EWMON: What am I supposed to remember out

5 of the slide before this?

6 dR. RURMAN: The purpose of showing these is to

7 show that it's the temperature difference around the

8 cladding that results in higher or lower strains, not

9 whether the cladding was heated from the outside in or the

10 inside out or whatever.

11 MR. SHEWMON: It's a hypothesis I'd like to

12 believe. I just don't see how it follows in what you're

13 telling me.
i s

|
14 MR. MATHIS: ! don't see how you get here from

15 there.

16 MR. RURMAN: What they did -- and let me go down

17 to a later slide, this is not Argonne's -- and by the way,

18 there is a fiscussion of that in NUREG/CE 03aa or ANL 77-31,

19 whichever you prefer, which is a summary of that, and they

20 show the mathenatical formulation why they're doing it.

21 What they're getting at is that -- these, by the way, are

22 Germ an in-pile tests in FR2 -- and, for instance, in this

23 tube here you can see that there's very little thinning,

24 very little strain on this side, but it's very thin and a

25 lot of strain over on this side. Maybe a better example

O|%-
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\_- 1 would be this one, where it's a little less localired and

2 the curve's over a longer distance. And this -- what --

3 because the -- the thickness reduction here is proportional

4 to the circunferential strain, he's saying that this side of

5 the tubing strained a lot more than this side, and the

6 reason for that is the temperature difference across it; and

7 that's what they're showing in these two slides that !

8 showed back here.

9 XR. PICKLISIMER: If I can make a comment here, in

10 looking at the report, this radial strain localiration

11 factor is a complex function of the ratio of the wall

12 thickness at the rupture versus the maxinum wall thickness

13 in that plane effect. It's a complex function of that; it

Ow/ 14 is related to it.

15 MR. SHEWMCN: Okay. Thank you.

16 MR. SU2 MAN: This is the data that I entioned of

I'7 Hageman's a little while ago, where he took a whole bunch of

18 tests, including Chapman's tests at 03NL, (NAME

19 UNINTEIIIGISLI) at Argonne, Robson's at CENL, the German

20 da ta , et cetera , here , and showed tha t the burst temperature

21 can he plotted against true hoop stress. And true hoop

ZZ stress here is the stress concidering the clad thickness at

23 the point of the rupture at the tine of rupture, rather than

24 original dimensions.

25 XE. SHEWMON: Now, you said that true hoop stress

-s .

~_-
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(~)\' 1 was just before the instability sets in th a t leads to

2 rupture?

3 YR. EURMAN: I think that's the definition used,

4 isn't it?

5 MR. PICKlESIMER: No, it's -- that is the stress

6 at rupture.

7 MR. EURMAN: At rupture.

8 MR. PICX1ESIMER: That's the stress at the

9 fracture itself.

10 1R. EURMAN: Okay. I'm sorry, I --

11 MR. SHE*4 MON: So after the instability has

12 developed and it finally peps?

13 MR. PICKLESIMER: Yes.

O 14 MR. 2"RMAN So that it's effectively related to

15 the wall thickness at that time and the gas pressure and the

16 heat at that time.-

l'7 YR. C H E*4 M O N : Then tha t's a true rupture strecs.

18 ?ut I don't see how the Sam Hill you uce that for design or

19 calculation.

20 MR. SURMAN: You can't. 3ut the thing that this

21 shows is that if you can determine a relationship between

22 local to average stress from this strain localization

23 parameter as a function of the circumferential temperature

24 differences, as they have here, then you can show that the

25 difference in heat-up rate is a function, a first-order

(~'s
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m
'q,) I functiv.1, of that temperature difference and a secont-order

2 f unction cf an ything elre.

3 M3, ?!CKLESIMER: M2y I make a point here?

4 Picklesimer.

5 The purpose of this is to develop a model for use

6 in F3 AP-T for calcula ting the burst strains. It's not for

7 designing. This is strictly for FRAP-T.

8 ZR. EMEWMON: Okay. I understand.

9 MR. EURMAN: But I think it does explain why we

10 see burst temperature or ramp rate or heat-up rate effects

11 and that they're related to the temperature difference and

12 not to time at temperature or other parameters.

13 Some evidence that these temperature

A)(_ 14 non-uniformities occur in-pile as well as in out-of-pile

15 tests are these tests from the FR2 -- and I puess I put it

16 up upside down -- which show this difference in thickness

l'7 which is related to the difference in temperature and strain

18 around the cladding; and these are from in-pile tests with

19 nuclear fuel. And th ey ' ve -- these were pre viously

20 unirradiated -- they've also done similar tests on

21 irradiated fuel, and I haven't seen the cross-sectional

22 plots on those, but we talked to Mr. Clark (?) on the phone

23 the other day and he said that he could see no significant

24 difference in the creviously irradiated and uni rradia ted

3 fuel.

OV
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(m_) 1 Anothat piece of evidence for non-uniformities,

2 temperature uniformities in pile is sose pictures of some

3 Westinghouse fuel rods which have under;one two cycles of

4 irradiation. And what you're seeing here is dark crud

5 patches on the rods. And these rods were running at a

6 temperature and heat flux and coolant rhemistry combination

7 which puts us on the boundary between deposition and

8 dissolution of crud on the surfaces of the rods, so tha t

9 wherever the temperature and heat flux were slightly higher

10 you find a crud spo t. And you can see that these are pellet

11 interval lengths here. There's no doubt it's the pellets '

12 that's doing it. And you can see that even after two cycles

13 there's a spiral pattern with sudden offsets. There -- I

(Ns,) 14 don't know whether there's another figure in your kits which

15 shows a smaller scale or not. But we have o ther,

16 smaller-scale pictures which show longer lengths and show

I'7 that these spirals are predominant in here.

18 This shows the temperature non-uniformity and,

19 essentially, a ;ellet eccentricity effect which is remt'.ning

20 in this fuel after two cycles, so it's surely there early in

21 life when 10CA is the worst.

22 ME. lAWROSK!a Where's the spiraling you're

23 referring to now?

24 .5 E . BURMAN: Well, for instance, here you see the

25 pellet is against the cladding here. Up here it's over in

O
|

ALDERSON REPCRTING COMPANY, INC. |
i

'400 VIRGINIA AVE. S.W., WASHINGTCN, D.C. 20024 (202)554-2345
I
1



8 I

i

,

138
t''N(-) I this side. It sort of spirals around. This is sort of an

2 interrupted spiral here.

O In the other pictures that we have, which are

4 smaller-scale and don 't show up on here very well but cover

5 a longer length, you can see the spirals more pronounced.

6 I've run tests where I used transparent tubing and

7' I've tried to stack pellets up in'it, and you find tha t you

8 cannot center a pellet in the tubing; the stack is not

9 dime nsio nall y stable.

10 MR. SHEWMON: Now, what are your predictions about

11 how the NEU experiments are g.oing to turn out rela tive to

12 the staff's predictions, then?

13 MR. EURMAN: Well, I'm not sure what the NEU test

O'
k/ 14 matrix is yet. And it is going to be a function of the

15 power level that they use and the steam flow on the outside,

16 the heat transfer; there's a whole lot of things. And I

17 would expect them to be much lower than the staf f 's upper

18 bound.

19 M2. ESPOSITO: Dr. Shewson, just a point about

20 that. We are going to be involved in reviewing of that NEU

21 inf ormation and we will provide our comments. (WORDS

22 UNINTELLIGIBLE) test facility and all of the conditions that

23 we 're talking about. I believe next, I believe this Monday

24 two of these gentlemen will be involved with that (WORDS

25 UNINTElLIGI2LE).

|
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c'
\_ l MR. SHS'd MO N : It might increase your credibility

2 if you could tell them what's coing to happen ahead of time

3 and it happens.

4 (Laughter)

5 MR. ESPOSITO: I agree.

.

6 MR. BURMAN In conclusion, then, we believe that
;

7 our models are in good agreement with ORNL and other data

8 where prototypical temperature differences were used. As a

9 matter of fact, over the last several years, I think Dick

10 vill bear me out, I 've attended almost every meeting th a t

11 they've had where they've presented their data as it was

12 being generated. I sat and looked at the presentations of

13 this data and congratulated myself and 'Jestinghouse as to

O\' l'4 how well our models were fitting the data. And so it was a

15 complete shock to te when someone comes up and sa ys , "'J e ll,

16 thic new data is showing a much worse situation."

17 MR. STRASSER: four data agrees well with Cak

18 Bidge. And 0630 is based on Oak Ridge data. '4 h a t

19 parameters in your model, do you feel, caused the difference

20 ir. agreement between you and NUREG 630?

21 MR. BURMAN: Oh six three oh is based on other

22 stuff in addition to the Oak Ridge data. It's also based on

23 so me fuel rods that Oak Ride ran at very low power levels to

24 get low heat-up rates, at power levels that are

25 non prototypically low, so that the heat flux across the gap

Ow
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1 is non-prototypically 1cw and there is very little

3

2 circumferential temperature differences. Those tests, a s

3 one would expect, gave very large strains. But we don't

4 believe that that's possible in the re ac to r .

5 ME. SHEWMON: Is this circumferential temperature

6 diff erence model that you discussed, has that been accepted

7 by the VRC for licensing purposes?

8 MR. BURMAFs Cur licensing model doesn't have a

9 circumferential temperature difference in it. We use a

10 one-directional model. But our data is based on data which

11 had circumferential temperature differences in it.

12 Just quickly, the difference in between cur

13 position and theirs, as I see them ri gh~t now, is that NEC
7,

14 now claims that upper strain limits shculd be used for both
1

15 burst strain calcula tion and blockage determination.

16 Previously they had agreed with us, and our reports all

1~7 included the fact that we were using average or

18 best-estir. ate strain.

19 MR. SHEWMCN Now, is that average fracture strain

20 or a ve rage --

21 12. EURMAN: That's average burst strain.

22 M2. SHEWMON : I'd be interested in your comments

23 on the average strain over the length of the subassembly, as

24 Pic' suggested.

25 MR. 2"RMAN: I think Pic' is en the right track.

(mo;
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(- 1 I think -- and if I can get the data, I'll help his

2 correlate it.

3 (Laughter)

4 We didn't have that data. 'Je used something

5 else. And I don't actually, Pic's model which he showed--

6 up here is a preliminary model and gives a lower blockage

7 than does our model by a small amount.

8 2est-estimate strains, I believe, are clearly

9 applicable in t. .kage calculations, because you're getting

10 the averaging effect of a whole lot of rods. It's not fair

11 to use only maximum strains.

| 12 In justifying the use of best-estimate strain for

13 burst strain calculations, we justified that, back in tne

14 interim criteria dsys and a;ain in the early Appendix K

15 modeling, based on the very lo w probability that you would

16 see a maximum strain at the het spot. In other words,

l'7 you're getting a large variation in strain; the probability

18 of getting one of those maximum strains at the hot spot is a

19 very low pr:bability. And I don' t believe tha t Appendix K

20 requires us to meet that. It requires us to use a

21 conservative estimate, but I don't believe it requires us tc

22 use the world's worst data point.

23 It 's also wort hwhile to no te tha t the hottest rod

24 would have the highest heat flux. And because the heat flux

25 out of the rod determines the circumf erential temperature
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1 difference, it would give a icver clad burst strain,

2 regardless of other' statistical variations.

3 dR. SHEWMCNs Yeah. What's that got to do with

4 whether the staff's gosition is conservative or

5 non-conservative?

6 MR. BURMANs Well, we believe the staff's position
i

7 is conservative, clearly. But we believe it's very much too

8 conservative.,

,

9 MR . SHEWMON : Yeah, I got that picture. I just

10 didn't see the part about what the highest energy rod having

11 the largest temperature variation had to do with whether or
.

12 not their position was conservative.

13 MR. BURMAN: Well, the highest power rod having

14 the highest temperature variation vill result in the icvest

15 strain, because strain, as shown by Argonne, is directly
.

16 co rrela ta ble to the temperature distribution. So that if
t

i 17 you have a high heat flux and.a high circumferential

18 temperature difference, you will get a low strain.

I
19 MR. SHEWMON: Okay. Thank you.

1 20 Yes?
.

21 MR. 20WERS4 May I make a co r.m en t . Powers, NRC.

1 22 In the Westinghouse presentation on February 14th,

23 (WORDS UNINTELlIGIRLE) elso stated that Franz Erbacher had

24 said that he wished they did not include his high strain

! 25 data because it was taken at power levels that were-too
i

1

f j
~

,
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O 1 lov. :f you look in the March 1980 submittal made to the

2 PD3, we inclui?l a Telex that was sent to Fran and he

3 returned a respcnde on those heat ratings, which were, if I

4 recall, 1.3 to 1.7 kilowatts per foot; and he's not telling

5 us that his data should be excluded f rom the data points.

6 ME. SHEWMON: Well, maybe he's changed his mind.

7 Let's go on.

8 ME. ESPOSITO: We'd like to now discuss the flow
1

9 -- the heat transfer and the flow blockage effects, or the'

10 flow blockace effect and how it affects the heat transfer,

11 from some experimental data that was available. And this --

12 MR. SHEWMON: Okay.
:!

13 '' R . ESPOSITO: -- is t o g it e a view of what this,

14 all means and, hopefully, come kind of real space, data

15 space.

16

17

18,

19

20

!
21

! 22
i

D

! 24

25
,.
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1 M?. MC CH R EITE P. 4 : ar larry Hochreiter of_--

2 "estinghouse. 's Vinny just said, I want to touch on the

3 hernal hyfraulic aspects of ficw b l o c k. a g e , discuss some of

4 th e heat transfer nechanisns during reflood with flow

5 blockage, and review with you sone of the flow blockage P at

6 transfer data that we have been able to obtain both in

7 FLECHT-C set and in other locations, and hopefully give you

8 some conclusions.

9 When we look at th e he at transfer .echanisns

10 during reflood with flow blockage, first of all we have got

11 FLECHT tests in th? reflood heat transfer tests, and we have

12 run tests down to flooding rates of 4 of an inch a second. en?
13 Now when we run tests acwn to taese very low flooding rates, 3

m

k._) l'4 we still observe tne ficw as two phased. " hat we have is a

15 flow regine with superheatef stean entraining water

16 droplets. And those water droplets constitute a signiftcant

17 heat sink to b o th the steam, and th e he at sink eventually to

18 the rod heat transfer.

19 le also find tha t th e radiation heat transfer in

20 these dispersed flow situations can account for up to GC

21 percent of the heat transfer, total heat transfer.

22 MR. SHEWMON: Nov, the first poin* on there the

Z3 staff feels they have to i;nore because Appendix K came

24 chipped in a narble tablet. i

25 33. UCCH F.EI TE E s ! hat is correct. 7,

!
a
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1 and this is really what you are calculate in Appendix K. As

2 you increase the blocka;e you increase the flov ty pass.

3 3ct with the flow being t ve -;h a sed , you can have

4 dropletr which can be atomized by the ticckage, you can --

5 the flew acceleratic.. tPrough the narrow channels caused by

6 the blockage can also shear the d: cps, giving the small

7 droplet spectrum, which will increase the droplet to steam

8 heat transfer and increase the driving temperature between

9 the vall and the vspor, because it vill desuperheat the

10 steam, because it will allow the decps to mix more

11 ef f ectively with the superheated steam. And also with

12 smaller drops you vill impreve radiation heat transfer of

13 the drops.

14 Flow blockage s_11 also induce additional mixing.

15 You generate new boundary la ye rs . It is like an entrance

16 problem in a pi;e, and you pet better heat transfer this way.

17 Eight now, at leact as hev Appendix F is

18 interpreted, these mechanirns ata not s11oved, and we are

19 stuck with locking at a flov by-pass effect which decreases

20 heat transfer.

21 'tE. SHEWMCNa Why isn't the last one alleved?

22 .T P . MCCHEE1 TEES Well, we tried this and even for

23 single-phase flew it was not allowed. %e tried arcuments on

24 boundary layer ef fects and initia ting new boundary layers

25 and entranc= effect type things, and it simply wasn't
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) 1 allowed.s.

2 ME. SHEWMON: I am tempted to say I am a simple

3 se t all u r gi st , and I don't underrtand this, but go ahead.
.

: 4 MR. LAU3EN: Well, I think it goes back to one

5 sentence of guidance, where the implication is clearly that

6 blockage is supposed to be a deleterious effect.;

a

7 M3. SHEWMON4 Ch, come on. You can take it for

8 dry steam if you want to, but why do you say we have to look

9 at the worst pocsible things we can think of?

10 MR. LAU3EN: I don 't think we are. I think that

i 11 'is where ve stand.
,t

12 52. SHEWMON: Well, that is the way I inter; ret

13 your last staterent, to say that anything that is positive

l
_ 14 ve have to even more because we tnink it is supposed to be a

15 penalty.

16 Nov : don't see Why, assu-ing it is steam requires

17 you to ignore physical reality beyond that.,

18 53. LAU3EN: I taink that what we ha ve interpreted.

19 it as is th a t it is supposed to be what we interpret the
'

20 admonition -- penalty relative to the unblocked FLICHT. I

21 think that is what it says -- --

22 MP. SHEWMON: Well, that is between you and your

23 god, but then it seems to me one can be punitive --

24 conservativa, or one can just be conservative or one car be

i 25 literal, and I'vould put you sor.eplace on the first part of

|_-
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() I that inctead of the other, I guess.

2 33, 1;U3Ey : m i r t a '<.a n ly cred the first perron.

3 : don't think that -- --

4 3R. SHEWMON: You is plural.

