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O i zaaes nIaas
2 (8 30 a.m.)

,

r- 3 MR. BENDER 4 This meeting will now come to|

V}
4 order. This is an open meeting of the Metal Components

5 Working Group of the Advisory Committee on Beactor

6 Safeguards. I am Mike Bender, the subcommittee working

'

7 group chairman. The other ACRS members present here on

8 sy left are Dr. Axtmann, Dr. Shewmon, Mr. Wsrd, Mr.

9 Remick. In addition, we have a number of consultants

10 f or the working group. Going a round the table, Mr.

11 Catton, Mr. Abbott who is i.>' here, Mr. Binford, Mr.
,

12 Kouts, M r. Theofanous, Mr. Wechsler, Mr. Zudans, Mr.
,

13 Irwin. In addition, there is Bill Bock, our ACRS fellow
O
# 14 who has been working actively with the group, and on my

J

15 right is Al Igne, who is the designated rep re sen ta tive

16 for the NRC.
1

17 The purpose of this meeting is to hear and

18 discuss with the NRC staff their pressurized thermal
,

4

19 shock position . The views of others will also be

20 hea rd . This meeting is being cond uc te d in accordance

21 with the provisions of the Federal Advisory Committee

22 Act and the government and the Sunshine Act. The rules

J 23 f or pa rticipation in today 's meeting have been announced

('
\ 24 as part of the notice of this meeting previously

25 published in the Federal Register on September 13, 1982.

O

ALDERSON REPORTING COMPANY,INC,

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



.

4

() 1 A transcript of the meeting is being kept, and

2 it is requested that each speaker first identify himself

3 or herself and speak with sufficient clarity and volume

4 so that he or she can be readily heard. We have not

5 received either written or requests for oral statements

6 during this meeting, so no time has been set aside.

7 However, if there is anyone who wishes to m ake comments,

8 if you will let Mr. Igne know what it is you would like

9 to make a comment about and we can work out some

10 arrangements and provide some time, we will certainly do

11 so.

12 I wanted to add a few thoughts about our

13 situation at the moment, partially to get the working

O 14 group up to speed and partially to help the staff in its

15 organization and presentation this morning.

16 We have received what I would presume to be

17 nea r to a position f rom the regulatory staf f on a

18 screening procedure for deciding when thermal shock is a .

19 problem that needs special regulatory attention. I

| 20 d on ' t know whether that means regulatory action. And
|

( 21 hopefully, all of the consultants and members of the

22 subcommittee have had a cha nce to take a look at what
i

23 has been proposed and we will be able to make

() 24 intelligent comments on the presentation or what's in

25 the written material as it is presented.

O
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() 1 Steve Hanauer has offered to try to provide a

2 coherent discussion of it, and we have set aside a

3 couple of hours for his presentation *. And hopefully, he,

4 will tolerate some questions, but if we work on it too

5 hard we may not hear the whole story, so I would like to

6 encourage you to address your questions to him in the

7 line of trying to be sure you understand what he is

8 saying rather than trying to digress into areas that may

9 need to be taken up l'ater on today.

10 I have sent out for the working group's

11 consideration what amounts to a draft discussion of the

12 issue as I understood it, with corrections for various

[ 13 members of the working group and particularly sr~

( 14 consultants who have suggested things that should be-

t

| 15 included or alterations in the way words should be said.

16 I don 't of f er tha t discussion as either a

17 highly professional technical document nor a litera ry,

|
18 masterpiece. It was only intended to try to get

19 together as well as I could in the a short time the

|
' 20 inf ormation that had been presented, and offer some kind

21 of interpretation.

22 I would again urge people that have strong

23 feelings about improving it to provide alternative

() 24 discussion material that could be included in the,

| 25 document or added as an appendix. Any way which makes

O
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() 1 any sense.

2 A lot of the work was done by Bill Bock, and I

3 appreciate his diligent effort to respond to a lot of(~-)g
4 recommendations from a lot of different people. The

5 working group has not yet reached the position on what

6 probably are the important questions we asked, and I

7 think I would like to run down through those that I can

8 think of today and see if they represent a reasonable

9 list of things which ultima tely ought to provide some

10 kind of -- we ultimately ought to provide some kind of

11 position on.

12 The first is whether the staff 's screening>

13 criteria , as it is presented, is acceptable. The
| O 14 criteria for judging those screening criteria probably

15 a re s Do they provide siaqua te tine to do something

16 about the issue, if it is important to do something

17 about it. Whether they are exactly the right screening

18 criteria clearly is an important part of that issue.

19 A nd so it should be kept in mind when you're listening

20 to the staf f presentation.

21 The second point that I believe we ought to

22 make sure we have a position on is the question of what

23 the licensees and applicants should be doing about

() 24 pressurized th erm al shock. And the things that come to

25 mind are the question of whether the training program is

O
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() 1 adequate, whether the non-destructive examination
,

2 program is a useful one and can be effective; whether we
4

3 know about the materials' properties and materials in
)

4 question to be able to make a judgment about them;

} 5 whether we understand the neutron damage question well

6 enough to be able to relate it to the materials'

7 properties; do we understand the transients that are of

8 concern, and have we identified those that represent the

! 9 important issues, and do we accept the operational

i 10 strateg y wh _' ch goes vi h the sa fety judgments.

11 By operational strategy, I mean the

12 capabilities of the operators in terms of being able to

13 diagnose the accident. Their ability to respond in a

O 14 timely way; if they have diagnosed the accident

1 15 properly, and whether we accept the circumstances which

16 require them to think not only about when they need to

17 be pressurized , but also, when they need to keep the

18 system pressurized. And the fact that that is a
,

; 19 somewhat contradictory kind of operating requirement is

20 something we need to give some thought to.

21 In addition, we need to think more, I believe,

22 about the natter of whether there is enough time

23 involved in 'his program which the NRC staff is'

Os_/ 24 presenting te S e Commissioners to get th e results which

25 are needed to have a position on the safety of these

O

,
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(]) 1 vessels. We may not have heard enough about what's

2 going on to make that judgment, but if it is necessary

3 to do f urther research and development work we ought to

4 have some understanding about whether they can

5 accomplish what they claim they are going to accomplish,

6 within the specified time.

7 And lastly, I suggest we think a little bit

8 about whether the systems that are licensed and

9 operating ha ve enough diagnostic instrumentation to be

10 able to judge the seriousness of a problem from the

11 indications which have been available to the operators.

12 A nd if there is not enough diagnostic instrumentation,

13 then it may be appropriate to suggest what needs to be -

14 done to provide for additional instrumentation.

15 The last point I would like to make has to do

16 really with whether the story which is being presented

17 is really understandable by anybody except the

18 technicians that developed the story. And one of the

19 things that was suggested was to try to use Pellini's

20 f racture analysis approach as a more understandable way

21 of presenting the story to people who were not steeped

22 in technological issues.

23 I think some comments on that approach, and

() 24 Combustion Engineering people offered it as their way of

25 telling the story. Whether it's a good one or not I

O
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() 1 don 't k now. Dr. Zudans has some commentary on it. You

2 might want to think some about whether that is an

3 approach that is more understandable than one we are

4 likely to hear today. I don't put it out as necessarily

5 the best way to present the story.

6 That is essentially all of the thoughts I have

7 on the subject matter. I would like now to ask the

8 working group members and the ACRS members, including

9 Dr. Remick who has just joined our sterling cast, and

10 Mr. Ward who has showed up occasionally --
,

11 (Laughter.)

12 -- whether they have any additional thoughts on this

13 subject. Why don't we just start around the table?

14 MR. AXTMANNs I will wait until the end of the

15 day .

16 MR. SHEWMON4 I have nothing now.

17 MR. REMICK: Not now, thank you.

18 MR. KOUTS: I think we might ask what should

19 -- you say what should the licensees and applicants do

20 in lig h t of the problem and what we know about it and
'

21 what we don't know about it. And I wonder if we

22 shouldn ' t adds what should the NRC do.'

23 MR. BENDERS Well, that is certainly an

() 24 important point, indeed. Thank you.

25 If there is nothing else, I think the order in

O
.
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() 1 which we have planned this agenda was to turn the

2 meeting over to the NRC staff for what amounts to about
,

(} 3 three hours. So, Dr. Hanauer has the stage.

4 MR. HANAUER: Thank you, Mr. Chairman. A year

5 ago, we told th e ACRS and the Co.' mission that there was

6 no immediate need for changes or shutdowns of plants,

7 and asked for a year in which to address this problem.

8 And for the past year, we and the industry have been

9 involved in an intensive, multi-disciplinary study of

10 the pressurized thermal shock problem, whose initial

11 culmination is the report, a draft of which you received

12 a month or so ago.
,

13 The raport which you received was the draft

14 which we sent to our colleagues in the NRC, and both our

|
15 colleagues and their comments and questions on our own

l
l 16 continuing study have producei a large namber of

17 important but non-essential changes in this report, for

18 which a new edition is due on my boss's desk in a day or

| 19 two .

20 So that what you have represents a lot of

21 thought and has been discussed with a lot of people but

22 is not the NBC staff's management's position on

'

23 pressurized thermal shock. We agreed with your

24 subcommittee and the staff to have a dialogue at this

1 25 stage in order to discuss at some length and with some

|CE)

|
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() 1 freedom the various technical issues involved, of which

2 there are a large number, so that what you see is Steve

(~ 3 Hanauer and a bunch of his colleagues' proposal to Mr.
(-)/

4 Denton, to Mr. Stello, for discussion by peers, by the

5 public, by the ACRS. And eventually, will result in

6 some recommendation to the Commission.

7 The exact context of this is still being

8 discussed by lawyers and so on. Whether it will result

9 in rulemaking or some other piece of legal paper is not

10 yet decided and will be decided, I suspect, by a group

11 of people. No single one of them is in this room at the

12 present time.

13 So that what I would like to present you with
,'

'~')!

14 is a technical discussion of this difficult and

15 disorderly problem. Our first analysis which you heard

16 a year or so ago was an attempt at generic review of the

17 pressurized thermal shock problem, based on what we knew

18 a little over a y?ar ago.

19 And what we did then was to pick the eight

20 plants which seemed to be, at that time, based upon wha t

21 we knew, the lead plants for each of the three

22 man uf acturers of nuclear steam supply designs, and we

23 a sk ed them in a period of some few months to analyze the

(3
\,_,1 24 pressurized thermal shock problem, the transients, the

25 vessel properties, the integration of these two into

r3
N]-
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() 1 some kind of analysis and to make us recommendations

2 regardino where th e y viewed the safety of the plant and

3 the justification for the continued operation.

4 These plants have, in fact, -- the owners of

5 these plants have, in fact, done this, and we have eight

6 reports. In every case, the plant owners at least

7 started, and most of them finished, with a traditional

8 safety analysis approach to this problem. They selected

9 a few relatively severe pressurized thermal shock

10 sequences. They calculated the response of the plants

11 to these sequences in some detail, using the kinds of

12 evaluation models that we traditionally use around here,

13 and concluded that the plants were okay today but that
r%

- 14 in a few y9ars some of these plants might not be okay.

( 15 Not surprisingly, come of the technical
1

! 16 material which we received in the course of this

17 disagreed with each other, partly because some of the

18 reporting was generic and some of the reporting was

19 plant-specific. And this was perhaps our first serious

20 insight as a result of this process, which is that

21 generic analysis will get you just so far and in order

22 to decide the risk or the situation or the necessary

23 remedies for any given plant, a plant-specific analysis

() 24 is required .

.

| 25 And whereas a year ago we were looking for a
|

n
f

'

.
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() 1 f airly simple prescription that would establish whether

2 a plant had to shat down or anneal its vessel, or

3 whether continued operation was allowed, one of the

4 results of this past year's study is that no such simple

5 prescription has, in fact, emerged. And that what we

6 are proposing instead is a simple prescription to be

7 used for screening those plants for which a

8 pl' ant-specific analysis is required and necessary in

9 order to provide the justification for continued

10 operation, or in order to guide both the owner and NRC

11 in deciding what remedial measures are nece ssa ry .

12 So, the slide from generic analyses to

13 plant-specific analysis is the first lesson of the last

O 14 yea r's work. The second lesson of the last year's work

15 is that these design basis evaluation model, highly

16 con se rva tive , over simplified sequences analyzed in this

17 conservative , over-simplified way did not, in fact,

18 address the real problem in the way in which we cite.

19 I am not imputing bad faith or anything like

20 that; that is how we have traditionally always done our

21 work, but in fact, the results in my opinion, just as

22 many such results, tended to obscure rather than
.

23 illuminate the problem.

() 24 The grandfather of such analysis is the

25 eme rgency core cooling requirements, about which a great

ALDERSON REPORTING COMPANY,INC,
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() 1 deal has been said. But I think it is now clear to me,

2 and I think to many other people as well, that tha

/''S 3 highly schematic, highly simplified, highly conservative
V

4 emergency core cooling approach which we approved a

5 dozen years ago is not today the way to optimize the use

6 of resources, or even to get the best safety. I will

7 give you one example from emergency core cooling which

8 most of the people in this room are f amilia r with.

9 It is required to calculate the behavior of

10 the plant to a loss of coolant accident with the

11 assumption that the off-site power is not a vailable.

12 And so, we saw some designs in response to these rules

13 in which the off-site power, even if it was on, was

O 14 incapable because the startup transformer was too small

15 for povering all of the trains of the emergency ccre

16 cooling system.

17 It 's a little bit like sailboard handicapping

18 rules. We had plants built to match the acceptance

19 criteria, hnd wh ere we had over-simplified them, the

20 plants became over simplified and did not adequately

21 make use of cost-effective ways to improve safety.

22 It is my believe and the belief of my

23 colleagues who have helped me write this report tha t

( 24 this is also true of pressurized thermal shock. And we

25 have, therefore, not used the traditional design basis

~O
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h' 1 approach.

2 Now, the staff is not monolithic on this, and

3 so we have found this very difficult. This is one of)
4 our first forays into the use of probablistic schemes,

5 and application of the safety goal in trying to decide

6 what level of safety should be provided, and there are

7 gaps in the reasoning.

8 There are places where the scientific basis of

9 what we are doing is less than adequate, but it has

10 always been that way. And I will try and tell you a

11 connected story in which we will expose to you the

12 places where we used science and the places where we

13 used judgment and conjecture.

O
14 The outline of what I'm going to tell you

15 today is shown here.

16 (Slide.)

17 I have already talked some about the general

18 approach which we used, and I will talk about it some

19 m or e . This general approach involves the evaluation of

20 the over-cooling transients which have already occurred,

21 and the deriving of initial screening crite ria from this

22 actual experience.

23 We then used probabilistic techniques to find

() 24 out how conservative the secreening criterion is and

25 deduced from it our recommendations, and from the gaps

O

ALDERSON REPORTING COMPANY,INC,

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

. . . - . , - _ - - _ - ..



16

() 1 that we found in the reasoning recommendations for

! 2 future work and for the regulatory approach for

3 pressurized thermal shock.

4 Now, this approach will be seen to be both

5 deterministic and probabilistic. The deterministic

6 approach , as usual, has the dif ficulty th a t it is very

7 hard to know how conservative it is, and that it is very

8 hard to put realism into it, although we have made some

9 serious attempt to do so.

10 The probabilistic approach is beset by the

11 usual difficulties of probabilistic approaches in the

12 present state of the art. Completeness, realism,

13 adequacy of the input data, the stuff that has been

O 14 debated around this table many times. And so, we have

15 put these two things together with the result that you

i 16 have seen and which I will discuss.
4

'
17 (Slide.)

18 The overall topology of the problem I have'

19 tried to indicate in this viewgraph. Here is the

20 probability of something worse than the abcissa

21 occurring. And I have used the temperature as a measure

22 of the severity of over cooling. Now, this is an

23 over-simplifica tion. There are lots of

() 24 over-simplifications in this business.

25 In fact, the temperature cate, the pressure

O
,
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() 1 and the characteristics of the material are all central

2 variables which have to be considered, and so this

{} 3 considers a part of the problem; namely, the

4 transients. And since lower temperatures are more

5 severe, the curve is monotonic in this way. This is an

6 integral cumulative probability or f requency

7 distribution at some temperature. The probability or

8 frequency of getting anything worse than this

9 temperature, a lower temperature, is given by the

10 intersection of these curves, and there is some

11 unspecified probability or frequency scale.

12 Now, I first plot here the over-cooling

13 transients that have actually been experienced, and this

O
14 is some kind of a distribution. And we have used this

i

15 distribution , as I will show you, to derive in a

16 substantially unscientific way, a screening criteria to

17 use . We also realized, however, that experience stops

(
18 at something substantially over 200 degrees, but that

19 such more severe transients are possible. And at least

20 one such has been reported in Europe about which we know

21 not enough and about which we hope to find out next week

22 in the discussions with the German RSK.

j 23 We, therefore, show schematically a

( 24 probabilistic approach in the usual way, where we

25 consider initiating events, safety functions,

|
|
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() 1 probabilities of success or failure of the sa f e ty

2 functions and consequences, and we draw then a

3 probability consequence curve in the usual way, except-

4 that severity goes to the left, so it slants the way in ,

5 which you don't expect fron cumulative distributions.

6 And this I call for shorthand the PRA. Up at

7 this end, the PRA should satisf actorily agree with the

8 experience. Down at this en<i, we have no experience so

9 in the tail of the curve we used the probabilistic

10 results because that is all we have.

11 In deriving these carves we find from time to

12 time sequences which are apparently outliers. If ther

13 turn out not to be outliers, if they turn out to be

O 14 real, then the curve has to be distorted to include the
1

15 effect of the sequences.

16 For a while, we had the sequence of the week

17 which determined the aspect of the discussion of the

| 18 week with one or another owner's group and which

19 constituted perhaps, if you were excitable, the crisis

20 of the week in the regulatory staff. But we have

21 surmounted this, and we now have a curve which has some

22 substance to it, although by no means is this adequately

23 f ully delineated .

() 24 You see how far this is from the concept of

25 the design basis accident and the evalua tion model,

|
| ALDERSoN REPORTING COMPANY,INC,
|
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1

() 1 simplified conservative analysis. The analyses here are

2 all intended to be realistic, and the level of safety or

3 degree of conservatism is intended to be provided by how

4 far down you go on this tail, and what you choose to be

5 the probability of what you don't provide for.

6 Now, this is interfectly provided in the

7 present scheme, and so we have, in fact, provided at

8 least one substantial quantified conservatism in how we

9 reckon up the actual state of a given reactor vessel for

10 comparison with our screening criteria.

11 Furthermore, in the presen t state of the art

12 we really don't believe this curve very well, and the

13. peo p.l e who have done the calculations have told us that

O 14 there is plus or minus at least two orders of magnitude

15 uncertainty in the frequencies or probabilities

16 associated with th e vertical location of the curve on

17 this diagram.

18 Such being the case, we have not done what we '

19 would do if we hai a better curve. If we had a better
!

20 curve and a well-defined safety goal, we would simply

21 plot the saf ety goal in probability space. Where it

22 crossed the curve would give us the answer in severity

23 space, and that would be the regulatory result.

) 24 Of course, we don 't have thst.

25

|
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() 1 MR. BENDER: Steve, this seems like the right

2 time to sst this question on the matter of the

3 uncertainty in that curve. It probably varies all along

4 the curve. As you know more about what is up at the top

5 part of it than you do down at the bottom, when you

6 describe the matter of two orders of magnitude

7 uncertainty, how do you perceive it? Is it that

8 uncertainty at the tail end or is it in the middle? Or

9 is it all along the curve?

10 MR. HANAUER: Well, there are two major

11 components of the uncertainty. One is in the

12 transients. The other is in the response of the vessel

13 to these transients. The people who calculate the

14 response of the vessel, say, two orders of magnitude

15 plus or minus uncertainty in that calculation, and they
|

16 have told us -- I will ask Jack Stroisnider, who makes

17 these speeches to me about not misusing his

18 calculations, is it relatively uniform, as far as we

19 know?

20 ER. STROSNIDER: Yes, the vessel response, I
1

| 21 think, is uniform along the whole line, the whole curve.

22 MR. BENDER: We will leave it that way for a

23 while.

| () 24 HR. HANAUER: Well, let me complete the

I 25 answer, as far as transients are concerned. The

|

.
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() 1 uncertainty arises as much f rom not knowing what is

2 going to happen as from the uncertainty in how you

3 calculate it. Neither of these is two orders of

4 magnitude. If you draw your trees correctly, then what

5 sight happen is represented by the various branches of

6 the trees, and then the uncertainty is calculatino the

7 probability that the operator does not do something or

8 the pump does not work or whatever it is.

9 In general, the operator response is very

10 dif ficult to predict, and the machinery response is

11 r,cmewha t easier, and in general these uncertainties are

12 somewhat less than two orders of magnitude.

MR. BENDER: Well, I am trying not to prolong13 -

O -

are saying,14 this digression, but if I listen to what you

15 I guess I would read two things into it. First of all,

16 the people that are analyzing the vessel have assigned

17 an uncertainty to the results that represents two orders

18 of magnitude. I do not know which way the uncertainty

19 is biased or if it is biased at all. Maybe you have

20 drawn a median curve or an average curve or some such

21 thing.

22 In addition to that, I would have to add that

|
23 there is the uncertainty associated with the transients'

() 24 that must be multiplied, added, or subtracted from the
I

i 25 uncertainty in the other part of the analysis.
l

O
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() 1 MR. HANAUERs Never subtract it, Mr.

2 Chairman. Never subtract i t.

3 MR. BENDER: Statistical people say there is a

4 plus or minus to everything, and tha t sometimes the

5 uncertainties offset each other, and I do not know in a

6 statistical sense whether this analysis comes out that

7 way or not.

8 MR. HANAUER: Neither do we.

9 MR. BENDERa I guess we have to make those

10 kinds of judgments about them.

11 MR. HANAUER Tha t is righ t. Wha t I am going

12 to show you is in general point estimates of

13 probabilities, and I wave m_ arms vigorously in talking

O 14 about uncertainties, but in f act the science behind

15 these estimates is very modest indeed.

16 MR. BENDER: Okay. We have probably digressed

17 eno ugh .

18 MR. HANAUERs No, it is an important point.

19 N o w , where do you put design basis accidents along

20 here? A design basis accident is a specified sequence

21 of events. ou get a double-ended break in the cold leg
|

22 at a time when the of f-site power is unavailable, and

23 there is -- in addition the worst single failure occurs

(/ 24 in the emergency core cooling system. You calculate in

25 accordance with an evaluation model that requires you to

O
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'm(,) 1 throw all the water injected during blowdown on the

2 floor. You can carita this stuff as well as I can.

3 That is a design basis accident.

4 Such a sequence contains traditionally a large

5 number of improbable factors. The off-site power isn't

6 available. The water all spills on the floor, and so

7 on. And therefore, it ought to be foand rather far down

8 in the tail of this curve. However, in fact it may be

9 far off the diagram because of its cascading of event,

10 of disadvantageous events that goes into it, but in fact

11 you can 't find it on this curve, because for this curve

12 the severity which I have represented by temperature has

13 been calculated realistically or as realistic. illy as we

()I 14 know how, and I will have a slide la ter, and there is

15 some considerable reckoning in the report about the

16 conservative and non-conserva tive and realistic aspects

17 of these calculations.

18 So, if you want to try to put a design basis

19 sequence on here, you will find that it is very severe.

20 That is to say, it has a very low temperature, and if

21 the probability is reckoned realistically, it is way off

22 the page, but since the low temperature is also done

23 unrealistically, you can't plot it on here at all, and

() 24 so there is a dysjunction between the traditional design

25 basis approach and the approach that we are usino here,

O
i
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() 1 which is to the best of our present knowledge essential

2 and difficult to manage.

3 HR. ZUDANS: But you might remark, this is not

4 s PTS problem anyway.

5 MR. HANAUERs What isn't?

6 MR. ZUDANSs A design basis accident.

7 HR. HANAUER: Well, one approach to the PTS

8 problem would be to make a design basis PTS accident,

9 and this was in fact what the atoners did when we asked

to them for their antlysis of PTS. There wasn 't anything

11 wrong with it. That is how we were all thinking a year

12 a g o . It just didr. ' t seem to solve the problem.

13 (Slide.)
t i

14 MR. HANAUER Now, let me talk a minute about

15 experience . We have had eight overcooling transients,

16 and I have represented two of them here in two

| 17 vu-graphs. Here is what happened at H.B. Robinson, when

18 the relief valve blew off during preoperational testing,

19 and yod see the pressure went through a considerable

20 gyration, and the temperature behaved rather smoothly.

21 The two lines are for two of the three loops at

22 Robinson. The one that was associated directly with the

23 break in the secondary system came down to some lower

() 24 temperature which was then restored, so you see, th e re

25 is a temperature transient which looks sort of amenable,
.

1
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() 1 and there is a pressure transient which goes all over

2 the map.

3 This is even more noticeable if I display the

4 Rancho Seco transien t of inf amous memory.

5 (Slide.) .

6 MR. HANAUER: Here is, again, a rather modest

7 and amenable looking temperature transient associated

8 with a pressure transient that nea rly defies

9 description.

10 MR. REMICK: What temper.ature are you

11 referring to?

12 MR. HANAUER: These temperatures are the

13 temperatures wn__n were measured in the cold leg, and

O 14 that is one of the problems in this thing. We don't

15 have any thermocouples in the downcomer. We don't have

16 any thermocouples on the vessels in these plants.

17 3R. REMICK: Is this fluid temperature?
:

18 MR. HANAUER: Well, it is almost fluid

j 19 tem perature. In these plants, there is either a bypass

20 line with some resistance thermometers in it, or the

21 resistance thermt .eters are stuck into the cold leg in

' 22 vells or in clamps of some kind, and so they are

23 intended to measure fluid temperature. As long as the

() 24 main cooling pumps are on, they measure fluid
!

25 temperature rathe. well. Water is well mixed in the
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.

1 cold leg and the bypass samples this in an adequate way,

2 and the detectors stuck into the line sees a well-mixed

3 sample. -

4 When you turn the main pumps off and you get

5 either natural circulation or stagnation, then the

6 measurement is in fact not very good. You get

7 stratification in the cold leg. You get peculiar

8 temperature changes along the cold leg as well as up and

9 down in the cold leg and it becomes a matter of chance

10 and substantial uncertainty what you are measuring.

11 What we have done in this analysis is to take

12 what these temperature measuring devices measured, since

13 we don't ha ve a model f or correcting them, and we have

| () 14 assumed that these measured temperatures are the

15 temperatures of the water in the downcomer right at the

16 vessel wall, which is in f act a rather poor assumption

17 for some of these.

18 Okay. Finally, I show you the temperature

19 transient in the Ginna steam generator tube rupture less

20- than a year ago.

(Slide.)21 -

22 MR. HANAUER: And you will see that in this

23 case the operators did a thing which at least looks

(~S 24 bizarre on a temperature trace. They depressurized theG
25 system and produced a substantial temperature excursion

,

|
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- 1 messured in the cold leg, and you also see here a

2 stylized representation, this dotted line, of this

3 temperature transient, and that is the next thico.

4 MR. BENDER: Excuse me, Steve. Before you go

5 on, because these numbers and curves may get discussed

6 more later it is important to know whether we have any

7 feeling for the relationship between those temperatures

8 and what the real temperature of the vessel was.

9 MR. HANAUER: Very little, except that we know

10 there are substantial differences. I don't have any

11 analysis. We don't have a very good model, as a matter

12 of f act, although we have now the Criari experiments

13 supported by the Electric Power Research Institute which

() 14 are being correlated and which we have used in the

15 analysis of one of our transients, which I will talk

18 about later on, but we do not have analyses of these

17 eight overcooling trans39nts in that respect, namely,

18 some model that predicts what the temperature of the

j 19 fluid was righ t down along the vessel wall as related to
|

| 20 the temperature in the cold lag.

l
21 MR. WECHSLER: Ca n you say the vessel wall was

22 no lower in temperature than these values?

23 MR. HANAUER: No , sir , you can 't say that. We

l (~% 24 can't say either of those possible statements, because
i \~)

25 of the unknown decree of stratification in the cold leg

O
|
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() 1 during these measurements.
;

2 Furthermore, it could, at least in principle,

3 be investigated with some calculation which would have
)

4 whatever validity it had af ter you looked at it for a

5 while, but this has not been done. Mr. Throm is our

6 expert on this subject. Do you know of any calculations

7 that have attempted to look at this?

8 MR. THROM4 No, not on these specific events.

9 MR. BENDER: Monroe's question is extremely

10 important to think about, at least. If we haven't done

11 any analysis that relates back to the vessel Wall yet,

12 then somehow or another I have to believe that what has
i
'

13 been going on in the last year is too generic.

O'

14 HR. HAhAUER: I thought I told you that

15 already, that it was too generic.

16 MR. BENDERS I am not complaining about that

17 observation, but somewhere along the way it seems to me

18 during this period of time those that own vessels should

19 have been doing some computations of some sort, and I am

20 m little surprised that we don't have access to them.

21 Is it that they haven't really done any calculation, or

22 they haven't provided the results? Or either one?

23 MR. HAHAUER: You will talk to the owners'

() 24 groups this afternoon. I suggest you ask them. As far

25 as I know, we have everything they d o.

O
.
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() 1 MR. BENDER: I will in f act ask tha t question

2 again. Go ahead.

3 MR. HANAUER: Neal, you wanted to say[
4 something? Mr. Randall?

5 MR. RANDALLs I thought there was some

6 confusion in Prof essor Wechsler 's remarks. I think he

7 was ref erring to how you get from the water temperature

8 in the downcomer to the temperature at the crack tip in

9 the metal. You were referring to how you get from the

10 watet temperature measured in the cold leg to the water

11 in the downcomer? s

12 MR. HANAUER Yes, sir, that is what I was

13 talking about. I don't know what -- Dr. Wechsler, was

O 14 that what you were talking about?

15 MR. ZUDANS No, I don't think so. The

16 question was very simple and straight. Is this the.

; 17 lowest possible temperature in the downcomer or not?

18 And if you can 't make that statement --

'

19 MR. BENDERS I think you said vessel. I think

20 vessel is the righ t question to ask.

21 MR. WECHSLER: Ultimately, that is what we

22 have to know.

23 MR. HANAUER: The answer is no, this is not

() d4 the lowest possible tem pera ture , because of the unknown

25 degree of strttification at the point of measurement..

O
|
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j () 1 MR. BENDER: It is certain that the vessel

2 temperature cannot be loder than the temperature at the

'g 3 vessel wall.(V
4 MR. HANAUERs The temperature of the fluid at

5 the vessel wall?

6 MR. BENDER: Yes.

7 MR. HANAUER: Quite so.

8 MR. CATTON: But you don't know whe the r this

9 is the temperature of the fluid or not. The wall could

10 be heating up with the RTD, so that could be higher.

11 BR. HANAUER: This is in the pipe.

12 MR. CATION: It is still in the well, and the

13 well is connected.

''
14 MR. HANAUER: It is a very large pipe. Based

15 on experience, not calculation, and not analysis, I

16 would say that effect is f airly small.

17 MR. CATTON: It sticks pretty far into the

18 pipe .