5 ME . '?CCH?.EITEP : " ell, in reality all these heat

6 transfer mechanisms can occur, flow blockage. And whether
,

7 you have heat transfer penalty or benefit is going to depend

8 on whether you have more of a penalty to the flow by-passing

9 effects or more of a benefit due to atomiration of the

10 en trained wa ter. In FLECH: the worst thing that can happen

11 is that you entrain water out of the bundle, because if you

12 do that then you don't use it as a heat sink. If you
1

i 13 vaporire all the water within the bundle, then you have

14 completely used all the water as a heat sink and you get

15 better heat t ra nsf e rs .

16 In fact, our first model -- I think Norm would

17 remember -- would be that we had to apply stear coolino

18 below cae inch a second, so at one inch a second we

19 vaporized all the water that was coming into the core, and

20 we pot marvelous h?at transfer and blockage was a benefit.

21 That was judged to be not tne direction the commissioners

| 22 wanted us to go in. And co we wound u; negotiating the

23 blockage models, which cane out to be a penalty.

24 But in reality --

25 ME. SHEWMCN : Con't tell me about your

|

|
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o
d 1 experiments. That doesn't fit what the cc missioners w?nt.s

2 3R. HOCHEZITER. Sometning like that.
,

a

4 3 In reality all these neat transfer effects can be

4 significant and if the flow ir certainly two-phased the

5 droplets can be a significant contribution to the total hea t

6 transfer.
1

7 Currently in Appendix K we think lik e that.

8 Now locking at different data, Norm nentioned
1

9 F1ECHT, o riginal FLECHT da ta . This data was generated en
,

:

! 10 plates with plate blockage, and when we did run tests down

11 to one inch a second in fact we blocked 15 rods 100 percent,
1

12 we still saw a heat transfer improvement. Mcwever, that

13 data was not allowed.
!

14 locking at other d ata , I dug up some KWU-3WF

] 15 parallel bundle tests, and these were forced flow tests.
.

;

16 Plate blockapa was used to a ceplanar as to plate, one

| 1 17 bundle. These were 7x7 bundles. One bundle was bleched

i 18 either 37 percent or 70 percent, and in the 70 percent case

19 the local subenannel blockage was 80 percent.

20 And the other bundle was unblocked. Now what this

21 facility looked like, briefly, is something lik e this , where

22 you had two 3W2 bundles coupled to a commen plenum. Nov
.
1

23 these bundles are canned so you can have no crcssflow

24 between the bundles, and you would block one bundle. It
f

25 would then force water into the bundle and because there
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(J 1 would he a pressure drop between these two the flow could

2 3;11: differently 2nd net :e e.en. And then you examine the

3 heat tran=fer in the blocked bundle varsus the heat transfer

4 in the unblocked bundle.

5 When ve looked at tha t , the Germans observed that

6 the te:.;.eratu re rises were always lower, thereby indicatinc

7 a higher heat transfer coefficient for the blocked bundle

8 compared to the unblocked htndle.

9 So ve proceeded to indicate --
;

10 MS. SHEWMON: Leave that there for a minute till I
1

11 am -- lower delta T means that this is across your whole

12 subassembly?

13 MR. MCCHEEITER: A lower delta T for a ;iven rod

14 at a given elevation. There are plots in the --

15 hE. EMEWMONs Okay, a__d this is where the sare

16 at:ou nt of material goin; -- ca.7e amount of water or the same

17 amount of pressure drop?4
,

18 ME. MCCHEE! TEE: T*:is is for the same pressure

19 drop.

20 X3. SHEWMON: But different amounts of coolant?

21 Actually it w il'. --3

22 33. HCCHEEITES: It will be different amounts of

23 water coing to each bundle.

24 ME. SHEWMON: Yes.

25 53. HOCH3EITEE: 3 ecause there would be in this

I

f% \

!

!
I
1
i
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() 1 case a feedback effect of the blockage on the flow into the

2 blocked bundle.
4

3 1 have included in your handout some copies of the

4 temperature rise da ta.

5 Another experiment that we have examined that Pic

6 referred to briefly was the KFK FE3A tests. These are the

7 German tests that are being run over in -- -- and they have

8 been on about a three or four year program that will last

i 9 for about another two yecrs examining flow blockage. And we

10 have been very close in communication with them and werking

11 with them, in many cases providing overlapping tests and

12 exchanging fata with them.,

; 13 They have run tests for the fccce ficv. They have

() 14 loored a t plate blockage, and they have icoked at coplanar

15 sleeve bicekage. They ran some preliminary experiments with

16 a lx 5 bundle. This would be five rods in a row, about 12

17 feet long. And they looked at the effect of blocking the

18 same amount of flow area with a plate or with rieeves,:

19 smooth sleeves to simulate the ballooning.

20 ' hat they found was that the sleeves would give4

21 lower heat transfer improvement compared to the plate and,

!

22 this is because the sleeves would atomire less of the water
'

!

23 that was entrained.;

24 MR. SHE*dMON: How did the plates end up?

25 ME. HOCHEEITEE: The plate would give you an even

(~x)',

,
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() 1 higher heat transfer.

2 15. SHEWMON: Mc t did the :lates get put in the;

3 fuel bundle?

4 MR. SCCHEEITiR This was just a 1x5, and they

5 would just insert a plate to cover the reds, a thin plate to

6 co ve r the rods, alme,st like an c rifice plate.

7 MR. SHEW CN Okay.

8 ME. HOCHREITER: Okay, th e y ran tests down at low
!

9 as .8 cf an inch a second and still showed a heat transfer '

10 improvement for a blocked configuration relative to an
,

11 unblocked conficuration.

12 Secently they have been running tests, and these'

13 are 5x5 tests, 25 rods, with a 3x3 corner sectier. cf the red

( 14 bundle blocked 90 percent. And tha t locks something like
4

15 this. What they have is they have a test section here, 25

16 rods, and they biccked these 9 rods 90 percent, and then

l'7 they look at the heat transfer in this blocked region and

18 they compare it t: a test where they have no blockage at all.

19 What I have got plotted on this plot is a ratio Of

20 the heat transfer coefficient from the blocked test to the

21 heat transfer coefficient frem an unblocked test with the

22 same test condition as a function in time. And this is for

23 a 10 =illimeters downstream. ?cu can see that there is a

24 heat transfar improvement up to the turnaround time, and

25 there is a penalty. And for 300 millimeters downstream

,

.

.
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\ 1 there is a slicht heat transfer improvement and then a
'

2 penalty.'

r

!

3 ' Jell, wh a t you are really concerned about from a

4 peak clad temperature point of view is what is happenin up

5 to and through turnaround. And what they see is a heat

6 transfer improvement.

7 They also observed when they arSlyced their data

8 that they do get steam desuperheating, wnich means that the

9 droplets which were entrained in the flow are con +.ributing

*0 to the heat transfer. They are a tomiring, they are reducing

I' the vapor temperature, giving the greater vapor temperature

12 to the rod temperature, driving temperature difference to

13 improve the heat transfer.

+

14 And they get icwer peak clad temperatures for the'

15 blocked casas. This is at 90 percent coplanar blockage.

16 MR. SHENMON: If we talk about LOFT or other

l'7 irrelevant things there --

18 ME. JCHNSTON: Could I ask a strictly technical

19 ques tion ?

|

20 MR. SHEWMON: Sure.

21 MR. JOHNSTCN: larry, I have heard some criticism
;

22 of these -- -- tests, as essentially there is a rather heavy

23 thermal mass. In other words , this section here is a rather

24 heavy thermal mass by which all of these rods are thermally

25 tied to the corners, and wha t you have really done is rort

.
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(F 1 of raised the durable heat transfer region in there in thatss

; 2 blocked section and so the heat is being pulled out to the

3 edges and therefore you are no t getting the heat.

'4 Nov I --

5 MR. HCCHEEITE2s Well, the Germans went through a
'* '6 whole bunch of calculations to show how their sleeve design

7 would minimize that thermal mass effect.

8 32. JOHNSTON: Rut also the neat flow. Not only

9 the thermal cass that had to be heated up, but it is the

10 heat flow to the corners -- --
i

11 F.2 . HOCH2EITER To the edge of the shroud?
.

12 M2. JCHNSTCNs Yes.

13 1R. HOCHREITER: Well, the shroud is almost at the

(~ .

\-- 14 same tempera ture as the rods when they begin the tests.

15 Okay?

16 M2. JOHNSTCNs Ant no water er anything around the

l'7 outside?

18 M2. HCCHREITEE: No, no. And the point that we

19 are locking f or, really the data that we are :Ost interested

20 in is really not the data that is going to be like located

21 righ t or the sleeves, because the sleeves aren't going to be

22 that far atypical anyways.

23 They were interested in the-heat transfer that is

24 downstream of the sleeves, because when we look at an

25 Appendix V calculation that is where we calculate a penalty,

'

f~%
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,,
k 1 if it is downstream of the b3c"kage, for most of our

2 crossflow planes.

3 53. JcHys ON: Yes, but your point is when you say-

4 the Germans have checked it --

5 MR. HCCHREITER: Yes.

6 MR. JOHNSTON: -- tha t there is no heat flow, no

7 heat sink, that those blocked sections are effectively

8 connected to which we lose -- --

9 5E. HOCHREITER: No, not as far as I know, because

10 th e test section boundary, the housing is almost at the same

11 temperature of the rods when they start the tests, and they

12 have gone through a whole bunch of calculations tha t we have

13 looked at that helped them design the proper sleeve because
'%

14 th ey did have different sired sleeves they icoked at.

15 Now the heat transfer _itself relative to reactor

16 would be least pro to typical on the sleevee Sut where we are

l'7 looking for the heat transfer is downstream of the sleeves.

18 'Je are looking for the flow effect of the blockage.

19 15. JOHNETON: Yes, where you are measuring heat

20 transf er that is one thing, but if you are using a

i 21 tempe ra ture a s lowe r --

22 MR. HCCHEEITEE: No, the temperatures I am

| 23 referring to are downstream of the sleeves.

24 MR. SFEWMCNs What happens in the NRC blessed

25 calculat2ons with regard to if there is blockage in the core
,
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1 midplane, is there any crosstalk allowed or how --

2 MR. HCCHREITER: Sure.

3 ME. LAU2EN: That was one of the things ! said in

4 the slide but I didn't get to because of the time

5 constraint, and that is virtually every flow diversion model

6 that has been offered of a single-phase nature, that any

7 reactor vendor has offered since I think the first task of

8 workinc on them, has been reviewed acceptably. (inaudible)

9 when clearly an advantage is gained by steam -- -- but all

10 the other flow diversion mod els --

11 ME. SHEWMON: Where an advantage was gained by

12 what?

13 MR. LAU3EN: Stea9 coolin;.

O)\- 14 MR. SHEWMON: Steam cooling.

15 MR. LAUSEN: Compared to the ELECHT data.

16 3R. SHEWvCN: Okay, dces that steam cooling mean

1'7 two-phased?

18 ME. LAU3EN: Single phase.

19 MR. HCCHREITIE: In o ther words, what I am saying

20 is this when we looked at the original Westinghouse model,

21 it showed an advantage, as Larry has explained, compared to

22 the FLECHT experiment. The only -- in other words, E1ECHT

23 gives you bad heat transfers because you lose the entrained

24 water of the test sections. But if you vaporire all that

25 water at the quench rate and turn it into saturated steam

Ov
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s

s 1 you get v;ry good heat transfer.

2 33. LAUSEN: Very good heat transfer. So as you

3 say, it doesn't make much sense to violate ;hysical reality.

4 ME. SHEWMON: Unless it is Aprandix K.
i

5 (Laughter.)

6 ME. LAUBEN: If the physical reality is such that

7 it is going to vaporire more steam and (inaudible). So

8 there were other models proposed by everybody. Everybody's

9 idea was to key the steam cooling heat transfer in some way

10 to reflect data on blocked, and we have accepted most of

11 those models.

12 In addition, everyone has at various times

13 proposed modifications to their flow diversion models.
< ,~

l'4 Westinghouse proposed one in 1975. Combustion then proposed-
r

15 one in 1978, and Exxon proposed a revised one in about 1975,

16 compared to what they did in 1975.

1:7 Ehey have received favorable review by the staff.

18 We have not been son of a bitches just trying to penalire

19 everybody. We have come up with what we thought was a

20 reasonable flow diversion model subsequent to the originals

21 (inaudible)

22 33. S H EW Z C 3.t Flow diversion is your words for if

23 there is a block here the flow can come around and pull what

- 24 is downstream?

25 M3. LAUEEN: Ehat is right.

0
'
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() 1 MR. SHEWMON: But you still bump into a penalty

2 downstream, is hat you were saying. Ckay, fine, go ahead.
_

3 MR. HOCH2EITEE: You nicht think of Appendix K

4 steam cooling as setting back technology, because what we

5 were forced to do was to take a situation which te know is

6 two-phased and hammer it into a situation which was single

7 phase.

8 MR. LAUEEN As an aside to what the staff is

9 allowed to do, General Electric in 1978, when we were

10 discussing Appendix K modifica tions, made the point that

11 they felt that no change was needed to Appendix K.

12 Westinghouse (inaudible) current opinion is that I think you
;

j 13 will (inaudible) discuss what your opinion is about, and we

14 will finish revising Appendix K today.

15 But they said no, a change is not req uired to

16 Appendix V. What is required is the staff should cive the

17 fuel vendors note latitude. They should be = ore forgiving

18 in their interpreta tion of Ap;endix K, and Mr. Gossick wrote
4

19 back to Or. Sherwood that we couldn't do that, that we were

20 constrained to live by the rules that are here, and we

21 couldn 't do that.

22 .4 2 . SH E W.t C N : Thank you.

23 MR. lAU3EN: I mean, I would like to do it too,

24 but I can't.
|

3 MR . ECCHREITER: Cne of the key pr'ograms that we

.

O
V
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) I think is going to help this situation as Norm has been.

2 describing it is the FlECHT-SEAIIT program. And we have

3 purposely tried to structure part of this program to address

4 the Appendix K steam cooling rule. It is the only reascn we

i 5 are running these tests, and to do this and de this in a

6 joint fashion we have involved Or Picklosimer, we have had

7 Dale Powers, we have had Norman lauben. We have tried to

| 8 get as many people involved in this particular -- the design

9
; of this particular program as we can, such that we can

10 provide the data base and people can then go to a rulemaking

11 hearing c: whatever is required to be able to assess the

12 thermal hydraulic effect of flow blockage and rod bundles.,

; 13 In our program ve will be looking at different
m
k) 14 blockage shapes, we will be 1ccking at the alpha bitrst casee

'

15 and the beta burst case. We vill be simulating bicekages

16 with thin pieces of steel te simulate the blockage shape
1
'

17 itself.

18 We vill be looking at both coplanar and

19 noncoplanar bicckage distributions, and we will be testing

'
20 these in a 21 rod bundle test series and then a 161 rod

21 bundle test series.

22 In your package I have given you additional

23 informatien on the program, the blocksce distributions that

24 will be tested, a picture of the bicekage shape , and the 161

25 rod bundle with two 21 rod bundle blockage islands.

I

O
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,

1 This is currently what is planned in the procram.

2 Right now we are in the middle of the 21 rod bundle blockage

1 test series, and we are designing and building the 161 red

4 bundle test series.

5 New we have been trying to make our program

6 complementary with the work that is being done in Germany

7 and through the NRC and Dr. Tong and Picklesimer, Dr.

8 Picklecimer's help we have set up close communications with

9 the FEEA people and with the 52EECCA paople over in -- --j

10 and we have been exchanging informa tion quite f reely and we1

I 11 have been vary profitable in doing that. And we have been

12 able to make the programs complementary.
4

13 As Dr. Esposito in dica ted , we arc getting as

14 involved in the NEU tests as much as we can so that we can
1

15 make that overlap with our program or rather overlap our '

16 program with N3U, such that we can provide for the NRC and

l'7 the AC?S a good technical da ta base to assess this
'

.
18 particular technical problem.

19 3?. SHEW 3CNs Pardon me for appearing in person,
!
i

20 but this is all interesting, logical, but what has it got to

21 do with 6307

22 MR. HOCHREITER: %e want to show you that we don'tj

23 think that there is a heat transfer problem with flov

24 blockage. I have shown you two sets of data, and I want to

25 show you another set of data right now.
t

t

|
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( l We calculate in Ap;endix X --

2 ?.E. SHET'CN Okay, let's say I agree with you and

3 there is no heat transfer loss with fl:V blockage. Sc vhat

4 to the acceptance of this document?,

<

5 MR. MCCH3EITES: If we have to accept this
.

| 6 document and we don ' t change Appendix K, we just calculate a
1

7 larger penalty.
1

8 32. E3'tCSITO : Dr. Shevmon, a comment or two to my

9 conclusion. What we see is this model has bestoved upon us<

i
10 a unilateral impact from penalty point of viev vithout any

11 of the positive points which unfortunately we can't do

12 because of Appendix X, and if the data did not substantiate

13 a benefit in terms of heat clad temperature at the point of

14 tu rn croun d, then v4 vould feel that we couldn't take these
j

15 two things together and cancel them out, or at leastf
a

16 withhold them in a balanced rtructure.

17 $2. SMEWMON: yes.

18 MR. HOCHEEITER: I think Norm has referred to, and

1
19 I think even Oale Pcvers has referred to, compensating'

i

; 20 thermal hydraulic ef f ects woul:1 help offset the flov the--

,

; 21 nev blockage model, and the compensating thermal hydraulic
,

22 effects we see is the heat transf er eff ect that the flov

23 blockage causes in the rod bundle itself, relative to what

24 va calculated .vith our Appendix X models.

25 .M 3. SHEWMON : Sut to do that you need two phase

i

O
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i

(~%.
1 flow, is that right?(,)-
2 55. MOCHEEITE?: T de that we r.s e d two-phaca

3 flow; we have got to change th e rule.

4 VOICE: (inaudible)

5 MR. HOCHEEITEE: Well, just to confirm that indeed

6 there is a benefit, I must say that this is for a 21 red

'

7 bundle test results. Obviously we have get more work to do

8 and we are in the process of doing that. And this confirms

9 the other stuff that the FIBA people have seen.

10 7e will be examining this in larger bundles where
4

11 we have more by-pass. There is sone flow by-pass in this

12 test series. What we have done is we have blocked the inner,

13 9 rods 52 percent. So you do have flow by-pass around it.,

14 This is certainly act like a Jeactor. But you de have both

15 aspects of the proble: thera. You have the bicckage effect,

16 and you do have the by pass effect.

17 This is the heat transfer about an inch and a half

18 downstrean from the blockage sleeve itself. You can see the

19 peak clad tenperature is lover, the heat transfer of earlier

20 time ic higher, and this is for a hC pai, .9 inch a second

21 test, which would be typical of what we wculd calculate in
.

22 our licensing calculations.

23 3R. SHEWN.ON: .9 inches of reflood rate.
~

24 MR. HOCHREITER: Reflood rate. I have looked at
i

L 25 data as icw as 4 inches, and ! see the same trends. And I
1 |

I

[
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rm
Q 1 have looked at data at 20 psi and you ree the same trends.

2 So from looking at the data base, the bracke ts are our

3 licensinc calculations, we do see this type of behavior.

4 I am not going to go through all these slides, but

5 this heat transfer improvement effect occurs more locally
|

6 downstream --

7 MR. SHEWMON: Put that one back again and hold my

8 hand for a minute.

9 MR. HOCHREITER: Yec, sir.

10 ( L a ug h t e r .' )

11 MR. SHEWMON: The top is temperature?

12 MR. HCCHREITER: The top is temperature.

13 MR. SHEWMON: Cf the water-metal interface? Or;

14 temperature of what?

15 MR. MCCHREITER: I went too fast. This is
,

16 temperature of the rod, th e inne r rod.

17 MR. SHEW ON: What temperature? Is the water

18 temperatures in that inner r..d.

19 MR. HCCHEEITER: This would be the inner clad

20 temperature.

21 MR. SHEWMON: At some elevation?

22 MR. HCCHREITER: Yes, at tnis elevation, 75.25

23 inches --
|

24 MR. 3HEWMON: Up from where the water starts

25 coming in?

O 1
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() 1 MR. HCCHEEITER: From the bettes -- --

2 MR. EHEWMON: Cksy, and uo it is zero ti e. You

3 start adding water at zero on that scale, is that correct?

4 MR. HCCHKEITER: That is correct.

5 .13. SHEWMON Zero inches on the 75-it.ch scale

6 down there?,

7 XR. RCCHREITER: That is correct. And you

8 reflood, we flood the water in. We are adding it at .9

9 inches'a second.

10 MR. SHEWMCN Ckay, and at 4C0 seconds you come to

11 75 inches, is that right?4

12 MR. HCCHREITER: Yes. '!cu could think of it that

13 way. Actually it can quench --.
,

14 MR. 3HEWMCN: Wall, a two-phase flow. It has to

15 be either water or steam. So --

16 MR. HCCHREITER: If that is the case, sir, this
.,_.

17 would probably quench later.

18 MR. SHEWMCN: Okay, but what you are saying is th

19 at the heat transfer coefficient changes from near zero
.

20 there all the way up as tile water interface approaches?

21 MR. FCCHP.EITER: That is correct.

22 MR. SHEWMON: By order, in order of magnitude if

23 you really want to take extremes?

24 MR. WCCHREITER: And number 2 here is the bloc;;ed

25 case. Staber 1 is the unblocked case, and what you see is a

h(V
4'
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(s) significant increase in heat transfer early in time, and we1

2 believe that this ir due to the atomiration effects of the

3 vater droplets. Later in time, as you get a let scre water

4 up there, it doesn't seem to make any difference.

5 Then there is a penalty later in time. And it is

6 supposition right nov, but later in time the slope of this

7 temperature curve changes, and this implies a different flow

8 regime.

9 MR. SHEWMON: Well, what are you allowed out of

10 this range of heat tratisfer coefficients from 25 to 250?
, e

11 MR. HOCHEEITEF: Thi: first value right here.
,

12 MR. SHEWMCN Is the only one you are allowed ?

13 53. uCCHEEITER: 2ight.

() 14 MR. SHEWMON: So the conservatism runs from re ro

15 to a factor of ten.
*

16
, MR. ROCHREITER: Fr0n the minute you put the water

|
17 in to the bundle.

18 ME. EHEWMON: Okay, thank you.

19 MR. H0CESE!!ER: 7.s you go further up the bundle,

20 this heat transfer difference decreases. let me just show
4

21 you one o ther shot, at 90 inches. Here there is almost no

22 difference. Correspondingly, there is almost no difference

23 in the temperature between an unblocked case and a blocked

24 case. This is 90 inches.
!

25 Now if you get up to 10 feet y can actually see

;

I
l
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( 1 that there is a penalty for f1:w blockage becauce what has

2 hap;ened in the tve-;hased case you have used u; the water

3 down below just behind the bicckage re; ion, you have

4 atomized that water and you have gotten improved heat

5 transfer th9re. And when you get up to the top of the

6 bundle now you have got less water, compared to the case

7 where you had no blockage at all.

8 And so you do see heat transfer penalty here, but

9 you don't really care because the clad temperatures are 1300

10 degrees.

11 So what you have done in reality with flov

12. blockage is you have utilized the entrained water more

13 effectively. You have utilized it more effectively

'
14 downstream of the blockage region.

15 I have also included vapo r tem pera ture

16 =eacurements in the package and you can see that devnstream

17 of the bicekage region you de deru;erheat the vapor more, ,

18 which implias that you have ate: iced the water, you have get

19 mo re liquid surf aca a rea which you can desuperheat the steam.

20 ME. SHEWMON: Is desuperheating the same as

21 undercooling? Two negatives make --

22 MR. HCCHEEITEE: ! don't think so, because I don't
*

23 know what undercooling means.

24 MR. SHEWMON: I am not sure what desuperheating

25 - is, but go ahead.
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() I lie . MCCHREITEE: Ckay.

2 (;auchter.)

3 So basef on the information that we have been able

4 to dig out to date, and os course this is mostly for small
4

5 bundles now, what we have observed is that in the flow

6 blockage, in the flov blockage heat transfer mechanisms

7 there are competing heat transfer mechanisms. There is a
4

8 flow by-pass effect, and then there is ar. effect of the

9 entrained water. And the effect of the entrained water is

10 no t allowed by Appendix K, so we only calculate a penalty

11 due to by-pass.

12 But the data that we have observed to date is that

13 the atomira tion of droplet breakup of the water, and the

D)(, 14 mixing of this water would be superheated steam, vill offset

15 the flow by-pass. And so you actually have improved heat<

16 transfer.

17 Nov ;eter in time you do see a penalty. We think

18 this is because of a flow regime change, but this is well

19 after turnaround. We don't care. We really don't care at

20 that point.

21 Further up in the bundle f or our particular power

ZZ shape, our cosion power shape, you can get poor heat

23 transfer at the top of the hundle. But again that is

24 outside the rene of interest, and the peak clad tenperatures

25 that you calculated up at 10 feet and 11 feet are like a

(.,.)
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() I thousand degrees to 1200 dagrees.

2 yp. shy 4 MON: At leart if we are ctayin: vith the

3 ballooning =cdel, the balloon burst vili come in the top

4 half of the core, ! vould trust?

| 5 MR. HOCHRE!!ER: If the balloon bursts, it vill

f 6 come in the top half of the core. The same situation would
:

i
7 occur because again you would get a heat transfer

i

8 improvement now at 10 feet, just downstream of the balloon

9 burstina region. And there would be no difference up to 10

10 feet.

11 MR. SHEWMON4 So when they --

12 MR. STRASSER: Presumably they are scattered

13 throughout the core?

14 MR. ECCHRE!!ERs Well, the stuff that we are

15 looking at, that we have seen both from the Oak Ridge da ta

i 16 and from the data in Germany, is that it is usually going to

17 he within the grid s;an. The blockage and ballooning

18 effects will be within the grid : pan and we vill be testing

19 th a t .

20 We have gotten distributions from Cak Ridge. We

21 have gotten blockage distributions from the Germans, and we '

22 will be placing these sleeves, these stainless steel sleeves

23 on rods, either to simulate an alpha burst or a bets burst

24 we will be placing these sleeves on the heater rods at--

! 25 different axial positions and we vill look f or the heat

O
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1 tranrfer effect there.

2 Xy own personal belief is that as you would string

3 out these balloons you are probably going to see less of a

4 heat transfer improvement, because there is going to really
,

j 5 be more flow area f or a given channel and you won't get the

6 local acceleration as the flow snakes through this rod from

7 the balloon tubes you probably won't get as much*

8 s to m ira tio n . out then you fon't calculate as much flow

9 by-pass out of that region either.

10 So you probably would get a lower boundary --

i
11 MR. SHEWMON: What sorts of f ractions of the

12 cross-section do you fill with these tubes, sleeves?
.,

13 YR. HCCHEEITEE4 I a s. not too sure I know what you
:
3

( 14 mean.

15 MR. SHEWHCNa Well, do you get in trouble with the

16 NRC at 10 percent flow blockage, 90 percent flow blockage or
i
1

17 someplace in between?
,

18 32. HCCHREITEE: Anything ;reater than rero,

19 because it is always going to be a penalty. It will always

20 be a penalty.,

21 Y?. SHEWMON Well, yes, but you must have liv e d ,
!
'

22 learned to live with some pdnalty.

23 3R. ISFOSITCa Well, we will show you a range of

24 penalties that you get, depending upon some of the --
;

25 33. SHE%%0N: Okay. I am sure it can only be a

i
!

\

i
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c.
(~,-) 1 penalty. I had thoucht that it really go; hard and tough

,

2 someplace up in the upper reaches of the flow blockage

3 though.

4 MR. HCCHREITER: Yes, if you increase the amount

5 of blockage, like if we vould go with Ralph 's med el, which

6 would give us much higher blockage, we are going to get much

7 more flow diversion and a much grea ter penalty. And that

8 vill be the source of part of the penalty that --

9 MR. SHEWMON: Ckay. Vell, let us get on to these

10 things.

11 M2. LAUEEN: Rick, can I show you, because the

12 Jules are based on, as you called them, blessed

13 calculations. There is something on the order of 1 or 2

| ~) 14 degrees per percent (inaudible).<

15 iR. SHEWMON: 1 or 2 degrees what tu percent?
1

18 ME. lAU3 ens Peak cladding temperature.

17 dR. SHEWMON: You mean we only get a 100 degree

T tenperature rise with 100 percent blocking?

19 33. HOCHREITES: I don't think it is less.

20 MB. SHEW MON : There must be a nonlinearity

*
21 someplace here, or else you wouldn 't be here today.

.,

22 MR. LAUSEN: But really the NRC blockage, the

23 NUEEG 0630 doesn't e-

24 MR. ty n: ?'O: And the Westinghouse model that we

25 saw a peak of trouaa a7 percent --

I ')
U
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(O 2' MR. SHEWMON: Does it cut off at 80 percent(_/ --'

2 MR. MCCHREITER: 72 percent.

3 MR. SHEWMON4 Why do you stop at 72?

4 MR. POWER: That is what it looks like.

5 MR. SHEWMON: Let me hold up these illustrious

6 centlemen for two minutes more. It seems to me remember

7 reading in this job one time a report from Caneral Electric

8 th at said, gee, blocking subasceablies is hardly any problem

9 at all because even if you block over 95 -- or until you get

10 above 95 percent flow blockage there is still adequate

11 cooling. Was tha t when they are pushing water through the

12 other end or --

13 MR. JOHNSTON: Tha t was the inlet --
A
kl ?4 MR. SHEWMON: Probably isn't anything regard to a

15 LCCA, I don't know.

16 MR. JOHNSTON: It is inlet fl0V blockage

l'7 calculations where you maintain about 45 percent cf the

18 power being generated in a bundle, and you say anywhere from

19 5 percent water flowing througn they don't calculate the--

20 difference is they don't calculate temperatures that are

21 going to cause melting, but they do exceed 2200.

ZZ MR. MEYER: This is not during a LOCA.
,

23 MR. SHEWMCN But it is not during a LOCA, so we

24 don't --

25 MR. MEYER: That is not during a LOCA.

s

m),
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:

! 1 MR. JOHNSTON: -- flow blockage with waters

2 pressure, and a small amount of water going through. But

:
3 the concep' is right; you don't see -- go up and melt

4 because you blocked no more than 95. or 96 percent. But if

! 5 you exceed 2200 calculation -- required for a 10CA count.
:

6 MR. SHEW' DON: Okay.

7 MR. JOHNSTON: So it wouldn't be permitted anyway

8 in essence.

9 MR. SHEWMON: Okay.
:
4

10
,

.i
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13
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15
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! 16

| 17
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f
() 1 Y2. Ef?OSITO: Wha t we'd like to present nov

2 (Inaudible), what ".appens if yoc forget about all of this

3 stuff we just told you, the Westinghouse data, and just take-

4 the NRC 0630 as we had it back in March and that report, and

5 supply that to our evaluation models.

6 5R. MUENCH: Now that the scien tists are done

7 talking about the real technical items, an analyst is going

8 to get up here and tell you, hopefully, a little bit about

9 what the significance of this discussion really is. I think

10 you lose track a little bit when you get into the

11 nitty-gritty of the technical pros and cons of the models,

12 the technical correctness. You lose track of the

13 significance.

O
t_) 14 Obviously, the use of NUREG 0630 is not going to<

s

15 have a significant direct impact on plant safety. It's not

16 going to change the probability of loss of coolant

l'7 accidents. It's probably not going to change the

18 reliability of the operations equipment. And it probably

19 vill not change the consequences of a loss of coolant

20 accident.

21 In most cases it will not change the peaking

22 f actor or the peak kilowatt per f oo t, if you will, that the

23 plant will be opera ting at the great majority of the time.

24 There are a few exceptions and I'll talk about that.

25 The impact of NUREG 0630 really is on the

C)\s
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Q( 1 operations of the plant, the operations limit. And that'sj

or I should say th e :ach specs of the ;1 ant2 because 0530 --

3 are really governed by licensing calculations, like Appendix

4 K. So I'm going to run through a summary of an estimated
i

5 impact on the operations of the plant due to the use of

6 NUREG 0630.

7 The methodology I'm ;oing to use in providing the

8 summary was agreed upon with the staff in December when we

9 were going through the exercise in responding to a 60-day

10 request the staff had sant to all of our operating plant

11 customers. The evaluation in based on sensitivity studies

12 where we arbitrarily change burst temperature blockage and

13 burst strain and see wha t the change in peak clad
' (~)(_y 14 temperature is. And we apply that using hand calculations.

15 We have not performed any analyses with NUREO

16 0630. We have not even programmed that model into our

17 computer codes yet. I want to make it clear at the

18 beginning, these are hand calculaticns.

19 The results I'm going to show you and the

20 methodology that I discuss were used in response by all of

21 the applicants under the Westinghouse-designed PWRs, in

22 response to the November 9th, 1980 -- 1979; I put the wrong
.

23 date here -- letter from the staff. And it's updated every

24 time there's an application for a license amendment that

25 requires a LCCA reanalysis. It's keyed to the FSAR large

O
\.J,
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o
() 1 break 10CA analysis, so we have to redo it every time.

2 MR. 2HE'430N: You're saying this letter was sent

3 out in Novenber of last year; ic that right?

4 YR. MUENCHs Yes. I'm sorry. Yes. I'm good, but

5 I'm not that good.

6 Okay. One of the observations you 're going to

7 make when I show you the results -- let me see here -- is

8 that there is sienificant variation between plants of the

9 impact of NUREG 0630. Hopefully, this chart will help you

10 understand that a little bit.

11 Remember, there were three models that were

12 discussed in 06304 the burst temperature model, the burst

13 strain model, and the burst blockage model. And depending

("g
(_/ 14 on the type of plant, depending on the characteristic of th e

15 plant heat-up transient during loss of coolant accident,

16 some of these models will no t apply to various plants.

17 For example, we have some plants which we call

18 burst mode limited plants. Cbviously, the peak clad

19 tempera ture occurs at the burst mode. These are plants that

20 had a less than optimum blowdown transient, okay. So they

21 have a high clad temperature during the blowdown.*

22 The clad temperature normally occurs -- the peak

23 clad temperature normally occurs right after bottoming and

24 full recovery, as you're at the burst mode. Turning clad

25 temperature around is a matter of balancing the heat

fa'T
i
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<s
(_) I transfer coefficient and the gas transfer coefficient. At

2 -he first mode I have swollen to a preater extent, and can

3 turn the clad te.mperature around as soon as I pet a little

4 bit of steam generation in entrainment.

5 Now, because of that type of characteristic, only

6 the burst temperature and the burst strain models apply to a

7 burst mode limited plant. We ha ve discussed before, both of

8 these vill give you more circ-water r= action on the burst

9 mode. As soon as ! turn it around, before there's any

10 blockage, the blockage model is not iscacted.

11 Another major category of plant is the reflood

12 mode linitei plant, and there are two types of reflood mode

13 limited plants. There are plants where the peak clad

) 14 temperature occurs before th e flooding rate falls below the

15 magic one inch per second that we discussed so many times

16 toda y ; and plants where it occurs after that time.

I'7 When it occurs before you go below one inch per

18 second, we call that a Flecht plant because it turns around

19 during the time when we can use our Flecht heat transfer

20 correlation, which implicitly includes two phase flow and

21 everything else.