19 MR. HANAUER: Yes, sir. *

20 MR. BINFORDs St e ve , wha t you are saying is,

*

j 21 you are measuring a tempera ture in a pipe which bears an

22 unknown relationship to tempera tures elsewhere in the

23 system?

A
\/ 24 MR. FANAUER: Unknown is too strong, but I

I

25 cannot certify to you that this measured temperature is
i

|
i

|
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() 1 the lowest temperature of water even in the pipe.

2 MR. BINFORD: But you really don't know the

3 relationship between that temperature and the

4 temperature anywhere else. You may have some

5 qualitative feeling f or it, but you don't have a

6 quantitative relationship, because you don't know the

7 conditions, and that is no fault of yours. The

8 conditions are very variable.

9 MR. HANAUER: Well, the coli leg pipe should

10 be the coldest place in the system for the most

11 important transients, because the coldest water in the

12 system is being injected into the cold leg pipe.

13 MR. BINFORD: Well, I would agree wi th tha t.

O
14 MR. THEOFALOUS: I think that the impression

15 tha t is being genera ted here is that we know very little

16 about those things, and if we had this temperature we

17 could almost say nOthing about the temperature in the

18 downcomer, and I really don't agree with that.

19 MR. HANAUER I don't, either.

20 ER. THE3FALOUS: Well, if you agree with me,

'

21 then why are you saying that?

22 MR. HANAUER: Well, let me try and say it

23 better, then. There is an uncertainty here, and I

24 cannot in response to somebody 's question certif y that

25 this measured of temperature as a function of time is as

O
|
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() 1 cold as the water in the downcomer right at the vessel

2 wall can be. There is an uncertainty. This uncertainty

3 is caused by the difficulty in measuring in this large

4 pipe at very low flows, and I would not want to

5 represent, and tried very hard, maybe too hard, not to

6 represent that this temperature was the temperature of

7 the water in the downcomer right at the vessel wall. It

8 is related to it, and as you point out, we know a lot

9 more than nothing about this relationship, but we have

10 not made the calculation.

11 MR. THEOFALOUS: I guess my point was

12 referring to this aspect of it, that I was concerned

13 that people might get the impression that we cannot make,

14 those calculations. I think in some of your earlier

15 statements you ref erred to the difficulty of making such

16 calculations , and I guess I don 't agree with that, and I

17 don 't agree that a year later we still don' t have those

i 18 calculations. I really see no reason for that.
t

{ 19 MR. KOUTS: Was high pressure injection being
l
I 20 done here?

21 MR. HANAUER: On Ginna, yes, it was.
|

22 MR. KOUIS: So there was that source.

23 MR. AXTMANN: Does that negative spike

) 24 correlate with some action that was taken?

25 MR. HANAUER: Yes, the operators depressurized

O
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() 1 the primary system, reduced the pressure in the primary

2 system.

3 MR. CATION: They were also playing games with
)

4 the safety injection. It was on and off.

5 MR. BENDER: Steve, with great reluctance, I

6 would like to ask whether in a probabilistic sense we

7 know something about the temperature of the vessel wall.

8 MR. HANAUER: No, sir, not in th9 sense we are

9 talking about. We know a lot about the temperature in

10 th e vessel wall. We have taken this temperature to be

11 the temperature of tha water in contact with the vessel

12 wall, and we have heat transfer both at the wall and in

13 the metal calculations. What we don 't know

O 14 deterministically or probabilistically, we have not

15 evaluated in any quantitative way the difference between

16 this temperature and the temperatura of the water at the

17 vessel wall.

13 MR. THEOFALOUS: Let me rephrase my question

|
19 f ollowing this one. Would you agree that we can find

20 wha t the tamperature of the wall would be if one was

21 given, let's say, a month's time?

22 MR. HANAUER: We could find this temperature

23 with some assumptions about what is going on in this

24 pip e , yes, and these assumptions would not be completely

25 arbitrary, because they have some measurements. Yes, we

nm-
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() 1 could make some calculations.

2 Mr. Throm?

3 MR. THR3M: Given an event, there is a lot of
(

4 information that you would like to have concerning the

5 plant conditions that we really haven't tried to get

6 together, nor really are available in a plant. The data

7 we are seeing fron Criart indicates tha t the real

8 problem is in the very low flow situation, stagnant loop

9 flows or loop flows that are even less than the

10 anticipated natural circulation flows, and we don't have

11 data that really verifies what those conditions are.

12 Given the assumption that it was stagnant, we are coming

13 up with models that would allow you to predict what the

O 14 downcomer response would be, but then you are also

15 assuming either a no loop flow or some assumption of

16 wh a t the loop flow is, and I think it is kind of

17 sensitive in that range.

18 MR. THEOFA10US: Again I think that you are

19 trying to say that because we are not absolutely

20 certain , that is a good enough reason for not trying to

21 do the job here, and I really don't agree with that. I

22 think we know much more than what you are implying, and

23 I think a good job can be done in determining those

() 24 temperatures, and I think that should be done as soon as

25 possible.

O

|
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() 1 MR. BENDERa We have probably belabored this

2 point enough to be sure that there is some more

3 discussion to be had about it, but let's go on.{}
4 MR. HANAUER Now, this temperature or some

5 temperature related to it, in the spirit of the last ten

6 minutes, is the driving function for a calculation of

7 the temperature distribution in the vessel wall.

8 Because of the very large thermal inertia, we have

9 represented these rather unwieldy curves with

10 exponen tial temperature decayc of which an example is

11 shown here in the dotted line.

12 We are changing our code so we can put these

13 traces in directly, but we don't have that capability.

O
14 (Slide.)

.

15 MR. HANTUERa Here is the stylized temperature

16 pressure transient which we have used for some fraction

17 of our work , and I will try to be clear about where we

18 have used real transients and where we have used

19 stylized transients. The stylized transients begins at

20 a temperature two zero and ends asymptotically at a

21 temperature TF with an exponential behavior, and the

22 pressure is assumed to be a constant. This, of course,

23 is a gross oversimplification for some transient in

() 24 which the pressure does this.

25 (Slide.)

O
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() 1 MR. HANAUER: As shown on the top of this

2 curve. And so an improved model which, as I say, is

3 under development, is very badly needed in this area.

4 On the other hand, the pressure dependence is not

5 enormous, rather surprisingly, as we will come to in a

?

| 6 moment.
[

| 7 (Slide.)

8 MR. HANAUER: Now, the result of this

9 calculation is this frequency, this cumulative frequency

10 distribution. Here is the temperature, and now this

11 temperature is the temperature TF, which is used to give

12 a stylized representation of the temperature in the

i 13 inlet pipe as measured, and which has in it then the

O 14 uncertainties which we ha ve discussed, and here are the

15 eight incidents which are calculated and discusssed in

16 the report which you have.

17 The most severe one we paid any attention to

| 18 had a final temperature of 350 degrees. Above that, one

|
'

19 has very little problem with pressurized thermal shock.

20 And the lowest one had a final temperature evaluated of

21 225 degrees, and what we did was, we took the 350

22 reactor years for pressurized water reactors and divided

23 the numerator by the denominator, and there we have the'

( 24 frequency.

25 Now, statistically, this is not very well

O
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() 1 defined with eight events in this way, but here is their

2 frequency distribution.

3 There is one other thing that needs to be said

4 about this curve. These eight incidents contained no

5 incidents at a Combustion plant, and the three worst

6 ones were at BCW plants, which , however, have been the

7 subject of substantial backfitting programs to deal with

8 the causes of these three transients. So, here is an

9 additional uncertainty. If you try and se pa ra te these

10 into three BCW events, and four or five depending on

11 which reckoning you use, Westinghouse plant events, then

12 these statistics get really awful, and we have not

13 chosen to do this, but in fact it needs to be done, and

O 14 this is one of the pieces of unfinished business, is to

15 investigate in a more serious way whether there are any

16 essential differences which would affect the pressurized
;
' 17 thermal shack rist in the three kinds of plants that we

18 are dealing with.
<

19 MB. BENDER: Steve, those eight events as you -

! 20 have cited have resulted in some backfits, two kinds of

21 backfits, procedural changes and some phat.ges in the

22 physical plant.
.

23 MR. HANAUER: Well, one of them is Three Mile,

() 24 for which a very large list has been imposed.

25 MR. BENDER: The point I am trying to make is
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() 1 this. That curve there, or whatever you want to call

2 it, is clearly not a good statistical representation of

3 anything. It is just a computed probability of an event

4 tha t has occurred. But when you take into consideration

,5 the corrective actions, s new probability curve has to

6 be drawn. If you are only going to work on the basis of

7 historical evidence, then all the events are random, and

8 there is no way of correcting a random kind of

9 occurrence, but in view of the f act tha t there are

10 corrective measures that have been taken, would the

11 staff want to argue that this is probably a worst case

12 representa tion , or less than worst case? A re we better

13 of f today or not?

'''
| 14 MR. HANAUER: Well, I will give you my

!
' 15 opinion, and I will invite my colleagues on the staff to

16 flesh out the staf f opinion. This is surely not worst

17 case. Much worse transients are possible, and have not

18 occurred, but there is no reason why they couldn't,
I

j 19 except their lower probability prima facie based upon

20 wha t is happening.

21 There is no way in my opinion that this could

22 he a worst case. Since we have had corrective measures,

23 it is my opinion that this curve is somewhat worse than

() 24 plants today. How much worse, well, if we do our PRA

25 very well, and if it has the kind of discrimination

O
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() 1 which would show up such differences, then the PRA curve

2 would lie below this one, and if that were the only

3 reason for the difference, you would say that.that shows

4 the benefit of what we have done in backfitting, or you

5 could wait ten years and draw -- or 350 more reactor

6 years and see if the curve looked any different.

7 Well, we don 't have time f or that. The

8 current answer, since we can't do it with experience,

'9 has to be in the probabilisti evaluation which should

to be done on the plants as they are now with the backfits

11 in, and those plants that do plant specific evaluations

12 need to do that, and it will show for a variety of

13 reasons tha t present day plants are better than this,

14 and that will be one of the raasons.

15 Now, let me invite my colleagues to say either

16 something different or any other remarks that should be

17 added.

18 MR. ZUDANS4 Since most or let's say the key

19 argument in PRA is this experience, is eight data

20 points, does it represent any kind of a credible basis

21 for any statistical analysis at all?

22 MR. HANAGER: One can do statistical things

23 with eight points. We haven't done it. And Mr.

() 24 Bender's question is one of the reasons it doesn't

25 represent today's plants, and therefore doesn't justify

O
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() 1 very much nessing around in our opinion.

2 NR. BENDER Well, there is a little bit of a

3 contradiction $n the discussion. It doesn't representf-V)
4 today 's plants. I fully agree with tha t. And because;

5 it doesn't, trying to present a frequency relationship

8 of the sort you have there distorts the problem

7 probably.

8 MR. HANAUER: Yes.

9 MR. BENDER 4 And distorts it in what may make

10 the public safety question seem worse than it really is.

11 MR. HANAUER If you really believe that all

12 our backfits have made things better, which seems

13 probable if you look at the backfits, then, yes, this

14 gives a picture of the public risk which is worse than

15 the facts.

16 MR. BENDER: What is missing here is, and it

17 troubles me, and it troubles you, and probably the whole

18 sta f f, are the events that haven't occurred.

19 HR. HANAUER: Of course. That is what the

20 other half of this discussion is, the probabilistic

21 discussion.

22 MR. BENDER And whether the events that

23 hav en 't occurred can be presented probabilistically may

() 24 be the crucial issue.

25 MR. HANAUER: Indeed. We are in violent

O
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1 agreement.

2 (General laughter.)

O
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() 1 MR. BENDERS Okay. Go ahead. I had not

2 expected to reach any agreement with you, Steve.

3 MR. HANAUER: I now pause extremely briefly to

4 present sone results from a deterministic fracture

5 mechantes analysis. This has gone far beyond Pellini's

6 diagram because we now know how to calculate these

7 things ir. at least in elastic fracture mechanics in a

8 rather deterministic way.

9 (Slide.)

10 And we now have a great deal of experimental

11 and theoretical evidence that in the range of

12 applicability that this stuff does indeed predict the

13 f ailure modes and the failure effects of vessels made

O 14 out of the kinds of materials of which we are talking.

15 What we do not know, and what is the amount of

l
! 16 conserva tism in this analysis f or warm materials which
1

17 a re very ductile and for which linear elastic fracture

18 sechanics is an approximation.

19 Now, as an old instrumentation and control

20 engineer, I am far out of my depth; I have studied this

21 subject, but I am no expert in it. And so I may not

|
| 22 even answer the first question, but call on my expert

23 colleagues.

() 24 This is the result of a whole series of

25 calculations using a code similar to OCA about which the
l

O
I
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(') 1 fracture mechanicians in the room know far more than I.

2 What we have done is to esiculate --

3 MR. BENDER: Would you spell "0CA"?
)

4 MR. HANAUER: 3-C-A.

5 MR. BENDER: Thank you.

6 MR. HANAUER: A whole series of stylized

7 transients, they had constant pressuras and exponential

8 temperature decays. later on I will show you some

9 results for real transients.

10 These are deterministic transients. They

11 assume that there is a flaw wherever there needs to be a

12 flaw. They include the time-de pendent heat transfer of

13 the water, whose temperature is given by the exponential

14 decay into the metal and the time-dependent heat

15 conduction within the metal.

16 They include the metal properties as a

17 f unction of depth through the wall, as a function of

18 neutron irradiation which varies through the wall, and

19 also as a f unction of the local temperature which varies

20 with both time sni position.

*

21 They. include thermal and pressure-related

22 stresses, and they include the eff ect of crack arrests,

23 but not, in these calculations, the effect of warm

() 24 prestressing.

25 Now, the abcissa is the relative cooldown

)

|
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() 1 tem pe ra tu re ; namely, the TF from the stylized transient

2 minus RT NDT, the reference temperature which

3 cha racterizes the material.

4 MR. SHEWMONs They also assumed a flaw size. |
1

5 Is this a quarter of the wall size or what? |
| '

' 6 MR. HANAUER: No specific flaw size was 1

7 assumed. The flaw was assumed to be however big it
,

|
8 needed to be. I told you I would need help. !

9 MR. KLECKER: Ray Klecker.

10 From the standpoint we assumed that a flaw

i

11 greater thin, say, from the clad up to about 1 inch,

12 actually a little larger. And we locked at all crack

13 sizes within that range.

(
14 MR. SHEWMON: Go ahead.

15 MR. BENDER: That answer is not too clear to a

16 lot of us. If you are doing a computation, you have to

17 do it with -explicit flaw size in mind. If I were to

18 pick a point on that curve, on any of those curves,

19 could I identif y a flaw size that was related?

20 MR. KLECKER: We can go back to the original

21 calculations, yes, and pick out what that flaw size was.

22 MR. HANAUER: It does a search th rough flav

23 sizes and picks the one that starts. If any one starts,

( 24 it assumes the worst flaw, not some specific' depth, but

25 it looks =nd sees if there is any flaw that we can --

Oa
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( 1 MR. SHEWMON: If it assumed the range, then

2 there would be a probability, and I do not see any

(} 3 probability up there. -

4 MR. HANAUER4 There is no probability here.

5 HR. SHEWMON: The dividing line between crack
;

6 initiation or no crack initiation, there was a flaw size

7 or else there was some -- well, let us go on.

8 VOICE Very simply, a parametric study was

9 done which assumes the presence of a flaw, and the final

10 solution wa s s fitw as a basis of a range of flaw sizes.

11 If the study showed crack initiation for any

12 size flaw from very small, let us say, q ua r te r-in ch up

13 to an inch, that initiated it. We assumed the presence3
i )

14 of a flaw. It was not probabilistic. The size was

15 indeterminate and determined by a parametric study.

16 MR. BENDER: Go ahead. We will come back to

17 it someday, maybe not today, but someday.

18 MR. HANAUER: Now, the original curves which

19 we saw from an early version of this study had, in fact,

20 coalesced into a single curve here and a single curve

21 there. And more detailed studies have resulted in these

22 dependencies.

23 Notice that the whole length here is 150

24 degrees or so, so that these differences are really

25 quite small. We have here the pressure and here the
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() 1 cooldown tem perature relative to the reference

2 temperature of the material at its inner surface. We

3 did not assume a constant temperature, and we did not

4 assume a constant reference temperature through the

5 thickness of the material. But we pinned it, in order

6 to plot it, to the ref erence temperature at the inner

7 surface.

8 MR. BENDER: Well, Steve, there is a shape of

9 the temperature distribution.

10 MR. HANAUER: Yes, sir. I w.11 say it again.

11 The temperature, IF, is this asymptotic temperature of

12 the water a t large times. The RT is the reference

13 transition temperature at the inner surface of the

O
14 ferritic material.

15 MR. SHEWMON: Did you use a bounding or a most

16 probable heat transfer coefficient to get from the

17 T-final to the steel temperature? That has been a

18 question of argument before.

19 MR. HANAUER: We have used several. For this

20 study the heat transfer coefficient was, I think, 300.

21 MR. KLECKER: I think on this one it was

22 1,300. The later ones, we used 300 or 330.

23 MR. HANAUER: We have used various numbers,

24 and this can be discussed.

25 ER. SHEWMON: And the 1,000 is bounding, and

O
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() 1 300 is more likely, or what?

2 MR. KLECKER: I would say 300 or somewhere

3 thereabouts is more realistic.{)
4 HR. SHEWMON: Okay. Thank you.

5 MR. HANAUER: The Westinghouse calculations,

6 which give similar results, is actually a heat transfer

7 correlation and gives similar results to our 300 curves.

8 All right. Now, first of all, the two

9 families of curves are for two different values of

10 beta. The inverse time constant for the assumed water

11 transient. Here is a large value of beta where the

12 water temperature comes down quite quickly, and the heat

13 transfer is almost entirely dominated by the conduction

O
14 into the material.

15 Here is a much smaller value of beta, where

16 the water temperature comes down much more slowly, and

17 both then the water temperature variation and the

18 conduction into the material contribute. And as you can
I

19 see , a somewha t either higher pressure or lower

20 temperature can be tolerated if it happens iore slowly,
.

21 not surprisingly.

22 Here are the different final temperatures. If

23 TF minus RT NDT were really a correlation parameter,

} 24 these two curves wouli coalesce. In fact, for a

25 15-degree change in TF, there is approximately down here

!
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()| 1 a 15-degree change in the severity, so that they do not

2 quite coalesce and therefore, TF minus RT NDI is not

3 quite e good correlation parameter.

4 MR. BENDER Steve, if I were concerned about

I
5 the pressure condition and wanted to try to make some

6 judgment about where I would like the pressure to be,

7 clearly I would like to have it as low as practical, but

8 there are some operational questions associated.
t

| 9 MR. HANAUER: There is also a question of

10 cooling the core.

11 3R. BENDER: Yes. And you were trying to make
i

12 a judgment as to where a suitable pressure might be,

13 where might I draw a line?

O
14 MR. HANAUER: Well, the first thing to notice

15 about pressure is its surprisingly small contribution if

16 you take the more severe curves, the pressure slope from

17 zero all the way up to 2500 is only worth about 40

18 deg rees. So that the stresses in this model are
!

19 primarily thermal, and the pressure stress is

| 20 significant but not really a large part of it.

21 For the slower one, where conditions are less

| 22 severe, the pressure has much larger importance and is

23 worth somethino like 100 degrees. For this purpose, you
i

() 24 would like the pressure to be as low as possible, for

25 the most severe transients, which turn out to be the

O
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() 1 small-break loss-of-coolant accidents.

2 In the intermediate size where flow stagna tes,

3 the pressure calculated is about 1000 pounds. We think
(}

4 the pressure will hang up at about 1000 p.s.i. So you

5 are down here, and there is not mu ch h ay to be made in

6 trying to get the pressure much lower.

7 MR. BENDER: I do not know if you are going to

8 proceed from here to the question of crack arrest, but

9 if you are not, then I may as well lay the question out

10 h ere .

11 The Staff, I think, probably is following a

12 good regulatory strategy in arguing you should protect

13 against crack initiation. But in the sense of what puts

O 14 the public in jeopardy, there is a question of whether a

l 15 crack which initiates will arrest.

16 3R. HANAUERa But crack arrest is, in fact, in

17 this model, and a similar curve can be drawn with crack

18 arre st. What you get is that down below about 500

19 pounds per square inch, these curves slant to the left

20 quite strongly. I do not think I brought one with crack

21 arrest. I am sorry about that. It is in the report,

22 however, and it is also in the PEL report, very clearly

23 ind eed .

( 24 Crack arrest seems to make a significant

25 dif ference only at pressures below about 50 p.s.i. Now,

O
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() 1 the models which we have used later on in our

2 probabilistic study include the effect of crack a rrest,

3 and in one important transient, include the effect of

4 warm prestressing also in order to get more realistic.

5 MR. ZUDANS4 Steve, do you have a similar set

6 of curves for a coefficient of 300?

7 MR. HANAUER: Such data exist. I do not have

8 such a curve with me.

9 MR. ZUDANSs Have you ceen them?

10 MR. HANAUER: It becomes less severe because

11 the heat transfer is less. It is really more important

12 for this one than for this one. And my recollection is

13 they do not coalesce very much better. Somebody please

O 14 correct me. ,
,

15 MR. RANDALL: In Appendix D, page 18, there is
!

16 a table giving that efftet of a difference of H-300

17 versus H-1000.

18 MR. ZUDANS4 Which page?

19 MR. RANDALL: D.18, the biggest number in the

20 table is 29 degrees, and both of them are around 10. So

i 21 it would not hffect that.

! 22 MR. HANAUER: It is not negligible, but it is

23 n ot very large either, and I cannot tell you whether

() 24 they coalesce any better or not. One would have to go

25 look thrcuch a whole bunch of calculations to find out.

}
i

I
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() 1 MR. REMICK: Steve, there is something I do

2 not und e rs ta nd . You talk about flows stagnating, yet

3 when the curves that you had sh o we d an exponential{)
4 measured decrease in temperature that was fairly rapid,

5 how could you have sta9 nation and temperatures changing

6 that rapidly?

7 MR. HANAUER4 Because in the first place, we

8 have not had a transient where the flow completely

9 stagnated, as far as I know. In the second pla ce , the

10 Criari isti show that there is mixing in the cold leg.

11 And this is a physical fact. The flow does not stagnate

12 all the way. The third reason is that we are injecting

13 the cold water right into this space.

O
14 MR. REMICK: I understand. But if you are

15 injecting it in, you cannot inject it in if there is

16 stagnation. Something has to be moving.

17 MR. HANAUER: Yes. The flow stm7 nation is not
.

18 total. The motion is not zero. If it were, the cold

19 water would not get into the reactor, and we would not

20 have any problem.
.

21 MR. THE0FAlOUSs What do you mean by

22 "stagna tion" now? Do you mean the loop flow, what you

23 normally call " loop flow," the flow going through the

() 24 loop, or convection currents?

25 MR. HANAUER: How I use it is tha t for a

O
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( ); 1 certain class of transients which turns out to be very

2 important, the net flow in the loops is essentially

gg 3 zero, but the local flow and mixing, as was pointed out
V

4 a moment ago, is not zero. You are injecting cold

5 water, and it has to go somewhere. And we have these

| 6 seasurements that show that there is a certain amount of
1

| 7 local flow and mixing. Now, when I mean " stagnation," I

8 nean that the natural circulation through the loops is

9 stopped.

10 MR. THEOFALOUS: And I thought you said the

11 Criari data show that there is good mixing in the cold

12 leg under those conditions?

13 HR. HANAUER: There is a substantial amount of

14 mixing. I do not know whether you want to call it good

15 or not.

16 MR. THEOFALOUS: Because my interpretation of

17 that is that the data shows there is very good

18 stra tifica tion .

19 MR. HANAUER: There is stratification, yes.

20 Levy has made a model to show the stra tification and
|

1

21 what mixing takes place, and it seems to correlate a

22 substantial amount of the Criari data. And they are nov

23 doing some more tests to see if it works.

() 24 MR. KOUTS: I thought Forrest was referring to

25 the temperature spike in the Ginna transient, and that,

1
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(]) 1 I thought, was a result of temperature change which

2 caused local fisshing.

3 MR. HANAUER: Yes, sir.,

4 MR. REMICK: No, I was referring to the be ta .

5 If you had a beta .12, as you did in one curve, that

6 meant every 8 minutes roughly the temperature was

7 changing by a factor of E, which is several hundred -

8 degrees. Io me, that hardly seems like stagnation.

9 Tha t is what bothered me.

10 MR. HANAUER: No, that is not quite right.

11 The temperature difference to the final temperature is

12 changing by a factor of E. The exponential is related

13 only to the difference between TL snd TI. So that, yes,
i

14 in the first 8 minutes you get about a factor of E
,

! 15 change in the temperature difference, and after that --

| 16 MR. REMICK: Well, that could be several

17 hundred degrees in 8 minutes.

; 18 MR. HANAUER: Our TFs are in the range of 200
1

19 to 350 degrees. So, yes, there is 200 to 300 degrees

20 between To and TF; that is quite right. And in this

21 range the tempersture changes quite quickly on the

22 8-minute sched ule.

23 MR. BENDER: Steve, when you are making this

() 24 computation in the face of the other essentially
<

25 stagnant core circulation, the cooling of the wall is

i
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() 1 dominated by the ECCS flow. Is that what you are saying?

2 NR. HANAUER: For certain transients, that is

3 true, yes.n/s-
4 MR. BENDER: Now, some people have asked

5 questions about whether the temperature of that coolant

6 of the ECCS coolant could affect the wall temperature

7 under those conditions.

8 MR. HANAUER: Indeed, it could. And warming

9 that water is one of the things that ought to be done in

i 10 plants with brittle vessels.

11 MP. BENDER 4 But the computation now is based

12 on what water temperature?

13 MR. HANAUER The computation which we now
( ,)

14 have, which is a Westinghouse Owners Group computation,

15 used 60-degree water, allowed for --
|

16 MR. BENDER: Is that centigrade of Fahrenheit?

17 MR. HANAUER Fah renh eit. Allowed for mixing

18 in the cold-leg pipe in accordance with a model derived

19 from the Criati tests, allowed for heat transfer from

20 the cold-leg pipe wall, in accordance with a model and

21 then put this water into the downcomer, I do not think

22 with any further mixino.

23 I see nods in the Westinghouse bleachers.

() 24 MR. MEYERa I am Daniel Meyer of the

25 Westinghouse Owners Group.

CE)
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i (]} There was some f urther mixing.1

2 MR. HANAUER: So that was the model that was

3 used in the current calcula tions.

O
4 MR. BENDER: Go ahead, Stave.

5 MR. HANAUER: Now, this is the deterministic

6 calculation, and the people at Oak Ridge fixed up their

7 deterministic calculation -- or already had it fixed, I

8 do not know which -- and used a calculation of this

9 type, not on the stereotyped transients but on seven, on

10 five of the seven transients which actually occurred --

11 five or six. Six, I think. One of them we just did not

12 have the data on the time-dependence, and so we could

13 not do it..

b) 14 (Slide.)m

15 Here is th e results. Now, this is a

16 deterministic fracture mechanics calculation of the kind

17 I described , with a heat transf er coef ficient of -- what

'

18 did they use for this one? I cannot remember.

19 MR. KLECKER: Tha t one was 330, as I recall.

20 MR. HANAUER: And what they did was they

21 calculated for each transient a value of RT NDT at the

22 interval f or which no crack would be initiated even if

23 there was a flaw. That is a net result, is this solid

(]) 24 curve. And I have also plotted here as a dotted. curve

25 the T evaluation of these same events off the
f

O
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() 1 previous vuegraph.

2 But now you see this is not the stereotyped

r~g 3 ahymore. For this calculation it is not necessary to
V

4 represent the transient with a constant pressure and an

5 exponential temperature decay.

6 We used these zigs and zags in these

7 temperature and pressure plots that were taken from the

8 actual events. And as you see, it is somewhat less

9 severe because it is somewhat stereotyped, and it was

10 possible then to use a more realistic depiction of the

11 actual transient as it occurs.

12 And here they are plotted in the same

13 cumulative f requency way with the same strictures that

O 14 have to be placed on it for backfits since then. This
i

15 represents the plants as they were at the time the

16 transients happened rather than the plants as they are

17 now .

I
'

18 And you will observe the, crudely speaking,
1
' 19 about a 50-degree difference between these. That is to

20 s a y , if you believe the critical RT NDT curve, then the

21 TF representation was about 50 degrees conservative. Of

22 cou rse, this is a better way of representing this kind

23 o f phenomenon.

() 24 1R. THEOFALOUS: Does this mean that if the

| 25 calculation of RT NDT was a good one, a correct one, and
|

|
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,

() 1 if th e temperature in the particular transient was 50

2 degrees lower, we would have a crack initiation?

3 MR. HANAUER: No, it does not mean that. Here{
4 a re two calculations of the same set of transients. On e

5 is stereotyped TF-style; the other uses the actual

6 transients.

7 MR. SHEWMON: TF?

8 NR. HANAUER: TF constant pressure, the same

9 business. TF constant beta, same pressure. That says

10 that for these transients RT NDT could be about 50

11 degrees higher than the TF we were using, without

12 cracking the vessel.

13 MR. KOUTS That is a ssuming that the water

l (2) 14 temperature according to the top curve is the vessel

15 wall tempera ture. According to the bottom curve --

16 MR. HANAUER: No, sir. This top curve

17 represents the water temperature by TF and beta. This

18 curve represents the water temperature by what was

19 actually measured in the cold leg. This curve has a

20 constant pressure. This curve uses the pressure as was

21 measured.

22 MR. KOUIS Where did they get the

| 23 measurements ?'

() 24 NR. HANAUER: There are measurements of

25 pressures in primary systems. The temperatures were in

(
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.

() 1 the cold leg; the pressures are on the pressurizer. But

2 the pressure, remember these are transients

3 characterized in minutes so tha t there should not be any
Os i

4 problem.
1

5 MR. K0UISa I thought we had no temperature 1

6 measurements in the cold leg.

7 MR. HANAUER: But not the downcomer.

8 MR. KOUISs So this assumes the measure of the

9 temperature in the cold leg is the measure of

10 temperature in the downcomer? That is what I said the

11 first time.

12 MR. HANAUERs I a m sorry, I did not understand

13 you to say that. Yes, this has that same problem in
I

14 it . We do not have a way out at the present time. We'

15 do not have a calculation.

16 MR. THEOFALOUS: So this difference then is

17 just the effect of the pressure?

18 MR. HANAUERa It is the effect of the

19 pressure. It has three ef f ects in its one, the effect

20 of the pressure; second, the stereotyping of the

| 21 ter. pe ra ture variations and third, the fact that the

22 final temperature is not just a tempera ture that will

23 break the vessel.

() 24 (Slide.)

25 Here you see depending on situations -- here

O.
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() 1 is RT NDT you see out here -- and the transient can be
!

2 colder than RT NDT by an amount that depends on the

3 temperature, the beta, and the pressure.{}
4 MR. THE3FALOUS: Probsbly that is the main

5 effect. That is about 50 degrees.

6 MR. HANAUER: Well, 50 degrees is here. So

7 there are lots of ways to get 50 degrees.