22 Plants where the peak clad temperature occurs in

23 steam cooling and we're using the steam cooling correlation

24 -- in both of these cases, the burst temperature impacts due

25 to the difference in swelling models. 'le discussed earlier

f.)'\u
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r~
(m)5 1 that that's a non-mechanistic sensitivity, because we're not

2 changing the swellin; model prior to burst in a consistent

3 fashion witn the rest of the model in NUREG C630. But ve're
1 .

4 talking about the impact of NUEEG C630, and that's what

5 happens.

6 Now, the blockage model only impacts the steam

7 cooling model. There 's s little X right over here. So the

8 blockage nodel only impacts upon (Inaudible). Hopefully,
!

9 this will help you understand why there's a variation of the

10 impact.

11 I should point out tha t these ( Ina udib le ) were

11 neant to be not necessarily used in some kind of an

13 (Inaudible) mode. They are bounding calculations.

O\/ 14 Now, this chart hopefully will represent to you an

15 estimate of the impact of NUREG 0630. We have not used any

16 plan t names, and this is a generic discussion. I have

17 included some information. These do represent calculations

18 that have actually been perf ormed , hand calculations that

19 have actually been performed for each of the owners of

20 Westinghouse P*4?s and submitted to the staff.
i

21 I have provided information about what sire plant

ZZ this is -- f o ur-loo p , three-loop, two-loop -- and what type

23 of clad heatup characteristics we have -- is it burst mode

24 or is it reflood mode.

25 The fourth column represents the change in peak

(v~)
.
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,/~T 1 factor, using that methodology, tha t we would get using the
V

2 NUREG 0630 models compared to using our large break model as

3 we do today. Ar:d I think you can see that there is a wide

4 variation. But basically, it ranges from .02 to .23 in

5 peaking factor, but it's a very significant delta peaking

6 factor.

7 To help put that into perspective, the fifth

8 column that should be on the page is the total peaking

9 factor that we would estimate, again in a bounding

10 calculation, a bounding hand calculation, that we would get

11 for each of these plants if we were to apply NUREG C630

12 without any model changes.

13 MR. STRASSER That's not the tech spec.

() 14 MS. MUINCH: That is not the tech spec today. Th e

15 only calcula tions that the staff has obtained are these

16 numbers. They were balanced off against o th er things, such

1'7 as that the peak numbers did not need to be calculated.

18 These are (Inaudible) tech specs.

19 But these would be the ones that would go into the

20 tech specs if NUREG 0630 were unila te rally a pplied tomorrow

21 without any beneficial model changes. Okay.

22 The reason why I've chosen to show you that

23 peaking f acto r without the beneficial model changes is that
1

24 we feel that when ycu're trying to determine the

25 appropriateness of an arbitrary increase in the conservatism

rh,

k)
f
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O 1 of Appendix K, you should look at that change and thatij
_

2 change by itself; how significant is that ch ange to the

3 operation of the plant and to plant safety 2nd so forth.

4 So I've not tried to show any benefits on this

5 chart.

6 Now, the real significance is seen in the final

7 column, where I've tried to provice an estimate of what

8 those peaking factors would mean to the various plants in

9 terms of their operation. And you'll see that there's a

10 wide variety.

11 For example, Plant No. 1 there's a decrease in

12 peaking factor of .13, bringing it down to a peaking factor

13 of 2.12. Typically -- and these numbers, this narrative

() 14 over here is based on experience. Some cases are three-part

15 numbers, but in aost cases you'd have to do detailed nuclear

16 calculation to really put a concrete column 5 - I'm sorry,

l'7 column 6 -- up there. They're mostly based on experience.

18 But in general we have found that a plant, after

19 its first cycla, will offer at a maximum peaking factor of

20 2.15, in that range, with its load following. So if you get

21 down below 2.15 peaking factor, you start im pac tin g the

22 capability of the plant to load follow to the extent that it

'

23 was designed to load follow.

24 So Plant No. 1 would be restricted in its load

25 follow operation potentially. Now, what does that mean, to

1

|i

1

|
'

!
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() 1 be restricted in load follow? There are a wide variety of

2 things that customers have done, our customers have done,

3 operators have done, operating plants have done, to meet

4 this kind of a challenge.

5 Number one, we've sold a thing called automatic
1

6 power distribution monitoring system to plants,'where

7 there's a ball that rings whenever you get above that peak

8 factor in your plant. When that occurs, you reduce power.

O Some people do that manually. Some people administratively

10 reduce the flexibility of operating the plant, load

11 following facters. Okay.

12 Plant No. 2, you see the peaking factor of 1.89;

13 Plant No. 3, you see 1.79. Those plants, even in the most

() 14 restricted losd follow case, which is baseload operation,

15 would be impacted by reducing power.

16 MR. SHEWMON: Is No. 2 at reduced power now?

17 MR. MUENCH4 No. 2 -- I guess I kind of hesitate

18 here because this is a generic discussion.

19 - MR. SHEWMON: (Inaudible). Well, I'm just

20 wondering. That's an extremely small increment. It sure as

21 hell isn't load following.
j

22 MR. MUENCHt That plant -- the last time I checked

23 that plant it was. It did have some reduction in po wer. So

24 I guess it would be more proper to say further reduction in

25 power.

%-,
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() 1 One other item. You see well, two other--

2 operations. One, you see baseload operation, reduce power
~

3 early in cycle. Of course, as you burn up you can reduce

4 the peaking factor being measured in the plant. You only

5 have to reduce power early in the cycle. That takes another

6 layer in tech spec changes and change; in the way you

7 operate the plant-to do this.

8 I think we see several here that are baseload

9 operation, reducing power early in cycle, reducine power

10 period. The point is that it is a significant impact. This

11 change in itself is significant relative to the operating

12 marcins in the plant. i

13 3R. SHEW 50N: Now, you have quite fairly pointed

( 14 out that this is a hand calculation without any compensating

15 things. What's your gut feeling for how much of that Delta

16 F would remain after you did the first cut of other
0

17 changes you've asked the NEC for.

18 2R. MUENCH I'll address that on the next slide.

19 MR. SHEWMON: Okay.

20 MR. MUINCH: I think it's pretty easy to do tha t.

21 The next and last slide, I was trying to

22 de mo n stra te to you the impact of the various components of'

23 NUREG 0630 that lead up to that change in peaking factor

24 that I just showed yo u .

25 This is a histogran of delta peaking factor due to
,

%. -
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O') I the NUREG 0530, with the va rious plants. And in the
v

2 histogram, if you see a clear part of the histogram, that's
,

3 just the burst temperature part. If you see a cross-hatched

4 section, that's the burst strain part. The solid section is

5 the burst blockage pa rt .

6 And let me demonstra te the different types of

7 plants. You notice these first several plants over here on

8 the lef t-hand side only have burst temperature and burst
3

9 strain impact. Of course, that's a burst limited plant.

10 This plant here only has a clear section, which means it

11 caly has a burst temperature impact. That's a Flecht

12 reflood limited plant.

13 And last but not least, this column here is a

b 14 steam cooling plant, and it has both burst temperature and
v

15 blockage impacts.

16 The main point I wanted to make in this slide is

17 that blockage, which from all indications we have to date

18 really should be beneficial for you, is a significant

19 contributor to the penalty of SUREG 0630. And we therefore,

20 in our own minds, question the appropriateness Of adding

21 this arbitrary conservatism when there doesn 't saem to be a

22 need for that. It is significant.

23 You asked a question about what our first cut, the

24 changes in models, inprovements in models, would do. I

25 quess I would characterire the first cut as being that which

O-
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O(_/ 1 we're already being given credit for. Obviously, none of

2 our plants are taking these kind of peaking factor penalties

3 today. The staff has given us credit in the interin for

4 using sone of the sof tware technology we developed in

5 licensing our plants equipped with upper head injection.

6 And that credit that they gave us -- and this is, by the

7 way, four-loop plants, t.' lee-loo p plants, two-loop plants,

8 actually organired in this way for this question -- they

9 gave us a credit of .2 for the four-loop plants; .15 for the

10 th re e-loo p plants; and .12 -- is that right?

11 VOICE: .12.

12 MR. SHEWMON: That's for overhead injection or

13 upper head injection?
r
(- 14 MR. MUENCH: That's for software technology,

;

15 namely --

16 MR. SHEWMON: Okay.

I'7 M2. MUENC5: -- slipped flow, reflux model

18 changes, that we licensed in cut UMI plants.

19 MR. SHEWMON: So that --

20 MR. MUENCH: I'm sorry?

21 XR. SHEWMON: (Inaudible).

22 MR. UENCH: (Inaudible). So you can see that

23 just that model change takes care of (Insudible).

24 MR. SHEWMON: I guess what I was getting at more

25 was that it sounded like how much strain one assumed was :

!

i

|
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j 1 there with a highe r a ve rage strain to have these people talk

2 to those people, or you change it so that you -- one hand

3 was talking to the o ther, sould be a pretty easy one to

4 implement. But that -- well, I'm not sure I'm being

5 coherent.

6 ME. HCCHREITER: You mean that gives the average

7 strain that Dick was talking abo 9ut?

8 MR . S HE'4MO N : No. It was the first point that

9 came up in Esposito's comment, that had to do with the fact
.

10 that things ruptured earlier and therefore yo u didn ' t ha ve

11 as much gas conducting change, or -- well, let it go. I

12 don't find it.

13 MR. MUENCH: I guess the clear part of the block,
i

() 14 if I understand your question, is that the burst temperature

15 effect -- this is in fact, where you see these clear parts

16 of the block, is the estimated impact of bursting earlier

17 without having a measured change in the swelling prior to

18 burst mode. Is that where you're headed?

19 ME. SHE*4 MON: Higher gap conductance af ter burst

20 turned out to be due to the fact that you didn 't have a

21 realistic total strain at that point in time. You didn't

22 have the strain there that was being used in the other part

23 of time calcula tion.
.

24 MR. MUENCH: That's correct.

25 MR. SHE*4M O N : It seems to me it would be pretty

. (^)s.4
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() 1 straightforward to make the two parts, the two models ag ree .

2 MR. MUENCH: I went back to the scientists for

3 that part.

4 MR. SHEWMON: Okay.

5 3R. MUENCH: Sut it would seem to me that it would

6 at least make sense to do that.

7 MR. SHEWMON: Go ahead.

8 MR. BURMAN: Excuce me.

9 MR. SHEW 50N: Yes?

10 MR. BURMAN The earlier part of the strain, th e

11 creep strain or the creep yielcing strain, if you will, that

12 occurs as long as the pressure is on the rod. Rut what's

13 the reverse? I mean, tne pressure is relieved and the rod

() 14 stops straining. That's what is called strain other than

15 burst.

16 MR. SHEWMON: Yes.

I'7 MR. BURMAN: And that -- that will be less if the

18 rod breaks earlier, because tha t is --

19 MR. SHEWMON: Not according to 0630, in which

20 written in a t least sof t clay is the assumption that average

21 strain for the whole rod and maximus burst strain are
4

22 linearly related, k

f

Z3 MR. BURMAN: Rut not sverage strain and burst

24 time.

25 MR. SHEWMON: Well, if they are then --

I n
.,
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(m) 1 MR. BURMAN: We have a little difference there

2 between burst -- burst time and burrt strain.

3 MR. SHEWMCN: Well, I'm suggesting that if they'll

! 4 admit it in one half, you migh t really go ask them again and

5 they'll probably admit it in the other half of tho

6 calculation.

7 MR. MUENCH: I said we would.

8 MR. SHEWMON: Okay. That was the simple thing I

9 had. This turns out to be not so simple.

10 MR. ESPOSITO: Let me try to wrap up --

11 MR. SHEWMON: Okay.

12 MR. ESPOSITO4 -- with the last couple o f slides.

13 And since nobody can find them, I can do this a little bit

() 14 differently, and tha t is to look at the conclusions that we

15 have arrived at. And I present a few facts here as we see

16 thea. They're very global facts, but nevertheless they are

17 the facts as we see them.

18 The first one is that all the Westinghouse data

19 was supplied to and reviewed by the NRC.

t 20 XR. SHEWMON: Okay.
!
,

( 21 MR. ESPOSITO. In this model that we 're talking
|
,

22 about and that Deanis talked about earlier, we used.
!

| 23 convolution or statistical average, not the maximum strain,

24 as the basis of the model. You've heard that before.

25 The second fact is tha t Westinghouse d eveloped the

b
N
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( ) 1 burst temperature model with a heat-a5 rate dependence --

2 and you heard this before, again -- with a small break model

3 vhich we submitted and had approved, I believe it was, in

4 1979. The importance of this comment here is that this work

5 was back in the '72 to '75 time f rame. Here we are in '78.

6 We're still looking at things. We ha ve not made things

'

7 dark.

8 I claim that there was not a vacuum, but we are

9 continuing and continuing looking at the data.

10 The next point that we've arrived at is that the

11 Cak Sidge data complements the Westinghouse data. We see no

12 new findings from that data.

13 The fourth fact as we see it is that the
.

O)(_ 14 Flecht-Seaset and the FIBA show that flow blockage is ai

15 benefit up to peak clad temperature, peak clad temperature

16 tarnaround time, and in the region downstream of the

17 blockage. That's the discussion that you heard from larry.

10 That 's presen t data as we understand it.

19 Some conclusions that we reached The first one
.

20 is that we do not believe that there is a safety problem.

21 With any of the new data or the data that's come out of Oak

22 Ridge and its interpretation, there's no safety problem.

23 Our second conclusion is that there's no need to

i 24 change the basis f or determining blockage. I did not say

25 burst temperature, and I'll Tive you my recommendations in a
.

f
I \_/
|

|
|
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() 1 moment; but I said for determining blockage. Okay. We

2 already said tha t there was a heatup rate dependence on

3 burst temperature which is presently not in our large treak

4 codes, and we would recommend putting that in there. Ckay.

5 Now, before I 2at to the recommendations, I'd like

6 to go through a few concerns from implementing -- they

7 should be on the back -- some concerns from implementing

8 NUREG Guide 0630. And I think the first one and the second

9 one from the phitosophical point of view are the most

10 important.

11 The first one is that NRC performing both modeling

12 and checking f unction is a dangerous precedent. What has

13 happened is NUREG Guide 0630 is the development of a model.

(r-) 14 There is obviously some belief that that model is correct.'

y

15 Trying to change that opinion is very difficult. It becomes

16 the NRC model. It does not become the industry model or the

l'7 vendor's model.

18 There is a removal, if you wish, of the check and

19 b: lances by development of models through the N3C staff.

20 And we feel that that is a very dangerous precedent. This

21 checking is important. If there 's data that has been

22 ob tained that's questionable and people have a concern about

23 it, by colly, tell us and we'll look at it We will not let

24 it fall on the wayside. And I think that's how models

25 should be developed.

(m)i

ALDERSON REPORTING COMPANY, INC.

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



J

189

im

k) 1 And this is a very serious and a very significantm

~2 concern to Westinghouse. What it does is it puts us in a

3 very difficult position. From the licensing point of view,

4 you can always make a model more conservative. There's
!

5 absolutely no doubt in my mind, you can always make a model

6 more conservative. And I think that's something that should

7 at least be guarded against.

8 The next item is that, since there's no new

9 findings that's been obtained from the Oak Ridge data in

10 particular, we feel that the NRC model is the result of

11 different interpretation by new people. The staff had all

12 of our mCdels, all of our data, back in the '72 '75 time

13 frame. We showed strains as high as 80 percent, and in

43
(J 14 Dennis' handout you'll see that information. Cak Ridge data

15 complements that data base in our opinions and we feel that

16 there's no -- the difference in where the NEC model is today

17 is a different interpretation.

18 The next two lines stand for burst and blockage:

19 and one is that we think tha t the model is being viewed as a

20 very isolated model. All of the feedback that we've talked

21 about, that has been presented in terms of the heat transfer

22 and the thermal hydraulic model, is being disregarded. It's

23 really looked at as an isolated model. It's not in total

| 24 context.

25 And secondly -- this was a comment that was made
!
|

(~/
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() 1 by Dennis a little bit differently -- I think that the burst

2 and blockage model as proposed by the NEC is

3 super-conservative without balance. And namely what I mean

4 by that is that Appendix K is being used unilaterally.

5 The next item we have here is peaking factor

6 degradation. '4 hat is happening here by the loss of peaking

7 f actor, if 0630 is applied, by loss of peaking f actor margin

8 -- again, this is large break analysis, Appendix K -- ve as

9 the vendors will develop large break models to compensate

10 that. We will take our resources, which are always limited,

11 and place emphasis back on large break instead of on some of

12 the items tha t it should be placed on , like small break ,

13 like procedures. And that's what it will force us to do.

() 14 And I think that's important.

15 It seems like if we look at the Kemeny Commission

16 report, if we look at the Ecgovin report, et cetera, the

l'7 preoccupation with large break is driving us in perhaps not

18 a very positive direction.

19 The results of operating re-enalysis of--

20 . operating plants: tried to give you some feel for a more

21 practical point of view, if you wish. If we have to

22 re-analyze all the plants on a backfit basis -- that means,

23 all the plants have to be redene -- our guess -- and it's a

24 pretty goed guess -- it costs about $2 million to perform

25 tha t activity.

Oi
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P._) 1 33. SHEWMON: That's for how many plants?s

2 MR. ESPOSITO: That is for 14 plants.

3 MR. SHEWMON: Okay.

4 12. ESPOSITC That's about $2 million. And these

5 are rough aumbers. There's an " approximate" sign there.