8 MR. THEOFALOUS If you look at the difference

9 between TF -- okay. Yes.

10 MR. HANAUER: It is different for each

11 t ra nsien t . There were high-pressure transients and

; 12 low-pressure transients. The high-pressure transients
!

13 are up here; the lower-pressure transients are down here.

()
14 MR. THEOFALOUSs Is there any way you can give

15 a feel of how important the pressure variation is? I

16 would not quess that it is too important.

17 MR. HANAUER: I do not have anything hard. It

18 seems to be worth, for this lov one, as much as 15

19 degrees plus; for the fast ones, rather less.
'

20 MR. ZUDANS: Steve, could you go back to the

21 previous slide?

22 (Slide.),
,

23 MR. HANAUER: Yes, sir.

() 24 MR. ZUDANS: And look at one of the shelves,

25 the dashed shelf, and the correspondingly solid-line

i /~T
U
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1 shelf.

2 MR. HANAUER: Yes. This one and this one, for

3 example.

4 MR. ZUDANS: That is supposed to represent the

5 same event; right?

6 MR. HANAUER: Yes, sir.

7 32. ZUDANS: And therefore, the probability is

8 the same. And the dashed curve shows the fluid

9 temperature at that point, your stylized?

10 MR. HANAUER: Yes.

11 MR. ZUDANS: 2nd the solid curve represents

j 12 which RT NDT wouli initiste the crack; is that right?

13 MR. HANAUER: Yes. In accordance with this

14 mod el, of course.

15 MR. ZUDANS: And the fluid temperature, of

16 course, and the solid curve varied all over the slope?

17 MR. HANAUER: Yes. We used the measurement in

i 18 the cold leg to represent the fluid temperature.

19 MR. ZUDANS: This actually then shows what you

20 said how much higher the RT NDT Jould have to be than

21 the fluid temperature?

22 MR. HANAUERs Exactly. Okay.

I
23 Now, from this collection of information, we

I

() 24 derived a screening criteria.-

25 (Slide.)

O
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1 Now, I have to tell you plainly that there is{}
2 not as much science as one would like in the derivation

3 of the screening criterion. I will also tell you

4 exactly how we did it, which will tell you how little

5 scienca there is.

6 What we did is, we had a much earlier version

7 of these curves. Because our initial curves had some

8 mistakes in them which the industry owners groups

9 pointed out to us, and they were right in some of them,

10 and so we made some major changes in our curves from the

11 ones we had in June to the ones we have now.

12 On the original set of curves -- completely

13 arbitrary, because we did not have the Strosnider

14 results at that time in the form in which we have them
-2

15 now -- I took 10 a completely arbitrary value based,

16 on the idea that anticipated opersting occurrences have
-2

17 s f requency bound of about 1 in 40 years. So 10 is

18 comfortably below that.

19 But without any really scientific basis, I
-2

20 took 10 and at that time this curve crossed the 260,

21 and this curve crossed at 280. The 50-degree difference

22 had not shown at that time, and so I held my nose and

23 picked 270. |

,

() 24 Now, that is the amount of science there is in
1

25 the 270-degree screening c ri te rion . But since that time I

l
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() 1 If you really believed these curves and wanted

2 to use them in some detail, and if you really any
-2

3 scientific basis for 10 you would pick a number in
{}

,

4 the low 300 's for the screening criterion based cn ttis

5 curve. It is my opinion that that is too high, based .

6 upon some probabilistic discussion that I will give you

7 a little la ter.

8 There is really more justification to 240 than

9 that, but the original basis is indeed rather thin.

10 MR. BINFORD: Steve, let ze ask one question

11 here. It appears to me that the dotted curve is merely

12 the solid curve, as you have said and presented in a

13 stylized f ashion. Once you have the solid curve, whick

O 14 is the actual conditions, what is the use of using the

15 dotted curve at all?

16 MP. HANAUER4 The dotted curve is a grosser

17 approximation, which I don't use much any more.

18 MR. BINFORDs Well, it just appears to me that

19 a ll this does is to demonstrate that your simplification

20 is reasonable.

21 5R. HANAUER: Now, the reason to show the

22 dotted curves in the Tf is that we had to do our

23 probabilistic work using Tf, We don't have the codes

() 24 today to do RT critical for the probabilistic work. We

25 will one of these days, but today we isn't, and that is
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()'

.1 one importan t estimate. I have carried the Tf along.

2 So the screening criterion -- and I will get

3 to a stopping place, Mr. Chairman, in about, I predict,

i 4 ten minutes or so.

5 MR. BENDERS Fine.
I

6 MR. HANAUER Well, I will one way or another

7 get to a stopping place pretty soon.

8 MR. BENDERa Why don 't you announce when you

9 would like to break.

10 MR. HANAUER: Yes, sir. You will see my

11 coa ttails disappear through the door.
|

12 (laughter.)
|

. I

13 So all the work I have been talking about so

()
14 f ar is f or longitudinal cracks, and so we picked 270

15 degrees for longitudinal cracks in the manner which I

16 have described. We then ask, what about circumferential

17 cracks. This turns out to be very important. for three

18 reasons:
i

19 First of all, it's different and in some
:
I 20 vessels the circumferential cracks, the circumferential

21 velds will do51nate because they contain higher copper
i

22 materials

i 23 Secondly, some vessels don't have longitudinal

J 24 velds, and f or those vessels the circumferential welds

25 will surely dominate,
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() 1 And thirdly, the consequences for a severe

2 vessel break all the way around the circumferential veld

[} 3 are substantially more serious.

4 MR. BOCK: Steve, what about plate material?

5 MR. HANAUER: I beg your pardon?

6 NR. B3CT: What about the reactor vessel plate

7 material? Don 't the vendors believe in some cases it is

8 more limiting than the welds?

9 ER. HANAUER4 There are some cases on which

10 the plate material is more limiting. In that case you

11 don't have any good reason for picking one crack

12 orientation over another until we learn something about

13 colling directions and so on, about which I think veryt

()
14 little is known today about flaws. And I suppose for

15 those vessels one should pick longitudinal flaws, for

16 lack of any information.

17 There are only a small number of such

18 vessels. In general, the copper-coated welding

19 electrodes in the vessels of interest created a ma te ria l

20 which is substantially more susceptible to radiation

21 embrittlement, and so the welds almost always dominate

22 in all of the high-brittle vessels. In general, even in

23 vessels where the plate dominates the situa tion is

() 24 reasonably in hand.

25 Now, there are a few vessels about which we

O
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(]) I know very little, and here we are simply going to have

2 to get some more information if it can be hand. The

3 circumferential crack therefore has to be treated. It

4 is restraint-contrained in an entirely different way, as

5 the crack begins to open in the fracture mechanics

6 calculation. And of course the pressure stress is half

7 as much for the circumferential flaw as it is for the

8 longitudinal flaw, because of the way longitudinal and

9 hoop stresses are related in a pressure vessel.

10 We put these into a series of calculations

11 which are reported Appendix D, and the result is we.

12 have selected 300 degrees Fahrenheit as approximately

13 equivalent to 270 degrees for longitudinal flaws.

14 MR. SHEWMONs When I see " longitudinal crack"

15 u p there, should I think of a longitudinal weld, that

16 this crack then -- so the crack is always running in the

17 weld material?
~

18 MR. HANAUER: Yes, sir. That is the picture

i
19 we have.

20 MR. SHEWMON: That is not the picture I was

21 shown yesterday by one of you guys. But let's go

22 ahead.
,

I

| 23 MR. HANAUER: That is our current picture, and

| () 24 our current model is based on long longitudinal cracks

25 or long circumf erential cracks.

O
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() 1 MR. SHEWMON: Running always in weld

2 material?

3 MR. HANAUERs Yes, sir.
,

4 Okay. Now, a final question in det'erministic

5 space is, okay, suppose that is the criterion, how do we

6 evaluate the vessel in Skunky Hollow Unit No. 3 and

i 7 determine its properties to be compared with the

| 8 screening criterion.

9 We convened a peer group, an expert group, to

10 do this.

11 (Slide.)

12 And their recommendation, which we have

13 adopted, is the following: The RT NDT of any given

()'

14 vessel at any given time is of course -- starts at some

15 initial value and then increases in accordance with the

16 rad ia tion. I will come back to this and talk about the

17 -- no, I'd better talk about them now.

18 Neither of these things is known perf ectly, of

19 course. There are substantial measurement

20 uncertainties, and also there a re uncertainties

21 regarding the material which is being measured. In many

22 cases the material which is being measured is not the

23 actual weld or a prolongation of it, but a qualification

() 24 piece which was made on a different day, with nominally

25 the same materials.

O
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%
) 1 And so there are at least these two sources of

2 uncertainty. Now, for some vessels and for some veld

C')N
3 types, less material is available and so one is forced

'

4 to consider s population of vessels and welds to infer

5 the properties of weld X in vessel Y from a much larger

6 population, which may or may not be made of the same

7 material.
i

8 MR. SHEWMON: I used to think that a best

9 estimate was something like a median or mean value. '

10 have yet to see anybody who works for the NRC qive me a

11 median or mean value. So is that what I will term an

12 NRC best estimate, or is that sort of a best estimate in

13 the sense o,f mean or median?
O

14 MR. HANAUEPs As one NRC employee, I will tell
.

15 you tha t what is intended there is the mean or the

16 median.

17 MR. SHEWMON: Okay.

18 MR. HANAUERs And you will find in Appendix P

19 of the report values for this which may convince you

20 that at long last somebody in the NBC is trying to do

21 that for best estimates. It comes hard. Our whole

22 tradition is dif f erent.

23 Now then, the object is to use the best

( 24 estimate of the initial mea surements, which are

t 25 available for almost all vessels, and then to use

O
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() 1 Guthrie's correlation f or different families, dif ferent

2 populations of weld materials, to estimate the change as

3 a function of irradiation.

4 Now, this is not a simple matter. We have

5 already had a discussion this morning with one of the

6 owners groups who would like to quarrei with some of the

7 numbers in Appendix P. We seem to be forever quarreling

8 with the numbers in Appendix P.

9 There is, first of all, the calculation of

10 neutron leakage flux, a subject understood by at most

11 seven people in the world, I think.

12 (Laughter.)

13 And calculated with great difficulty. The

O 14 codes are not very easy to use and the assumptions that

15 go into the codes can be argued about almost

16 interminably. .

17 Ha vi ng calcula te d the flux at the inner

18 surf ace , it is necessary to calculate the attenuation of

19 the neutron flux through the wall and the change in

20 neutron enargy spectrum through the wall, because the

21 energy of the neutrons determines their effect on the

22 properties of the material.

23 This matter can also be discussed at greater

() 24 length. I will say today, I will say now, it could be

25 reopened at much greater length if you want. We now use

O
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() 1 a model somewhat different from the one in Reg Guide

2 1.99 which includes, we think, the effect of the

3 spectrum hardening through the wall, and we have Mr.
,

4 Lois and others who are prepared to discuss those

5 questions with you.

6 Then, for conservatism -- and this is one of

7 the places where we put it in explicitly -- for

8 conservatism we add twice the standard deviation of this

9 value. Since there are two components, we consider

10 separately the standard deviations involved in these two

11 components. And since they arise from different

12 physical phenomenon, we add them up at statistically

13 uncorrelated standard deviations.

O
14 So the result is the initial, the change, plus

15 two standard deviations.

16 MR. BENDER: Steve, in putting in the two

17 sigma allowance you are trying, I suppose, to bound the

18 data?

19 MR. HANAUER: Yes, sir.

20 MR. BENDER How much of the data is bounded

21 by that?

22 HR. HANAUER: I'm not an expert on this. I

23 have seen the curves and it is, two sigma gets the right

) 24 percentage of it, which is 95. And there are in

25 Appendix D scatter disgrams that show these bounding

O
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.

! (} 1 curves and how they do it, and there is -- has Guth rie 's

2 report come out? Where is Les?

3 MR. RANDALLs This is George Guthrie.

O
4 MR. HANAGERa How do you do, sir. I have

5 never met you. Has your report been published?

8 HR. GUTHRIEa Not yet, no. No, sir.

7 HR. BENDER: Is it necessary to cover 95

8 percent of the data?

9 MR. HANAUER: Well, how bounding would you

10 like to be? Would you like to deal with a best

11 estimate, with one sigma, with two sigma, with something

12 else? That selection has a lot of arbitrariness to it.

13 HR. BENDER: Well, if every point in a set of

( 14 curves had equal weight, I guess I would probably accept

15 the argument pretty well. I'm not sure tha t the points

16 should be 7iven equal weight, because there is a lot of

17 variation in how the determinations are made.

18 Can you comment on that?

19 MR. GUTHRIEs Well, they. were given equal
(

|
20 weight . But we also had in here, there are two f actors

21 to the uncertainty. One part of the uncertainty is due

22 to the f act that we don't know. When we are fitting a

23 curve, we have a Sharpey shif t given to us for each

() 24 point. We have the chemistry given to us for each point

25 and we have the fluids given to us for each point.

()
|
.
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() 1 That assumes that th e re was an error in the

2 fluence. There are several errors in each of the data

3 points that have to be considered. There is an error in

4 the reported chemistry, there in an error in the

5 reported fluence, and there is an error in the reported

6 Sharper shift.

7 I took into account the errors in the Sharpey

8 shifts, I took into account'the errors in the fluence,

9 and I minimized the sums of the squares of the errors

10 bet ween , the discrepancies between the measured Sharpey

11 shift value and the calculated Sharpey shift'value, plus

12 the sums of the squares of the errors between the

13 reported fluence and the fluence as it was adjusted by

! } 14 the fitting code.

l

15 In other word s, the fluence for each one of

16 these points was an adjustible parameter, and within

17 that sort of a method all of the points were weighted

18 deeply.

19 Other people have made studies where they have

20 studied various populations separately and they find

21 that the exponential power, the exponent on the fluence,

22 is different for welds and for pla te ma terial. In

23 particular, Combustion Engineering has an opinion that

| () 24 the exponent on the fluence for veld material is a lower
!

25 value than for the plate ma terial. |

|

i

!
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{'} 1 MR. BENDER Well, that's enough for now.

2 MR. HANAUER Here is the Guthrie correlation,

3 or one of the many depictions of the Guthrie

O
4 correlation.

5 (Slide.)

6 This is hard to see, so the abscissa is the
18 19 20

7 fluence 10 10 10 ; the ordinate is the RT, ,

8 NDT plus 2 sigma, which had to be uncoupled. And as you

9 can see, this is for three different percentages of

to copper and these are the correlations we are using.

11 Mow then, these correlations, as you can see

12 f rom this simplified curve --

|
'

13 (Slide.)
/~(-}- 14 Here is a curve which is intended to show

15 schematically how these things go together. Here is

16 Guthrie's mean curve here for copper and nickel, and

17 here's Guth rie's mean curve plus two sigma. And I've

18 a d d ed in the signs in the RTO also, which would move

19 these curves up or down depending on what RTO was.

20 However, the Guthrie correlation gets very large at very

21 large levels of fluence.

22 And we believe that the Reg Guide 1.99 limit

23 is a more realistic limit at very large fluence levels.

| (]) 24 However, since the Reg Guide 1.99 already is a limiting

| 25 curve , we added twice the value of the initial standard

O
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(]) 1 deviation and didn't put in another term with the

2 standard devia tion in it. It is already in it.

3 So that the way in which we predict RT NDT for

4 this vessel is we decide, we estimate the fluence at

5 some particular time and then we go to this curve, which

6 -- we go to this curve, plus the RTO, whatever it was.

7 And if the fluence is higher than this amount, we use

8 the Reg Guide 1.99 limit.

9 And this then is a defined procedure for

10 giving a conservative estimate of the s ta te of any

11 particular vescel. The results are shown on the next

12 vugraph. You had better use your handout, because my

13 vugraph machine did me dirt and this is essentially

14 illegible.

15 (Slide.)

16 I'm sorry about that. I don't have my handout

17 up here. I will try and work from this.

18 Here are the first seven plants in Appendix P,

19 Table P-1 in your report. Here is the initial RT.

20 Notice tha t we have numbers like minus 56, so I hope,

21 Dr. Shewmon, you can accept that we really tried to do

22 some best estimate here.

23 Here is the delta obtained in the way that I

() 24 have described, and here is the standard deviation for a

25 large f raction of the popula tion . The two standard

O
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| () 1 deviations is 60 degrees, but some others are no

2 better.

3 And here is the result as of the last day in

4 December in 1981, that being the date for which these

5 calculations were made. And these are more or less in

6 order, and you will see tha t in the right-hand column is

7 quite a crude estimate of when these plants will exceed

8 the screening criterion.

9 The first one is Robinson Unit 2 -- or Unit 3,

10 which will exceed the criterion in February 1987, four
i

11 and a half years from now. So that even for our lead

12 plant, our lucky lead plant, there is a substantial

13 amount of time to do something.

O 14 MR. BENDER: Steve, is that prior to actions

15 to change the fuel?

16 MR. HANAUER4 These estimates are now somewhat
.

17 -- Neil, do you want to comment?

18 MR. RANDALL: For Robinson we took into
!

i 19 account the reduced fuel loading because we had the

20 numbers. All of the others, we did not take into

21 account reduced flux.

! 22 3R. HANAUER: This is obviously a somewhat

23 moving tar 2et. Fuel loadings change, calculational

() 24 methods are improved. And so I predict by the end of;

25 this year there will be a different set of numbers. I

;
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1 know last year there was a different set of numbers.(
2 MR. BENDER: When you look up there you become

3 aware of the two sigma value, which doesn't look like a

O
4 very big number by itself.

5 MR. HANAUER: Plus or minus 60 is not small.
,

6 MR. BENDER: It is an important number, but if

7 it were the only one --

8 MR. HANAUER I've seen whole days spent on

9 10-degree differences.

10 MR. BENDER I'm sure that is the case, and as

11 a matter of fact you are sort of leading to the question

12 I was trying to ask. Because there are a lot of other

13 places where those incremental values are being put

( 14 together, you are led to wonder how many numbers like 10

15 to 30 degrees are being cranked into that value.

| 16 NR. HANAUERs Into this value? I hope none in

17 this value. Now, you migh t ask how much of that stuff

18 is in the screening criterion. The answer, there is a
i

19 f air amount in the screening criterion. The OCA code,

20 f or example, assumes that there is a flaw every place
|

21 there needs to be a flaws what is that worth? And the

22 probabilistic discussion af ter the break gives some

1
23 insight into that.

(]) 24 MR. CATTONs What is ten degrees worth in

25 yea rs, just to get a feel for those numbers?

O
.
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{} 1 MR. HANAUER One to three.

2 MR. CATION: One to three years. So 30

3 degrees up there would be three to nine years?

O
4 HR. HANAUER: Yes. It's a lot of years.

.

5 MR. CATION: So it is important.

6 MR. HANAUER: Yes.

7 MR. B3CKs Of the RT NDT numbers given up

8 there, can you break those down as to which are

9 Guthrie-limited and which are 1.99 limited?

10 MR. HANAUER It can be done. I can't do it.

11 $R. SHEWMON: Is he approaching the end? Are

12 we going to take i break? <

13 HR. HANAUER: Yes. This is my last pre-break

14 vug ra ph .

15 MR. SHEWMON: Well, before or after the break,

16 I w ould like to hea r a discussion of whether the

17 operators are sent home the days we think we're coing to

18 get a transient, whether we are doing anything to work

19 with them. That discussion has been completely devoid

20 in that area .
l
'

21 MR. HANAUERs Yes. That is af ter the greak.

22 SR. BENDER: Are there any other questions?

23 3R. REMICK: On Robinson, Steve, the

() 24 difference in the delta RT between the circumferential

| 25 a n d the axial, is that due to a difference of materials

O
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1 in the weld material or is fluence factored into that
)

2 difference?

3 MR. HAHAUER Both factors are there, but the

( 4 1sroest one is the difference in the copper content of

5 the weld.

6 MR. REMICK: Thank you.

7 MR. BENDER: This sounds like the right time..

:

8 MR. SHEWMONa One list point, and we vill see

9 what we're talking about after the break. Not tha t

10 those sorts of things have ever inhibited this Committee

11 particularly.

12 But I have the feeling that these numbers are

13 probably about what they should be, or at least much of

() 14 the gross conservatism has been squeezed out of them.

15 The other thin 7 :omes back to how these relate to the

16 particular trip points that you have said and what is

17 likely to happen after these criteria or trip points or

18 whatever you call them do happen, and that maybe we vill

19 discuss for the next couple of years. But maybe we vill

20 discuss it today.

21 MR. HANAUER: We vill discuss it at some

22 length af ter the break.

23 MR. SHEWMON: Fine. Okay.

24 MR. 7.UD A N S The explanation of diff erence in(}
25 delta RDT was given as being different chemistry in the
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1

1 velds. So why are the initials the same?

| 2 MR. SHEWMONs Because we don't know any
:

.; 3 better.
1

'

4 MR. BENDER: Could we break now and let Dr.
|

5 Zudans get that question sf ter the break? '

: 6 (Recess.)

7 I
'

.

8
4

9

10

11

12

13

14

'

15

16

17

18

19

20

21

22

23
.

| O 2'

25

O -

,

I
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- 1 MR. BENDER: If we could reconvene, there may

2 be a couple of open questions yet. Bob?

3 MR. AXTMANN: If I heard you correctly before

4 the break, you were saying that neutron spectrum hardens

5 while it goes through the wall. Is that right?
.

6 MR. HANAUERs Yes, sir.

7 MR. AXTMANN: Could you explain that a little

8 bit?

9 MR. HANAUER: Not very well. I will call on

10 the experts very soon. The neutron damage comes f rom

11 the interaction of the fast neutrons with the atoms in

12 the metal.

13 MR. BENDER: Could we have some quiet in the
,

() 14 back of the room, please?

15 MR. HANAUER: Ihe nominal measurement of

16 neutron flux to include all neutrons above one EEV and

17 no neutrons below MEV is a gross approximation. In

|

| 18 fact, there is a spectrum of damage per interaction

19 which depends in a continuous way on the neutron

20 energy. There are various models to represent this.

| 21 The model which we presently favor uses displacement per

22 atom of the metal as a function of neutron energy. When
1
'

23 you do this, you will find that, and you have to know

gT 24 the intera: tion probability as a function of neutron
O

25 energy , which of course changes.
,

|

O
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() 1 When you do that, you find that the neutrons

2 of lovec energy have a higher probability of

3 interacting, and therefore as this beam of neutrons goes *

O,

4 through the material, the lower energy neutrons are

5 preferentially removed, and so the beam is attenuating
'

6 as it goes through the material, but the beam at the --

7 deep into the matarial has proportionately a larger

8 f raction of higher energy neutrons which have a higher

9 danage potantial per neutron, and there is a'model for

to this based upon metallurgical and neutron physicsi

11 measurerents.

12 MR. AXTMANN: Thank you.

13 MR. HANAUER: Now, if you want anything more
,

; \
14 than that, I have to call on my experts.

15 MR. BENDER: Let's presume he doesn't. Any

16 other questions?

17 MR. HANAUER4 I left one open, which is the

18 operator thing, which I will get to.

19 MR. WECHSLER: Steve, you mentioned just

20 before the break the f act that the Guthrie regression

| 21 analysis' leads to very high delta RT NDT's at the higher
*

22 flu ences , and that becauce of that, you choose to use

23 the Reg. Guide 1.99 curve to govern at the high fluence

() 24 rate, at the high fluence portion of the curve. I

25 vonder if you could amplify that a little for me. I am

Ov
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() 1 a little puzzled, because if the Guthrie analysis leads

2 to high vslues, one has to feel that that is because the

3 surveillance results lead to high values at the high' {}
4 fluence end, and thus there must be.some rationale that

5 allows you to prefer to go to the Reg. Guide rather than
,

6 the Guthrie fit at the high fluence end.

7 MR. HANAUERs Well, a little is all I can

8 discuss it, and then I will refer to my experts. The

9 Guthrie correlstion, and we have Mr. Guthrie to discuss

10 it, chose to use a very simple form for the correlation

11 which was justifiad in many different ways. When you

12 look at how it relates to the data at very high fluence.,

13 ve have decided that in f act it is substantially above

)
14 the data in the vary high fluence in spite of its

15 overall least squares characterization, and in our

16 exsmination of the data at high fluence , we believe tha t

17 the Reg. Guide 1.99 satisfactorily bounded the data.

18 Now, that is an extremely general answer, and

19 I will call on Mr. Randall and Mr. Guthrie to

20 collectively or together to answer you in more detail.

21 MR. RANDALLt Well, when we applied the

22 Guthrie mean plus two, some of the squares, sigma nought

23 plus sigms ielts, and comparei that nusber with the Reg.

() 24 Guide upper linit plus the two sigma nought, the former

25 was higher, but we know tha t we don' t have any

O
.
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() 1 surveillance dats which fell above the upper limit line

2 of the Reg. Guide 1.99, which was an upper limit line,

3 so we simply said we won't make them use a number higher

4 than any we have observed, and that is why we fell back

5 to Reg. Guide 1.99 in that fluence region.

6 MR. ZUDANSs But that raises another

7 question. You did that yet in the rest of the portion

8 those data points were included. Then the correlation |

9 would have been different if you dropped th ose points,

10 the ones -- tha sa: tion of tha curve you based on Rec.
I

11 Guide 1.99 covers a certain range of points, data points;

12 that were put in the correlation tha t af f ected the

13 previous set , and that means in one cases you included

() 14 them and in one case you didn't, and that is rather

15 arbitrary.

16 Is that what you did? In other words, there

17 was a set of data points where the correlation would be

18 right. The Guthrie correlation exceeds that Reg. Guide,

19 and a t that point you say, okay, because th e Reg. Guide

20 is known to be a bound, you use the Reg. Guide yet you

21 leave the correlation the way it was. And actually, you

22 should hava excluded those points in the correlation to

23 see what the correlation does then.

() 24 MR. BENDEPs So you.are saying break it into

25 two populations.

4
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(m(,) 1 MR. ZUDANSs That is right. Did you do that

2 or not?

3 MR. RANDALLs No, we did not.
)

4 MR. ZUDANS: In that case it is quite

5 arbitrary.

O MR. RANDALL: Well, if I understand you, we

7 did not go back and redo the Guthrie correlation.

8 MR. ZUDAiss But, see, the Guthrie correlation

9 is affecte1 by those points beyond certain fluence.

10 ER. RF.ND A LL: Certainly.

11 MR. HANAUERs Perhaps Mr. Guthrie could

12 comment on this point.

l 13 MR. WARDS Were there any data above that

O 14 fluence in the Guthrie correlation?

15 MR. GUTHRIEs As I understand it, whether --

16 MR. RANDALLs This comes about because of the

17 addition of the two sigma nought plus the sigma delta
i

| 18 squa red. There is a scatter point that will show you
l

-

19 wha t the data were.

20 MR. WECHSLER: That is Page 17 in Appendix E.

21 MR. RANDALLs Yes, E-17 is right. Now, that

22 shows how well the Guthrie formula fit the data base

| 23 tha t we had. Now, when we add tha t plus two sigma line
f

f (cs-) 24 is really two sigia on that calculation, which'is two

25 times 24 degrees or 48. It does lie above the points of

()
i

|

|
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() I the high fluence, and maybe that explains why there is

2 this difference.

3 MR. WECHSLER4 Tha t lies above the points at,

4 low fluence as well.

5 MR. RANDALL4 Yes, it does.

6 MR. WECHSLER: So that would hardly be a

7 reason. The fact remains that the residual calculated

8 minus observed for data points, let us say, above

9 10 shows roughly the same scatter as the points
19 19

10 below 10 as the points f ar below 10 So I have, .

11 to say I really don't understand your answer.

12 MR. SHEWHON4 Would you restate your original

13 question?

O's 14 MR. WECHSLER 4 Yes. My question relates to

15 the statement that Steve Hanauer made that the Guthrie

16 fit, the Guthrie equation shows very high predicted

17 delta T or delts RI's NDI and for that reason instead of

18 using the Guth rie fit for the higher fluences, they

19 chose to use the Reg. Guide 1.99, and so I ssked, what

20 is the rationale for having done that. I understood
*

21 Neal Randall to say tha t the reason was, as you can see

22 in tpis figure, E-17 in Appendix E, you can see that the

23 plus tuo sigma line is above all the residual values in

() 24 t ha t plot, not just those that pertain to fluences above
19

25 10 and so I still remain uncertain as to the,

O

ALDERSON REPORTING COMPANY,INC,

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

_ _ __ _



.

- 06

19th() 1 rationale for using the Reg. Guide above 10 .
,

2 MR. BANDALL: All I can do is repeat my

3 original statement that being pressed to not be
.

J 4 overconservative, we ussi Reg. Guide 1.99 upper limit in

5 that region because no data points from surveillance
1

6 fell above that Reg ~~ Guide upper limit curve..
,

7 MB. BINFORDa- If you superimposed on that

8 diagran of'E-17 the Reg. Guide 1.99, I wonder what it

9 would look like.

*

10 MR.'RANDALLs I have not done that.

11 MR. GUTHRIEs I was not intimately involved in

] 12 dra wing this broken part of the curve there, where thes

. 13 1.99 vent in. But if you look at this figure that we

;
():

14 have been referring to for the last couple of minutos,

15 if you became sympathetic to the owners and wanted to
.,

}' 16 give them as much as you could and still maintain

I

a. ' 17 sa f et y, you could. draw a slightly tilted line in th e

} 18 upper righthand part of the figure and still bound the

19 data that is pistted on this graph , and this does give

i

20 -- well, it doesn'tLpenalize the owners as much as they
'

21 would-be penalized if you used th'e plus two sigma lines.
,

'
22 It is possible to draw another straight line

23 which intersects the plus-two sigma line somewhere
~

- 19th
/ 24 around 1 x 10 and goes down to the right, and,

25 therefore~ is lower in the highe r fluence ratings.

)
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(]) 1 MR. WECHSLER: I see, so you are essentially
19th

2 saying that above 10 in Figure H-17, there are

3 more points lying above the zero line than lie below
A

4 it. In other words, your formula overpredicts based on
19th

5 the actual data for fluences above 10 .

6 MR. GUTHRIE: In H-17, what I am saying is

7 that in that pattern under the plus two sigma line in

8 the upper righthand corner there, if you wanted to give

9 the owners everything you could withcut sacrificing

10 s a f et y , you could draw that plus two sigma line with a

11 slight downward slope up there in the upper righthand

12 corner -- you don't have to keep it fla t -- and still

13 cover all the data that is available.

\-)>
(

14 MR. BENDER: Let me ask, if I can, that we

15 leave the detail of this discussion to the private

16 conversations. I want to get Dr. Hanauer through this

17 story today, and we may be able to come back to this or

18 get to questions later on.

19 MR. ZUDANSa There still remains this question

20 tha t I asked, namely, why the popula tion wasn't split up

21 into two pieces at that' point.

22 MR. BENDER: You might even ask whether it

23 should be in several popula tions, or whether you should

(]) 24 have a straight line. There are a lot of things you

25 could ask. Or how good is the fit.

O
|
i
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1 Bill, did you have something different?

2 3R. BOCK: Well, I wanted to elaborate a

3 little bit on this subject. I think I know what the
O

4 problem is. But we could defer that. I can do it in

5 about two minutes, or we could defer it.

6 MR. BENDER: Well, go ahead.

7 MR. BOCK 4 The. problem, I believe, is not so

8 much the fluence as the nickel, and if you flip over two

9 pages to where you see percent nickel as the abcissa,

10 virtually all of the test specimens used have a nickel

11 composition of less than .75 percent, so we have good

12 data in that range, but we are now trying to apply it to

13 vessels with much higher nickel content, for example, -

14 Robinson is 1.2, or Calhoun with 1.0.

15 So, we are beyond the range of experimental

16 da ta , a nd we are trying to extrapolate out there.

17 MR. BENDER: Well, that is one viewpoint.

18 Steve, I think we had bette r go ahead.

19 HR. HANAUER . What I propose to do now is to

20 talk about the probabilistic snalyses we have done, to

21 bring in the question of what the operators do and what

22 we have done about what the cperators do, and then to

23 talk about where we go from here.

() 24 The probabilistic analysis in June was viewed

25 by us as a long-term research program. However, as a

O-
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[]) 1 response to our June position paper, in this room, the

2 industry pointed out a number of things which in th eir

3 opinion we have done incorrectly, and brought to us in

4 May, actually, a Westinghouse owners' group

5 probabilistic study of pressurized thermal shock that

6 provided a great deal of insight, and which has, I

7 certainly hope, been provided to you.

8 There is a very large amount of documentation

9 cn this whole subject. You will find it summarized in

10 Appendices A and B of the report. If the working group

11 discovers it doesn't have some important pieces of

12 pape r, they may lay the oversight on us, and we will of
I
.

13 course make all of it available. I don't believe any of

s) 14 it is proprietary, but if i t is, we know how to do that

15 too.

16 Now, we have a research program going on which

17 in a couple of years will presumably walk in the same

18 footsteps as the work I will now describe, perhaps with

19 additional precision and completeness, perhaps not, but

20 the work I will now describe is the work of the

21 Westinghouse owners' group reported to us in a May

22 letter and in several meetings between June and now.

| 23 What they did was to consider about 20

() 24 ini tia ting events that could lead to overcooling

| 25 transients and pressurized thermal shock. They then

()
l
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1 drew in the usual way event trees and safety functions,
f}

2 and determined which event sequences of the possible

3 ones were in fact significant in terms of probability

O 4 and could in fact result in pressurized thermal shock

5 sequences. Those that they consider co be significant,

6 after some of our discussions, they then characterized

7 in terms of TF, theta, and constant pressure, and

8 frequency or probability as a result of their evaluation

9 of the trees.

10 they then used Strosnider's results, which

11 have been discussed with the subcommittee on several
12 occasions, and which I will reca pitula te very briefly,

13 to determine probabilistically an evaluation in detail

14 of the curve beyond but including the range in which the

15 experience was involved.

16 Now, here is the place I suggest to consider

17 the role of the operator in the actual experiences, the

18 role of the equipment functionability, and the actions

19 o f the opera tor determined which sequence actually took

20 place in these eight events amongst the dozens or

21 hundreds of possibilities of sequences, and so what we

22 have in these eigh t events, evaluate them how you want,

23 wha t they have evaluated is the eight sequences which

24 actually occurred, and any inference you draw from them()
25 assumes that the operator actions as well as the

O
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,

i

() 1 equipment actions of those eight sequences are somehow

2 typical of how the operators and the machinery works in

3 a more general way.

j 4 Now, .e know that at best such anw

1

5 extrapolation is only approxiante, and that the righ t

6 way to do it is to consider all of the possible

7 sequences or all of the significant sequences, and to

i 8 include in them in some way at the branch points the

9 operator does or does not do this or that important

10 f unction which significantly af f ects the output of the

11 pressurized thermal shock sequence.

I 12 Now, the methodology, the science behind this

13 is not very well developed. Swain and his co-workers a t
O

' - 14 Sandia have over the past number of years published a

I 15 number of handbooks and methods to estimate the
;

16 probability of whether the operating crew will or will

17 not do some necessary thing. We have at this time no

18 methods f or estimating wnether the operators will do
;

19 better than that and will in fact mitigate the situation
,

*

20 beyond their stereotyped procedures.
i

21 Similarly, we have at the present time no

22 models f or predicting whether the operators will do

23 something bizarre and make the situa tion worse outside

() 24 the parameters of their operating procedures. About 150

l 25 miles north of here is one data point in which the

)
|

i
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1 operators did in fact do some bizarre thin 7s, and the(])
'2 consequences were severe indeed. However, we don't have

3 at this time any really scientific way of making suchs
I

4 predictions, although we do have the beginnings of a

5 scientific way of predicting whether they will or will

6 not do some defined correct thing.

7 Now, this has been handled in two ways which

8 are really quite 11 verse. In the Westingho use

9 probabilistic study, the Westinghouse owners' group

10 probabilistic study, one of the parameters is the time

11 delay of the operators in doing certain important,

j 12 correct things, and one of the time delays is infinity,

|
13 they don't do it at all, and so operator action has been

k 14 included in this way in the probabilistic study.
f

15 Now, it is also clear from the pressure curves

16 which I showed earlier and from the course of some of
17 the actual events that the operators can really make

18 things a lot worse or a lot better, and so we have in

19 progress and more than half completed a program in which

20 we have audited the procedures related to pressurized

21 thermal shock in the eight plants for which we got

22 pressurized thermal shock evalua tions f rom the licensees

23 le et year.

() 24 Then, in addition to auditing the procedures,

2~ audit team has discussed with representative members

O

ALDERSON REPORTING COMPANY,INC,

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



! 93

1 of the operating crew how well they understand()
| 2 pressurized thermal shock, and has assessed in an
f

3 extremely crude vsy the likelihood of whether these

]

|
4 operators would.do the right thing in a pressurized

! 5 thermal shock sequence. This evaluation was not

6 quantitative, but was rather an overall evaluation. The

7 results have been varied. Some crews did rather well

8 and some crews did rather poorly.s

9 These audit results -- I guess there are now

10 three or four, Jim, that have been issued. Do you

11 remember?

12 MR. CLIFFORD: All of them have been

13 com pleted. The reports are in and should be distributed

14 very shortly.

15 MR. HANAUER There are a few reports that

16 have already been distributed, aren't there?

17 MR. SHEWMON: The Robinson report was

18 distributed several months ago. We have not seen

t

| 19 a nything since.

20 MR. HA11AUER: Jim, what is the present status,

21 please? Mr. Clifford.

22 MR. CLIFFORD: Jim Clifford of the staff. All

23 of the reports have been received and submitted to

) () 24 licensing and should be distributed shortly.
|

25 MR. BENDER 4 We have seen more than one, but I

O
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;

() 1 don't thint we have seen them all.

2 MR. HANAUER: You have certainly not seen them

3 all. At least one has been deferred.

4 MR. SHEW 30Na Well, I haven't, and the

5 consultants who are most interested in that haven't.

6 MR. BENDER: Well, I agree with that, that )
-

I

l'i chey haven't been probably generally distributed.

8 MR. HANAUER: The results have been, there is |

9 one other piece of information, and that is, there is an

10 ongoing very large and well known to the Committeed

I

11 improvement program in emergency operating procedures

12 involving a large program of realistic analyses of a

13 large number of event sequences. The correlating of

14 these realistic analyses into new technical procedure

|

|
15 guidelines, including some symptom-based guidelines for

16 maintenance or restoration of the critical safety

17 functions, this is under Three Mile Island Action Plan

!
! 18 Item 1-C-1. It has been going on for at least a couple

i 19 of years, and very likely will be going on for at least

f 20 a couple of more years.

21 As part of this program and as part of the

I

| 22 pressurized thermal shock analysis, we have a

23 Westinghouse report dated a couple of months ago in
i

24 which a team of Westinghouse owners' group evaluated the
i

25 presently developmental Westinghouse owners ' group

O
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4

l

1 emergency operating procedure guidelines, sni that is()
2 probably not the formal title, and concluded that in |

3 f act they don't treat pressurized thermal shock

4 particularly well, and a substantial number of changes

5 were appropriate.

6 This report I certainly hope has been sent to
,

7 the Committee.

8 MR. BENDERS Steve, your observation leads me

9 to a direction which I hoped you would be able to

10 discuss some. The Robinson report was not very

11 comforting.

12 MR. HANAUER: No, sir.

13 MR. BENDER. It was an audit done very early

' 14 in this program, however. Are we in a position now to

15 say that we know what kind of training program the

16 operators need?

17 MR. HANAUER: Well, I will give you my

18 opinion , which is th at th e procedure guidelines, at

19 least the Westinghouse procedure guidelines, which are

20 the relevant ones for Robinson, are being changed in

21 quite a drastic way for Three Mile Island type reasons,

22 and that a few months ago the developmental revised

23 procedures were shown to need some more work regarding

O 24 pressurized thermal shock. That tells me, no, we don't
(_j

25 know all we should about pressurized thermal shock in

O
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(]) 1 emergency opera ting procedures, and in fact the audit

2 team developed a very useful, I think, set of guidelines

3 about the things tt e t should be done now in auditing ;

fS
V

4 pressurized thermal shock procedures, snd that these

5 guidelines can be found in Appendix -- Which one is it,

| 6 Jis? Do you remember? Of this report?

7 MR. CLIFFORD: Appendix C.

8 MR. HANAUER: Appendix C of this report

9 contains a discussion of what can be done now. The

10 right way to fix this for the long term is to get these

11 guidelines right for pressurized thermal shock and

12 everything else. You walk, you see, between overcooling

13 the vessel on one side and undercooling the core on the

14 other side, and tha t is one of the reasons why I don't

15 vant a highly conservative pressurized thermal shock

16 design basis accident which impels the operator to

| 17 undercool the core and make us another kind of an
t

i
18 accident.

19 Your point is very well taken, in other words,

20 tha t we don't know some things about how to write these

21 procedures, and the training, of course, goes with the

22 procedures. We in our offices, the kinds of people we

23 have in a room, in our quiet offices, must solve the

() 24 pressurized thermal shock problem before and not give
t

1

25 contradictory instructions to the people on the night
1

()
j

ALDERSON HEPORTING COMPANY,INC,
j

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

_ _ _ _ _ _ _ - - _ _ - - _ _ _ _ __



r

97

(} 1 shift who have to make these decisions and operate the

2 plants.

3 Therefore, the audit teams have very properly

4 been rather modest in what they have recommended as

5 short-te rm changes.

6 MR. BENDER: Well, I don't think we can

7 explore this further today, but as a long-time proponent

8 of depressurization for a number of reasons, recognizing

9 that it can ' t hurt anything in the thermal shock

10 business, I was rather hopeful that at least that aspect

11 of things would have been developed better and soone ,

12 and I am not clear that we understand even what needs to

13 be done.

14 MR. HANAUER It has not, and practically

15 every line or every page in the Westinghouse procedure

16 review poin ts out that for this, that, and the other

17 sequences the operators are told to repressurize to

18 2,000 psi.

19 MR. BENDER: Well, tnat is hardly reassuring,

20 but let's go on.

21 MR. HANAUER: All right. Now, at the present

22 tim e , we do not have the calculational facility. We

23 have all of the theory, but we simply haven't done the

() 24 code work to represent these various transients in terms

25 of critical RT NDT and thereby to take into account the
!

O
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1 reality of the transients. We have been in the present()
2 state of development constrained to use TF, beta, and

3 constant pressure to characterize all of these diff erent

4 sequences.

5 (Slide.)

6 MR. HANAUER. When you do it you get these

7 results. If you will direct your attention first to the

8 dotted curve, this is the Westinghouse PRA expressed in

9 terms of TF. Now, in fact, the Westinghouse PRA used

to TF, beta, and pressure, and so I am oversim plifying an

11 oversimplification in order to get it onto a

12 one-dimensional vu-g ra ph, but this is the curve which is

13 obtained. You will notice that it has the same shape as

bbl 14 my first vu-graph that showed tails and so on, and that
i

15 shouldn 't surprise anybody. It goes from very high

16 f requency above about 300 degrees to rather low
-4

17 f requency, 10 or lower below 200 degrees.

18 Now, the staff has not accepted every detail

19 o f the May-June Westinghouse PR A . The staf f has found a

20 number of sequences we believe were incorrectly

21 characterized, some overconservative, some

22 overoptimistic , and the staff has not agreed with some

23 of the Westinghouse frequencies and probabilities, and

() 24 so the staff has, and this is explained at some length

25 in the report and in Appendix G +o the report, the staff.

ALDERSON REPORTING COMPANY,INC,

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

. - . - - . . ._ ,-. - - _ - _ -



,

99 )
i

I
,

i: O ' a aevisea vai aica airrere to so e aeoree tro the

2 Westinghouse PRA, and which is shown as the solid curve
,

c 3 here.
(

4 Now, neither of these has had the kind of'

5 man-years of work or the kind of peer review that this
i

!
6 subject deserves, and both of these results must be

1

7 characterized as prelimina ry in some ways. My own

8 belief is that a great deal more of this work is

9 dustified. We have a research program in this area, and

10 I think the industry ought to work on this, too.

11 Moreover, we have only the Westinghouse

12 generic analysis, in which they have tried to bound or

13 typif y in various parts of analyses the Westinghouse
;

\
; 14 plants, so that it is generic to Westinghouse plants and,

'

15 individual plants may dif f er substantislly. This

16 question has not been evaluated, and the applicability
j

17 of this to Combustion and BEW plants is not now known.

18 We do not have comparable analyses for these other kinds

19 of plants.
.

' 20
t -

| 21

1 22
j

] 23

24

25

O
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() 1 MR. SHEWMON You've plotted the frequency of

2 what up there?

3 MR. HANAUER: This is the frequency of getting

4 a transient more severe than TF equal to this value. We

5 are back to TF, beta and pressure, and what I did , or

6 what we dii was to take the dozens of different
7 sequences --

8 MR. SHEWMON4 TF is fluid temperature?

9 MR. HANAUER: Yes, sir. Each sequence we

10 characterized in terms of TF, beta, pressure and

11 frequency, and this is a result plotted in TF space.

12 MR. BENDER 4 Steve, a separate aspect of the

13 same question has to do with the matter of how' much

O 14 operator reaction is in those curves.

15 MR. HANAUER: There's a lot.

16 MR. BENDER 4 We stingh o use , as I recall it, set

17 u p three time periods -- maybe there were more -- for

18 operator response and assigned some frequency of correct

19 action to each time period.

20 MR. HANAUER4 Yes, sir.

21 MR. BENDER: Is there any judgment of whether

22 using those kinds of what amounts to arbitrary

an effect on the23 evaluations of operator response has

() 24 depiction up there? And are they important to the

25 argu;ent?

f'1a
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() 1 MR. HANAUER: I can speak best to the staff

2 analysis. The dominant events in the staff analysis do

3 not depend very much on operator action. We evaluated

4 the Westinghouse numbers. They seemed reasonable to us,

5 but in the end in ours, -- I ha ven't undone the

6 Westinghouse one enough to answer. But in ours, the

7 operator action is not terribly important because the

8 dominant event is the stagnant, small break loss of

9 coolant a::ident and the operator can't do much about it.

10 In some of the others, the operator reactions

11 are important. I don't have an analysis that answers

12 your question in any quantitative way.

13 MR. ZUDANS: Just quickly to make sure that we

O 14 are on the same wavelength. You said these curves

15 represent the beta and p is con stant. Did Westinghouse
,

16 consider constant pressure when they did their PBA?

17 MR. HANAUER: Westinghouse did exactly what I

18 described. They also characterized sequences for

19 constant pressure, TF and bets because the only

20 probabilistic vessel response calculation in town

21 requires that as input.

22 Now, this can and should be improved, but has

23 not been at the present time.

() 24 M. R . ZUDANS: I have a problem with this

25 concept of constant pressure.

|
,
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() 1 ER. HANAUER: Of course. It is a gross

2 over-simplification.

g 3 MR. BENDER: Well, it depends upon what

{J
4 pressure you use.

5 MR. THEOFALOUS: It seems to me if you could

6 take this curve one step f a rther, a small step farther,

7 to give it in terms of critical RT NDT, it would be

8 extremely useful. And of course, that could help you

9 focus on exactly the kinds of sequences that are

10 importan t to look at. And one can dig in more detail

|
11 into those sequences.

12 MR. HANAUER: It could, indeed. That is a

13 piece of business that has to be addressed.

O 14 MR. THEOFALOUS: You could use that chart to

15 get from this kind of a plot to this plot down here.

16 MR. BENDER: But you have to become very plant

17 specific I think in order to do that.

18 MR. VAGINS: You have it in the following

19 curves.

20 MR. THEOFALOUS: Maybe you have it already.

21 MR. VAGINS: Within a range of some transients.

| 22 MR. HANAUER: Yes. At the moment we have this

23 stereotyping of the transient as an intermediate step.

O)'s_ 24 You are quite right, we should develop a better method.

25 (Slide.)
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.

(} 1 I now show you three of the probabilistic

2 vessel failures. You have had this described to you

3 before. In two minutes, what Strosnider and his

O
4 colleagues have.done is taken essentially the same

5 deterministic fracture mechanics model, as we discussed

6 earlier, but instead of assigning conservative or

7 estimated values for the parameters, they took frequency

8 distributions of the arameters which were not well
,

9 known or which were subject to varia. tion and calculated

10 a large number of possible events in which these various

4 11 parameters were picked in the Monte Carlo probabilistic

12 way from these freque,ncy distributions.
6

13 The result was then they did this 10 or

14 more times for each case in a code that does this for
6

15 you , and th e result is that some fraction of these 10

16 resulted in vessel failure and some fraction did not.

17 And from this was deduced in a simple way an estimate of

'
18 the probability of vessel failure, given this transient.

19 Now, the problem at the moment in doing what1

1

20 you suggested a moment ago is that this code today is

21 set up with TF, beta and pressure. Next year we will

22 have something better. And I have three cross plots of

.

j 23 this response surf ace, which are in the report and which
4

() 24 you have no doubt seen before.

25 Here it is with temperature as the abcissa.

}
!
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() 1 Always the probability of failure is the ordinate, and

2 here, beta is the parameter. As you can se.e, these

3 curves are very steep in temperature. That is to say, a

4 factor of 10 change in probability is associated with a

5 very small number of degrees, like 10 or 20, change in

6 temperature. So the temperature is, indeed, a dominant
.

7 variable.

8 You also see that for large values of beta

9 there is very little difference, but as beta gets small

10 it makes a substantial dif f erence and decreases

11 substantially the probability of vessel failure

12 calculated in this way.

13 Another cut of the same response surface is

14 shown here --

15 (Slide.)

16 -- in which the ab=issa is pressure, and here

17 is an answer to your question now, in probability

18 spa ce. Here is the probability of failure as a function

19 of pressure with a constant beta of .15, and now the

20 temperature, T final, is the pa rameter. And you see

21 that the slopes of these curves are not very large; that

22 a f actor of 10 in failure probability is associated.with

23 1000 psi or more. This is not exactly negligible but it

() 24 is not the very steep behavior that was shown in

25 tem pera ture space.
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f)h 1 (Slide.)
%

2 A third section or cross plot of the same

3 surface is given here, in which we plot the be ta

4 dependence, and.not surprisingly for all large betas,

5 the dependence is very small. But as the betas become

6 smaller, the accidents become much less severe. So as

7 ve knew already, but it is comforting to see it, as a

8 result for slow transients the thermal stresses are
9 small and the probability of vessel failure is small.

10 MR. THE0FA10USs The question I was asking

11 before could be answered also in terms of these graphs

12 here. Do you have a way, -- if you knew that you were

13 interested in a distribution of this plot, do you have a
O
\~/ 14 vay of backing out which sequences are contributing to

15 that?

16 MR. HANAUER: Yes, but a fairly crude one,

17 which we Osn show very quickly in the next slide. let

18 me show you an example.

19 (Slide.)

20 We have, in fact, made the calculation,

21 exemplified by this curve. This one has -- this one is

22 for the Westinghouse probabilistic analysis, and the

23 Strosnider, et al vessel failure analysis, coupled in

() 24 the way that I have described. And you see here the

25 contributions of various kinds of accidents. So yes, it

O
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1 can be done. It is some work.(),

1

j 2 Now, yes sir?

i

| 3 HR. SHEWMON: Before you go with your
!

(1):
4 development I want to go back and finish your question.

5 I wanted to see the previous slide, but you can answer

l 6 the question here.
!

7 MR. HANAUER: Do you want the next previous

8 one?'

9 MR. SHEWMON: I wanted beta versus conditional !

!

10 f ailure. We were talking earlier about heat transfer

|
11 coefficients of 300 or 1000. Is that with 300 or 1000?

12 (Slide.)

13 MR. HANAUER: Three h und red.

(
i 14 NR. SHEWMON: And that, what, tends to flatten

,

! 15 it off then, when one gets the very high betas?

16 MP. HANAUER: Well, it is a combination of the

17 300 and the conduction in the matal.

18 MR. SHEWMON: Yes, but if you get -- I mean,

i 19 they are in series, so the conduction of the metal isn't

20 a disposal parameter.

; 21 MR. HANAUER: That's correct.

22 MR. SHEWMON: And as you get the heat t ra nsf er'

,

23 in the liquid slower, that ought to --

() 24 MR. HANAUEP: There's a curve in your report

25 where the heat transfer coefficient has a parameter

O
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i

|

1 which I didn 't reproduce. It would be -- or it's in the()
2 appendix, isn't it? Jack, maybe you can refer to it.

3 We have the surface cut in heat transfer space.

4 MR. SHEWMON: I would have taken a yes for an

5 answer.

6 MR. HANAUER The answer is yes.

7 MR. STROSNIDER: It's Figure H-30.

8 MR. HANAUER: Figure H-30 has just that

9 dependency in it.

10 MR. ZUDANS: Was cladding included in these

11 calculations for both heat transfer and mechanical, or

12 neither, or some other combination? ,

13 MR. HANAUER: Heat transfer, yes. Mechanical,

n'' 14 no. The heat transfer of the cladding was included in
,

15 deciding to use 300. That includes the ef f er.t of the

'

16 cladding; it was lumped.

17 Now, in these calculations the stress due to

18 the dif feren tial expansion of the cladding is not

19 included . We have done some more recent calculations,

20 but it is not included in this.
21 MR. ZUDANS: So if the 300 represents both the

22 film coefficient and the cladding, what was the film

23 coefficient in that combination?

() 24 MR. KLECKER: If one assumes wate r to metal
i

1

25 heat transfer coefficient of 300, the effect of heat
|

()
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() 1 transfer coefficient is approximately 200. If you

2 assume toughly 5d0 to 1900, then the effect of heat

3 transfer is more like 300.7-V)
4 MR. ZUDANS: So this is not the effect of

5 coefficient of heat transfer and metal? The 300 was

6 assumed for the film coefficient and the metal

7 contribution was added to it?

8 MR. KLECKER: We have done that in our

9 deterministic calculations.

10 MR. STROSNIDER: Let me answer that. The

11 effective heat transfer coefficient was 300 which would

12 correlate to a film transfer coefficient of 600 to 1000.

13 MR. ZUDANS: So you never run any calculations

O 14 of film coefficient of 300?

15 MR. STROSNIDERt No.

16 MR. ZUDANS: Plus the conductivity in the

17 metal. So really, all of this conversation has been

!
18 misleading. That is not the film coef ficient; it is the

|

19 600 to 1000, and that is quite a different story.

20 MR. SHEWMON: Well, let me ask, since another

21 factor of 2 in whatever they have called their transfer

l 22 coefficient, and all of a sudden it starts having an

23 order of magnitude change in the probability of the

() 24 accident. So I would be interested in -- it is your

|
25 Figure H-30, go look at it -- I would be interested i-'

0
|
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1 hearing the heat transfer people comment on what they
(}

2 think of a film transfer coefficient of 600 to 1000 by a

3 factor of 2 or 4.

O
4 MR. THEOFALOUS: Two or even three.

5 MR. BENDERS But how do you convert that into

6 the overall heat transfer coefficient? Wha t I'm talking

i
7 about is if I cut the film coefficient in half, what

8 would be the overall heat transfer coefficient

9 equivalent to 300, when you are using a value of 600 to

10 1000?

11 MR. ZUDANS: Th a t 's a good point.

12 MR. THE3FALOUS: I have done that in the

13 little thing I gave you, and that is one I remember. I

P)(- 1-4 was coming up with a best estimate, something like 200

15 for overall, 200 to 300 overall.

16 MR. BENDER: Well, it seems to me one of these

17 days you've got to look at that point. It is not a
,

18 one-to-one relationship, but it does have a big effect.

19 MR. SHEWMON: Steve, if you look at your

20 curve, it has between one and two orders of magnitude

21 difference in going from 300 to 150. So there is a

22 profound ef f ect on the probability, if I might use that

23 w or d .

() 24 MR. ZUDANS: And it's not sure that this is

25 the film coefficient. Maybe this is combined.

O
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i

() 1 MR. SHEWMON: But at least he is on a steep

2 part of the curve.

3 MR. BENDER: If I heard Jack Strosnider right,

tO
4 he was talking about the overall coefficient.

5 MR. ZUDANS: That's right. And that is 600 to

6 1000.

7 MR. BENDER: In Theo's number, the 300 might

8 be 200, and that might be an important difference.

9 MR. HANAUER: It might, indeed.

10 MR. BENDER: Carry on, Steve.

11 (Slide.)

12 HR. HANAUER: The results. I have two, one

13 for the Westinghouse and one for the staff. The results

O.
14 are plotted as frequency per reactor year of cracking'''~

15 the vessel without arrest. Now, arrest is in the

16 model. If the crack arrested, we didn't count it as a

17 f ailure, and we included in our arrest model an upper

18 shelf tough failure limit of 200 ksi square root of

19 in ch , so we didn't allow arrest with a K1 applied higher

20 than 200 ksi square root of inch.

21 So we don't show any arrest f or cracks that

22 extend more than sbout halfway through the metal, if I

23 recall correctly. But crack arrest is now in here, and

() 24 when it says " crack extension, no arrest," it really

25 seans crack extension with arrest calculated not to

O
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() 1 occur.

2 Now then, here is the frequency per reactor

3 year, and it is plotted in terms of the RI NDT at the
7sO

4 surface of the . vessel. So a vessel starts off at the

5 beginning of life off the lefthand side of this diagram,

6 and as the vessel ages its RT NDT creeps to the right in

7 accordance with the fluids and the properties of the

8 material. And then, as the temperature gets in the

9 interesting range, the probability of it failing per

10 reactor year or frequency per reactor year goes up in

11 accordance with this curve.

12 As you can see, --

13 MR. THE0FALotN Are you going to change?

14 MR. HANAUERs Soon.

15 MR. THEOFALOUS: Before you change, I was

16 curious on the small break. Some small break LOCAs will

17 result in loss of natural circulation, while some other

18 ones will not. And the $1fference in the behavior is

19 very different, drastically different. And I was

20 wondering how do you assign relative probabilities to

| 21 thsse small breaks that don't have natural circulation
|

22 versus the ones that do? And which ones are you

23 plottin g here?

() 24 MR. HANAUER: I will tell you how we did it.

25 This is a plot of the Westinghouse analysis in which the

O
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1 small break loss of coolant accident has a negligible(])
2 con tribution because in their analysis, which included

3 the effects of warm pre-stressing, as ours did not, they

4 calculated that the small break loss of coolant

5 accidents would be arrested by warm pre-stress phenomena.

6 As you will ses in the next slide, in ours the

7 small break LOCA is dominant. What we did wa s we

!
8 divided the spectrum of break sizes and selected for a

9 separate set of boxes the break size in which -- the

to break size range in which stagnation would occur. We

11 calculated its frequency and its consequences separately

12 from the others, and they turn to to dominate.
i

13 MR. FENDER: Before you get off that, --

14 MR. HANAUER: I have another one for the staff

15 PRA.

16 MR. BENDER: I just want to ask wha t pressure

17 is associated with this computation?

18 MR. HANAUER: Each sequence was evaluated in

19 this approximate way and characterized by a constant

20 pressure. They were different for different sequences.

21 MR. BENDER: But they are mostly elevated

22 pressures now?

23 MR. HANAUER: Well, the one that dominates the
t

() 24 small break LOC A that stagnates is -- we used a pressure

i

25 of 1000 psi, which is where we calculated the pressure

O
|
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O 1 would hang up.
|

2 MR. ZUDANS: In deternining this arrest or not

essentially the critical RT NDT at th e3 arrest curve,

the thickness4 surface was the crack propagation through

5 followed, and the stress factor reduces, and the PT NDT

6 reduction taken into account?

7 MR. HANAUER: Yes, sir, that was done in some

8 detail for each calculation. The properties of the

9 material as a function of the irradiation, which is
to dif f erent through the wall, and the temperature as the

11 temperature changes, the change in K1 as the crack

12 enlarges , and the change in the critical in the crack

K and in the crack arrest K as a function of13 initi: ' '"

O were all taken into account.14 tempt. . ore

15 MR. BENDER: But the crack is always in the

16 worst place?

17 MR. HANAUER: This is all for longitudinal

18 cracks.

19 MR. BENDER: Yes, I know.,

MR. HANAUER: And there was a crack size20

21 frequency distribution applied here. It wasn't assuned

22 tha t a crack of the correct size was always there for

23 this calcula tion.

24 MR. "UDANS: The reason I asked th? question

25 is when you discussed initiation of a crack you stated

O |
I
|
|
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1 the pressure effects are not greatly significant. Nov()
2 as you propaasta in the ws11 the temperature stresses

3 disappear.gg
U

4 MR. HANAUER: Not in the timescale of these

5 calculations they don't.

6 MR. ZUDANSa Well, they go for minutes. The

7 heat transfer and temperature distribution get

8 stresses. In fact, thermal stresses, in fact, on the

9 outside are compressive.

10 MR. HANAUER: fes.

11 MR. ZUDANSs So there is some point where
,

12 there is no thermal stress contribution whatsoever, and

13 the only driving force is pressure.

14 MR. HANAUERs We have one experiment where
s

15 thermal stresses slone drove a crack 95 percent through

16 the wall.'

17 MR. SHEWMON4 You have what?

18 MR. HANAUER: There is one of the HHST

19 experiments where the vessel was cooled with liquid

20 nitrogen on the inside, and thermal stresses drove a

21 crack about 95 percent through the wall. Which is what

22 was predicted by this model.

23 TR. ZUDANS But that was --

24 MR. HANAUER: That was an extreme case. That()
25 wasn ' t a pressurized thermal shock case. That was a

'

ALDERSoN REPORTING COMPANY,INC,

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

_ _ _ _ _ _



115

() 1 very severe thermal transient.

2 MR. ZUDANSa But here, -- well, - .

3 3R. SHEWMON: That was a long time where they

4 kept on doing something to it?

5 MR. HANAUERt Cooling it. No pressure.

6 MR. KLECKER4 I was just going to comment on

7 the f act tha t you do, indeed, have compressive stresses

8 at external, but the fact that you have a stress

9 distribution puts a moment on the vessel, so even though

10 they were compressive without any crack being present,

11 the fracture mechanics takes into account the ceneration

12 of this moment.