6 Ckay, it can go highe r and it could possibly be lower.

7 The other part is, if it's only done on a forward

8 fit basis, one of the concerns we have is that we would have

9 different basis for dif ferent plants. So if you only do it

10 as a plant comes up and needs to have a re-analysis for some

11 reason, ve have a mishmash of some plants with one model and

12 some with the other. And that just causes difficulties,

13 especially if we have to ever look at potential unreviewed

O)k- 14 safety issues. What model do we use? It gives us some

15 problem. But that's what forward fit would do.

16 MR. SHEWMON: What vould be different for

l'7 different plantc? ! mean, let's say every time you came in

18 with a reloid it had to be on this b a sis . Differant plants

19 are different, but I don't understand what you mean by

20 different basis.

21 MR. ESPOSITO: What I mean by that is that I may

22 have half of my plants who are not reloading, and therefore

23 they are not getting a re-analysis. Therefore, they still

24 have the old bases, whereas the ones that may have gotten a

25 rean alysis have a dif ferent basis. And it's just those

!
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(O_) 1 different bases that can give us some problems.

2 XR. SHEWHON. And esth e tically that bothers you?

3 MR. ESPOSITO: Yes. It's the -- that's part --

4 it 's a little bit more complex. We 've seen burst mode

5 limited, reflood limited, yo- know, types of plants, and it

6 just adds one more dimension. It may be, in retrospect,

7 more positive than total backfit, okay. So if I put that in

8 the degree point of view, I prefer tnat to total backfit,

9 okay.

10 Now, let me give you our recommendations, okay.

11 And these are, perhaps, in what we're asking for, relative

12 to what the staff are askinc for. In the short-ters, I

|

13 think ve, in particular Westinghouse in.thir case, and the

( 14 NRC, should reach agreement on the heat-up rate dependence

15 on the burst temperature. You heard Dennis' discussions.

16 You've heard o ther discussions. We still have a difference

l'7 of opinion on the heat-up rate dependence, okay. I think

18 that has to be ironed out.
.

19 Secondly, it's our recommendation that we maintain

20 the exis:ing strain and blockage model as we presently have

21 in our evaluation model. Gkay, the model that was being

22 discussed earlier. If we have to use anything, we would use

23 it on a forward fit basis, so we dcn't have to run

24 calculations f orever.

25 I recognire that this -- or please recognize that

I'T!

| %J
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o)-(_ 1 forward fit is tne least -- is a less problem than backfit.

2 Okay.

3 MR. SHEWMON: I would guess so.
,

4 MR. ESPOSITO: In terms of the long-term

5 recommendations, we believe that rulemaking should be used

6 to address any potential blockage concerns, along wi th the

7 Flecht-Seaset data that's being developed to address>

8 Appendix K, specifically. Okay. There have been rulemaking

9 considerations already made by the staff, and in that

10 consideration, if I remember correctly, we've seen cooling

11 was one of the issues which was going to be addressed during

] 12 the rulemaking hearing.

| 13 I think that tlio last ites here can give us more

() 14 of a balance between some of the things that are positive

'

15 that we've seen from data and some people's interpretation
i

16 of other data. And I'd like to try to get that kind of

T7 balanced approach.

18 Thank you.
,

19 MR. SHEWMON: Okay. Thank you.-

20 As soon as you finish, we can go to supper. I'm

21 not talking to you.

22 Are you the clean-up ?.an? '

23 MR. LAUBIN: I think I'm the clean-up man, but I

! 24 may get some assistance from les Eubenstein.
|

25 - I decided I would limit my clean-up simply te our

r)u
|
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D\
1 proposed senedule.(_j

.

| 2 MR. SHEWMON: Okay.
,

3 MR. LAUBEF: Because ! quess les, before I came,

4 had mentioned to you that what we were looking for was a

5 letter, and I think a letter saying that you approved of the

6 way we planned to go about this. That would be our desire.

7 And --

8 MR. SHEWMON: I'm not sure how you plan to'go

9 about it yet. But then, you'll tell me that eventually.

10 MR. LAUBEN: And the schedule.
a
i

11 MR. SHEWMON: Okay.

12 MR. LAUBEN: I think also, let me -- let me, if I

13 can find the schedule --

~( ) 14 MR. SHEWMON: It's on the last page of the

15 handout. Do you want to borrow mine?

16 MR. lAU3EN: Yes.

17 (Laughter.)

18 MR. LAUEEN: At least the first item is correct,

19 and we ; resume that the second item is going to be correct.

20 We're going to discuss this to some degree Friday with the

21 full Commiutee.'

22 Now, the next part is our part of the schedule,

23 and that is that we would inform the licensees and the

~

24 applicants the first of next mon th th a t ECCS evaluation

25 models must be revised; and then, in a period of three

O("%i
!
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O 1 months, we would receive revised evaluation model(j

2 calculations -- excuse me -- revised evaluation models would

3 be submitted to us for review.

4 These revised models would include --

5 MR. SHEWMON: All right, just a minute. You say

6 " revised models" and your handout says " sample

7 calculations."

8 MR. LAUSEN: Okay.

9 MR. SHEWMON: Okay. You're at the one before tha t .

10 MR. LAUBEN: Yes, I'm at A still.

11 MR. SHEW 50N: All right.

12 MR. LAUREN The revised models would include

13 compensating benefits that the fuel vendors would feel would

) 14 he appropriate a t this time. Rick mentioned tha t there were

there was what he called UNI technology which has already15 --

16 been submitted on behalf of certain Westinghouse applicants,

l'7 which is under review by the staff and for which it would

would not require any more difficulty18 not require them to --

19 on their part to submit it for a generic model review.

20 In addition, Combustion Engineering has already

21 submitted compensating benefits in the area of flow
|

| 22 distribution, for which they wouldn't be -- there wouldn't
i

23 be any difficulty for them, either. As a matter of fact,

24 they've already submitted it.

25 The other vendors, I'm not aware that they feel

|

|
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/~S 1 that they .ould be required to send anything elce in of aO
2 compensating nature, but they would be free to do that as

3 well.

4 So it doesn't appear that that would be too

5 unreasonable a schedule f o r th e vendors to mee t.

6 MR. SHEWMON: All right, that's your opinion, that

7 two months is plenty of time for it?

8 M3. LAUBEN: Yes, that 's righ t.

9 M3. SHEWMON: Okay.

10 MR. LAUBE5: Now, the next part -- in addition and

11 at the same time, we would request sample calculations with

12 this revised model of the NSSS vendors' worst plants, worst

13 breaks, with the revised model, to get interim assurance

f) 14 that all plants meet 10 CFE 1546 with revised ECCS
v

15 evaluation models.

16 Now, I think I might want to ask -- well, I might

17 vant to ask Ralph at this time , if he hasn't already said --

18 MR. SHEWMON: Let me ask a minute. You feel that

19 the ve ndo rs in two months can gin up a new model, do all

20 their calculations, check it out and get it in to you. And

21 then, working very hard, it takes you a full year to review

22 it.

23 MR. LAUBEN: Well, first of all let me say -- yeah

24 --

25 3R, SHEWMcN: It doesn't quite sound fair. I

!

|'N
|
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Ps_/ 1 mean, I realire Westinghouse has a lot of resources.

2 23. LAUBEN: Yean. I think there's a couple of

3 reasons. We're limited in resources. But scre importantly,

4 we believe that there may still be a lot of interchange

5 that's going to go on about these models, and thtt it's not

6 going to be resolved the minute they send us the new model.

7 There are still going to be things that are going to need to

8 be discussed with the vendors.

9 MR. SHEWMON: Now, you could get the same symmetry

10 of one-year breaks there if you'd say it was due in on 10/81

11 and then you had to have your review done 1/1. That way

12 you'd have the one-year break again.

13 MR. LAUSEN: We would be interested in the

14 Subcommittee and the full Committee 's views on it. If you

15 feel that another month or two would help the process, I'm

16 sure we would consider it.

I'7 MR. SHEWMON: Okay.

18 MR. LAUBEN: I'll tell yo u wha t. We're -- mostly,

19 we felt it was important to try to do two things here with

20 this on 1/1/81. First, in order to satisfy the legalisms of

21 not running with this patch that we've run with; the idea

22 that Ralph expressed tha t it's back of the envelope

23 calculation. We're trying to get rid of that as soon as

24 possible.

25 So we're asking for some sample calculations with

)
%-

1
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{} 1 what the vendorc feel is as close to a full-blown new model

2 as they can get by 1/1/81.

3 And the other thing is that we do believe that

4 it's not too restrictive, in view of the fact that most of

5 the things that have been discussed that we would envision

6 them coming in with, all Lne vendors, have been discussed

7 with them before, including NUEEG 0630. I think that as far

8 as the most significant aspect, it is in the hot pin

9 calculation. And my experience is that you could put in a
i

10 NUREG 0630 model in a matter of a couple of weeks."

i 11 Now, if there's still going to be some discussion

12 about what's an appropriate model, if it's not going to be

13 exactly NUREG 0630, then I say, okay, let's discucs that

[v) 14 af ter 1/1/81. And that's the reason we have a lenger

15 schedule for that.

16 I'll entertain a question.

I'7 MR. ESPOSITO: Just so the statement doesn't go on

.

18 the record as uncommented on --

19 MR. LAUBENs Hey, listen. I bit my tongue a lot

20 when you guys were up there.

21 (Laughter.)

22 MR. ESPOSITO 'J e would be submitting models that

23 (Inaudible) hadn't seen between now and the end of '81. One

24 of the things that Norm is talking about that the staff

25 presently has under review, which was briefly mentioned
i

O.
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('s
i_) 1 earlier, is the URI technolocy aspect. And the reason fors

2 all the work that Westinghouse did there was to be able to

3 compensate for some of the potential penalties we see in

4 some of our products coming downstream, the fuel. We did

5 that work to compensate for that.

8 So we would still have to go ahead and develop

7 more techniques, more models, to (Inaudible).

8 MR. MARKS Could I ask Sample esiculations of

9 the vendors' worst plan ts; does that mean one worst plant

10 from each vendor?

11 MR. LAUSEN: That means, like for Westinghouse,
,

12 one -- one wo rst plant of a pisnt type.

13 MR. MARK: They might have to do a two, three, and

) 14 a four-loop?
,

15 MR. LAUBENs Yes.

16 MR. MARK Now, do you have a preferred list of

I'7 worst plants? Or by the time they put in their mitigating

18 features, the plants you're thinking of might lock a lot

19 better.

20 MR. LAUREN: Well, it could. But for now we'd be

21 willing to accept I think we'd be willing to risk the--

22 fact that we 'll take the one that has the highest priority.

23 MR. MARK: On the old model?

24 MR. LAU3 ens Yes.

25 MR. MARK: So it would be the worst one on the

I f%O

LDERSON REPORTING COMPANY, INC.

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

i .

, _ - , , - - _ . .._



200

(m) 1 prosent model would be looked at in the new model.

2 32. LAUSEN: Sure, it's a risk we take.,

3 MR. MARK: I can see it's a risk.

4 (Laughter.)

5 MR. LAUBEN: Rick and I have played this peaking

6 factor game before. We played it with the rice-water error,

7 and I think we guessed conservatively correctly on about 19

8 out of 21. So I don't think that batting average is too

9 bad. So I'm willing to take the risk.

10 MR. SHEWMCN That 's a lot better than 400, and

11 that's what's (Inaudible).

12 (Laughter.)

13 MR. SHEWMON: Okay.

() 14 YR. LAUBEN: So anyway, admittedly this schedule

15 is long. We're trying to submit something that looks as

16 close to NUREG 0630 as possible by January 1st, so we can

1:7 get out of the back of the envelope game, and then take some

t'1 time if there are still discussions that we need to iron
i

19 out, with new models that may take into account average
.

20 strain or, as Vinnie has pointed out, maybe even some new

21 thermal hydraulic models that I ha ven 't seen yet.

22 Now, let's see. So that -- you're right, there's

23 a whole year in there before we have the final acdels

| 24 completed. And then there's another year that looks like a
|

25 backfitting year. I'd say I 'd be willing to entertain

[G'h
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(m) 1 approximately --sv

2 EE. SHEWMON: How about a forward-fitting year;

3 Esposito would like it better.

4 MR. LAUBEN4 Well, there wo uld be no -- there

there wouldn't be any forward fitting5 would be no forward --

6 yet. It says analysis would revise models for all plants.

7 MR. SHEWMON: There'd be some back fitting.

8 MR. LAUBEN: That would require some back fitting,

9 because not every plant gets reloaded within a year, nor

a lot of plants are what they call 50.5910 does every plant --

11 plants and they don't have to be re-analyzed every reload.

12 So this would imply some backfit th e re .

13 And I'm open to rethink this one if we have to.
,

1

(__s) 14 Af te r all, that's two ye ars away .

15 MR. MARK: You left off a day of 1982.

16 M3. LAU3EN: did.

17 (Laughter.)
4

18 MR. LAUSEN: Well, I figure we're not going to

19 come in on New Year's Eve. *

20 (Laughter.)

21 MR. LAU3EN: Do you care to elaborate on anything,

22 Lester?

23 53. THEWMCN I think at this point let me, I

24 think the term is, go into open executive session. Does

25 anybody see any probless with taking this to full Committee

.

| (~h
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1 on Friday? And if not, do we have any advice on what they

2 bring up, or are there other problems that should be --

3 ''R . L AWHO SKI s How much time is scheduled for it?

4 MR. SHEWMON: Two hours.

5 MR. MATHIS: About two hours.

6 Are we as a Subcommittee expected to have a

7 recommendation of sorts?

8 MR. SHEWMON: Presumably, if we go to the full

9 Committee, we sill. And maybe that's another question to

10 bring out. Do you feel that we can write a letter on it or

11 you would like to write a letter on it?

12 MR. MATHIS: I'd hate to have to write the letter

13 right now. Let's think about it. We 've got a day, two.

() 14 MR. STRASSER: It depends what the letter says.

15 MR. MATHIS: When is this to be discussed? Friday?

16 MR. 20LEUERT: Friday, 4: 20 to 5:30.

I'7 MR. SHEWMON: I don 't kno w whether we can bring

18 open -- you know, we can talk to Plesset about -- one could

19 write a letter saying, you know, parts of it we like and

20 parts o f it we wonder about and, gee whiz, it would be nice

21 if A ppendix K could be reconsidered some day. 0.7 we could

22 just say, 630 is great and let's implement it. Or something

2L in between.

24 MR. LAWROSK!: Well, in view of the discussion of

25 today, I think trying to get that thing in in two hours,

(")> .
,
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i

_s '() I th a t 's -- th a t can got tough. That may influence whether or
_

2 not you can write a letter.

3 3R. MATHIS: Well, there's one other part of this,

4 and that is that 630 as such is still going to be two years

5 in the review process, essentially.

6 3R. SHEWMON: Yes.

7 MR. %ATHIS: So there's a stall option in here.

8 You proceed with a schedule similar to this, to be reviewed

9 when you get all the feedback you asked for.

10 MR. SHEW 50N: Well, " stall option" is what the

11 staff would say. It's not what Westinghouse would say, I

12 suspect. It's in the eye of the beholder.

13 It seems to me one of the other questions is to

(G,

wha]. e xtent this gets cast in concrete. The last time we_/ 14

15 heard this presentation it was supposed to be good for ten

16 years with no further changes, maybe, we hoped. This time

l'7 everybody agrees that there will be other results in in a

18 few years, and maybe if the staff's flexible -- they're

19 always reasonable; just ask them.
.

20 Who were you pointinc at over here?

21 MB. RUEENSTEIF: I would look for some stability

22 over the next three to five years. I can't promise ten

23 years. There is a lot of activity. But we, the staff,

24 certainly don't want to reopen this in a ten-year ters

25 again. One of the things that's driving us to get it behind

N
4
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() 1 us is that we want to do other things.

2 XR. SHEWMON: Io you feel the admonition to make

3 -- not underestimate clad strain or whatever, the ballooning
.

4 --

5 MR. RUBENSTEIN: Incident stress.

6 33. SHEWMON: -- also requires that you put that

7 into an increased . blockage model and not just an increased

8 rate of oxidation and whatever else?

9 MR. RUBENSTEIN: I think to some degree; I think

10 it does.

11 MR. SHEWMON: Yeah. One of the things that always

12 sort of bothered me in this business is instantaneous

13 double-ended pipe breaks may be a bounding calculation, but

() 14 when you get to believe in them so much you worry about

15 asymmetric loads it really gets rather silly. But --

16 MR. RUBENSTE!N: We wouldn't object to your views

l'7 on the overall Appendix K.

18 MR. SHEWMON: Well, do we have any other?

19 MR. STRASSER: Is there a potential of considering

20 Pic's model, any time to consider it?

21 MR. SHEWMON: It seems to me --

22 MR. STRASSER: Because that seems one of the major

!

23 objectives.'

24 MR. SHEWMON: To me that would come under the

25 general heading of flexibility. It seems to me that's one

Ov
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c,() 1 very interesting thing that has come up. There is data

2 extant to go back and look at this over the next six months

3 or a year and get something out in something much less than

4 five years.

5 I think the NEU stuff is really not going to get

6 shaken down for several years.

7 MR. STRASSER: I just meant a revision or

8 modification based on current data, not data from new --

9 MR. SHE'4 MON: ~4 ell, you're still talking about a

10 reasonable amount of ti m e . I mean, even if he works all his

11 weekends, to get it down, get it shaken down, get other

12 people to look at it, is six months minimum. So I'd be

13 pleased, if we do write a letter, to put in something

() 14 saying, yeah, tha" should look at that and if it looks

15 reasonable or continues to look promising, why --

16 MR. MATHISs I have one other question, though,,

17 and that is: Is the staff really looking at this as a

18 flexibility kind of thing for 0630, or do you consider C630

19 as cast in concrete, essentially?
)

20 MR. RUBENSTEIN: 7 ell, let me answ er that in two

21 ways. One, we would like not to be prescriptive and say,

22 0630 is the way you have to do it. But that would be

23 facetious. In point of fact, when you look at the data on

24 the flow blockage curves, for example, and ycu find that the

25 staff's bounding with the flow blockage curve, while we

4 '

O
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() 1 disa g ree somewhat with Westinghouse, is not grossly out of

2 line.

3 However, we would want to obtain a model which

4 used averaga strain if there were suf ficient data. And at

5 this time I'm not sure the data would change the outcome

6 drastically in terms of the ultimate flow blockage. It is a
1

7 more satisfying way of calculating it than with the

8 ru pt ures , strains, and it's probably more fundamentally

9 based. But it probably won 't change the outcome, and

10 probably that is -- I'm probably not as optimistic as Dick

11 is that somebody's going to th ro w i t together and we're

12 coing to review it in nine months.

13 MR. SHE'42GN In other words, what you're saying

O)( 14 is that the concrete is setting mighty fast.i

15 MR. MEYER: The outcome of the NUREG 0630 model on

16 flow blockage just skims across the top of the collection of

I'7 nine -- eight or nine data points that we have. And however

18 you approach that, you're going to have to skim along those

19 data points. And I don't see that a different approach is

20 going to afford you much variation from what we ended up

21 with.

22 MR. STRASSER: One different approach apparently

23 may be the differential, temperature differences,

24 circumferential differences in temperature. Is it even

25 feasible to have such a model.

OG
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(,) 1 3R. RUBENSTEIN: I would leave tha t question to

2 Westinghouse.

3 MR. STRASSER: Pardon?

4 MR. RUBENSTEIN: I would leave that question to

5 Westinchouse.

6 MR. STRASSER: (!naudible). There's Argonne data,

7 and others have also proposed this as a --

8 MR. RUBENSTEIN: (Inaudible). LOCA space would be

9 rather difficult.

10 MR. STRASSER: Yes. All right. As Ralph says, to

11 define temperatures in a LOCA is pretty tough. I'm

12 wondering whether it's a feasible test or not.

|
; 13 MR. SHEWMON: It seems to me there 's one

() 14 philosophical point that bothers me a fair amount. And I

15 don't know whether the Committee's willing to take it on or

16 not. But if Westinghouse brought it up and if we are trying

I'7 to attain truth in some way, if everybody feels chat they

18 must be on the conservative side of everything tnat's

19 reputable, then you know darn well that you don't end up

20 with a best estimate or even a mildly conservative estimate;

21 you end up with an extremely conservative estimate.
|

-
,

! 22 And that's what bothers me about this statement

23 here that we must end up with a curve that bounds these nine

24 points; you know, purity would not allow anything else.

25 MR. EURMAN: I'd like to make a comment on Ralph's

O
G'
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,-
1 comment. All of these multi-rod burst tests that he's1

2 saying he skims the boundary of are, I think, 4 by 4 tests.

3 Oak Ridge recently ran one a little bit larger. If there's

4 something different, then we have --

5 MR. MUENCH: There ace 7 17 7's in there.

6 MR. EURMAN: Cr 7 by 7. J.ppendix K and the model

7 approvals require tha t we base bloctage on a fu'11 assembly

8 cros s-sec tio n . And from Dick's discussion of average burst
,

9 strain, even though those small bundles show higher peak

10 clad blockages or peak flow blockages in the smaller arrays,

11 when you put those together to make a larger array, which is

12 our model base, they won 't have that maximum. They will

13 have more like the average.

Il 14 MR. MEYEE: We accounted for that explicitly on
%)

15 0630. It was taken account of.

16 MR. SHEWMON: It nay not be accurately, but it's

l'7 explicitly.

18 MR. MEYER: There's a difference with smaller

19 blockages based on averages instead of peaks for PWR

20 blockages.

21 MR. SHEWMON: Ho. do we -- how do we extrapolate

22 from 4 by 4 to 17 by 17?

23 HR. MEYER: What we do is, for the model as

24 compared to the data, since the data are taken in the plane

25 of maximum blockage, we use a model that's designed to cive

'

m
I

' Nw/
!
!
|
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(^hq,) 1 maximum blockage based on the Oak Ridge tests.

2 For the large PWR bundles, instead of looking at

3 the plane of maximum blockage in Chapman's test, we average

4 and just look at average blockage and say that our

5 adjustment for bundle sire effect will be to back away from

6 maximum blockage as observed in the test to average blockage

7 as observed in the test,

8 MR. SHEWMON: And you hope and believe that that

9 compensates for going from u by 4 to 17 by 177

10 MR. MEYEF: Well, there are 7 by 7's in there.

11 Yes, we do, basically.

12~ MR. STRASSER: Somewhere in some report I think --

13 I forget which one now, who commented on it; I think it was

) 14 Chapman himself. He didn't feel that this was

15 extrapolatable to large bundles.

16 MR. MEYER: Chapman's here.

I'7 MR. CHAPMAN: I think what you have reference to

18 is perhaps pressure drop data per se from the a by 4 to the

19 large bundle, because of the lack of radiant restraint.

20 From that viewpoint and also, I guess, (Inaudible) who say

21 that deformation in a larger bundle may produce more

22 blockage, because the outer rods constrain the inner rods

23 and so they can't. balloon out nicely. They become --

24 (Inaudible).

25 MR. STRASSER: It could be either direction,

i
%/1
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(
(j 1 either note or less than 7 by 7.

J

2 Z3. CHA.: MAN: Yes..

3 MR. SHIWMON: Okay. Oc wa have any other

4 questions or --

5 YR. 1AWROIKI: Does anyone care to harard what

6 they speculate will be the result of the further experiments
,

7 that were mentioned with NEU? Is the probability high that

8 that will provide f urther verification of the position? Is

9 it going to load to greater disparity?
~

,

10 MR. SHIWMON: It seems to me there are three

11 points. The e's that, when you get into an in-core, whether

12 anything can be made tha t would convince the staff of the

13 statistical argument that Dick was referring to but we
m

14 didn't get into, that basically scaling up the smaller units

15 to big units, an awful lot of -- okay.

16 And I've forgotten the third one because I'm

17 getting hungry. I don' t know. The question is open. Wo uld

18 somebody care to speculate?

19 MR. JOH3STON: I'd like to speculate a little bit,

20 because part of the sequence of tests we've designed with

21 (Inaudible), the NRU tests were designed to try to pick up

22 the out of pile stuff, the MRET, and look at the real

23 effects on the thing; and also to reflect doing it with

24 something other than electrically heated rods. Because it's

25 true that the circumferential effect cannot really be

Ov
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( 1 simulated in the out o pile kinds of tests. If we have

2 real pellets in there, we begin to find out whether there

3 are circumferential temperature effects and whether they're

4 important Or not.

5 We -- and I expect if we should learn something

6 like that from the NRU tests, or if we should learn that

7 from tests that are conducted in ESSOE in a somewhat later

8 time frame, with bundles of sire 36 and thereabouts -- that

9 would be the 200 sire.

10 We had the thing that Chapman referred to. The

11 idea tha t when you get the large r bundle, the outer rods

12 serve as a constraint, is a possibility, something that we

13 hadn't considered tha t maybe we should have. That is, if

14 you've got rods on the outside that are not heated or which

15 don't balloon, the rods on the inside expand out and

16 actually occupy more space than they would have if they

1'7 hadn 't been restesined.

18 That is a possible negative which may in fact get

19 larger (Inaudible), and I think we need to get that

20 information.

'
21 MR. SHEWMON: Larger balloonings on certain

22 elements, but not larger average total, is it?

23 MR. JOHNSTON: The ones in the center could have

24 larger ballooning than you would have otherwise.

25 MR. SHEWMON4 rec.
:

!

: ' (')8| %-
1
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() 1 MR. JOHNSTON: They have more restraint.

2 MR. SHEWMON: Okay. -

3 MR. JOHNSTON: (!naudible) from bowing. That's a

4 f actor that may compensate for the circumferential

5 temperature effect.

6 I guess what I'm saying is I don't know whether

7 it's going to confirm or deny. I think there are two
;

8 effects that we have yet to learn about, one of which will

9 move things in a smaller ballooning direction, the other of

10 which would tend to move it in the larger ballooning

11 direction. I don't think we know what the balance will be

12 yet.

13 MR . LAWROSKI Do you think the situation is 50-50

()! 14 or is it 50-407 (Inaudible).

15 MR. MARK: It's 60-40; he doesn'; know which way.

16 (Laughter.)

1:7 XR. JOHNSTON: I guess I like to say I'm

18 optimistic. I always like to f eel that something --

19 ME. SHEWMON: (Inaudible).

20 MR. JOHNSTON: I feel that they will probably be

21 somewhat smaller than were anticipa ted, beca use 7 know more

22 about that kind of estimate.

23 MR. SHEWMONs I'd like to bring this to a close.

24 Does anybody else have any other questions?

25 3R. MIYER: Or pearls of wisdom.
i

>

Uq
l
!
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C\ 1 hE. SHEWMCF Or pearls of wisdom.

2 MF. MEYER: I have a very constructive suggestion.

3 ME. SHEWMCN Aside from adjournment.

4 YE. MEYER: Aside fro.? adjournment.

.

5 There has been some discussion about whether a new

6 decay heat standard could be used without revising the

7 rules. The staff has in the pa a made some statements on

8 that to the effect that it couldn't be done. I'm not

9 personally convinced that that has been explored fully as an

10 option. I think that would eliminate (Inaudible) if

11 possible and would avoid going through a rulemaking precess.

12 AC35 itself has not encouraged our going into

13 rulenaking hearings. So really, we are in between a rock

(V'N 14 and a hard place.

15 ME. SHEWMON: My guess is that sonebody will quote
,

16 scripture to us just about the way Norm did, and that is

17 even more firmly stated than using only dry steam and making

18 it a negative contribution to whatever. But you maybe read

19 it more recently than I have.

20 CWh.e r e up on , at 6;26 p,m,, tb.e Subconcittee

21 was adjourned.L

22

23
!
,

24

2s

O)w
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ACRS REACTOR FUEL SUSC0FlilTTEE MEETING

O SEPTEMEER 3, 1980

WASHINGTON, D.C
.

PRESENTATION * ACTUAL
TIME TIME

I. INTRODUCTION

P. SHEWMON, CHAIRMAN 10 MIN 1:00 PM

II, NRC PRESENTATIONS

A. INTRODUCTORY REMARKS
W. JOHNSTON, CHIEF, CPS :5 UIN 1:15 PM

3. ECCS EVALUATICN MoDEL METHoDetoGY 15 MIN 1:20 PM
N. LAusEN, NRR

C. NEW CLADDING MoDELs FoR LOCA 30 MIN 1:45 PM
ANALYSIS - R. MEYER, CP3

O BREAK 10 MIN 2:30 PM
-

D. ALTERNATE FLOW 3LCCKAGE MODEL 45 MIN 2:40 PM
M. PICKLEsgIMER, FERB/RES

III, COPfiENTS BY WESTINGHOUSE ON 0630 MODEL 50 MIN 3:40 PM
V. EsposITo
D BURMAN

L. HoCHREITER
f. mu6ned

IV, GENERAL SUMMARY 10 MIN 5:00 PM---
.-

V. DISCUSSION

W. JOHNsTON 15 MIN 5:15 PM

/I, ADJOURN 5:30 PM
|

l
| O '

| ADDITIONAL TIME HAS EEEN ALLOWED FOR COMMITTEE QUESTIONS I
*

|
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:O #F "N'tX k' P#FA. t.a.

S# LING #0 RIPTUE OF TE CLAEDING-

AND FEL PCD TEFYAL PAPMEiE5

EAG EVALUATICN FDEL SFALL INGHE A FEVISIG FCR FEDICTING CIAI) DING

; SnELLING #tD RLFT"E F?CM CGSIE?ATIG CF TE AXIAL TEFEFATUE DISTRIEllTICN

T TE CLADDING #0 FFm TE DIFEENE IN PESSUE EEihEi TE IBGIE #0

CUTSIE CF TE ClaEDING, ECTH AS FmCTIOG CF TIE. TO EE ACE 3TABE, TE

S#I ING MD RLPTUE CAJ TLATICNS SPAR EF RED G APPLIGBE DATA IN SUG A

WAY IFAT TE EGEE CF SWELLING #0 INCIENE CF RIPTUE AE NOT LNEESTIPATED.

TE EGEE CF SHELLING #0 RlPTUE SFALL EE TAlel INTO ACCCGT IN GLCLUTIOG

T GAP CmDUCTME, CLADDING OXIDATIm #0 EFERITilRENT, MD HYDFDEI

ENEPATId.

O mE OLCLUTIGE OF FLEL #0 CLADDING TEFFCFATUES AS A FmCTIm CF TIE

SHALL USE VALLES FDR C# CCNDUCTME MD OTHER THEFFAL PAF#ETEFS AS FWCTIGE

CF TEFFEFATUE #0 OTER APPLIGEE TIE-E:9E4T VARIAEES. TrE CAP CmEUC-

TME SHALL EE VARIED IN ACCCRCME WITH GANES IN C# DIFEGIGE #0 #1Y

OTER APPLIGEE VARIABES.

i

|

|

!

|

O_

^ 4
-



- -- -----

;- __ . . --- .

%

. PAPA.I.C.7.

PWR CCE FLG4 DISTRIBl;TI0l DURING ELGEhN

'

.....TE HOT EGIGl GE&l SFAL NOT BE GEATER TH#1 TE SIZE CF mE REL

ASS &ELY. CALCULATIGG CF A\EPAE FLG1 MD R.G4 IN THE HOT EGICN SHALL

TAE INTO ACCCGT CPCSS FLN EEIhEN EGIOG #9 MY FLG4 BLCCGE AS A

ESULT CF CLACDING SWELLING OR RLFTUE.

PAFA. I .n.F.

fMR EFILL #ID EF5;D FEAT T?#GER

DURING EFILL #0 EURING EFLCCD hPEl EFLCOD PATES AE LESS 1F#1 GE

INCi ER SEC00, EAT TPMSER CALCLIATIGG SFAL EE ?> SED CN THE ASST 1PTIm

O THAT CCCLING IS GLY BY STEE MD SHALL Ti*E INTO ACCCGT MY FL0d BLCC<AE

CALCLLATED TO CCCUR AS A ESULT OF CLADDING SWm ING OR PLPTUE AS SLUi

BLCCOE MIGiT Arr:CT B0lli LCOL STE#4 FLCW #0 HEAT TF#GER.
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SWELLING AND RUPTURE EFFECTS

FLOW BLOCXAGE EFFECTS.

1. SURFACE HEAT TRANSFER

2. COOLANT ENTHALoY

O_. STRAIN EFFECTS (PIN GEOMETRY).

1. SURFACE HEAT TRANSFER

2. GAP HEAT TRANSFER

3. METAL-WATER REACTION

,
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IMPORTANT PAPMETERS L
'

|

O FILL eAS HEAT eENEPATIOn

CLADDING TEMPERATURE HEAT TRANSFER

FUEL TEMPERATURE y

BURNUP (FISSION GAS) PAMP RATE

DIPENSIONS (STRAIN RATE)

PLENUM TEMPERATURE (TIME AT TEMPERATURE)

PLASTIC STRAIN

v
PIN PRESSURE (STRESS)

i

H RUPTURE TEMPERATURE
& v

I CLADDING STRAIN i r! FLOW APEA BLOCKAGE |
f f

O CLADDING DIMENSIONS H FLOW DIVERSION

I I
V V V V

'
METAL GAP SURFACE

HEAT TRANSFER=
WATER HEAT HEAT

COEFFICIENT
REACT ON TRANSFER TRANSFERi 4 y

FLUID ENTHALPYi

f f V

CLADDING TEMPERATURE

CLADDING OXIDATION
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O
RUPTURE STRAIN AND INCIDENCE OF RUPTURE EF:ECTS

_
e THE EFFECTS ARE DIRECTLY CALCULATED USING THOSE PARAMETERS.

e ALL EFFECTS (EXCEPT SURFACE RADIATION) CONSIDERED FOR ALL

ANALYZED PINS THROUGHOUT ENTIRE TRANSIENT.

i

e SURFACE RADIATION MODELS APPLIED DIFFERENTLY DURING POST-BLOWDOWN

PERIODS (PWR EFFECT 4.300F)
.

e GREATEST EFFECTS ON HOT PIN (PWR) OR HOT PLANE CBWR-).

O. e STRAIN / INCIDENCE EFFECTS CAN EFFECT ?WR FROM RUPTURE ELEVATION

(6FT.) TO 9FT. GREATEST SINGLE EFFECT IS TWO-SIDED REACTION

AT RUPTURED NODE.

e EFFECTS FOR PROPOSED STRAIN / INCIDENCE MODEL CHANGES WORTH

0 - 8000F (0 .05 Fo).

|
|
1

1

;
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FLOW BLOCKAGE EFFECTS

(FLOW DIVERSION HEAT TRANSFER) j

e BLOWDOWN EFFECTS SMALL FOR MOST REACTORS, (EXCEPT SOME B&W)

: |

e POST-BLOWDOWN BWR EFFECTS ACCOUNTED FOR IMPLICITLY IN HEAT

TRANSFER F0 DEL DERIVED FROM BWR FLECHT,

'

e PWR BLOCKAGE CONSIDERED ON HOT ROD ONLY WHEN FLC0 DING RATES;

LESS THAN 1 IN/SEL. (APPENDIX K STEAM COOLING REQUIREMENT),
.

i

e FLOW DIVERSION AND HEAT TRANSFER CALCULATED DIFFERENTLY

Q FOR ALL PWR FUEL VENDORS (41 IN/SEC.)
,

e EFFECT OF ?ROPOSED 3 LOCKAGE MODEL CHANGES WORTH 0 - 1500 F

(0 .15 Fa).