13 MR. ZUDANS4 In other words, if you compute it

O 14 correctly and remove the material on the crack that is

15 already propagated, the stress f actor is not --

16 MR. BENDER: Well, we want to be very careful

17 about using the small experimental models as a basis for

18 evaluating.
|

! 19 MR. HANAUER: This one was six feet long and a

20 couple of f eet in diameter, and six inches thick, as I
|

21 recall.
|
I

22 MR. BENDER: Well, I'm not going to try to

23 debate the experimental circumstances so much as to just

( 24 recognize that we don't understand the structural models

25 as well as we ought to. And while there are people that

O
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1 calculate things, might be able to calculate the re sult s()
2 relating them, to the specific vessel that we are

3 talking about needs to be understood a lot better than I

4 understand it.

5 Go ahead, Steve.

|
6 (Slide.)

7 MR. HANAUERs The most significant curve is

8 the one -- to us at the pre sen t time -- is the one based

9 on the NRC analysis which differs from the Westinghouse

10 one in several important respects. But by far the most

11 important is the dominant feature of the dominant

12 contribution of the small break loss of coolant accident'

13 in the canas where it stagnates.

14 In the interesting range -- this is, in fact,
,

! 15 the dominant contributor, and it goes from about 250 in

16 the Westingnoare curve to about 205 in the staff's

17 curves.
i

18 As I said before, there ore a substantial

f 19 num ber of youthf ul features of these curves, and the
|

|

| 20 methodology in some respects and the input data in some

21 respects are not matured to the point where one really

22 ought to believe these curves in the sense of deriving

23 regulatory requirements directly from them, and we do
I

24 not do so.

25 That is to say, we have not laid an ordinate

| ]
l

I

!
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1 here as some value of a :eptable risk and read it over()
2 to the curve and read out surface RT NDT that tells

3 whether these plants can run or not. We don't believe

4 that the methodology -- and goodness knows, enough

5 differences and difficulties in this methodology have

6 been discusse$ by you and us today to make my point I

7 think entirely adequately.

8 What this tells us is, first of all, the

9 slopes. The slopes are, in fact, a factor of 10 for

10 a bout 20 to 30 degrees change in RT NDT. And that tells

11 us that, in fact, within the limitations of this model,

12 the RT NDT of . the vessel is, as we expected , a central

13 parameter in judging the acceptability of operation of

O
_

14 one of these embrittled vessels.

15 Now, at first site, this implies that a vessel

16 at 270 degrees is in big trouble, and that it implies a
-4

17 f ailure probability of grea ter than 10 per reactor

in year, and vessel f ailure makes my corns itch and cets a
-4

19 lot of people it':hy in a lot of places. And 10 , if

20 I really believed it, would be kind of an alarm-signal.

21 This isn't true because of the conservatism in
22 selecting the valve of the vessel to RT NDI to compare

23 with 270.

() 24 (Slide.)

25 Here I have plotted in a very crude way a

O
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() 1 frequency distribution of vessels that satisfy the 270

2 degree criterion. Whether this is actually the case is

3 not known, but I have used the picture provided by the
3

J
4 earlier discussion of the scatter of the data. This is

5 a curve for which two sigma was 60 degrees, which is

6 kind of a typical value for the plants which we were

7 talking about, and I have located the two-sigma point at

8 270 degrees. So this is the spectrum of the actual

9 properties of vessels which just hit the screening

10 criterion if vessel properties are normally distributed

11 and if two sigma is 60 degrees, so there is a kind of an

12 assumption leap here.

13 MR. SilEWMON: Would you explain if the small

14 break LOCA is the worst one you have come up with,

15 stagnation, I would be interested in hearing you go

16 through what is the scenario which gets us into trouble,

17 or what is assumable, since you differ by several orders

18 of magnitude f rom We sting h o use . There must be some

19 dif f erence. The perception might be interesting.'

20 MR. HANAUER4 Yes. The accident occurs in the

21 following way. There is a break in the primary system

22 in which the leakage rate exceeds at high pressure the

23 injection rate of the high pressure injection system.

() 24 And in which the energy carrying out the break exceeds

25 in the early part of the accident the decay heat which

!

i
,
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() 1 has to be removed.

2 The result is that the inventory of primary

3 fluid decreases because the outflow is greater than the

4 income. And the inventory decreases but the heat

5 generation means that the pressure doesn't go down. The

6 pressure is calculated for the case I've seen to hang up

7 at about 1000 psi. As the pressure decreases below the

8 shutoff head of the high pressure injection, the high

9 pressure injection comes on, the inventory continues to

10 decrease but there is finally a secular equilibrium

11 established. The pressure goes down to about 1000 psi,

12 the input f rom the HPI can make up the loss at some

|
13 lower pressure. The leakage rate goes down with

|

14 pressure and the pump injection rate goes up with

15 pressure, snd an equilibrium is established at about

16 1000 psi. 4

17 But during this period, the level is too lov

18 to support natural circulation. And so, the water going

19 in the cold leg -- there isn't any loop flow to mix up.

20 There isn't any significant flow from the steam

21 generator through the cold leg into the reactor vessel.

22 The only flow which is available is whatever churning

23 goes on from the heat input from the walls of the inlet

() 24 pipe, plus whatever mixing takes place. And here we

25 have reference to the criati te s ts.
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() 1 MR. SHEWMON: So in that case you are cooling
1

2 one part of the vessel badly and the other part isn't

g- 3 getting cooled?

U)
4 MR. 4tNAUERa Well, that depends upon what

1

5 goes on in the owncomer. If you have no activity in.

6 the downcomer at all, you have a stripe of cold water

7 going down the downcomer which, depending on the vessel

8 and depending upon which downcomer you look at, either

9 does or doesn't have a weld close enough to get cold.

10 Now, that is one of the things that has to be

11 looked at plant soecific. We've assumed that there is a

i 12 weld th ere. .That's the scenario.
13 MR. THEOFALOUS On this problem, I think that

14 you -- I think your temperature in the downcomer is

15 overly conservative. You are using probabl y -- you have

16 the cold leg as part of the downcomer, like you say, in

17 you r report and I think this is just way, way, overly

18 conserva tive. And I have done myself some calculations.

19 o n th a t , and if you would like I could give you

20 n um bers. I gave it to Ed yesterday.

21 MR. HANAUERs Well, if you gave them to Ed,

22 you gave taam to me. And yes, this is subject to plenty

23 more calcula tional refinements.

() 24 MR. KOUTSs I think if you look at it

25 carefully you will probably find a number of other very

"N(J
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() 1 large conservatisms there. The heat transfer

2 coefficient under these circumstances is likely to be

3 much lower than you assume for other kinds of transientsfw
')\

4 tha t you've analyzed.

5 The probability distribution for the cracks,

6 which really have to take into account the probability

7 that a crack exists in a location, in a weld, which is

8 in the thermal stripe region.

9 MR. BFNDERs Herb, could you use the mike?

10 The reporter is having trouble hearing you.

11 MR. HANAUER: Yes, I think all of these are

12 things which have to be takere into consideration and

13 have not yet been.

O 14 MR. K3UIS: In light of the steepness of the

15 curve with respect to heat transfer coefficient that wa s

16 just pointed out ea rlier, these will probably have a

17 profound effect on the thing which is having the largest
' 18 influence on the shape of your total curve.

!

|
19

20

{ 21

22
,

23
(

() 24

1 25
|

|

O
l

I
i
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() 1 MR. HANAUERs Yes. Now, they do not have an

2 eno rmous influence, because the next one comes in 20

3 degrees higher. And there are a number of contributors

4 within 20 to 50. degrees.

5 MR. KOUIS4 Well, I am looking at the

6 probability.

7 MR. HANAUERa Yes. These curves are steep.

8 If this curve were to disappear, the probability would

9 chsnge by about a decade in this region. So, yes, as I

10 said , these things are not mature; they are still under

11 development.

12 MR. BENDER: Steve, to just get back to the

13 pressure question one more tim e . If the number was 1000

0 14 p.s.l., would that be because a break is limiting the

15 rate at which the pressure can decay?

,6 MR. HANAUER: Yes, sir.

17 MR. BENDER: And that presupposes that an

18 operator does not do anything to change the pressure

19 f rom tha t level?

20 MR. HANAUER: That is correct.

21 MR. EENDER: Thank you.

22 MR. HANAUER: It is this kind of consideration

23 t h a t led us to stay at 270 in spite of the fact tha t our

() 24 best notion of operating experience tells us that if
-2

25 10 were a real number, we should go up above 300

O
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.

() 1 degrees somewhere.

2 ( Slid e. )

3 But it was the kinds of considerations in this
4 curve that told.us for the present to stay at 270 rather

5 than switch.

6 Now, the amount of science in this conclusion

7 is not very large. Ther are large uncertainties in the

8 probabilistic evaluation. There are uncertainties we

9 have discussed in the inference from experience.

10 You can get more safety, more conservatism, by

11 decreasing the screening criterion. You can get a lower

12 level of s a f et y, less conservatirm, by increasing the

13 screening criterion from 270. If you believe the slopes

14 of these curves, then a 30-degree change in the'

15 screening criterion gives you about a factor of 10 in

16 the probability of wrecking plants due to pressurized

17 thermal shock.

18 MR. ZUDANS: One question. When the heat

19 transf er analysis was done with a sta7nsnt hot leg and a

i
20 certain amount of fluid comino in, was still the

21, a ssumption m ade tha t the entire surface of the reactor
22 vessel and the downcomer gets washed with that cold

23 fluid ?
|

24 MR. HANAUER: Yes, sir.()
25 MR. ZUDANS: That is not likely to happen, is

!

I

\_)h
/

\
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1 it?(]).

2 MR. HANAUER: No, it does not fit. We used

3 the available calculations of thermal hydraulics, and we

O 4 used the available reactor failure probability

5 calcula tions f or which that incompatible assumption was

6 made.

7 MR. ZUDANS: So the thermal stresses then

8 computed were based on asymmetric configurations?

! 9 MR. HANAUER: Yes. .

|

10 MR. ZUDANSs And that is not right either.I

11 MR. HANAUER: Tha t is correct. That is the

12 present state of our calculational ability.
!

13 MR. THEOFALOUS: Well, you found a lot of'

14 reasons why you assumed the small break, and I want to
'

15 look a t the second one. Is there anything in doubt

|
16 concerning the steam line breaks calculation?

17 MR. HANAUER: Of course.

18 MR. THEOFALOUS: But anything of substance?

19 MR. HANAUER: Of course. The small steam line

20 breaks turn out to be more serious than the big ones.

21 First of all, they have a much higher probability; and

22 secondly --

23 MR. THE0FALOUSs But those are reflected in

() 24 here . I am saying, is there anything which puts the

25 line in to d oub t -- this lin e, which already reflects the

(
l
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1 different sizes and so on -- is there something in the()
2 methodology is what I am asking? A heat transfer

3 coefficient or what have you?

O
4 MR. SHEWMON: That is why we are paying you

5 this exorbitant fee to come here and help us with that.

6 (Laughter.)

7 MR. HANAUER: The answer is that many.of the

8 same models were used; in particular, the reactor vessel

9 f ailure model was identical. Of course, now you have

10 either forced circulation or natural circulation, so the

11 heat transfer coefficient and the mixing in the

12 downcomer is more likely to be realistic.

13 It turns out that the worst steam line break
14 is a small break which occurs at hot standby, ra the r

15 than in operation, because you do not have the power

16 generation to heat things up. But that has a lower

17 probability. That is all in this curve, and all of the

18 numbers are subject to discussion. What is the

19 probability of a large small steam line, a small steam

20 line break, a bypass valve opening, which is a steam

21 line break; all of that stuff.

22 MR. THEOFALOUS4 So the interesting question
i

23 is how does one proceed f rom here? If we wanted, for |
1

() 24 e x a m ple, to take advantage of what Prof essor Shewmon has
1

25 said , and we wanted to look at the probability of |

(Q~)
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-5
1 10 and I want to know what steam line break and(]) ,

2 what particular scenario gave you that point, can I get

3 that point from somebody?

4 MR. HANAUER: Yes. It is discussed briefly in

5 the report. And we have some more information.

6 MR. THEOFALOUS: I do not think you have this

,

|
7 kind of information in the report. I looked at the

1
8 report.

9 MR. HANAUER: Look in Appendix G.

10 MR. BENDER: Steve, separately from Theo's

11 Comments about the point, is the matter of how much we

12 understand the heat transfer, heat transport behavior,

13 of the steam generator as a whole, which seems to me to

14 have a big influence on steam line break behavior?

15 MR. HANAUERa For large steam line breaks,

16 there is a lot of uncertainty because the steam

17 generator is f ar outside its normal operating

18 conditions. For small steam line breaks, remember small

19 steam line breaks are not necessarily rending metal,

20 they are bypass valve; open or relief valves open or

21 something like that.

22 The steam generator is operating near its

23 normal mode, and that is not a large uncertainty.

() 24 MR. EENDER: Well, maybe not, but I would like

25 to know more about it.

I
s_.- .
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i

() 1 MR. HANAUER: There is a limiting return

2 here. You would not want to pay too much or delineate

3 too elegantly the heat generator elements of this curve,

4 if you are imprisoned in the reactor failure probability

5 calculations with the many uncertainties that are

6 involved th e re .

7 MR. BENDER: Well, I agree with that. And

8 maybe we would be working too hard under the tail. But

9a lot depends upon how much feedwater is in the steam

10 generator, particularly under shutdown conditions and

11 what its temperature is and what is being done to

12 control it.'

13 MR. PANAUER: You can be more elegant in this
I () 14 area by pickina more scenarios, chopping up your

15 probabilities, and considering many different branch

16 points in your event tree and analyzing each one. This,

17 to the extent that the models are available, this is

.
18 only the use of resources to do this.

!

| 19 MR. BENDER: Paul, did you have another

|
20 question?

21 MR. SHEWMON: No.

22 MR. BENDER: How near are you, Steve, to being

23 a t the end of your harassment?

O (Laughter.)\_- 24
i
''

25 MR. HANAUERs I would say with a typical

,
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p). 1 question density somewhere between 30 and 5 0 minutes.q_

2 MR. BENDERS Well, carry on. We will try to

- 3 hold down the question density.

4 HR. H AN At!ES : I do not learn anything if you

5 do not ask questiens.

6 MR. BENDER: I know. But we are the

7 absorbers, not you.

8 (Slide.)

9 MR. HANAUER: The next thing to do is to

10 compare these numbers with the safety goal. This turns

11 out to be extremely difficult to do, not suprisingly.

12 The saf ety goal is in teras of coremelt and in terms of

13 public risk. And so we have to get from the frequency

() 14 or probability of vessel cracks, which is what we have
j
i

15 been working on, to the probability that cores melt and

16 the probability that the public is at risk.

17 I have expressed these as two unknown

I 18 qua ntities X and Y , those being what you do with unknown
,

19 quantities. The discussion in the report that you have

20 has misled almost everybody, and I have therefore

21 completely rewritten in the next edition of the report,

22 which you will receive in the not-too-distant future.

23 X and Y are not known. They are both less

() 24 than 1. X is the probability that the core melts if the

25 vessel cracks. Not every vessel crack melts the core.

| 1
'

r"%
k/ )

|

| '
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1 It depends upon the size of the crack compared to the()
2 size of the replenishing capability and on the location

3 of the crack, whether the core drains or whether one

4 can, in fact, continue to fill the vessel to some

5 reasonable level.

6 And it depends also on the heat transfer

7 characteristics of a core which is partly covered with

8 water and which is old to some extent by the various

9 loss-of-coolant a c ci;.e n t experiments, but about which

10 there is a great deal more to be known.

11 Now, what I have done is to write down how you

12 compare this kind of calculation with the safety goal.
-4

13 You take the safety goal guideline of 10 You do.

O 14 not want to spend it all on pressurized the'rmal shock.

15 And so I took a tenth of it, an arbitrary fraction. And

16 I said, we are oksy with the ssfety go11 if X times F is
-5

17 less than or equal to 10 .

18 Well, the numbers you get for F are in the
-6 -5

19 range 10 10 if you believe these calculations, ,

20 f or a vessel, at 270.

21 (Slide.)

22 Now, for most of the vessels, the F is a very

23 small number for vessels below 200, which is a lot of

() 24 them. F is a very small number, and th e re is no safety

25 goal problem at all.

)
1

<

|
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1
But let us take a 270-degree vessel, and I(])'

2 have suggested to you that this line characterizes the

3 population of 270-degree vessels, and maybe half of tl.em
Os

' ~5
4 -- well, they are in the range, very small to 10 ,

-6
5 10 , and some of them are much higher in an unknown

6 proportion.

7 I ha ve not done any calculation, but only

8 drawn this curve and waved my arms.

9 (Slide.)
-6 -5

10 If F is in the 10 to 10 range,

11 e ve ry thing is just beautiful. For some fraction of
-3

12 270-degree vessels, F will be in the 10 range. And

13 for those fraction of th e vessels, we probably do not

14 m ee t the coremelt criteria.

15 Now, this fraction of vessels is fairly

16 s m a ll . There is a nice intellectual problem here which

17 I do not know how to address. Here is a vessel which is
4

18 calculated to be 270 by our formula. The probability of

its actual value is either on this curve or on some19 !

20 other curve that we do not know. I do not know how to

21 put that into safety goal language.
l

But surely the fact that most such vessels are22
-5

23 down in the 10 range has to be taken into account in

() 24 looking at the safety goal. This is a question of

25 application of the safety goal that deserves a lot of
|

1

O
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1 attention and has not had it. I do not know how to go
( '}

2 from there.

3 Similarly, with public risk, it is simply tha t

O
4 XF x Y, the probability that a lot of stuff gets out if

5 you have one of these coremelts must be less than some
-8

6 number like 5 x 10 Now, that number has a whole.

7 bunch of assumptions in it about meteorology and

8 population and stuff thst is some kind of an average

9 number. Again, we do not know why for longitudinal

10 cracks that produce orderly coremelts, Y is probably a

11 pretty small number. At Indian Point Y is less than
-2

12 10 for such things.

13 If you get the crack that goes all the way

14 around and you get a jet-propelled top half of the

15 reactor going up, we have a calculation tha t says there

19 is just about enough. stuff to restrain it, it maybe will

17 and maybe will not come apart and fly up. And whether

18 it has enough energy if it flies up to significantly

19 damage the containment so a lot of stuff gets out is not

20 clear because there is not a lot of stuff when this
-21 happens; the core melts forthwith but not instantly.

22 And we do not have analyses like th i s . This

23 sequence has not been analyzed, but I can turn the
-5

() 24 problem around. I can say, if F is 10 , then

25 coremelt is okay and risk will be okay if Y is less than
.

O
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-2

(]) 1 5x 10 And those sound like reasonable numbers,.

2 but I have no science behind them.

3 So the comparison with the safety goal is not
3

%)
4 very satisfactory. It seems like we are not wildly out

5 of line, but we do not have enough science and enough

6 calculations today to make a quantitative check. Why?

7 Because we do not have PR As in which vessel f ailures of,

8 this kind have been calculated in any significant detail.

9 MR. BENDER: And if you had, you could not

10 believe them ."

11 MR. HAN\UER: They would have whatever degree
,

12 of belief was appropriate. We are having some trouble

13 believing the vessel crack calculations. They need more

C)-

14 work. I do not know whether you believe vessel failure

15 coremelt calculations or not. I have not seen any.

16 (Slide.)

17 Now, then in section 8.7 or thereabouts, we

18 have spent a good bit of time on the uncertainties. By

i 19 the way, section B.7 has a few statements that are not
i

! 20 exactly right, and they have been rewritten, too. But,

!

21 in fact, there are -- I do not need to dwell on any
i

22 totay -- a very substantial number of uncertainties in

1 23 all of this.
() (Slide.)24

(
'

25 Now, the conclusions we draw, let me now
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1 emphasize that these are the Staff's conclusions. And(])
2 they are being submitted to Mr. Denton within a week, to

3 Mr. Stello and to Mr. Dircks probably within a few

O 4 weeks, to the Commission probably in November. So that

5 what you hear is what Steve Hanauer and his colleagues

6 think and not what the msnagement of the NRC Staff

7 thinks, and certsinly not what the Commission thinks.

8 And what the ACRS thinks would be a very important part

9 about this decision process.

10 What we now think is that 270 is about right

11 for the present, that the situation is that if 270 is

12 about right, that there is no need for immediate action

13 on any plants, but that within the next small number of

14 years these methods must be refined; and that we will

15 need plant-specific analyses on the top few plants in

16 that list which are getting esbrittled into the high

17 200s; and that what needs to be developed -- and this is

13 the biggest hole in everything I have told you today --

19 wha t needs to be developed is given a plant-specific

20 analysis, which is described in ame detail in Chapter 9

21 of our report and which I have a n*wgraph on, we then

22 have to decide what is accepta57.e when we get such a

23 plant analysis.

24 And that, gentlemen, is the largest hole in()
25 our present work. We have not, since we have gone away

|
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1 from an RT NDT or a single-probability safety goal()
2 style, we have yet to develop the critical question of

3 what is accepted ss these plants continue to embrittle.

4 Now, it is my opinion that the plants in the

5 high brittle range, in the high 200s, should ini,tiate

6 steps to slow down their embrittlement and steps to

7 decrease the risk from the highest risk con tributors

8 which, if it continues to be the small-break LOCA, is

9 perhaps most easily done by warming up the emergency

10 core cooling water. It is rather easy to get 50 degrees

11 out of that with essentially no problems as far as we

12 kno w.

13 And finally, since we did not pick some

tj 14 design-basis accidents and some evaluation models, it is

15 not clear that some of our older regulations are

16 compatible with what I have told you today and what we
,

17 propose to do. This is the question that the legal

18 besgles are now working on.

19 Now, what I wanted to do is to talk some more

20 about the plant-specific analysis. And I wish I knew

21 how to talk some more about the acceptance criteria.

22 But I really do not.

(Slide.)23

The plant-specific analysis, we believe,() 24

25 should include these factors. And you will observe,

O
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1 among other things, the operating procedures and()
2 training program improvements which need to be done in

3 tha fairly short term in some plants, but which need to

4 have a major improvement in connection with the I.C.1

5 TMI-procedure-based improvement.

6 4 hat we think we should from these plants is a

7 auch better look at transients and at the vessel. You

8 do a better look st transients by doing pisnt-specific

9 and, in a way, that encompasses some of these questions

10 tha t have been discussed today, a study of the

11 overcooling transients which dominate the risk in that

12 par ticular pla nt, using the experience of that plant and

13 similar plants as well as the generic experience of all

O
14 plants, which is all we have done, using the plant\'

15 configuration and the plant sizes and the plant behavior

16 of that particular plant.

17 We propose this to be done not in 100 plants,

18 but in a small number of plants that have brittle

19 vessels. Similarly, we propose that in such plants, as

20 good a look as can be obtained of the properties of that

21 vessel and of the present state of that particular

22 vessel, should be obtained.

23 Now, you have scheduled a discussion of

() 24 nondestructive testing. So I will only remark that the

25 code-required in-service inspection is not well directed

V)
f
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1 toward pressurized thermal shock cracks, but that(]}
2 methods are under development and have been developed

3 that can do a lot better job of detecting pressurized

4 thermal shock-type cracks, and ' chat in these vessels

5 there is an obvious place for application of these.

6 Furthermore, what one has to do then is to

7 figure out what to do with the results. When we do

8 these probability curves, in general, we have a crack

9 probability distribution. If you do a good in-service

10 inspection snd you find this and that or nothing, then

11 this ought to change for that vessel the crack

12 probability distribution. That is an area where we have

13 not done anything except wave our arms, but clearly it
f .,

\- 14 is something that we should do.

15 And then we need to consider flux reduction

16 plant socifications.. Your favorite, automatic

17 dep ressuriza tion, is here, M r. Chairman. And

18 operating. And fins 11y, for the most brittle vessels,

19 in situ annealing and the basis for continued operation

20 must be considered.
We have for annealing an EPRI report. There

21

22 is a thin re.7 ort on the f ea sibility of annealing, and I

23 just got a wheelbstrod-size report with 2800 sages on
the metallurgical data that underly the annealing() 24

25 process. And so a f air anount is known about what you

O
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(]} 1 can do with annealing, and I will suggest that very

2 little is known on whether annealing is actually a

3 practical possibility. But this report is available to

O 4 you as well as to me.

5 (Slide.)

6 In the longer term, we think that some generic

7 things ought to be done, too -- the longer-term, meaning

a not this summer and this fall -- but we think that this

9 p~ cedure program that we have discussed at some length

10 and the training that goes with it are really very

11 important and procedures are act now well cognizant of

12 pressurized thermal shock and need to be in a connected

13 and integrated way so that we do not foul up the plants

14 in some other way in trying to cope with pressurized

15 thermal shock.

16 We think that the generic analyses that I

17 presented here have a very large number of holes in it.

18 The number of holes is somewhat larger than when I

19 brought it in this morning at 9:00 o' clock, and that

20 these topics need to be investigated and we need to have

21 a better generic idea of what is going on, particularly

22 f or the Bs and the Cs, because our present analyses is

23 essentially a Westinghouse analysis.

() 24 We need to improve the in-service inspection.

25 We need to decrease the leakage neutron flux, and we

O
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1 need to do these plant-specific analyses.{}
2 Now, that is our proposed program. And to the

3 extent that a single discussion of this length can cover

4 it, I have done.my best to try to connect it. It should

5 be clear that this is a problem that embraces many

6 different disciplines.

7 And one of the most difficult things in coping

8 with it over the past year has been to make sure all of

9 the disciplines were involved and to avoid going off and

to working very hard on one particular piece to the

11 detriment of other parts.

12 I give you one examples the heat transfer

13 coef ficient is obviously an important point both as

14 rega rds how we do our thermal hydraulic analysis and as

i
15 regards how we do our vessel deterministic and

16 probabilistic f ailure analysis.

17 At some point, the hast transfer coefficient

ta is known well enough so that the other uncertainties ,

19 will domina te, and we ought not to do for pressurized

20 thermal shock a lot more work than that in the heat
,

21 tra nsf er coef ficien t. If you let yourself think too

; 22 much along these lines, you induce paralysis. And so we

23 have tried to walk the curve between this.

24 This is the end of my prepared discussion. I()
25 will be glad to answer any other questions, and call on

i
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(]) 1 my colleagues for things I do not know.

2 MR. BENDER: Well, let me say I will entertain

3 a couple of questions and then we will break for lunch
,

4 and decide whether we want more when we come back.

5 Does anyone want to pose a question?

6 (Pause.)
4

7 Steve, in observation and not a question. It
j

8 seems to me that you have come a long way in developing

9 the screening concept, assuming you get the minor

i
10 disagreements straightened out. It does seem to me that

11 the second step, which requires plants to respond to the
i 12 screening criteria when a plar.t gets to the point where

13 it requires some action, is probably not th7 best way to

14 deal with it.

15 MR. HANAUERs Well, we have proposed that

16 plants for which the screening criterion is predicted in

17 3 years be treated so that there is plenty of time to

18 decide what to do about the plants.
,

i 19 MR. BENDER: I see. Okay.

20 Bill.

21 MR. BOCK: It seems that the important thing

22 you are really looking for our opinion on right now is
23 do we agree with the screening criteria, or, if not,

() 24 what else should we do? And whether or not we agree

25 with the screening criteria depends to a considerable
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1 extent on what happens when you reach it.(])
2 If it simply becomes a level at which point

3 the plant should exhibit some increased concern over the

4 PTS problem, we_might hara one opinion. But if it were

5 something that when you reached it, you would trigger

6 off a chain of events which would eventually require you
'

7 to anneal the vessel or do some other drastic
8 modification, our opinion about that might be different.

I appreciate the problems in establishing a
9

10 position . But can you give us anything bet ter to go on

11 as to what you do when you reach the screening limit?

12 MR. H ANAUER: Let me describe our.present

13 sta tus, as the start of an answer, and to say that I
think my own opinion is where we need your advice, you,14

15 of course, give whatever advice you think appropriate.

18
I would suggest that we need your advice in

17 the following acess: First of all, is our conclusion

tha t no immediate action is needed acceptable? Do you
18

19 believe it is correct? You did 6 months ago. Ycu wrote

20 the Commission in that vein. And have we learned

21 anything different, or is this still the correct
22 conclusion in the committee 's opinion? That is kind of

23 a threshold thing, tha t we really do solicit advice on.
Secondly, is the screening scheme appropriate,() 24

25 and is the screening value about rig ht ? And, of course,

O

ALDERSoN REPORTING COMPANY,INC,

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



- . - - _ . . .-

,-,

141

. .

1 Mr. Bock is correct. The question 'that follows()
2 immediately iss is our proposal, to the extent that it

3 is [lel'inested, for what plants should do when they

4 trigger the screening criterion appropriate?

5 Now,.wnere we really need some advice and'

6 where we have not made a proposal is what should be tho
- 7 criteria for operation or shutdown of a reactor whose

8-vessel is snbstantially embrittled? An'd to pick a
'

9 sample, I will sir. ply say tha t a vessel which - reaches,

10 according to our formula, 270 degrees must make a
4 11 showing that operation of this plant is acceptable.

12 Now, there are two general categories of
.

p

13 things. One is a general sharpening of the pencil to
O
O 14 show that, in fact, ,1f you really look hard at this

15 vessel, it is not a 270 degrees the way you think it is

16 a t some lower value. That is one category of responses.'

*

17 Another category of responses is that because

18 of the way this plant is configured, even though this

19 vessel is at 270 degrees in~ this conservative way, that

20 the risk of pressurized therms 1 shock is acceptably

21 low. That is also a. sharpening of the pencil, but in a

;2,somewha t dif ferent area.

I 23
The third thing to do is to improve the safety

() 24 of the plant by procedural and hardware changes that

25 aake the risk accaptable.

/'%
(/
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1
Now, what I have skirted all around is what isQ

2 the acceptability of a plan t with a substantially

3 embrittled vessel? About this we really are only at the

O 4 beginning of our consideration.

5 You are quite right, Mr. Bock, we have not

6 adequately done this, because we were working along

7 toward an acceptability criterion that turned into a

8 screening criterion about 2 or 3 months ago.

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

O
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( ): 1 Any advice the subcomittee wishes to give us

2 would be very welcore. I will tell you some early ideas

3 I have on the subject. If, as I expect, the Commissiong
b

4 proceeds with some ideas about safety goals and value

5 impact justifications f or backfits, we will be, when

6 these things come due in a small number of years,

7 working in probability space. And we will be trying to I

8 develop perhaps the first probabilistic acceptance

9 critoria, or perhaps we will use some f airly generic

10 based upon a few pisnt-specifics to develop

11 deterministic acceptance criteria.

12 I hope and expect tha t we will not go back to

13 a set of design basis accidents, highly conservative

14 evaluation models and highly f ancif ul acceptance

15 crite ria , the way we have now in emergency core

16 cooling . That is not an answer. I don't a good answer.

17 MR. SHEWMON4 Let me make on comment on this.

18 I feel rather comf ortable with your 270 and 300_ numbers,

19 not because I feel I know what is going to happen there

f
20 or exactly what you should do, but I feel that by the

I

i 21 time the vessels get up there it is fully appropriate
i I

22 t ha t people be looking very seriously at it. And I'm

|

|
23 sure the utilities will look at it maybe before they '

|

() 24 even get there ani decide that they would like to slow

1

25 d ow n . And I think I feel relatively comfortable with it.

i
,

!
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O ' ""- 888ota- 1 taia' there - - vasat to de

2 made here tha.t goes like this. Somehow or another

3 people think that the NRC has to establish some

4 regulatory action process associated with the point

5 where the screening criteria require some action. The
s

6 owners own the plants and they have a responsibility,

7 and my inclination is to say that the screening criteria

8 probably show -- if you accept the evidence so far --

9 that there is time to do something.

10 But the initiative is clearly in the owners'

11 camp, and every owner that might find some vulnerability

12 to this thing ought to be thinking about his strategy.

13 Why should the NRC be inventir.g a stra teg y for him?

14 Can we break for lunch on that note? And we
1

15 will reconvene at 1:25.
'

16 (Whereupon, at 12:25 p.m., the meeting was

17 recessed for lunch, to reconvene at 1:25 p.m. the same

18 d a y . )

19

20

l 21

22

23

24

25

O
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{J 1 AEIEENOON 9ESEION

2 (1430 p.m.)

3 MR. BENDER: Let's reconvene. I think before
O,

4 proceeding with.the presentation on PNL, I would like to

5 find out if there is anything else on Dr. Hanauer's

6 presenta tion, and if so, we will cover them now. Does

7 anyone have ar.y additional questions to pose to Steve?

8 (No response.)

9 If not, let me --

10 ER. ZUDANS: Mr. Chairman, I would like to

11 raise a question. I'm sure there's no answer for it.

12 Has anyone during this year in the process attempted to

13 precisely iden tif y where concerns exist in this

14 process ? You know, you use certain linear fracture
I

15 mechanics analysis and they're associated with some form

16 of surf ace. Temperatures were used, a fuel coefficient

17 was used, a whole slew of things.

18 MR. HANAUER: There have been various lists.

19 There is one in Section 8.7 of the report. I have no

20 b ig , long list and we have no prioritized list.

21 MR. SHEWMON: There has been a sensitivity

22 study.

23 3R. ZUDANS: W e, of course, mentioned here

A
(_j 24 this is a concern and tha t is a concern, but a

25 comprehensive list of everyplace where the whole group

O
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(]) 1 thinks tha*. the issues result in a conservative factor.
2 Ihat would be interesting to see.

3 MR. HANAUER: It would, indeed. There are, of
~g

(G
4 course, some non-conservative factors which have to be

5 included.

6 MR. BENDERS Let us leave that as food for

7 thought. I would like to suggest that the working group

8 think d uring the next hour or so about how it views the

9 proposed screening criteria. Because one of the things

10 I think we will have to respond to is whether we think

11 this approach is a good one.

12 And secondly, I suggest we ought to think

I

l 13 about what other kind of recommendations we might make

14 to the Regulatory Commission, reminding ourselves of the

15 original recommendation or the original request which
) 16 Chairman Palladino made to us, which was to provide any'

17 input we could to the staff in time so they could be

18 'in:1uded in their proposed regulatory ef f ort which would

19 be presented to the Commission. So I will leave you

20 with that opportunity to think.

21 MR. AXTMANN: I do have a qaestion for Dr.

22 Hanauer. How far has the staff gotten into the flux

23 management program?

() 24 MR. HANAUER: We studied it quite a bit. We

| 25 have had a contractor do some work for us on it. Tnere

O
I
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1 is a short summary of this in the report and a longer(}
2 summary of this in one of the appendices, and there are

3 some technical reports if you would like to see them.

4 MR. AXTMANNa Have the economic aspects been

5 explorad very much?

6 MR. HANAUER: Well, we have done very little

7 on that except to write down what people have told us.

8 We don't feel that is really within our purview.

9 MR. BENDERS I think the next item on the

10 agenda was a presentation by PNL on their review of what

11 is known about the pressurized thermal shock issue. Mr.

12 Peterson will be the initial speaker, and I will leave

.

13 it up to you to introduce the rest of your gano.

14 MR. PEDERSON: Steve is a very tough act to

15 f ollow, so I brought along quite a bit of help.

16 (Slide.)

17 I am Les Peterson and I will start out with a
18 summary of NUREG-2837, which is the PNL's technical

19 review of the PTS issues, which has now been distributed

20 and only initially suomitted in June, and it was issued

21 by the NRC in July. I will also talk briefly about PTS

22 screening riterin, and then Shaw Bian will talk about

23 events in the thermal and the thermal hydraulic issues.
1

24 Ed Simonen will talk about material properties. Fred()
25 Simonen will talk about fracture mechanics issues, and

I

O
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(]) 1 he also will speak some about the actual NDE or

2 in-service inspection and what gains are possible

| 3 througn that. And then on the end there, Tom Taylor

() '

i

4 will talk about.the NDE methodology and pplications to

5 in-service inspection.

6 (Slide.)

7 We were asked by the NRC to review the PTS and

8 particularly in the near term to come up with a

9 regulatory position for them. And the source of our

10 inf ormation was the 50, 100 and 150-day responses from

11 the licensees, the owners' group submittals ano

12 supporting ongoing research at the various laboratories

13 and EPRI and also, consultants that we had onboard that

O
k "' 14 reviewed the material and made comments and

15 suggestions. And I wrote the consultants on this copy

16 and the areas that they were particularly involvsd with.

17 (Slide.)

18 MR. BENDER: Mr. Peterson, it would help E

19 little bit if when you 're talking if you'd stand bhck

20 f rom the slide.

21 MR. PEDERSON4 In our NUREG-2837, there were

22 three main categories of recommendations that we came a >

23 with . Initially, we found from our judgment that there

() 24 was an immediate problem with any of the present plants,

25 but from the reviews that were made by the NRC people

O
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1 and also.some of PNL people at the plants reviewing()
2 procedures and training and so forth, it seemed quite

3 obvious that there were upgrades in procedures and

O- !

4 training and some control room instrumentation that was !

|

5 needed on a near to longer-term basis.

6 Our report gets into more details there on our

7 recommendations f or the near term and for the
8 intermediate term and the longer-term periods ss far as

9 which proced ures and which instruments and so forth

to should be reviewed on a site-srecific basis for
11 upgrading.

12 Secondly, from the analyses that were

13 submitted on the 15 0 -d a y , they were quite different, and
.,

O 14 some of them had some deficiencies as far as beino
15 accurate or totally acceptable or covering the total

,

16 problem. And so, we developed some criteria to be used
4

17 for figuring effective full power years remaining before

18 f urther corrective actions would be required.

19 And I think these might be particularly useful

20 in the site-specific analysis that will be required when

21 various reactors are triggered by the screening criteria.

22 And lastly, we have recommended improved NDE

23 techniques f or in-service inspection , and Tom Taylor, of

() 24 cource, will talk about that further.

25 (Slide.)

f(
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(]) 1 Now, the screening criterion, of course, as>

2 Steve mentioned this morning, was for a xial velds, 270

3 degrees F, and for the circumferential welds, 300
4

4 degrees F, and we searched quite diligently for a basis
-2

5 for that. Initially it started out looking at 10

6 for frequency because there was -- lookins at a number

7 of them, why, when you use that you get a probability of
-6

l 8 crack extension of about 10 .

9 That has changed some, and now the basis of
-2

10 that 270 is a little larger than 10 But the crack.

-6
11 extension at 10 as Steve mentioned, is very,

12 dif ficult. The probabilities are not something that you

13 would want to rely on for regulatory policy, but it is;

14 probably the best we have, and the safety goals that are
:

: 15 in the comment stage, of course, can be related to about
1

) -5 -6
16 a 10 or .

i

17 Also, the report on the integrity of reactor
;

I 18 vessels for lightwater reactors that the ACRS issued in
-5 -6

i 19 J anuary of 1974 also used a 10 and 10 value, so

1

20 that seems like a pretty good base. But we have to

o

21 learn how to really apply it. And I ha ve g ot to admit

i
22 that we are some distance f rom that yet.

;

23 (Slide.)
,

() 24 This is one of the earlier curves that Steve
25 showed earlier, and it just shows how at 270 you have a

}
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-2 -3

1 frequency of six or seven to the 10 or
(]})

.

2 (Slide.)

3 Setting into this particular slide, which I

4 think may have changed a little but I think it is

5 basically the same slide, a nd I apologize f or the

6 reproduction that didn't come out very good. But as we

7 were told not to do -- and I recognize why we shouldn't,

8 because of not having a real good or not having a good

9 handle on these curves, and I'm sure they're going to

10 shift a lot and they will shift even more when people

11 look at it on a site-specific basis.

12 But looking at the 270, you come out to about

13 two times

} -4, which even with a coupleoof orders of magnitude of
{V 14 10

unknowns or uncertainty as f ar as where tha t is, you still

15
are at lasst a little hesitant to see it u p that high in

16 ~

probability. That is, of course, the NRC staff's curves.
17

18 (Slide.)

19 On Westinghouse curves, it looks better, but

you still have the proba bility in the20 it is still --

-5 -6

21 10 and 10 range.

22 (Slide.)

23 There was one other curve that was in an

24 earlier rendition that now hasn't been used, but I think()
25 it says the same thing. This is operating history and

O
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() 1 the same type of probabilistic analysis, and using that,
-u ,

2 we would get about 10 or pretty close to what the
!

3 NRC staff's calculations are on a PRA basis.

4 (Slide.)
i
J

5 So what we asked ourselves is -- excuse me,

I 6 I'm missing one slide. I guess you will have to look on

7 your handout. The thing we asked was how was
-5

8 probability of a crack of 10 satisfied, considering

9 those type of data points that we get. And in the NRC'

10 staff evaluation of September 13, on page 8.6, it sa ys,
,

11 and I will read it, " PTS event sequences leading to

12 reactor vessel f ailure have overall frequency F per

13 reactor year. Figures 8.2 and 8.3 which were the two

14 curves provide an estimate of F. A plant evaluated as

15 described in Sections 5 or 9 and Appendix E to be at the

16 270 degrees screening criteria is likely to have a true

17 RT NDT of 150 to 270. Now, that is based upon the two

18 sigma .

19 Th en, for a mean of 210 -- in other words, a

20 mean ref erence temperature of those reactors would then

21 be 210, and of course, the frequency would be about

22 10 per reactor year of the NRC curve, and much
l
1

23 smaller on the Westinghouse or owners group curve.

() 24 (Slide.)

25 Looking at those again, we are using the mean

O
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' v 1ue of 2,0, and you see you would de down here in theO
2 -5 to -10 f requency f or a crack extension on the staff

3 PRA curve, by usino the Westinghouse curve. Of course,

4 you are off of the scale. In other words, quite a bit
-6

5 lower than 10 , or here again, using the curve from
-6

6 the operating history, you again are in the 10 ,

7 10 range.

8 So I guess I look at this and I think for a

9 screening criterion, the PNL people felt that the 270

10 was a good value considering the two sigma conserva tism

11 that was talked about. And primarily bect,use of the

12 probability and all of a failure being that low, which

13 is in the range you would hopa to have it.

14 Also, you need some criterion for the

15 licensees to come back and show that their procedures,

16 training design fixes and so forth have improved the

17 saf ety f actor to really gain on their reference

18 tempe ra ture . So I suggest that that probably is the

19 bas e th a t they need to work to.

20 Shaw Bisn vill now talk about the events in

21 thermal hydraulics.

22 HR. ZUDANS: Could I ask a question? I still

23 have some question relative to the frequency of

24 operating history. As I understand, there were three

25 cases in ECW and four to five cases in Westinghouse.

O
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() 1 What would those statistics look like if you did not six

2 the cases? It makes a lot of sense not to mix them

3 because they are completely different reactors. Would |
+

)
N /

4 the B C'4 ca se be. much more serious in terms of the
,

5 statistics?,
.

6 MR. PEDERSONs It would certain vary the

7 statistics, but of cour se, th e re just isn't enough

8 information to really do that and have enough left for a j

|

9 gene ric ba sis.

10 MR. ZUDANSs In either case, eight is not
|
'

11 enough for a generic basis and three is worse, and five
l

12 is just as bad. But you see, if you mix apples and

13 oranges, your overall picture might look better than it

' 14 really is. Say for a class of reactors such as BCW,

15 what would that curve look like for the BCWs?

16 MR. PEDERSON: I agree it certainly would be

17 dif ferent, and I sm sure on a plant-specific basis, this

18 point will be treated by the licensees. In BCW's case I

19 am sure they will 4oint out that there have been a lot

20 of retrofitting where they have made design fractions to

21 the instrumentation system which was quite of ten to

22 b la m e . And that things are improving.

23 MR. ZUDANS4 I see. That may have invalidated

() 24 the entire portion of the BCW effort.

25 MR. PEDERSON: It very well could be. There

O
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() 1 is certainly a lot, as Steve mentions, that he wouldn't

2 want to us? any of that probability for regulatory, and

3 a lot of this is the very reason he wouldn't want to.

4 On the other hand, it may be the best we have
i

5 at this ti.ne. j

6 MR. ZUDANS: It's really not right to say the

7 best we have. I think it is right to say we have

8 nothing at this time in terms of basis for statistics,

9 but it does not stop as from using the statistics to get

10 the sensitivities, and that is ell right.

11 MR. PEDERSONs Well, we need to certainly

12 improve on those statistics that we have.

13 MR. BENDER: We don't want to do it by having

(~)
14 more PTS events. We need to work on the methodology.'

15 Can we proceed with the rest of the presentation?

16 MR. BIAN: My name is Shaw Bian from PNL. I

17 am more involved in thermal hydraulics than the events,

18 but I'm going to cover the area that is mainly done by

19 another person on the initiating events in the area of

20 P R A , as we are talking about just in the last few

21 seconds in the original NEC report.

22 They derive the probability of, say, a s team

23 line break or a small steam line break based on some

) 24 extrapolated boundaries f rom the primary side breaks.

25 W h a t was done was that some data on the primary side

O
'v'
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1 part piping breaks were taken and then were extrapolated()
2 based upon how many times longer of the steam line pipe .

3 compared to the primary piping could come up with a new

4 probability because the length of the pipe is longer and

5 so forth.

6 And you may have a lot of uncertainty on that

7 because of certain events and welds, and also, the flow

8 rate of steam is much higher than the primary coolant.

9 So based upon the straight linear extrapola tion of the

to probabilities, there is quite a bit of uncertainty

11 involved in that area.

12 So we said we think that some more work based

13 upon the probability of the break locations, instead of

O 14 how long the length of the pipe should be, and with th a t

15 kind of approach the result probably is more acceptable.

16 And the second item on the initiating events

17 is the operation reaction time. In the $ raft of the

18 sta f f report there was a discussion about the time

19 allowed for the operator to do certain actions, and we

20 f ound that there was a lack of discussion on the minimum
21 time required for the opera tor to take certain actions.

22 For example, from the ANSI standard, N660, we

23 f ound that general criteria f or the operator action is

() 24 tha t a minim um of six minutes should be allowed for the |

25 operator to start any action and then for each

O
,i

|
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() 1 distinctive operation of the control component, one more

2 minute should be 111oved. And in one of the submittals

3 by B&W on the small steam line break, they assumed theq
%d

4 operator to start to shut the aux feedwater in five

5 minutes, and so this apparently indicates some kind of

6 discrepancy in that area.

7 Next I want to get into the thermal hydra ulic

8 area. Right now, on the probabilistic risk analysis the

9 dominant scenario is the small break LOCA with no flow.
10 And we found the approach of using long-term probability

11 for a two-inch to six-inch break. I think we can refine

12 that by doing some more detailed analysis to bracket the

13 exact size that the na tural circulation will stop. And

O 14 then, if we do that, it will depend upon a lot of

15 parameters. So I think the scenario will be the exact

16 size that the small break LOCA would cause the stagnant

17 flow situation is really very much site-dependent or

18 plant-dependent .

19 The reason for the more specific analysis on

20 th a t is with that, we probably can refine the

21 probability that certain breaks will occur, say, for

22 example, a two-inch or a three-inch. Apparently, if we

23 look at -- I talked to one of the persons at PNL and the

() 24 comment we have is that a two-inch break to six-inch
25 break probably has an order of magnitude diffe;9nce on

O
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1 the probability of occurrence. So that will definitely
(])

2 affect your curve of the failure probability, and the

3 curve that Mr. Peterson just showed, the dominating |
1

4 curve, is the small break LOCA. j
i

5 MR. BENDER: Are the natural circulation

6 characteristics grossly different for different

7 systems? That is, would the BCW plants be less likely

8 to lose natural circulation than the Westinghouse !

)

9 plants, for exemple? .

10 MR. BIAN Without detailed analysis, I would

11 say probably if you have the much higher -- I guess

12 depending upon the diff erent eleyations of the two

13 components, if the heat source is much higher you have a

14 auch higher driving source of natural circulation. I-

15 h av en ' t done the parametric studies on different

16 systems . I really c a:i n c t say.

17 But the recommendation is that we should look

18 into more on the exact situation; namely, the break

19 size. And different vendors have -- I mean even within
20 one vendor they have different arrangements of the

21 loop. The elevation difference of the heat sink and

22 hos t source. So it is really kind of plant-dependent.

23 MR. THEOFALOUSs Why do you think the

() 24 elevation dif ference has anything to d o witL it? How do

25 you lose natural circulation?
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1 MR. BIANs Okay. As Steve mentioned about th e()
2 loss of inventory to a certain extent --

3 MR. THEOFALOUS So what does tha t have to do

4 with the difference in elevation?
.

5 MR. BIANs Okay. That is the point. The

6 point is when did the void form in the higher points.

7 MR. THEOFALOUSs You give me a break and I

8 will find the time in the injection level shere you will

9 lose natural circula tion.

I
10 MR. BIAN: But I think it is plant dependent.'

11 MR. THEOFALOUS: It's plant dependent to the

12 extent that maybe different plants have different
.

13 inj ection ra tes, and therefore, the optimal size to

'' 14 reach that plateau would depend. Because really, you

.

15 balance between what you get in and wha t you get out.
|

16 B u t it doesn't have to do with elevations.

17 MR. BIAN: That is a dif f erent aspect. That

I 18 will ha ve an effect on na tu ral circulation, but not in

19 this case.

20 MR. THEOFALOUS4 Do you ha ve any feel for what

21 kind of a spread in break sizes would be in the

22 mid-range where it just about balances so the thing

i 23 could stay up?

24

25

O
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1 MR. BIAN All we have done is a little()
2 research, and one-half inch is about the size. PNL

3 doesn 't know, I don ' t k now, but we would like to know

4 that. We do more work by ourselves or the owners

5 group.

6 MR. ZUDANS4 It is interesting that Steve's

7 presentation and the present discussion indicates that

8 there is a limiting transient f ar PDS, and that would be

9 defined as a design basis transient the size of a small

10 break LOCA that leads to natural circulation

11 interaction. This is it.

12 All they have to do is analyze it in great

13 detail and they would have all the information. Nothing

i
- 14 worse can happen.

15 MR. THEOFALOUS: Not true, because the small

16 break was analyzed in such a conservative way that that

17 migh t n ot be limiting a f ter you do it right. So

18 something else might pop up.

19 MR. CATION: It would probably fall right on

20 t op of the next line, which was below, which I think was

21 the steam line break, if they take out some of the
.

22 conservatism.

23 MR. ZUDANS: That means that the statement

() 24 that this is a limiting transient is not ne cessa rily ,

1

25 correct.
|
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O ' "a c^rro" 't = "ot- th t - riaat-

2 MR. BENDER: It's very easy to make that

3 particular one go away.

4 MR. CATION: You can pull it down until it

5 falls on top of the next one.

6 MR. THEOFALOUS: Then you can pull the next '

7 one down. And I think really, we have to pull all of

8 these down.

9 HR. CATTON: Theo, I think the lack of natural

10 circulation probably has more conservatism in it.

11 MR. BEF. DER: Can we move on?

12 MR. BIAN: Caay. The next one is the local

13 mixing in the downcomer, and we did some analysis based

O 14 on the Levy model. And while I will not go into the

15 detail, I will just show you.

16 (Slide.)

17 I will show you the assumption that the model

18 got from. This model is basically assuming that you

19 have instantaneous mixing of the cold water with the hot

20 wa te r a t the no-flow situation, and we believe with this

21 model we can come up with a result which is really close

22 to the NRC result.

23 (Slide.)

O() 24 And so we believe that is basicaly the

25 approach they used. We got a final temperature of 136
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1 deg rees and they got 125, and the beta is .13 and theirs(])
2 is .12.

3 So that leads to the next question: How good
-

4 the approach is as far as realism is concerned. Of

5 course, there are certain arguments either for or

6 against that. One argument for that is that it is

7 conservative because the way that we do the analysis we
'

8 didn't allow f or the hot wa ter inside the downcomer, I

9 mean below the weld's location, to mix with the cold

10 water up above. And also , it didn 't allow for the

11 thermal shield energy to he released.

12 But on the other hand, if you look at the

13 Criari data and also some analysis we did at PNL with
O
\~ 14 sur code, we found there's a thermal stratification in

15 the cold leg, that the equation didn't allow for that,

16 the Levy model.

17 By the way, we add the wall heating on that,

18 too. So there is a no on that. Maybe the weld loca tion

19 has an even hotter temperature than the Levy model

20 a pproach takes, if we allow for the cold water to settle
21 down into the lower part of the cold leg and just flow

22 towards the cold barrier, instead of the vessel side.

23 We don't know. There is certainly uncertainty

() 24 on that, and I think continued 3-D analysis will

25 proba bly help the situation to figure out exactly the

O
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()( 1 phenomenon that is involved in it.

2 (Slide.)

3 The last one I would like to go through
)

4 quickly is heating the ECC water, and I think it is

5 fairly clear that it would be very effective if we have

6 a stagnant flow situation, but it would be not

7 effective, but it is not critical, if the natural

8 circulation is maint'ained, because you have a continuous

9 source of heating coming from the cold leg.

10 But again, the effects on the core cooling and

11 also, for example, the active containment pressure, the

12 eff ect on those things really still is not analyzed well

| 13 enough or not analyzed at all.

O 14 ER. BENDER: Excuse me. Before you take that

15 off , what do you envision as the problems of heating the

16 ECCS? Are there any limitations that would have to be

17 put on what could be done?

18 MR. BIAN: Now, if we are worried about using

19 the ECC water f or the no-flow situation , then we would

20 think that the core cooling probably is not mainly

21 caused by the temperature of the ECC vater and it's

22 r eally mainly caussi by the suppression of the wa te r

23 level f rom the upper head, because of the steam forming
1

() 24 and so forth, and it is not the temperature of the ECC

25 water coming in.

O
,
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1 MR. BENDER: If I wanted to set the ECC water

2 at 150 degrees instead of at the nominal 60 that was

3 used in the previous analysis, would that make the

O
4 problem go away. altogether?

5 MR. BIANs At least it would bring the small

6 break LOCA curve down, so that it would red uce the
6

7 probability of failure to maybe 10 or whatever the

8 new number should be, instead of that dominating effect

9 that we see right now.

10 MR. BENDER 4 And the only problem you see in

11 raising the temperature would be that -- would be what?

12 Would there be any problem except spending money? ,

13 MR. BIANs There is a problem that we haven't

14 analyzed. For example, the effect on maintaining active

15 pressure of the containment. You have extra heat source

16 there and that may cause some problems. We don't know. !

17 That has to be analyzed, really.

18 And two more comments that are not in the

19 slide , that just came up this morning. One is that the
I

20 argument on the cold leg tenperature measurement against

21 the downcomer temperature mer.surement, and we know in

22 certain plants that the RDT locations are opstream of

23 the injection location, and in that case the data will

24 be in serious doubt of usage for the analysis. That's

25 all I want to mention on that.

O
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.

() 1 And the second is the fuel coefficient. We

2 found that using a constant value probably is not as

3 realistic, depending upon what value it is. If you usedf-()g
4 a 300 Btu per hour, it probably is not as realistic as

5 using a variable value based upon natural convection for

6 at least the stagnant flow situation, because in the

7 latter part of the transient that's where you have a

8 concer . about low tem pe ra tu re .

9 Usually, the delta T is smaller, so that you

10 have much lower H than the constant 300 value.

11 And that is the end of my presentation.

12 MR. SHEWMON: Thank you.

! 13 (Slide.)
| (')
!

v 14 MR. SIMONEN: I am Ed Simonen and my

15 responsibillity La the PNL assessment of PTS is in the
i

16 area of material properties. There are three areas

17 wnich I would like to c'omment on this afternoon. One

18 h a s to do wi th varlsbility and the material property

|

19 determination and the justification of using

! 20 conserv atisms. The second area deals with our support

i 21 of the use of statistical-based trend curves and some
;

22 comments on how we f eel they ought to be used in the PTS .

23 e valua tion. Lastly, we recommend some testing that

() 24 could be done to enhance the development and application

25 o f the statistical trend curves.
f
4

!
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() 1 (Slide.)

2 With regard to the variability in material

3 properties and the conserva tism that is assumed, we
; g-
y4

4 examined the issue with respect to what is accepted ASME

5 code practice of using lower bound fracture values

6 versus what is used in the PTS evaluation. What is used

7 in the PTS, in addition to using the lower bound K-1R

8 curve, are two contributions to variability. One is

9 from measurement error and the other is from a
I 10 generalized data base that is used in the development of

4 11 the statistical trend curves.

12 With regard to the measurement error, there is

13 an added contribution of conservatism that comes in due
O 14 to the fact that property is determined three times

i

15 rather than just one time, and it is -- like in the
,

16 lower bound toughness value, there is measurement error

17 that is incorporated in that lower bound.

18 But in PTS we have an indirect determination

19 of the material property. We have to make measurements

20 on the initial property tha t has its measurement error,

21 and then the shift that also has a measurement error.
22 So there seems to be a piling on of opportunity of

23 putting in measurement errors that haie nothing to do

) 24 with variability of material property, of real

25 variability in the pressure vessel material.

O
!

ALDERSON REPORTING COMPANY,INC.

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



167

() 1 We estima te that this measurement error added

2 conservatism is something less than 30 degrees, and this

3 is based on, if one looks in the literature and finds()
4 how well one can determine Sharpey values and the RT

5 NDT, it seems like the best one can do is to come within

'

6 10 degrees Fahrenheit.

7 The best experiments, where the material

8 property is controlled as best one can, the error never

9 goes down below 10 degrees. And if you add on the 10

10 degrees from the initial property and the 10 degree

11 contribution from the shift and do that square root of

12 the sum of the squares, it comes out to be, I think, 28

13 degrees.

14 So there is an added conservatism in that with

15 regard to the generalized data base because the trend

16 curve is based on a wide range of different types of

17 material, different compositions, different radiation

18 environment spectra, flux. There is a lot of

19 uncertainty that comes into this data base.

20 My point would be that the actual vessel wall

21 has those same kinds of uncertainties with regard to

22 wha t was the temperature that the wall was radiated at,

23 the flu x , the spectra, errors in the assumed

() 24 composition . So these -- this added conservatism really

25 seems to be justified because the vessel wall itself is

O
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() 1 subject to that same variability.

2 Se the end result is that one looks at the

3 total conserva tism between mean value and the upper and

4 lower bound approach, there is something over 100

5 degrees Fahrenheit that is involved between those two
.

6 estimates, and of that 100 degroes something less than

7 30 degrees seems to be not really justified on real

8 material property variation.

9 This seems to be a minor contribution in the
10 total analysis because these uncertainties are known

11 with some degree of accuracy. There is this large

12 substantial conservatism, but we do understand the

13 u ncertainties. We believe that the RT NDT is an
A

14 appropriate criterion to focus on for identifying plants~

15 that are susce ptible to PTS conditions.

16 The next comment having to do with

17 conservatisms has to do with the NRC report, in which -

18 sigma values are used on the initial proper ty welds, but

19 not used for plates. It would be our recommendation to

20 use -- to identify the appropriate population and
i

21 uncertainty distribution for each type of saterial, and
i 22 always included in the analysis in the welds there is a

23 population density that is accepted by NRC and it is

() 24 used for the plates.

25 I'm sure a simila r listribution could be found
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(]) 1 with much less uncertainty, but feel that that

2 uncertainty should be included the same way as it is for

3 the welds, just for consistency in the analysis, to make

4 the analysis le.ss complicated.

5 MR. SHEWMONa Do the properties of weights -

6 enter into this consideration at all? Is that where the

7 Guthrie data comes f rom or what?

8 MR. ED SIMONEN: It could. There are some

9 plants in which plates could be Jimited. I wonder, with

10 the flux distribution, that if plants start

11 redistributing their core so that they redistribute th e

12 flux to the welds, that eventu.11y the pitte will be

13 limiting.

O 14 I think what we a re ad voca ting he re is a

15 consistency in the treatment of material properties, to

16 not make exceptions for this and that, so it is clearest

17 what the policy is.

18 MR. IRWIN: This measurement, by which you are

19 talking about a measurement error, is it a measurement

20 o f fracture toughness to yield strength or whatever?

21 MR. ED SIMONEN: I would say th a t I a m

22 par ticularly thinking of the EPRI round robin
,

23 experimen t, in which they took a plate and chopped up

() 24 specimens f rom the same portion of the plate, sent it

25 around to diff erent laboratories and had a whole bunch

O
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() 1 of tests done on the same material, and then looked at

2 these uncertainties laboratory to laboratory, instrument

(- 3 to instrument.
V)

4 MR. IRWIN: I believe that was pre-CRAC Sharpy

5 te sti ng .

6 MR. ED SIMONEN Right.

7 MR. IRVJja That's not a very good comparison

8 from the point of view of the type of measurements

9 actually used in the NRC analysis for pressurized

10 thermal shock calculations.

11 MR. ED SIMONENs You think the values should

12 be even less than what I'm saying?

13 MR. IRWIN: No. I think that you can't look

O 14 at a whole bunch of small specimen data. You will

15 always see a very large sca tter simply because you pick

16 the tiny specimens. As you get a bigger and bigger

17 crack f ront, you will see less and less scatter, because

18 the crack f ront will represent all possible va ria tion s

19 to a greater degree.

20 What do you do about that?

21 MR. ED SIMONEN: ' Well, I guess you would have

22 -- the measurement error in the Sharpy's is greater than

23 it is for actual flux fracture toughness, which is

() 24 relevant to the PTS issue, so that there is probably

25 maybe a greater conservatism in here tha t really doesn ' t

| (
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() 1 represent performance of the vessel wall, that the

2 Sharpy's give more scatter than you would get with

3 appropriate kind of fractare toughness of vessel.
f-U)

4 MR. IRWIN: Whether or not you can represent

5 the scatter in terms of degrees Fahrenheit is also a

6 question. It depends upon the slope of the curve when

7 you plot that measurement result against temperature.

8 If it is perfectly flat, then your uncertainty in

9 tem perature might be 200 degrees.