I

i

.

Os '

'
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COMMISSIGN OPINIONr

FOR LOWER REFLOOD RATES BLOCKAGE WOULD HAVE A DELETERIOUS
;

EF:ECT AND OilE MUST RESORT TO CALCULATION WITM SINGLE PHASE STEAP4

:

COOLING, TAKING IllTO CONSIDERATION THE EFFECTS OF 3LOCKAr-E ON
,

: CORE FLON DISTRI30TI0tl.
;

,
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PWR REFLCOD FLOW BLOCKAGE DATA

O-
APPENDIX K CONSIDERATIONS 3ASED ON EARLY PWR FLECHT BLOC:GGE.

TESTS.
-

RESULTS INCONCLUSIVE

'

BLOCKAGE NOT TYFICAL.

HEAT TRANSFER NOT ADVERSELY AFFECTED EXCE?T AT HIGH,

BLOCKAGE & LOW FLOODING RATE.

FE3A, NRU + NEW FLECHT BLOCKAGE TEST RESULTS AVAILABLE.

IN 1 - 2 YEARS.

EXPECT RESULTS WILL SHOW EFFECT OF BLOCKAGE NOT AS SEVERE.

AS PRESENT MODELS SHOW.

RECOMMENDED APPENDIX X CHANGES:.O.
ELIMINATE STEAM COOLING REQUIREMENT.

CONSIDER BLOCKAGE EFFECTS AT ALL FLOODING PATES.

,

s.
,1
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TWO-PHASE FLOW EFFECTS

e MOST HOT-PIN RUPTURES IN PWR LICENSING ANALYSES ARE CALCULATED
~

TO OCCUR SOMETIME BETWEEN LATE BLONDOWN AND EARLY REFLOOD

(INCLUDING REFILL) !

'

e THIS IS THE TIME WHEN THE SYSTEM IS MOST " EMPTY" AND THE

CLADDING IS HEATING UP.

; e ALSO THE SYSTEM IS CHANGING MOST RAPIDLY FROM HIGH QUALITY

STEAM DOWN FLOW, TO AN UNKNOWN BEHAVIOR DURING REFILL, TO

REFLOOD FROM THE BOTTOM.

CURRENTLY AVAILABLE EXPERIMENTS OR ANALYSES CAN $0T ACCURATELYo

CHARACTERIZE THE TWO-PHASE CORE FLUID BEHAVIOR DURING THIS

O PERIOD. (EXCEPT EARLY REFLOOD WHERE UPPER CORE ELEVATIONS

ARE DRY).

THE " TYPE" 0F TWO-PHASE FLOW COULD HAVE AN EFFECT ON STRAIN AND

BLOCKAGE.

e HOWEVER, REFLOOD TEST DATA INDICATES THAT RUPTERES OCCUR

200-800 F AB0VE THE "REWET" TEPPERATURE. THUS, TWO-PHASE

FLOW BEHAVIOR MAY HAVE VERY LITTLE EFFECT ON STRAIN AND SLOCKAGE.

e BECAUSE OF TWO-PHASE FLOW UNCERTAINTIES, AND HIGH RUPTURE

TEMPERATURES RELATIVE TO REWET, f!RR BELIEVES RUPTURE EXPERIMENTS

IN STEAM ARE MOST APPROPRIATE.

'~'

VENDORS HAVE PROPOSED SEVERAL MODEL CHANGES TO ACCCUNT FORe

IMPROVED FLOW DIVERSION AND HEAT TRANSFER. THE MODELS HAVE

| O. eENERAtty RECE1VED FAVOR 33tE REVIEW sy THE STAgF.-

|
|- .
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Q, PROPOSED SCHEDULE FOR RESOLUTION OF

SWELLING AND RUPTURE ISSUE

9-3-80 DISCUSS WITH ACRS SUBCOMMITTEE

9-5-80 DISCUSS WITH ACRS FULL COMMITTEE

10-1-80 INFORM LICENSEES AND APPLICANTS THAT ECCS EVALUATION

MODELS MUST BE REVISED,

1-1-81 (A) REVISED ECCS EVALUATION MODELS SUBMITTED TO NRC

FOR REVIEd.

(B) SAMPLE CALCULATIONS OF NSSS VENDOR'S WORST PLANTS

WORST BREAKS WITH REVISED ECCS EVALUATION MODELS

T GIVE INTERIM ASSURANCE THAT ALL PLANTS WILLO''
MEET 10CFR 50.46 WITH REVISED ECCS EVALUATION MODELS-

1-1-82 (A) ALL NRC REVIEdS OF ECCS EVALUATION MODELS

COMPLETED BY THIS DATE

(B) ALL ECCS CALCULATIONS PERFORMED AFTER NRC

APPROVALS TO BE DONE WITH REVISED MODELS.

12-30-82 ANALYSES WITH REVISED MODELS FOR ALL PLANTS MUST BE

ON FILE BY THIS DATE.
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MAJOR QUESTIONS ON THE

SWELLING AND RUPTURE ISSUE

1. WERE IMPORTANT DATA SETS OVERLOOKED IN DERIVING

THE RUPTURE-TEMPERATURE CORRELATION?

2. WERE DATA SELECTIVELY USED TO PRODUCE LARGE STRAINS

Q, IN THE BURST-STRAIN CORRELATION?

3. IS THE METHODOLOGY VALID FOR CONVERTING BURST

STRAINS INTO FLOW BLOCKAGE?

4. IS THERE A NEED TO REQUIRE CHANGES IN LICENSING4

,

MODELS?

5. SHOULD SUCH CHANGES BE MADE NOW?
_ - . _ . . - - . . . - ..

O.

il
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WERE DATA SELECTIVELY USED TO

PRODUCE LARC-E STRAINS IN THEg
BURST-STRAIN CORRELATION?
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IS THE METHODOLOGY VALID FOR

CONVERTING BURST STRAINS INTO

FLOW BLOCKAGE?
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BURST STRAIN

r
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X 0.56 SMALL BUNDLE BASED ON BUNDLE TESTS ;

X 0.46 LARGE SUNDLE

w

AVERAGE C0 PLANAR

R00 STRAIN
,

FROM FIG. 13 GEOMETRIC CONVERSION

v

LOCAL BLOCKAGE COMPARE !4ITH

BUNDLE TESTS

X0.95 GE0!iETRIC REDUCTION

v

ASSEMBLY BLOCKAGE PWR CORRELATIONS

i
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Fig. 10 Outline of flow blockage model . I
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! SEED FOR ECCS CLADDING PODEL REVISIONS

NO JUSTIFICATION FOR MAJOR. VARIATIONS FROM VENDOR

TO VENDOR,
.

|

APPENDIX K REQUIRES THAT CLADDING MODELS NOT UNDER-

ESTIMATE BASED ON APPLICABLE EXPERIME*lTAL DATA,

($) . SU,:H CHANGES PRODUCE HUNDREDS OF DEGREES INCREASE

: IN PCT--FAR IN EXCESS OF THE 20 F TOLERA.' ICE OF

|
APPENDIX K,

.
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REASONS FOR MAKING CHANGES NOW

WE HAVE LEARNED ENOUGH IN THE PAST 5 YEARS TO KNOW

THAT THE PRESENT VENDOR MODELS ARE NOT VERY GOOD.

IT WILL BE ANOTHER 5 YEARS BEFORE SUBSTANTIAL NEW

GAINS ARE MADE FROM RESEARCH.,

ROUGH CALCULATIONS SHOULD NOT BE ACCEPTED AS A LONG-

O TERM BASIS FOR ECCS ADEQUACY.

NEAR-TERM APPROVALS ARE ALREADY NEEDED FOR SEVEPAL

VENDOR MODELS IN THIS AREA.

!

,

O.

|
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COMMENTS ON NUREG-0630 MODELLING 0F FLOW BLOCKAGE

IN FUEL BUNDLES

i

M. L. PICKLESIMER

FUEL BEllAVIOR RESEARCil BRANCil, RES
,

PRESENTATION TO Tile ACRS SUBCOMMITTEE ON REACTOR FUELS
SEPTEMBER 3, 1980
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CONMf;iTS ON NURGE-0630 MODELLING OF FLOW BLOCKAGE

.
,,

|

Tile AVERAGE R00 STRAIN IN A CROSS-SECTION OF A BUNDLE CAN1.

BE USED TO CALCULATE Tile PRESSURE DROPS MEASURED TIlERE IN,

FLOW TESTS.
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AVERAGE CIRC'JMFERENTIAL RCD STRAINS
-

O^' IN MR87 8-2 TRANSVERSE SE^TICNS

WITH BURST STRAINS WITHOUT SURST STRAINS

m
'j *n "j *n

9.3 2.5 9.4 2.4'
' -

12.6 3.7 12.6 3.7
15.7 4.5 15.7 4.5
17.3 6.1 17.3 6.1

19.6 5.5 ----------------------------- 19.4 5.7
T5.T 5.4 18 7 5.4'

18.8 4.8 18.8 4.8
18.2 4.4 18.2 4.4
17.0 4.1 17.0 4.1

-- 17.8 4.8 17.8 4.8
17.6 5.3 17.6 5.3
17.2 4.2 17.2 4.2
16.7 3.4 16.7 3.4
18.3 7.4 18.3 7.4

19.6 7.920.4 10.7 -----------------------------

19.0 7.9 19.0 7.9
21.4 6.322.0 7.7 - - - - - - - - - - - - - - - - - - - - - - - - - - -

I2 T 8.2Y2 T 8.7O 2T.6 8.4 2TT 8.4
- - - - - - - - - - - - - - - - - - - - - - - - - -

21 .5 7.5 21.5 7.5
22.1 6.322.5 6.8 -----------------------------

21.0 4.7 21.0 4.7
.

20.2 3.7 20.2 3.7
22.4 3.922.8 4.7 -----------------------------

2T.7 5.2 73 7 5.2
25.1 5.125.8 6.7 - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

If"I 5 . 5' E 5.5
16.3 2.8 16.3 2.8
19.2 3.4 19.0 3.3
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A STATISTICAL APPROACll MUST BE DEVELOPED FOR ESTIMATION OF FLOW BLOCKAGE IN6.

TilREE RECENT ANALYTICAL DEVELOPMENTS ARE APPLICAllLE TO Tile PROBLEM:BUNDLES.

1)EVELOPMENT BY ERBACilER, ET.AL., (KFK) 0F A CALCULATIONAL PROCEDURE FORA.
DETERMINING TIME OF lluRST AND Titus BURST STRAINS, USING CREEP EQUATION,

0XIDATION KINETIC EQUATION, BURST STRESS CORRELATION, WITil INPUT llEATING
|-

RATE AND INITIAL PRESSURE.

IMLLOON-2 MODIFICATIONS IlY IIAGRMAN (EGdG) WILL ALLOW CALCULATION OF AX1ALB.'

STRAIN PROFILE OF 11ALL00HING R00 AT ANY TIME DURING TEMPERATURE RAMP,
i

! USING STATISTICAL VARIATIONS OF PELLLi DIMENSIONS AND POWER, AXIAL,

AND AZIMUTilAL TEMPERATURE GRADIENTS.

DEVELOPMENT BY SENGPIEL AND BORGWALDT (KFK) 0F PROBABILISTIC ANALYSIS OFC.

ROI) STRAIN AND FLOW BLOCKAGE IN A KWU 15 X 15 BUNDLE USING RESPONSE
SURFACE tEll10DOLOGY AND STATISTICAL VARIATION OF R00 POWER, R0D GE0 METRY,

;

, .

AZIMUTilAL TEMPERATURE GRADIENTS, NEIGilHORING COLD RODS.

,



i
,H;|

!!|

i .

_

.

-

l

2
O>.

-

-

- S
S

- ; E
R S
T N C D. Y NN O- O L E S O I

T A
l I

A
M C F T T T Ei

,

U R 0 S A N H
N R U I

l

S Z A E U Q KI I. A
O E B E Rl

F .i
'

- P F R W
M O A ) P O A T

D 3 E T S,

S N L E ( E N AY
R O D ,

l .
O A i S

N C , N C I

T R O A S O T T SM I

I ) A U E
I E S

A T T R E T 1 U P RS E
C R A ( Q N T

I SI

0 R E S T R E
8 C S I S T : ) E ,

9 - N
1 T S T T E N 2 R E

S S S S C W ( A R
U

T R O R R N O
S U R U U O N D N S

U B C B B C K N O S
_ _

A I E
) F G N E T RG " _

A PU 1 O N E R ,

( I 6 A T ZA ,

R
E E E T Y S I ,

X S E R E
P M I

M O P R U Rl _
i

O<
: I

l E S UT A
P E T I

T D L D T S Tl

4 E Ai

A A A ) N S R Rl

M 2 E A N l

( O P El

F PD Y i

E R E T E I

T T R , R T O D M

N S A D S U A N E

E U E L T L E A T

S D S V A A E R
E N N R U R R U S ,

O E Q E T N E
I S E P Y A O MR ".I

R A T E M T R I IP
) A C P R S E R E S T

K E O M P S T E P N

F L L U E P M E T

K C S S R F O E M S
I R .

( U A S I T O R T
N A S P D U T

B N
, N D N F .

E 0 L O L O N D E
I A O 0 E TE I.

L L R A I R R Nl E
A. T S P C T Ii

G M G O C R G T A O
N L N E N A L C

E I I S I U T A D A ST N N I

i
I N T

D M L F A R l

U E
M D E R A M X I

R U A E O U A R O G P 6,
I T Y

E I L R F T O E
E C S W V F R U X

l

I T O 0 O D 0N Cl i

C O T D Ai

LnC R E . .
.i

>

E Z F A B C DR l U .

-

.
,

7

O(

|



_ _ _ _ . _ _ _ _ _ _ .

O O O
' 22c ( -

a = p- R/s hoop stress correlation oxidation k.inet.ics
.

.

creep equation
R = Ro(l e e) definition of strain

i

de/dt = A o" exp (-Q / kT ) dox/dt= ci/W exp(-c2/I)(14e) i

R s=Ro.s conservation of sect.ional areao

a = p/po o (1 + e)2c
I

.

"
p(t). T (t) known a

.

( integration )
1 -

burst criterion burst stress correlation' '

.

'

o =a exp(-bT) exp(-(Ox-Oxo)2-' "- .

Iyo(t)= o n cn
- tirne of burst ,

in i

h |
,

burst data
|

pressure temperature stress strain oxygen concentration
'Oxpn Ta on en n

_

_ . -
. . - - - . = = -

--.

Development of a Burst Criterion
w,.. . . . . c., . . . . . . - - , - . . .
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9. SENGPIEL AND BORGWALDT (KFK) IIAVE USED A PROBABILISTIC APPROACil, RESPONSE

SURFACE METil000 LOGY, STATISTICAL VARIATION OF PELLET POWER, STATISTICAL'

i
VARIATION OF COLD NEIGill10R RODS, AND SEVERAL TilERMAL-ilYDRAULic FACTORS,

TO CALCULATE FLOW BLOCKAGE IN A 15 X 15 KWU FUEL BUNDLE.TilEY FOUND TilAT:

!;
i

A. Tile MOST PROBABLE " BLOCKADE" 0F NEIGilB0 RING C0AX1AL BLOCKED SUBCilANNELS

IIAVE LESS TilAN 20 PERCENT FLOW AREA LEFT IS A CLUSTER Of FOUR.
'

11 . Tile PROBABILITY OF A " BLOCKADE" FORNED OF A CLUSTER OF NINE SUBCilANNELS

(3 X 3 ARRAY OF CllANNELS) IS QUITE LOW.

C. A "BLOCKAI)E" 0F 16 SUBCilANNELS (5 X 5 ARRAY OF RODS) IS QUITE IMPROBABLE.

| D. BALLOONING STRAINS CALCULATED RANGED UP TO AT LEAST 80 PERCENT, 79 0F 'i

Tile 205 FUEL RODS BALLOONED 20 PERCENT OR MORE, AND 60 SUBCilANNELS j

llAD LESS TilAN 20 PERCENT FLOW AREA REMAINING.

. .

'
; .

I I

i
________-- ___ ___ _ _ _ _ _ _ _ _ _ _ _ _
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Abb . A-4 : Ein:ailung der 3renus:De das Refersen-3rsnnalementas
in Lais:.:ngsklassen untarschiedlicher sc inallar radia-
1er Leistungsid.:oran

From papers by W. Sengpiel and H.3crgwaldt,KfK, presented at the ?NS/NRC/JAERI
|

Annual Infor=ation Exchange on Cladding and Codes,1fK,Karlsruhe,FRG, June 1980
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Lion (CDF, mit 95%-Konfidenzintervallen)
,.

funktion (CDP, mit 951-Konfidenzin-
der max. Ilullrohrtemperatur (K) fur einen

tervallen) der max. Ilullrohrtenvera-
Brennstab mit einem nominellen radia.len f.el- tur (K) fur einen Brennstab mit einem
stungsfaktor f = 1.3, Stabklasse I nominellen radialen Leistungsf aktor

f - 1.4, Stabklasse 3d

From papers by W. Sengpiel and ll.llorgwaldt,KfK, presented at the l'HS/HitC/.lAElli Annual Informat. ion Exchange

on Cludding und Codus, KfK,Karluruhe.FitG. June 1 1141 0

.

.



-
-

w -97-

(q a .
i , .

^

; :
- ^ ^

; ;;;; i ) $q

O^ '
.W@i in9M land

.

i. imi_ i i i i :::
WI ! iMsW, !SM M ! ! ! ! ! .! ! : _i e_

..c .

. . .i
i .

. , , , y

ME I I I Ms= !l igg i i- , i, =2 e :
e -

- -
. .