10 MR. ED SIMONEN Right. That comment had to

11 deal with all of these uncertainties and the whole
12 analysis of when Sharpy uncertainties are introduced.

13 Another comment with regard to this

O 14 consistency on how to treat the uncertainty in initial

15 property on the new plants, where the welds are

16 characterized better than they have been in the pasta

17 I t 's a question of how will they be treated, with the

18 same type of sigmi ancertainty or will there be -- o r

19 will you tske the new plant welds that are well

20 characterized and say they are like the plates because

21 they are well characterized.

22 This seems to be an opportunity f or

23 misunder standing as to how NRC will determine these

() 24 material properties f or dif f erent examples. It would be

25 good to have a clear, consistent way of treating these
;

|
l
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() 1 in all cases.

2 (Slide.)
'

3 A second area I would like to discuss had to

4 do with our recommended use of the statistical trend

5 curves. We do believe there are great benefits in the

6 use of the statistical trend curve. It allows the

7 owners to take credit for the low nickel that we would
8 normally be able to assign.

9 We believe that the statistical trand curve

10 should be used to describe all data and a statistical
11 model ought to describe the whole da ta base

12 satisf actorily , and that the reg guide upper cutoff

13 should not be used, as it is presently proposed, that a

b\' 14 sta tistical model should be identified that includes,

15 that does not make it necessary to put the upper cutoff

16 in the reg guide. And I think there a re ways of doing

17 it that George Guthrie is looking at. That I think in

18 the end is what should be done.

19 Another problem with using the upper cutoff of

20 the reg quide is, what happens when new data comes in

21 that exceals present reg guide line? If a new data

22 point comes in 20 points above the present line, does

23 that mean everything gets shifted up and then there is a

( 24 dramatic change in the valuation of all of the plants?

25 Wi th the sta tistical curves, an outlier that

Ov

ALDERSON REPORTING COMPANY,INC,

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

.



173

() 1 occurs like that simply gets incorporated in the whole

2 sta tistical data base and there is no dramatic change in

3 the evaluation of individual plants.

4 Also,.I might point out limits to the

5 statistical curves with regard to our present PTS

6 evaluation, and pointino out that it is least

7 conservative at the extreme values, namely high copper,

8 nickel, and fluence, where copper is greater than .3

9 percent, nickel greater than .5 percent, and fluence
18

10 greater than 5 times 10 .

11 Of the 139 points in the data base with the

12 statistical analysis, 7 satisfied th ose requirements,

13 which represents 6 percent of the data base. Within our

O
\~' 14 PNL or in the PTS evaluation, you look at the NRC list

15 of plants and the first five plants on the list are in

16 this category of 6 percent of the data base.

17 You must recognize that the uncertainty that

{ 18 is given f rom the statistical uncertainty is really much

19 greater for these plants, because it is at the extreme

20 edge of the population of the da ta. So tha t is a

21 non-conservatism, if you would want to call it that.

22 Also, I might note that the reg guide is used

23 for three of these top five plants as the upper cutoff.

() 24 Tha t is a serious issue, that many of the plants are

25 af f ected by that issue by the upper cutoff of the reg

|
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() 1 guide.

2 (Slide.)

3 The last ares I wopuld like to discuss has to

Osa

4 do with identifying testing needs that would enhance the

5 development and application of the trend curves with

6 regard to a characterization of these radiated pressure

7 seals other than Sharpy testing. In the 1960's, there

8 was a rather ambitious effort to look at properties of

9 vesse l ma te ria ls , namely at Oak Ridge to try to identify

10 submicroscopic -- these mechanisms that are responsible

11 for embrittlement.

12 Since that time there have been many new

13 advanced characterization techniques that have been

14 developed and that ought to be promoted to use these

15 techniques to identif y reasons why, for example, this

16 nickel influences embrittlement the way it does. Does

17 low nickel have a unique effect, perhaps, on

18 saturation ? Is there a limit to the high nickel effect

19 and how it is supplied in the development of the trend

20 curves?

21 MR. SHEWMON: Now, nickel tends to enhance the

22 eff ective radiation? Is that the conclusion?

23 MR. ED SIMONEN: Right. It is a product of

() 24 copper times nickel in the trend curve.

25 MR. SHEWMON: Are you close enough to this to

O
e
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(]) 1 know whether that same effect is found on the other side

i 2 of the Atlantic? I nave heard that there is some
i

3 question over there, where they use a lot of higher

4 nickel alloys?

5 MR. ED SIMONEN I don't know. Perhaps George

6 could f eel f ree to comment.

7 ER. GUTHRIEs I think it is still pretty much

8 up in the 11r.

9 MR. SHEWMON: Do you mean whether their data

10 is dif f erent from ours or whether there is an effect of

11 nickel a t 113 ?

12 MR. GUTHRIE4 Combustion Engineering thinks

| 13 that there is an effect of nl'ckel.
(' ) 14 MR. SHEWMONs And it's a deleterious effect?

15 MR. GUIHRIE: Westinghouse I think thinks

16 there is an effect of nickel. People down in Santa

17 Barbara working for EPRI think there's an effect of

18 nickel. Russ Hawthorne thinks there is an effect of'

19 nickel, and almost everybody I talk to thinks that there

20 is an interaction.

21 And they way they look at it mostly at this

22 point, people in the United Sta tes, is that when nickel

23 ge ts in th e re , if you 're f amiliar with the copper-nickel

() 24 phase diagram, nickel can join a copper cluster and the

25 thing still maintains a copper-like character, or so you

O
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() 1 would guess from looking at the copper-nickel phase

2 diagram.

3 Nickel is transition metal and it is magnetic,
,

f

4 and as you add copper to it it is still a transition

5 alloy and it is still magnetic. And you get up to 60

| 6 percent copper and it goes over to a copper-like

| 7 material and it is paramagnetic, and finally in high

8 copper it is diamsgnetic. It is not a transition metal

9 any more.

10 If the same thing happens in small clusters,

11 nickel in small siounts joining a copper cluster would

12 make the clusters more numerous or make them bigger, and

13 still be capper-like in their character. If you try to
O

14 get too much nickel in there with just a little bit of~

15 copper, it wouldn't work.
i

16 So what people think at this point is that'

17 nickel is detrimental, especially in a high-copper

l 18 alloy , because the nickel can join the copper clusters.

19 MR. SHEWMON: In small amounts of nickel?

20 MR. GUTHRIE4 In small amounts of nickel. But

I
'

21 when you get an awful lot of nickel, so that the nickel
|

22 can ' t join the copper clusters without driving them to a

23 t ra nsition metal or a nickel-type character, then the

() 24 additional nickel isn't going to do too much. And

I 25 people think that nickel by itself, with no copper in

| J

ALDERSON REPORTING COMPANY,INC,

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

_



177

(' ) 1 there, really isn't all tha t bad a thing.

2 So that's the way it's looked at in the United

3 States at the present time, or at least that is what I

4 believe. And I.have tried to put together models more

5 recently that have this in them.

6 But I noticed in going over the printout

7 sheets that I have with me that it doesn't seem to do a

8 whole lot of good on some of the outliers. And I am

9 beginning to suspect that in the high copper-nickel

10 data , that it is just scattered and we just don't have

11 very much of it.

12 And I agree with Ed , I woul$ sure like to see

13 somebody get some submicroscopie information on what the
O

# 14 mechanisms are. And it is very hard to get any

15 mechanistic information on these things. We would feel

16 a lot more comfortable if we h'ad purely mechanistic

17 models that we really believed in, where the parameters-

18 h a d a physical basis for each parameter and where we

19 could then go in and get a least squares adjusted value

20 for each one of these real parameters where the

R1 parameters meant something.

22 But we're stuck with trying to put together

23 mathematical models that fit the macroscopic data as we

() 24 see it and which account for the macroscopic properties

25 as we are aware of them.

()
,

,
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(]) 1 MR. BENDER: Why don't we move on.

2 3R. ED SIMONEN: I guess I would comment that

3 it took five to ten years to identify copper as beingf-)\/
4 deleterious, and it took another five to ten years to

5 identify nickel. That is kind of through empirical

6 searches for effects, and that is what, 20 years worth

7 of effort. And maybe some key understanding could

8 direct these trend curves to get them on line a lot

9 faster.

10 The last area I would like to comment is on

11 trend curve application. We've talked about in situ

12 characterization of vessels in our report. We've

13 mentioned chemistry measurement on the outside of the

14 vessel. There is also possibilities that in

15 micro-hardness tests on the vessel, some types of

16 information that you can get that reflect mechanical

17 properties on a small scale of actually doir.g tests in

18 situ on an irradis ted vessel.

19 The last area of concern has to do with this
20 If vessels have to be anneslei, there has to be a way of

21 using the trend curve information to establish

22 re-irradiation embrittlemen t guidelines, that it is not

23 good enough just to use the two isolated surveillance

() 24 specimens to establish the re-irradiation embrittlement,

25 but one should use the trend curve data base.

O
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O ' ra t i= *ae de=t xao 1eace ta t there i= oa

2 the effect of radiation on the prope rties, and one ought

3 to deselop the right kinds of tests that allow one to

4 know how the trend curve information vill be used in the

5 re-irradiation embrittlement of an annealed vessel.

6

7

8

9

10

11 -

| 12 .

'
13

'

14

15

16

17

18

19

20

21

22

23
'

O 24

25 ;

O
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() 1 MR. BENDER: Are there any questions?

2 (No response.)

- 3 MR. BENDER: Let's move on them.

4 ED SIMONENs Next, my brother, Fred Simonen,
.

5 will talk about f racture mechanics and probabilistic

6 fracture.

7 (Slide.)
.

8 MR. FRED SIMONEN: I guess Ed is h: . Materials

9 toiay and I am Mr. Mechanics. I would just like to say

10 a f ew words on my critique of the fracture sachanics
,

11 issues and statistical rather than probabilistic

12 f racture mechanics. I guess there are really two

13 essential questions.

O 14 (Slide.)

15 MR. FRED SIMONEN One is, are the

16 conservatisms in these anlyses appropria te, and the

17 other is, what is the significance of these

18 probabilistic fracture mechanics analyses and how do

19 they relate to the more conventional deterministic

20 analyses?
,

21 (Slide.)

22 ." 2 . FRED SIMONEN: I have tried to sort

23 through some of these question s, and I guess I view it

() 24 in the way ragineers do. Stress analysis, structural

25 integrity analysis. They tend to introduce

O
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1 conservatisms in perhaps three different ways. One is'( )
2 placing bounding values on the input parameters. In

assuming flaw3 this PTS example, talking about putting --

g
(G

4 sizes and toughness, we are taking minimum toughness to

5 overbound toughness curves and lower bound and upper

6 bound shift curves and that sort of thing, and the

7 important thing is, these types of conservatisms can be

8 quantified because you have got a data base to work

9 with, and this is addressed in the NRC work through the

10 probabilistic f racture mechanics.

11 There is another class of conservatisms I see
.

12 as just analytical or modeling assumptions, and in this

13 PTS work. For example, these things are like flaw

14 shape. Is it a short flaw, long flaw? Those things

15 aren 't q uan tified . Clad effects. They are either -- it

16 could be accluded and warm prestress. The conservatisms

17 are not readily quan tified , and these are not addressed

18 by the probabilistic fracture mechanics.'

19 And as engin*eers usually perform these, they

1

20 usually attempt to take these assump tions, or you may

|
|

21 sake a few non-conservative assumptions, but you always

22 wan t to make sure you kind of balance it against

23 something you are sure is an overriding conservatism.

() 24 If ycu leave something out, make sure you put some other

25 conservatism that is much greater than what you leave

O
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() 1 out.

2 I guess a final safety factor or conservative

|
3 simple safety factor which is, if you look at design and

|

' 4 pressures according to the ASME code, we do have safety

5 factors from two to th ree, and in some cases lower, and

6 essentially what these allow for is factors which you

7 really can't quite include in your model, kind of an

8 unknown, unknowns.

I 9 (Slide.)

10 MR. FRED SIMONENs Okay, what I have done on

11 this slide is to try to list what I feel some of the

12 unquantified conservatisms are in the NRC analysis.

13 Essentially, these are conservatisms that aren't really

O
|

14 reflected in the probabilistic f racture mechanics. They

15 are not quantified, so there may be an additional lower

16 f ailure probability in my view due to these factors.

17 I have listed the va rious items on this

18 column. I looked at the va rious models. I had what the

19 NRC staf f f racture mechanics has done. I have listed

20 w h a t the ASME code would give you as guidance. And in

21 our report we went through quite an effort to try to see

22 just how would the ASME code dicta te a PTS evaluation.

23 The code really kind of skirts around the issue, so you

A( ,) 24 kind of have to imply what the code would tell you, and

|
25 I think the reason why you look at the code, this was a

|

O
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() 1 set of rules that was written long before this PTS

2 concern arose. So it was, I guess, a set of rules

3 written by the industry when they were looking to

4 justify rules to the public, and showing that these are

5 in fact conservative rules rather than trying to justify

6 the use of a particular vessel, and then I have listed

7 some of the industry's responses.

8 The first item, the safety factor, none of the
.

9 PTS evaluations have put any kind of engineering type or

10 code type safety factors. The code is very vague on

11 this issue. I would read in the code a factor maybe o.?

12 about the square root of two, about 1.4, 1.4 f o r the

13 f aulted type loads we are talking here. There are two

14 o ther f actors, clad thermal expansion and flaw length.

15 The code does not require you to prove clad thermal

16 expansion. You can just forget the clad is there.

17 The NRC staff has included this, and this, the

18 values I have seen in the NRC report, I have read

19 something like 17 percent increase in stress intensity

20 f a c to r. The NRC evaluation includes very long flaws,

21 essen ti ally infinitely long flag where the ASME code and

22 in the Appendix ; Section 2 would say a six to one-

23 aspect ratio flaw, and the NhC codes would say something

() 24 lik e, that would give about a 20 percent enhancement in

- 25 K .

O
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() 1 And essentially what I did can compare the

2 code with the NRC approach. The NRC does not include a

3 safety factor. They do have a couple of other minor

4 conservatisms included that are not dictated by any

5 provisions in the code. It is quite interesting. You

6 take the 17 percent, take the 1.17 and multiply it by

7 1.2, and you get a f actor of 1.404, which is very nearly

8 close to the code, so I guess the conclusion is that the

9 way NRC is doing their analyses essentially would give

to us very much the same result, if you follow the code.

11 MR. ZUDANSs The 17 percent is not a
i

12 conserva tism. It is a reality. The 20 percent, yes.

13 MR. FRED SIMONENs Okay. Well, I guess there

O 14 is other conservatism. I look at just what is your flaw

15 description. You are assuming the fisw extends through

16 the clad. -

17 NR. ZUDANS: Yes, that exercise, although it

18 works out nice , it is not reality. Seventeen percent is

19 a real thing. You have the clad, and it is going to

20 expand thermally, and it is going to change the

21 stresses.

22 MR. FRED SIMONEN That is given that you have

23 a flaw of two that extends f rom the base metal through

() 24 the clad. I agree.

25 MR. BENDER: Let's move along. We are quite a

O
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() 1 bit behind schedule.

2 MR. FRED SIMONEN: There are a number of other

3 conservatisms I would mention here. There is the vessel

4 life. The flaw description has been based upon flaw

5 size description essentially. There are flaws that were

6 volumetric flaws in the WPld. I guess all of the

7 analysis, to take a worst case assumption, that this

8 flaw is located at the vessel ID, and it is oriented

9 normal to maximum stresses, and extends through the

to clad. The NRC did not in cl ude warm prestress. I

11 believe that there are many of these transients where

12 warm prestress will be a f actor, and this is not

13 quantified in the probabilistic work. I guess all of

O 14 the analyses did consider crack arrest. The code does

15 allow crack arrest, although I think it was put in there

16 in the context of a large break LOCA, and applying it to

17 PTS, we would say that you might want to apply it in a

18 somewhat more conservative manner than was written into

19 the code.

20 And I guess the other f actor is this question

21 of suppression of crack growth by tough clad. None of

22 the analyses have included that, but there is work at

23 Oak Ridge that will be looking at just that factor, and

() 24 it may show that this is a rather conservative

25 assumption as f ar as preventing crack growth

O
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() 1_ lengthwise.

2 (Slide.)

3 MR. FRED SIMONENs I guess our conclusion is

4 tha t essentially the NRC staff analyses are essentially

5 consistent with the conservatisms of the ASME code. The

6 probabilistic f racture mechanics does quantify many of

7 the conservatisms in deterministic analysis, but there

8 are many 3nserystisme that simply are not quantified in

9 this, and the failure probability does not reflect these

10 ef f ects. I guess in looking at the fracture mechanics

11 ve slso feel that perhaps the greatest uncertainty in

12 all of these analyses is the size and nature of the -

13 fla w . The flaw size distributions are, I think, based

O 14 upon some very limited data.

15 MR. ZUDANS: How much conservatism do you

16 think there is in the fact that all of the stress

17 calculations a re based upon a two-dimensional model

18 rather than a three-dimensional, and on the fact that it

19 is assumed that a whole vessel is uniformly cooled down

20 rather than just s limited range in a downcomer? Do you

21 have a feel for that?

22 MR. FRED SIMONENs I think on initiation

23 perhaps not too much. If you note, most of the crack

( 24 s trest analyses simply, as they are done in the simple

25 1-D models, simply do not show a big effect of crack

(:)
'

;

ALDERSON REPORTING COMPANY,INC,

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

~ - - - . , - . - - . . - - _ . _ _ _ _ - . _ _ _ - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __



187

() 1 arrest in PTS type transients, and I would think that a

2 three-dimensional analysis that would reflect the fact

3 that the embrittlement on the worst, there is a

4 gradation embrittlement down the length of the region.

5 As the crack grows long, it will tend to run into

6 tougher material. Some of the cooling from the

7 downconer may be very severe on one part of the weld,

8 but may be much less on another part.

9 Perhaps if you were ta go in and look at some

10 of these three-dimensional effects, the fracture

11 mechanics analysis may predict arrest in many more

12 situations than they are now. But within the simplistic

13 analyses, you don 't seem to predict arrest for very many

O 14 of these transients when there is pressure,

15 particularly .

16 MR. BENDER: Is that it, Mr. Simonen? Are you

17 about finished?

18 MR. FRED SIMONEN I have got some other quick

19 things, just kind of leading into the discussion on

20 inspection.

21 (Slide.)

22 MR. FRED SIMONEN We did some simple

23 calculations to try to estimate what will be the benefit

( 24 of inspection on vessel reliability. The method, what

25 ve did was use some of PFL flaw detection estimates.
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1 These were used to modify NBC staff estimates of failure()
2 probability, and when the results essentially predict a

3 failure in decreased probability and corresponding

OI

4 allowable increase in RT NDT.

5 (Slide.)

6 NR. FRED SIMONEN: Just to illustrate,

7 essentially you have seen curves like this this morning.

8 These are a replot of some of Jack Strosnider's data.

9 All this shows is.that as you increase RT NDT by some

10 amount, the probabilistic analyses show some
.

11 corresponding increase in failure probability. Factor

12 ten and failure probability correspond to about a 20
.

13 degree dif ference in RT NDT.

14 (Slide.)

15 MR. FRED SIMONEN What we have done, then is

16 taken -- oka y, there is a vu-graph in your package that

17 kind of illustrates some of the de tails of the

18 calculation. I will skip that in the interest of time

19 here, but what we ha ve done is taken flav detection

20 estimates that Tom Taylor will be talking about in just

21 a minute. Essentially what they show here is, using an
.

| 22 approved inspection technique, this is some thing ab o ve

23 and beyond the type of requirements that are now used as'

( 24 a typical ASME code type inspection. The estimate

25 showed that the detection probability is quite dependent

O
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() 1 upon clad and surface finish. As you go to smaother, on

2 the upper and, che best detection capabilities for

3 smooth strip clad, about 95 percent flaw detection for

O.>

4 flaws greater than a quarter of an inch, and on the

5 worst end for manual unground clad it is down to a level

6 of about 50 percent for flaws even as big as one-half to
,

"

7 one inch.

8 Okay, going through the calculations, this is

'

9 what we pradicted on what is the benefit of in-service

10 inspection. The one column is simply the predicted

11 f actor of improvement in reliability, and these range

12 from like 16 to.32 on the best clad conditions and down
13 to something, oh, three to five on the very rough clad,

14 and a corrasponding increase in RT NDT allowable

15 increase.

16 As I say, these are just rough estimates at

17 this point, and they are intended only to say, is there

I 18 some real benefit in doing a good in-service

19 inspection. I would not use these at this time for any

20 kind of licensing decision. You would have to do much

21 more detailed evaluction. I guess what the trend shows
4

22 is that at most you can get maybe a 30-degree benefit on

23 allowable increase in RT NDT for the best conditions.

() 24 The worst condition is, it may be down as low as ten

25 deg rees.

O
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1 (Slide.)

2 3R. FRED SIMONEN: So I guess our conclusion

3 is that improved in-service inspection can justif y an

4 increase in allowable NDI, and that under the best

5 conditions, it can be increased up to about 30 degrees

6 Fahrenheit, or even under the worst conditions you can

7 justify increases up to maybe only about ten degrees

8 Fahrenheit. .

9 Tom Taylor is next, and will cover just what

10 is behind some of these estimates of flaw detection

11 capability.

12 NR. TAYLOR: My name is Tom Taylor, from PNL,

13 and as Fred has just said, I will discuss the
/G'

14 nondestructive testing techniques that are currentlyk/

15 used or are curren tl y available for use in pressurized

16 thermal shock.'

17 (Slide.)

18 MR. TAYLOR: This vu-graph summarizes the

19 uon-destructive testing techniques that are currently

20 proposed or used in the field. This particular

'

21 technique of dual transducer L-wave techniques was
;

22 developed by the Germans about ten years ago

23 specifically for interrogating the base metal underneath
i

() 24 clad of th e reactor vessel. A focus transducer
I

25 technique has been recently developed by the French,'

I

(~)'

v
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1 likewise for interrogating other clad crack techniques.( ))
2 These are f abrication def ects that this particular

3 technique has been developed for.

4 In the United States, some people have

5 proposed using a single transducer, either an L-wave or

6 a' sheer wave at a relatively high angle and using a

,7 pulse echo or an amersion technique, and another
8 particular vendor has proposed using a full V technique

9 where sound is bounced off the OD surface of the

10 vessel. This is the ID clad surface, and then trying to

11 detect cracks on the ID surface.

12 MR. AXTMANNs What is it bouncing off of?

13 MR. TAYLORs It is bouncing off the OD

O 14 surface. The sound is introduced on the ID clad surface

15 of the vessel. It penetrates through to the CD surface

16 and is bounced off at a 45-degree angle, and it is

17 supposed to detect flaws in the clad surface here. To

18 date, our evaluations have shown that this technique has

19 not been evaluated. This technique has, and the

20 subsequent slides a re based upon an evaluation of this

21 particular technique that was developed by the Germans

22 several years ago.

23 (Slide.)

() 24 MR. TAYLORs The dual probe for the crack

25 detection involves sending a sound beam in with one

()
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|

1 element and receiving it with another. Both elements()
1

2 are canted at an angle and cross just underneath the )
1

3 clad surfs e. This helps near surface resolution under !
;

4 clad resolution, and this shows you a schematic diagram

5 of the sound beam directivity pattern of the dual unit

6 transducer.

7 MR. SHEWMON: One of the elements of this is

8 that one is a serier and the other is a receiver?
9 MR. TAYLOR: That is correct, and they are

10 carted at in angle, so that the sound beam would be
.

11 focused underneath the surface. Any further questions?'

; 12 (No response.)

13 (Slide.)

O 14 HR. TAYLOR: As Fred has shown earlier, since

15 this is a technique and we know it works, how well does

16 it work? Well, on an internal round robin test at
1

17 Bate 11e and with some flav signal amplitude measurements
,

18 on various blocks made available to us through EPRI and
4

19 our own that have been f abricated, these are our

20 estimates of probability of detection for a nice strip

f 21 gro und perpendicular and with the sound beam going both
!

(
22 perpendicular and parallel to the direction of the clad.

23 We estimate that there is a 95 percent

() 24 probability of detecting cracts th a t are a quarter of an

25 inch in through wall depth and greater.

O

ALDERSON REPORTING COMPANY,INC,

| 400 VIRGINIA AVE., $.W., WASHINGTON, D.C. 20024 (202) E54-2345



- . . . .

193

1 MR. SHEWMON: Are these tight cracks you are
(])

2 looking at?

3 MR. TAYLOR: These are thermal f a tigue type
gg,

; \-)
4 cracks. The data is based ut.on thermal fatigue type'

f, 5 cracks and some hydrogen cracking.

6 MR. SHEWMON: Are they put under any
|

| 7 compression when you are looking at them? Or are they

|
8 by their origin under compression?

9 MR. TAYLORs The only compression would be any

'10 compression resulting from cladding. The way the blocks

11 were fabricated was to induce a thermal fatigue crack

12 and then : lad over the thermal fatigue crack. As yo,u ,

'

13 can see , as the surf ace roughness, which is what this

(-)
|

14 illustrates, increases, our probability of detectioni

15 decreases considerably.

16 MR. BENDER: The vessels that we are concerned
) 17 about now, do they correspond to those at the bottom of
+

( 18 the list, or at the middle of the list, or at the top of
;

19 the list?

I 20 MR. TAYLOR: That is a very good question, and

21 in large part unknown. What we do know today is that

22 all vessels have to undergo a surf ace examination so

23 undoubtedly between here and up there have been some

() 24 kind of surface condition done to them, and Mr. Bender,

25 exactly how much is not known at this point, and it

u
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() 1 would be incumbent upon the utility to determine that.

2 HR. SHEWHON: Do you mean Robinson won't tell

3 you? You haven't gone to the trouble of asking

4 Westinghouse? Or what?

5 MR. TAYLORs I mean that often times the

6 utility itself doesn't know what the condition of its

7 vessel is.

8 KR. SHEWMON: They don 't k now how it was

9 f abrictaed ? Nobody knows any more?

10 MR. TAYLOR: They know how it was fabricated.

11 They do not know or have not taken pictrres or

12 documented what the inside condition is like.

13 MR. SHEWMON: Do you know how the Robinson

O 14 vessel was f abricated or how any of the vessels in

15 question were f abricated?

16 MR. TAYLOP: Do I personally know how th e y

17 vere f abricated? They were f abricated to Section 3

18 rules.

19 MR. SHEWMON: When you learn which one of

20 those is, you might come back and tell us some day.

'

21 MR. TAYLOR: If the information were made
.

22 available to me, I could tell ycu.

23 MR. BENDER: I think the staff needs to get a

() 24 bet ter story on this, and I would just suggest that the

i
25 story is not very well known right now. Go ahead.

O
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() 1 MR. TAYLOR 4 I ha ve also done some studies to

2 show the relative sensitivity of various calibration

3 techniques

4 (Slide.)

5 MR. TAYLOR: In this particular slide, the

6 signal response of a notch or a thermal fatigue crack is

7 plotted as its depth through wall and the response I a

8 three millimeter FBH is plotted here. The r?sponse of a

9 Section 11 2 percent notch, which is the current

10 American standard calibration notch, is plotted here.

11 The response of thermal fatigue cracks are plotted here,

12 and the responce of through clad notches are plotted

13 here.
,

14 As you can see, the current Section 11 2

15 percent notch is used in amplitude, is much above or is

16 considerably above the thermal fatigue cracks. If this

17 were used as a calibration reflector, one could have .

18 dif ficulty in detecting thermal fatigue cracks unless

19 one adds gain or goes at some percentage level below the

20 distance amplitude curve achieved by the use of thi s.

21 MR. SHEWMO: Do you know what the Germans

22 were looking for when they developed this technique and

23 whs t standards they used?

() 24 MR. TAYLOR 4 Yes, the Germans used not a th ree

j 25 millime ter but a two millimeter flat bottom hole, and

()'

4

.
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)

() 1 they were looking specifically for ander cla3 cracks as

2 a result of fabrication defects.

3 MR. SHERMON4 So you are saying there is a

4 substantial difference between the ASME notch which the

5 regulatory people in this country accept and what the

6 Germans use as a standard, and they feel reflects what

7 they choose to inspect to? Is that right?

8 MR. TAYLOR: That is correct, yes. I might

9 also add tha t currently there are no specific code

10 requirements for detec'. ion of under clad cracks. It was

11 only intimated in the current vessel Reg. Guide that the

12 cracks near the inner surface are important. Exactly

13 what size one is supposed to detect is not --

|

|
'

14 MR. SHEWMON4 That is progress, you have got

15 to admit.

16 MR. TAYLORs Slight progress.

17 MR. B3CK: Can you tell us anything about

18 ultrasonic imaging '=ctaology which is in use in other

19 ind ustries, and whether it has been investigated for

20 reactor vessel inspection?

21 MR. TAYLORs It has not been extensively

,
22 investigated for reactor pressure vessels. EPRI

(

23 currently has a program in which they are going to use

() 24 some ultrasonic holography for examining the vessel, but

25 to date I don't know of any particular reports.

|
|
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'

() 1 MR. BENDER: Can we move on?

2 (Slide.)

3 MR. TAYLOR: In summary, I would say that the

4 future work is to be in optimizing the detection

5 techniques and developing a standard criteria for

6 calibration reflector and for flaw recording levels that

7 currently does not exist. And finally, one needs to

8 develop criteria for a verification block, and this

9 would be a block with under clad cracks so one could

10 prove one's procedure upon it.

11 MR. BENDER: Let me just put things in

12 con text. Some time ago when the staff came in, probably

13 six or eight months ago, something like th a t , there was

14 some optimism that the techniques available in Europe

15 could be readily translated into application in this

16 coun try. What is the judgment today?

17 MR. IAYL3R The judgment is, the techniques

18 are adaptable to our industry.

19 MR. BENDER: What have we done in the last six

20 months to get in a position to use them?

21 MR. TAYLOR: I can't see that there has been

22 a n y specific requirements done other than these studies

23 that the NRC has through its research to develop the

('
( 24 technique that is currently part of the program.

25 MR. BENDERS In order to use them, do we have
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() 1 to establish that the condition of the vessels that they

2 would be used on is such that they would be -- that

3 those inspection techniques would be meaningful?
,

4 MR. TAYL3R: Yes.

5 MR. BENDERa So you would have to investigate

6 each vessel that is under consideration to determine

7 what its surface condition is and its surface
8 conditions, I presume, would have to be of a certain

9 quality to make the technique usable?

10 MR. TAYLORa That is correct.

11 MR. BENDER: It might be well if that were

12 written down in some way so it were understandable by

13 somebody.
'

| 14 MR. TAYLORa It is addressed in the report.
;

15 MR. SHEWMON: The report that what?

16 MR. TAYLOR: It is addressed in Appendix L of

17 the PNL report. There is also a report coming out
i

18 through the research branch that details more of the

19 under clad crack study that is currently going on at

i 20 P N L.

21 MR. BENDER: Other questions?

i

22 (No response.)'

23 MR. BENDER: Is that it, Mr. Taylor?

() 24 MR. TAYLORa That is it.

25 MR. BENDER: Thank you. Why don't we take a
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1 ten-minute bre k? When we come back, we will listen to {- 0
i

| 2 the Westinghouse presentation.