...iMM
.

! NM ! ! i '
! I

.

! a!5- - a .

I i. I I I I I I s;a s
-a a e

MAW II MM I I I I I I 2!i i
Inn ! !!MMMMM I I !I I $3i I

. .

l I M I. .@ | | Ea-3 #-
I l .

_..

:W-.I. . .

..iM_

s ' ;; i! I I I I I i i l | I ,

| |
. ... u ~ =

4_@m_.
. -

|i
. . . . . .

,3 -| | I i
-

im .i I. i - ~
. . m.

IM I MMia
~

! ! inn !! ' .s j '. 4 E

I.M.Mn. M ! ! . ! ! M !! .i s i, s i
. < a

.S.. MS. .. i I I I I I I I I I =
g

iM .IMW-.M I !I I t ! I i i I ; e.
, __

*

.IM
~

! !. ! !
~

!.| It W M. a n . .. i. ,. 2
. -

' *O ' -

,
- .

e
5
4

e c-
._ ,

. . . d . . .( . a. g . g (a g e t 2 ,. =-'
.

. -.=
.I . *. *6 * * **

'

C. *
,

. g g .. . g . . gyg;; g;.< .g.. .. .

. - . ..

Q ;,;=g g s.....,.i......,..

u = :s %
. O u. ... . . O. g: : : ; yo

. . . C. . ...
,

.G
.,

' "

O 4*~ ".OOm- v( . g . o w-( i-- -
.

.. -

.< . 3 0. . . m 83: 3; : ,

-

.< . .. .

O * *
. . . . . . . . . . . . , . . ..,.; O. a a a : ,.

;.
. .-.. . e ..

(a . . . . . . . . . . g .,. g y g :; . p 3 =.,

; ; ; ;J...g .....geo...e
:! gi

- - - .! g ;a!.QA -

g .o .I . . . ....
. . .

t - ,,

.g...(.g..| :: ::: :
- = = = s= . .it

.( .I . .. ..
.

| \-C-O - 00- 312
~|i.

i.('

9 - - . .

1O.COOg i? 1 . . . . . . ., .
,

~ . ., _

A. 7 ga
{ .4 .i... . . . . .i. .. .

< a
~^

.( ..... ... .. . .
,

,
! 4



- - - - - - . - - - - - - . - - --_ ---_------- . .- _ . _ _ _ _._ __ _ ___ _ ._._ _ _ _ _ _ _ .

O O O
_ _

_

_ - - _ _ . _ . . . . _ - . . _ . _ _ . . , - . . . _ _.
- _ . . . -

32-

.

|

.

.

S 8 8 8
J- e e aa J- e o e e <, >;

5 PW cl PW
O ld O lW

*W i i g S S
d d n -;, ,

o

<i,

M. a M. S
a d a d i

''n ,. !, -
^

es . _M .
a= ^_a au , , , ,

. ,,

M R 9 ' ' . ' R
u ai d u J 8

5< ,

, ,

7

a$m aim d.
*

'oo /m ea s.m a in i $o .m*
4.m s.m

HEDUZI RTE 'DLdCKADE'L E NCE LitED MWZlERIE 'BLOCKHOE'LENCE LED

F,g, a 30 I F,,g, a 20 I

Abb. A-28.la Dichte- und Verteilungsfunktionen des ibb. A-28.23 Dichte- und Verteilungsstaiktionen des* '

"relativen Equivalenten Blockadedurch- "relativen Equivalenten Blockadedurch-;

messers" der grBoten Blockadelnsel inn enesmers" der gr88 ten Blockadeinsel lui
i

1

Referens-BE F,g < 30%, pessimistische Referens-BE. Fred < 01, pessimistische ;'
Nebenbedingungen Nebenbedingungen

From papera phy W. Sengpiel and II.Horgwaldt,KfK, presented at the !*NS/NitC/JAElt! Aneusal Infusination Exchange on

Cladding und Codcu, K fK , Karl sruhe , FitG ,J une 1980

.

- , , . , - - --- -- _ _ -



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

O O O
ss

.,

:
~

10. FBRB llAS Tile FOLLOWING SUGGESTIONS TO MAKE CONCERNING LICENSING ACTIONS !

INVOLVING FUEL R0D BALLOONING AND FLOW llLOCKAGE IN BUNDLES.
.

I A. IF A FLOW BLOCKAGE AUDIT CURVE MUST BE ESTABLISilED AT Tills TIME, LET

IT BE BASED ON AVERAGE R0D STRAINS, NOT liURST STRAINS.
,

; B. DEVELOPf1ENTS TilAT Sil00LD OCCUR 111 Tile COMlHG YEAR IN CODE ANALYSES

OF BALLOONING AND FLOW llLOCKAGE IN FUEL BUNI)LES Sil00LD PROVIDE A
'

MUCH SOUNDER BASIS FOR AUDITING FLOW BLOCKAGE CALCULATIONS BY VENDORS

TilAN WILL BE AVAILABLE FROM Tile USE OF NUREG-0630 CORRELATIONS.
'

C. PROPER COMBINATION AND MODIFICATIONS OF ERBACllER'S BURST CRITERION,

llAl. LOON-2 CODE, ORNL-MRilT AVERAGE STRAIN DATA, AND Tile SENGPIEL/

BORGWALDT PROBABILISTIC APPROACil Sil00L1) PERMIT BEST ESTIMATE PRETEST

PREDICTIONS TO BE MADE FOR Tile NRU TESTS, AS WELL AS Tile LARGER BUNDLES
r

| (15 X 15) TEST ScilEDULED IN LOFT.
i -

I D. A COMPLETE AND VERIFIED CODE FOR BEST ESTIMATE CALCULATIONS OF

FLOW BLOCKAGE IN LARGE BUNDLES Sil00LD BE AVAILABLE IN LESS TilAN 5

) YEARS, VERIFIED llY 110Til EX-PILE AND IN-PILE BUNDLE DATA.

)
,
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PROPOSE TO SHCW

i

1. WESTINGHOUSE SMALL 3REAX SURST TEMPERATURE MOCEL SHOWS |

G000 AGREEMENT WITd ORNL AND OTHER CATA: THEREFORE, NO

NEED FOR NEW CORRELATION.
,

2. WESTINGHOUSE SURST STRAIN CATA AND CORRELATION SHCW

GOOD AGREEMENT WITd ORNL MRST INDIVICUAL R00 SURST STPAINS.

DIFFERENCE SETWEEN NRC AND WESTINGHOUEE M0CELS IS USE OF

MAXIMUM VS. AVEPAGE STRAINS.

3. REASON FOR VARIABILIT/ IN STRAIN IS DUE TO TEMPERATURE

NON-UNIFORMIT(,

O 4. EVIDENCE FOR TEMPE?ATURE NON-UNIFORMIT( IN-PILE.

E. FRG IN-PILE TESTS SHOW BURST SEHAVIOR SIMILAR TO OUT-OF-

PILE TESTS.

-
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178
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. + F5 AND SM TESTS IN STTAM 'l, ,
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CONCLUSION

.

~

WESTINGHOUSE MODELS ARE IN GOOD AGREEMENT WITH ORNL

AND OTHER DATA AND NEW MODELS ARE NOT JUSTIFIED,

. .
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O '
DIFFERENCES BETWEEN NRC & WESTINGHOUSE POSITIONS

NRC NOW CLADtS THAT UPPER LIMIT STRAINS SHOULD SE USED FOR

SOTH BURST STRAIN CALCULATION AND BLOCXAGE CETERMINATION

,

.

WESTINGHOUSE USES BEST ESTIMATE STRAINS (NRC APPROVED

THIS USAGE IN APPROVAL OF THE OVERALL MODEL)

- SEST ESTIMATE STRAINS ARE CLEARLY APPLICASLE IN BLOCXAGE

CALCULATIONS SINCE BLOCXAGE RESULTS FROM COMBINED AFFECTS

OF MANY RODS.

O . .

BEST ESTIMATE STRAIN IS JUSTIFIED IN BURST STRAIN CALCULATIONS

SINCE IT IS HIGHLY UNLIXELY THAT MAXIMUM STRAIN WOULD CCCUR

IN THE HOTTEST R00 (CONVOLUTION IS JUSTIFIED)

.
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HEAT TP#4SFER EC-!ANISMS DWI?E RER CCD WITH FLCW ELCC(AGE

- FUliCHT icsas. INDICATE 1TRT THE .:LW IS TWO-CHASE 9/EN AT FLCCDING

RATES m 0.!4"/SEc CmTRARY TO. AFP K.

RADIATIQt HEAT 119NSFER CAN Ct2C FCR M CF TOTAL HEAT TRM4SFdR-

C3PETINE HEAT TRANSFER L ems C?N CG WITH FLN 3LCCCGE --

D FLN 3YPASS GN INCREASE LCCALFLUID TETERATWE5 IN THE SLCC:CGiE

RESICN @ T MENALTd

6 DRCPLc_T5 CAN.3EC3E ATCPA SY THE3LCCCGE CR CUE TO PE

p =iATICN F5SL1 TI!E IN. IMPRCVED ERCPLET/ STEAM HEAT Ti%NSRER>

DESIPERHEAT TrE ST5 4 (INC,.Trt-Td) LM GCPLET RADIATICN H.Te

& FLCN BLE:CGiE WILL INTmr- ACDI.TICNAL MIXING ANIl TmBUL:NCE INTO.

THE FLN, WIb REG 1JIRE RE-ESTABLISifENT CF NEW 3CUNCNRY l.AYERS

DGNSTREN4, FLN SEPARATICN, GCSS-P CW MIXING, ALL CF MiIC-i CAN.
I

LCCALLY IMPRCVE TE Rt2 HEAT TdANw=<
.

LOCAL FLN T. LOC.VAGE HEAT TAANSFER = ruo AND PA 3YPASS COUNT 1ER--

ACT EACH OTriER. AFP K MAXL%m TrE HEAT TRANSFER PENALTf FG

SurCGE.
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RE/IE4 CF FLCW 3LCCCGE HEAT TRANSFER DATA AND PRCGRMS
__
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|

t GIGINAL FL:CHT

- FGCED FLCW, PLATE SLCCCGE. (CCPM

- BLCCGD 16 RCDS M, SM INRCVED FEATTRANSFER REATIVE TO.

UNBLOCKED

.

tcmis- WITf BY PASS 150 SHOED HEAT TRANSFER INRCVEMNT

'""'" "'"5 c" " " *'- '3"c" S5O -

* PLATE 3LOCCGE GEGEIRY

8 FCRCED r W
.

8 INSUFFICIENT DATA LESS TFM 1"/SEC.
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ACDRESS APP. K sicNi CCCLI!E-P CW 3LCCXX5E 3Y PROVIDING APPRO-

PRIATE DATA AND ANALYSIS
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CCNCLUSION

.

WESTINGHOUSE MODELS ARE IN GOCD AGREEME.lT WITH ORNL
'

AND OTHER DATA AND NEW MODELS ARE NOT JUSTIFIED.
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DIFFERENCES BETWEE?l NRC & WESTINGHOUSE POSrTIONS

_

NRC NOW CLAIMS THAT UPPER LIMIT STRAINS SHCULD SE USED FOR

BOTH BURST STRAIN CALCULATION AND BLOC:GGE CETERMINATION

!

WESTINGHOUSE' USES BEST ESTIMATE STRAINS (NRC APPROVED
i

THIS USAGE IN APPROVAL OF THE OVERALL MODEL)

4

BEST ESTIMATE STRAINS ARE CLEARLY APPLICASLE IN BLOC:GGE

CALCULATIONS SINCE BLOCXAGE RESULTS FROM COMBINED AFFECTS

OF MANY ROCS.

O .
.

BEST ESTIMATE STRAIN IS JUSTIFIED IN BURST STRAIN CALCULATIONS'

S,INCE IT IS HIGHLY UNLIXELY THAT MAXIMUM STRAIN WOULD CCCUR

IN THE HOTTEST RCD (CONVCLUTION IS JUSTIFIED)
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THERMAL-HYIPAULIC ASPECTS CF FLCW 3LCC:CGE

!

HEAT TRANSFE MECSNISG CWINE .N WITH FLCW 3LCC:CGE-

REVIS 7 DATA CN FLCW BLIE:CGE HEAT TRANSFE |-

CCNCLUSICNS-

O- :
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HEATTAANSFER MECHANISMS DWING RER.CCD WITH R.CW ELCCCGE

.

- FUEC4T ir. sis. INDICATE Tr%T THE FLCW IS TWO-oHASE 2/EN AT FLCGING

RATEE CF 0.4"/SEC CCNTRARY TO. AFP K.

RADIATICM HEAT TRANSFER CAN ACC:UNU FCR M CF TOTAL EAT rnANSFER! -

hi1NG HEAT TRANSFER cerr. 4,2.CAN OCOR WITH FLCW ELCCKAGE-

& P N 3YPASS C,* INCREASE LOCALFLUID TENERATmEE IN THE ELCCCGEi

REGIm (H J , FENALTY)

S N2s CAR 3ECCE ATCMIZED BY TrE3LCCCGE CR CUE TO FLCW

MN cATICN RESULTINE IN. IMPRCVED CRCPLET/ STEAM HEAT TRANSFER

O .

DESUPERHEAT THE sirAM {INC,Ttf-TV)) LM 2CPLET RADIATICN H.T.

6 rw 3LCCCGE WILL LNTRCCUCE AEDITICNAL MIXING ANIl imBUL.:.NCE INTO.

THE ? CW, WILL REQUIRE RE~7ABLISi-MENT CF NEW 3CCNCARY LAYERS;

DCNNSTREAM, FLN SEFARATIm# GCSS-FLCW MIXING, ALL CF MiICi CAN

LOCALLY IMPRCVE TriE RCD HEAT TRANSFER
.

LOCAL FLCN 3LCCCGE HEAT TRANSFER = rma AND FLCW SYPASS CCUNIER--

ACT EAC4 OTriER. AFP K MAXIMIZEE TrE HEAT TRANSFER FENALT/ FCR

BLOCCGEL

.
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RE/I&f CF FLDI ELT:CGE HEAT 71%NSFE DATA AND PRCGRAPS
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e gNRC/E?RI FLEC-1T-SEASET FLCW ELCC< AGE PRCGFAM

%.

PROGRAM PAS 3EEN SPECIFICALLY STRUCTWED SY ALL PARTIES TU-

:

ACCRESS M. K STEAM CCCLING-FE ELCC< AGE SY PROVIDING APPRC-

PRIATE DATA AND ANALiSIS

'

Dirt = TENT SLCC< AGE S*dAPEE CFJRA(.4=tISTIC CFd-SGST (LCNG |CN--

CNCENTRIC) AND fiURST (SHCRT CCNCENTRIC) WILL 3E TEsica
.

BOTH.CCPLANAR AND NCN-CPLANAR ELCCXAGE DISTRI31TICNS WILL-

I
BE trsieu-

O- :
-

A tAaeE m-RCo) suNaswm we s_m sess wru_ AtSo 3E-

sez,eu,
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a 21-fG BUNCLE PRCGRAM WIU t:.26 :
.

.

A- (NBLDCXED Rr.r -dNCiE
:

i

3- 9 RCDS BLCCG CT!.#@R, C, 'SMCRT CCNCENTRIC Sr=/E'

C- 21 RCCS 3LCCED CT' ANAR# C, SHCRT CCNCENTRIC <f "E

B- E RCCS 3LCCXED NCFCCCPLANAL S~rCRT CCNCENTRIC.Sf =/E.

.

.

E- E RCDS 3LCCGD NCN-CCPt.ANARs. LCfE ta-C24 CENTRIC SI "E
'

,-

F- H WWST' SHAFEs NCN-CFL.ANARs. MCRE STRAIN-

|

G- TO 3E DETE?NINED |
|

6 E-RG BUPELE WII L 3LCC<.Tio E-RG 'N ISLAND WITH WCRST

SHAPE EETERMINED tM E-RCD L'NELI. Tr0 TEST SERIES WILL 3E

PERFCFPED.
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O-
S CCNCUJSICNS .

BASED CN THE DATA REVIEED AND CBTAINED TO DATE, IT APPCAS WAT

IN THE 3LCCCGE ZCNE:

- TriE ATCMIZATICN, ECFLEI' 3REAK-tJP AND MIXING CF TrE

ENTRAINEl LIGUID' IN I'rE R.CW LOCX.LY INCREASES TFE HEAT TRANSr:x

AND $$iE, THAN CFF-SETS A FLCW REDISTRI3UTICN PcNALT/ EUE TO

3LCCOGE UP TO AND THRCUCH TEdPERATURE TGN ARCUND

.
.

.

.. .

..
.

,LAacx IN. TIER Arica TGN ARCUND,. 3LCCCGE AFFEARS A5 A PENALTY

WSM (PRELIMINARY) die SLOC:CGE KEE?S. TFE FLCW IN TriE DIS-

PERSED FILM SOILING PFASE,. MiILE UNBLCCGD Tesio APPEAR TO GO

INTO. A TRANSITICN PFASE WLTH IMPRCVED FILM SOILING FEAT TRANSFER.

ALSO, UNBLCCGD TEFF5 GUENCi :ELIER
.

- HEAT TRANSFER AT UPPER E!.5/ATICNs (10 ec=1 AND HIGHER FCR A CMINE '

SHAPE). APPEAR Tti FAVE PomER HEAT TRANSFER WITH 3LCCCGE, IT IS

BELIEVED' TFAT THIS IS A RESULT CF EVAFCRATING A I.ARGER rM-CN

CI TE ENTdAINED ERCPS IN TFE SLCCOGE RE3ICN FCR TE ELCCGD

trsis RELATIVE TO THE UNBLCCGD SUNELE.
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