3 (Whereupon, a brief recess was taken.) :
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O i na 888o88: cea we recoaveae, 91e e2 wou14

2 the people in the back of the room sit down, and we will

3 proceed with the Westinghouse owners group presentation.

4 MR. SPEYER: My name is Daniel Speyer. I'm-

5 chairman of the Analysis Subcommittee for the

6 Westinghouse owners group.

7 I would like to point out that this is my last

8 day as chairman of the Analysis Subcommittee for the

9 Westinghouse owners group. Beginning tomorrow Frank

10 Scheuer takes over the reins of the chairman of the
11 Analysis Subcommittee.

12 MR. BENDER: Are you being fired?

13 (Laughter.)

14 MR. SPEYER: No.

15 (Slide.)

16 'de have had a chance to go through the draft

17 report from the NRC, and I would like to talk about that

18 r eport . I would like to tie in as part of that

19 discussion the work that we have been doing -- that is,

20 the Westinghouse owners group -- and then hopefully I

21 can bring out some more perspective on some of the

22 questions that have been raised by the subcommittee. As

23 p ar t of that, please feel free to ask the same kind of

24 questions again of me. And, finally, I'm going to show

25 a slide which the bottom line gives our conclusions

O
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() 1 about the draft, the screening criteria that have been

2 presented by the NRC.

3 The owners group is in substantial agreement

4 with the work that has been done by the NRC. In

5 particular, we agree wi th the idea of the use of RT NDT

6 as a screening parameter. In order to come up with

7 screening criteria based on RT NDT the staff used

8 operating experience to select the screening criteria

9 and then used the probabilistic approach to support or

10 give additional support f or the screening criteria.

11 We are in agreement with all of that, although

12 we did things in the opposite direction. We used the

13 probabilistic approach first, and then in fact the staff

O 14 pointed out that our probabilistic approach didn't seen

15 to match the operating experience. We took a look a t

16 that and in fact reached a different conclusion. We

17 reached the conclusion that the operating experience in

18 fact just about fall in line with the probalistic stuff

19 we did.

20 We do disagree on some technical details. A,

21 I just mentioned, the consistency of operating

22 experience with the PRA. There is some dialogue about

23 t he frequencies that we had in our probabilistic study.

() 24 NRC came up with different numbers, as you heard -- some

25 higher, some lower -- that I think will be the subject

O
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1 of some ongoing dialogue.
{}

2 With regard to the calculational techniques in

3 fracture saalysis, there are two areas that we have some
'()

4 difference. One is the effect of clad. We have

5 basically assumed a neutral posture for the clad in the
:

6 fracture mechanics calculations. In fact, it is our

7 expectation that this is probably in that benefit of the

8 cladding effect, fitting the clad, keeping it closed, as

9 opposed to residual stresses. -

10 The other area is the use of finite flaw for

11 arrest. Historically, the work that's been done by the

12 Westinghouse owners group initially considered finite

13 flaw for initiation and kept a self-similar geometry,:

14 and in fact, finite flaw for arrest, in fact, we used

15 something that we called the two flaw criteria. I'm not

16 going to go into the. detail of that. But subsequently,

17 rather recen tly , in fact, after more discussion wi t.h the

{ 18 NRC we did switch to continuous flaw for arrest;

19 however, made with the finite flaw for initiation.

20 We believe that is a significant conservatism, ,

21 and we think the truth lies somewhere in between those
22 t w 3 ; that is, between the position we had, which was

23 self-simila r fla ws, 6 to 1 aspect ratio throughout,

() 24 versus the other and of the assumptions one cocid make
3

t

;25 which is a continuous flaw for after-crack initiation.

O
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1 We believe that higher values for the ccreening criteria()
2 can be justified.

3 Le t me str4 te these last two bullets I'm going-

4 to amplify a little more on at the end of my talk when I

5 give a final conclusion slide, but we do believe higher

6 values for screening criteria could be justified. And

I
7 as far as the programs for plant-specific evaluations,!

8 ve think 18 months prior to exceeding this criterion,
!
' 9 criteria v3uld be appropriste. And we also point out

10 that those specific analyses should permit event

11 sequence comparisons.

' 12 I will describe more later on what I mean by

13 tha t statement.

14 MR. BENDERS Excuse me. It's probably better

15 to ask this question, since you have some differences
,

16 between yourselves and the staf f concerning the flaw

17 geometry.

18 Could you say why you think you are more

19 likely to be right than the staff is?

20 MR. SPEYER: Ted, did you hear the question?
|

21 I think I will leave that to the fracture mechanics
22 types. May I suggest we hold that and get back to it,

23 be:ause I'm not technically competent.

() 24 MR. BENDERS I'm willing to wait.

25 MR. SPEYERs 3ksy. We will get back to that.

| (
1
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1 (Slide.)

2 Very b riefly, I'm not going to read from the

3 next two slides except to say they are in the handout

4 which I believe has been brought in. And the slides,

5 the next two slides, go'through a progression of reports

6 that we provided to the NRC. I will note a few things

7 on them.

8 A, the first one, WCAP-10019, was the kind of

9 design basis accident evaluation that has been

10 traditionally done that in fact was quite a bit in the

11 past now in terms of where we are today on what has been

12 done f or PIS.

13 The May 28th is a significant report. That

14 was the one where we did in fact use the probabilistic

15 approach to come up with probabilities for various event

16 sequences. There was a fluence report. That was the

17 last bullet on th1t slide.
|

<

I
18 (Slide.)

19 Subsequently, we did a step-by-step review of

20 the owners group emergency response guidelines, the

21 ERGS, relative to the impact on PTS, and you heard about

22 tha t a little earlier f rom Steve Hanauer.

23 I would ptint out the owners group perspective

() 24 on that is we found out sone important things by that|

25 review. We found out acess where we think changes are

O
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() beneficial. We are going ahead and doing that. We

2 found areas where clarifica tion is usef ul, notes could

3 be added. We are doing that. However, the bottom line

4 is on the whole we feel the ERGS that we had were in

5 fact quite good and did adequately address PTS, and we

6 are improving them. That is ongoing.

7 MR. SHEWMON: Wha t's the ERGS?

8 MR. SPEYER: The emergency r es po n.se

9 guidelines. They are the generic procedures that the

10 owners group was comparing. Those were then brought to

11 the plants. The plants should take those and pre pa re

12 their site specif 9.c emergency procedures.

13 MR. SHEWMON: 'You mean that we heard the
/~~'

14 Westinghouse procedures misquoted this morning when the

15 statement was made they were fair densities and then

16 take the pressure back up to 2000 psi, or that was

17 indeed the best way to cope with the PTS in those

18 conditions?

19 MR. SPEYERs I guess what I'm saying, A, is

20 t ha t was a bit of an overstatement; B, in fact there are

21 cases where one would like to keep the pressure up. For

22 ins tance, if you had a transient where you might trip

23 the reactor coolant pumps -- the steam generator tube

) 24 rupture , for instsnce, tripping th e reactor coolant

25 pumps puts you into a stagnation condition which raises

O
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1 note potential PTS questions than if one were able to()
2 keep the reactor coolant pumps running. Keeping the

3 reactor coolant pumps running would be generally

4 synonymous, at least if you forget loss of offsite

5 power, which is a low probability event, and keeping the
6 reactor coolant pressure system up would enable you to

7 keep the pumps running.

8 MR. SHEWMON: But does the NDT go up to 2000

9 psi to keep these pumps. running in the plant?

10 MR. SPEYER: Current criteria are on the order

11 of 1250 to 1500 psi. It depends upon the

12 instrumentation used. I would say 1500 psi would be a

13 typical number that we could use for this discussion.

O 14 MR. SHEWMONs Why does he have to keep it up

15 to 1500 psi?

16 NR. SPEYER: Because of Appendix K questions

17 for the small break LOCA. If the reactor coolant pumps

18 are not tripped at pressures lower than that, and that

19 i s , let's say, 1250 plus, this brings you up to 1500.
.

20 If they are not tripped prior to going to 1250 for very

21 specific break sizes and locations, you get inventory

22 loss that will be fairly significant. And if you lose

23 the pumps at the worst time into their transient, it is

() 24 a fact you will in fact violate Appendix K; that is,

25 2200 degrees PCT.

O
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() 1 To be sure you don't lose the pumps at that

2 worst time in the transient, you trip the pumps
1

3 purposely before you get to tha t point, before you have |

(_ |

4 gotten significant loss of inventory. The reason for

5 the excess loss of inventory with the pumps running is

6 you tend to keep sn elevated two-phase mixture, so you

7 have more mass going out as opposed to steam relief, and

8 yet you have less energy removal out of the break.

9 MR. BENDERS Just to pursae Dr. Shewmon's

10 question a little bit further, if we set aside Appendix

11 K and just say what fuel failures are we subject.to by

12 this kind of action, would the depressuriza tion f urther

13 result in massive fuel failure, or are we just concerned

14 about violating the legal limit?

15 MR. SPEYERs I think it's partly the legal

16 limit B. I think it.is a little more than that, and I

17 would not f eel too comfortable with small break LOCAs
18 without having the reactor coolant pump criteria in

19 there. I believe it is useful on low pressures, not

20 based on detailed calculation.

21 MR. CATTON: Before you get away from

22 emergency response guidelines, we continually hear about

23 emergency training of operators. Are you doing anything

() 24 to try to get better methods for the operators to

25 interpret what is going on?

O
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(]) 1 MR. SPEYER: You're my straight man, but it's

2 a little early.

3 (Slide.)-

4 These are programs, and wo'll jump back to

5 this later on, but I would just mention now the slide

; 6 I'm showing now is current Westinhouse owne rs group

7 PTS-related programs. Two of them are.in fact generic

8 training packages, one in the area of PTS and one in the

1 9 area of stamm turbine tube ruptures, steam generator

10 tube rupture.

11 MR. CATTON: I was thinking of a little bit

12 more than training. In the L3FT program where they

13 monitor pt:tp current, that showed that that could tell

O 14 them pretty quickly what was going on. There are

15 probably other ways like energy balances on the steam

16 generator or whatever.

17 Is there any research going on at all looking

18 into that?

l

19 MR. SPEYERs Yes. That is here under the'

20 reactor coolant pump trip criteria development; also

21 somewhat related to systematic evaluation effects of

22 stagnant loop transients.

23 Under the reactor coolant pump trip criteria

I

( () 24 development we are looking at the plants and inspecting

25 the plants and comparing it, doing additional analysis

,
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.

() 1 to see can we improve our reactor coolant pump trip

2 criteria so we don't have to trip the pumps. Either we

3 could allow lower pressure, or are there some other

4 symptoms we should be looking at.

5 MR. CATTON: Are you sure the process

6 interpretation in the control rooms is good enough?

7 Maybe we need to do a little bit better. Is that a part

8 of this?

9 MR. SPEYER: I don't know. I don 't believe it

10 is. I believe it is based principally on what we have

11 available right now.

12 MR. CATIONS I think there is a real

13 opportunity to improve the operator's awareness of what

O 14 is going on behind the wall. I don't see owners groups

15 doing it, and I don't see NRC doing it. It is kind of

16 like you're going to live with what you've got, and

17 you 're just going to be telling the operators some more.

18 MR. SPEYER4 Well, we are as f ar as the review

19 of procedures. As part of that we are developing these

20 pressure-temperature curves which will tell him when he

21 is getting into a potential challenge, but that is not

22 additional instrumenta tion. That is an additional

23 diagnostic tool.

A
( ,/ 24 MR'. CATIO N : Why aren't things, like I think

25 the time constant of the RT NDTs must be 200 or 300

(~,)
~
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() 1 seconds.

2 MR. SPEYER4 Of the RT NDTs? I believe

3 they're on the order of a couple of seconds, half a

4 second or two seconds.

5 MR. CATION: Well, then, you've already got

6 all the instrumentation you need to do a pretty good

7 hest balance in your system.

8 MR. SPEYER: I'm pretty sure the time constant

9 is on the order of two seconds.

10 MR. CATTON: Well, then, you've already got

11 all the instrumentation you need to do a pretty good

12 heat balance in your system. ,

13 MR. SPEYER I'm pretty sure the time constant

14 is on the order of two seconds.

15 MR. SHEWMON: I think it is very important

16 that you be able to drop pressure. And you say on one

17 h a nd you're going to provide your operators with a

18 curve. On the other hand you're poing to say if we're

19 going to make him trip his pumps when he hits 1500 psi,

20 s o he is going to bleed it on down.

21 MR. CATTON: I think he has to know whether
!

22 he's ov er:coled or undercooled.

23 MR. BENDER: Well, let's leave it that we wish

() 24 the operating procedures and the instrumentation matched

25 up a little better and move on.

|

[
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1 MP. SPEYERs But we are, to a very serious --()
2 MR. CATTONs I was af raid I might have to

g 3 sneak out.
LJ

4 MR. BENDERS Well, I'm going to allow you a

5 few minutes to make your pitch, and you may get some

6 sympathetic ears, but go ahead.

7 MR. SPEYER The other point is the procedures

8 do in fact provide for termination of safety injection.

9 I believe the pressure is 700 psi -- correct me if I'm

in the procedures. And that is for RCS10 v,rong --

11 temperatures less than 350 degrees. There are other

12 indications that are required in order to do that

13 termination. I think it seems very level, and

O 14 pressurizer level. But those are specifically in there,

15 they were in there, and we've looked at them again as

16 part of our PTS review to ensure that he doesn't keep

17 the pressure up when he shouldn't. And so if the

18 temperature is less than 350 degrees, that is a

19 potential PTS scenario, and therefore, he does in fact

20 have specific guidance or direction to terminate the SI

21 when the pressure is approximately 700 psi.

22 (Slide.)

23 This is the rest of the outline of the reports

() 24 that the owners group has provided. I rentioned the

25 review of the emergency response guidelines. Those are
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() 1 the procedures, the generic procedures.

2 Beyond that we have the July 15th, September

3 2nd, those two reports. I'm not going to mention those

4 in this slide. They are on the next slide in more

5 detail.

6 (Slide.)

7 In the May 28 th report from the Westinghouse

8 owners group we demonstrated the likelihood of severe
-3

9 cooldown transients was on the order of 10 That.

10 was, A, for crack initiation; and B, that was simply the

,11 probabilistic view of event sequences without any
12 question about probability of flaw' extension. There was

13 no combination with what you've heard the NRC

14 subsequently did in that area.

15 The conclusions of this particular study were

16 th a t RT NDTs in the range of 310 f or longitudinal and
.

17 335 for circumferential flaws were acceptable. That, in

18 part, is why we're saying the current screening c rite ria

19 are in f act too conservative.

20 Subsequently, the July 15th owners group

21 report combined the 5-28 report wi th the staff's
.|

22 probabilistic fracture mechanics calculations. We came
-5

23 o u t with a number of less than 10 for probability.

() 24 Tha t is small, and in fe.ct small compared to the

25 proposed saf ety goals f or core melt. That was discussed

O
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() 1 earlier.

2 I would point out you saw plot of

3 probabilities versus RT NDT, and one was the owners

4 group, Westinghouse owners group, and the other was the

5 staff's; and there was a large discrepancy for small

6 break LOCA. I didn't address that at the time because I

7 wanted to be sure, but the owners group submittal with

8 the low probabilities for small break LOCAs or for small

9 break LOCAs less than two inches. That is, the cases

10 that lead to breakage of natural circulation, that lead

11 to stagnation and therefore lead to questions about

12 mixing and have the potential as f ar as PTS is concerned

13 were not on that. Those were handled by the
'

14 deterministic calculations. Those are not on that

15 fig ure..

16 So that is the reason why you see -- one of

17 the reasons why you see such a divergence in the

18 probabilities between the NRC's plot and the

19 Westinghouse owners group plot. So we used the

20 combination of the probabilistic approach both for event

21 sequences and fracture mechanics to demonstrate plant

22 saf ety for all Westinghouse vessels.
,

1

23 We have done this. I have here the number 270

() 24 degrees Farenheit and 325 for circumferential flaws.

25 This is in part because all of the analysis we did

(1

ALDERSoN REPORTING COMPANY,INC.

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

. - . _



214

() 1 supports higher numbers, quite a bit higher numbers,

2 certainly 30 degrees higher at least for this small

3 break LOCA which is an event that has been termed an

4 outlier; that is, it has a reasonably high probability

5 of getting to very low temperatures be ause of mixing

6 questions in part, because of stagna tion-.

7 For that particular transient we did detailed

8 deterministic calculations. We took the worst size --

9 tha t is, the minimum size -- that leads to the breakage

10 of the natural circulation, and we did detailed

11 deterministic calculations. We did that. The numbers

12 you see here are based on finite flaw for initiation.

13 However, subsequent after initiation they're based upon

O
14 infinite flaw.

15 That is in conformance with what the NRC

16 requested, and in fact, based on that, using DPA, using

17 warm prestressing, we obtained a number of approximately

18 270 degrees for longitudinal and 325 for

19 circumf erential. We believe that is a conservative

20 nnilysis, in particular because the question about the

21 finite flaw for arrest versus continuous flaw.

22 That fits in any event fairly well with the

23 NRC 's proposed screening criteria. So I think that

() 24 lends credence to their screening criteria. And if you

25 h av en ' t gotten the drift yet, in fact, when I get done

O
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() 1 ay bottom line is going to be we are supporting the NBC

2 screening criteria. We think it is appropriate,

3 although we do believe it is a little bit too{}
4 conservative.-

5 Ted, there was a question raised. Would you

6 like it addressed now?

7 MR. BENDER: Sure. My question hss to do with

8 explaining why the Westinghouse owners group disagrees

9 with the staff's concapt concerning flaw size and growth

10 characteristics.

11 MR. SPEYER: In particular, I guess --

12 MR. EENDER: The question is continuous versus

13 discontinuous flaw characterization.

O
14 MR. MEYER: Ted Eeyer, Westinghouse. I will

15 handle it in two different ways. One is the flaw

16 initiation and the other is flaw arrest. One is cleaner

17 than the other. ,

.

18 For flaw initiation we believe a finite flaw

19 is appropria te, and the NRC is in apparent im plicit
.

20 agreement with that fact, based primarily on data that

21 has been taken from pre-service inspections of vessels

22 during the fabri stion process, for flaws that have been

23 found have been found to be either typified or bounded
s

24 by a 1 to 6 semi-elliptic shaped flaw. In fact, those

25 typically were not surface fisws. They were probably

i

ALDERSON REPORTING COMPANY,INC,

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



.

!
|

216 ;
i

I

() 1 embedded flaws, which adds another degree of

2 conservatism that we haven't taken credit for in this

3 initiation. When it comes to arrest it is not nearly as

4 clean as even that.

5 We do not obviously have a hard empirical

6 basis for using a specified shape finite flaw for
,

7 arrest. If we had, we probably wouldn't be having this

8 discussion right now. We would have shown our data or

9 whatever sad bE'en on with using a fine flaw for arrest.

10 What we do have is more qualitative than

11 quantitative assessments that says the flaw shape should

12 not change from the finite flaw to a continous flaw upon

13 a first initiation during a thermal shock.
3

14 Now, there is apparently test data that shows

15 both kinds of things that it goes through continous

16 flaw, and then it also maintains some finite flaw

17 shspe. Some of the tests showing that it Joes through

18 continuous flaw do not have what we consider as the,

19 benefit of cladding to help constrain the growth of that

20 flaw. So we don't have a hard empirical basis, and that

21 is why for the sake of getting on with the resolution of

22 this subject on an interim basis we did not press the

23 issue , because in fact we don't have a hard basis for

( 24 it; but in fact we are doing more work, again analytical

25 rather than empirical at this time, to further justify

()-
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O i our assumotione, be it a , to e or , to > aspect retie

2 or whatever.

3 In the future apparently Oak Ridge is going to

4 be doing more work on empirical basis for looking at

5 crack growth with the clad and with the assumption of a
s

6 starting flaw that is finite.

7 MR. BENDER: With regard to the growth of a

8 flaw, does it maka a differenca if the flaw penetrates

9 the cladding?

10 HR. SHEWMON Do you mean before it starts to

11 nove under the stress?

12 MR. BENDER 4 Before or during.
'

13 HR. MEYFR Well, it does make a difference if

u the flaw is through the' clad or beneath the clad. If it

15 is beneath the clad, it is obviously more constrained

16 than if it is through the clad. If it is through the

17 clad you lose any benefit, or you may lose any benefit

18 tha t you may assume or calculate f or constraint due to
.

19 Clad.

20 MR. BENDER: Well, I want to be a little bit

21 more explicit. If the flaw penetrates the clad do you

22 still a rgue that there is a limit on the rate of growth,

23 c t will it still be an elliptical flaw of relatively

24 short length?

25 MR. MEYER4 I don't have a well-founded answer

O
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() 1 to the question. But, first, I want to clarify what I

2 think the question is: Is it more likely to become or

3 approach a continuous flaw if the flaw is a through clad{}
4 flaw?

5 MR. BENDER: Yes, that is the question. I'm

6 just asking the question because I know there's one

7 plsnt that says it is, and I would like to know what

8 Westinghouse's view is.

9 MR. MEYERa I think the only thing that we can

10 say right now is that the probability of going towards a

11 continuous flaw is greater for a through flaw or a

12 through clad flaw than for a flaw that is beneath the

13 clad. I don 't know if I could say anything more

(}'

14 detailed right here now.

15 MR. BENDER: Okay. That's enough.

16 MR. SHEWMON: I would like to bring up one

17 point. If I wanted to learn about what kinds of flaws
18 are likely to be found or exist in vessels before they

19 vent into service or ten years into service, where might

20 I look?

21 Let me talk a little bit more on that. It

22 seems to me that the good news about this is I don't

23 think the flaws are there. The bad news is I'm not sure

24 we could detect with the ASME-approved techniques if
|

25 they were. And so a lot of this is going to come back

(
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() 1 down to somebody coming in, or part of it is in saying

2 there are no flaws there of the sort which all fracture
3 mechanics assume to give them a job and get on with what{)
4 they like to do best.

5 Okay. Any thoughts for one minute would be

6 nice.

7 MR. MEYER: As far as a reference document for

8 summarizing flaws, I personally don't know what the

9 document is. I'm sure there is information that is

to available in some written form. In fact, some of the

11 code requirements were based on some of that kind of

12 da ta . I don 't know what it is here. We ce rtainly can

13 find out what that is if you want it and provide such
,

C)
'

14 information.

15 What was the balance of your question? -

16 MR. SHEWMON: That's enough. Thank you.

17 MR. ZUDANS: Your analysis of fracture

18 mechanics was based on th ro ugh the clad flaws?

19 MR. MEYERs Can you repeat the question? I

20 couldn 't hear you.

21 MR. BENDER: Would you speak into your mike?

22 MR. ZUDANS: The analysis that Westinghouse

23 ovr.ers group did on fracture mechanics, did you assume

( 24 the initial crack to be through the clad?

25 MR. MEYERs Westinghouse assumed the flaw was

O
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() 1 underneath the clad, starting at the base of the clad

2 material. And the clad is intact except we don't take

3 benefit for the fact that the clad is intact. We say
[

4 there is no negative and no positive ef fect of the

5 clad. We use the zero effect. Because there are

6 positive and negative effects there that aren't
P

7 well-quantified at this time, we used a zero effect.

8 MR. ZUDANS: And in the structure model you

9 simply did not have the clad in?

10 MR. MEYER: In a structural model we used a

11 zero effect of clad.

12 MR. BENDER: Can we go on, Mr. Speyer? I want

13 to get done in 10, 15 minutes at the most.

O
14 MR. SPEYER: The final point I would like to

15 make about the small break LOCA analysis that we did, in

16 the deterministic calculation we did in f act use the
17 better estimate of mixing in that esiculation. That was

18 based on the Criari test data.

19 There has been some discussion about the

20 Criari test or in general about the measurement of

21 temperature in the cold leg versus the temperature in

22 the downconer for conditions of pump running or natural

23 circula tion. And I think the general view is that there

() 24 is pretty good mixing. The condition of stagnation,

25 Criari did some tests into that condition. Mixing is

O
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() 1 pretty good. In fact, there has been a model developed

2 called a teacup model. It is basically flow into a

3 finite volume and flow out and mixing within that'

{}
4 volume. If one defines the volume appropriately, then

5 the data from the Criari test can be predicted pretty

6 wcil. That in fact is what we used.

7 It is our expectation that in fact of our

8 sources of hot water -- this was discussed in fact at an

9 NRC meeting or in NRP meeting -- there are the sources

10 of hot water that are present,. in particular the lower

11 plenum, that were not modeled on the Criari test. So it

12 would be our expectation that there are in fact

13 additional sources of hot water that would make the'

O
14 situation even better.

15 In any event, our analysis assumed s better

16 mixing calculation using the Criari test. It also

17 included hast inpat from the appropriate heat slabs that

18 were available in the cold leg and in the vessel region.

19 (Slide.)

20 Going on, I would like to touch on the current
i

21 owners group PTS-related program. A s I said, we are

I 22 developing emergency response guideline modifications.'

I 23 Tha t was based upon the review that we already

24 com pleted. We are implementing critical safety

|

|
25 f unctions f or reactor vessel integrity. Th,at is

p
U
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() 1 basically a graph or graphs of pressure versus

2 temperature. As to the reactor pressure, let's hold the

/^s 3 pressure fixed for a moment as we drop the temperature
O

4 in the system. We would appros:h a curve, and in fact

5 at some point we would cross a curve that would give the

6 operator indication that he is getting into a potential

7 PTS regime.

8 As one went further along this line that I am

9 talking about into a PTS regime, another curve would be

10 crossed . That would tell the operator you are into a

11 PTS situation, go to -- or you are into a potential PTS

12 sitation, go to a function restoration guideline, which

13 in essence says simplistically drop everything else; you

O 14 ought to worry about PTS to get yourself back into ar,
,

,

15 acceptable regime. And that is in f act what would be

16 done as f ar as a hierarchy. That is the second highest

17 of the f unction restoration guidelines. The only one

|
18 that is higher would be inadequate core cooling. In

!
19 f a c t , if the operator got into a situation of high core'

20 exothermocouples, that would in fact take precedence
i

21 over PTS, but that would be the only one.

|
l 22 So we are developing that, and that is

23 designed to give th e operator quantified information

) 24 that he can use as part of the procedures. Those are

25 going to be developed for various plants based on

!

|
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m
1 various full power years. We are doing a generic

2 training package for operator training on PTS. This is

3 to be able to give consistent information and up-to-date
[}

4 information the.best we can to all of the plants for

5 theor use in training.

6 We're doing the same thing, too, in the steam

7 generator tube rupture because this is a potential PTS

. transient that his to be looked at. It also happens to'

9 be a very complicated event, and that is why it is

10 appropriate to develop a true generic training package

11 for that event as well again for consistency.

12 This is not to mean, by the way, that people

13 like CPOL and others who are in f act upgrsding training

14 and have done so and have developed packages -- those

15 are very good packages. This is to provide consistency

16 and provide assistance for all the members of the owners

17 gro up , whirt is in f act all of the aperating

is Westinghouse reactors.

19

20

21

22

23
D
\- 24

25

O
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() 1 As was mentioned before by Ted Meyer, we are

2 doing testing and analytical work in the area of warm

{} 3 prestressing, specifically with respect to clad effects

4 and flaw shapes.

5 We are working on reactor coolant pump trip

6 criteria, to be able to prevent tripping the reactor

7 coolant pumps under conditions where it is not needed

8 and, in fact, where tripping the pump would be

9 detrimental either because it tends to give more

10 potential to PTS concerns, or, in fact,.it removes some

11 of the operator's capability of very effectively

12 terminating transients.

13 Finally, we are doing a systematic evaluation

OI

14 of the effects of stagnant loop transients. To

15 summarize before I put up my final slide or final two

16 slides, the screening criteria of the NBC, even if it is

17 too conservative in the view of the owners group, is in

18 f ac t reasonable or, to put it another way, is not

19 unreasonable. It enables all of the parties to

20 ef fectively utiliize our resources. It is technically a

21 sound method. And it ensures safety.

22 (Slide.)

23 Therefore, we believe we should go forward

24 with the NRC proposed screening criteria, up to 70

25 degrees for longitudinal and 300 degrees RT NDT for

O
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r
( 1 circumferential fisws. Again, we believe the values of ,

I

2 approximately 30 degrees greater would be more ,

!

"N 3 appropriate, but we think we should go ahead with what
(G

4 the NRC has proposed. Plant-specific programs be

5 developed 18 months in advance of the screening

6 criteria. NRC has proposed 3 years. We believe 18

7 months would be a more appropriate number.

8 We also point out that there needs to be work

9 done on what, in fact, are the requirements to be met in

10 a plant-specific analysis, not what is the analysis that

11 the plant does and how does it do it, but what are the

12 criteria one has to meet? Presumably, that is going to

13 be a probabilisti: space. We do not think you could

O 14 pick a single scenario -- for instance, a smal1-break
,

15 LOC A -- and call that the PTS DBA. We think it will be

16 in probabilistic space, but we do think we have to have

17 those criteria developed before we go doing the

18 analysis. And that I think will be a little while in

19 the future. We also think 18 months is sufficient here.

20 MR. CATTONa What is the basis for the 18

21 months rather than 3 years? You just think that is

22 plenty of time to do the job?

23 MR. SPEYER: I think it is plenty of time,

( 24 yes . B, I think there is some problem if you make it'

25 too long.

O
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() 1 C, in fact, the plants are actively looking at

2 this for other reasons; that would be not necessarily

3 just the safety, but they have the economic questions{}
4 that, in fact, are more limiting, if you will. If you

5 have a crack that initiates and arrests and you did not

6 have a safety problem, you maybe would have to write off-

7 the vessel.

8 So we believe 18 months would represent a

9 balanced amount of time in order for the plant, 18

10 months prior to exceeding the screening criteria, the

11 plant would submit to the NRC the program they are going

12 to use to resolve it.

13 MR. SHEWMONa You are tak,ing as self-evident
O 14 that the operators or owners at the plant are likely to

15 look down the road 3 to 5 years and wonder about core

16 modification, is that it?

17 MR. SPEYER: I take it, in fact, a little

18 dif ferently than that. I believe the study that EPRI

19 did , looking at all the utilities, f ound that something

20 like 85 percent of the utilities have, in fact,
,

21 initiated low leakage patterns. It may be for a

|
22 a ul tipl e of reasons, but almost everybody has done it.

23 As far as the plant-specific programs, we
,

| p/ 24 believe you should utilize comparative plant sequencews

25 analysis. What I mean by that is we, in fact, have done

(2)|
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() 1 a generic probabilistic study that considered event

2 sequences. We believe that, A, represents an average

3 Westinghouse plant, if you will. B, it, in fact, is
}

4 representative of all the Westinghouse plants.

5 And we feel the appropriate way to go is for

6 plants to utilize that study, if they wish, and then

7 tailor it by showing or, first of all, showing that, in

8 fact, it is appropriate for them, making such changes as

9 they would feel better tailored to them.

10 For instance, a plant with low head safety

11 injection pumps would probably take that report and

12 sodify the calculational numbers to ,represer.c the fact

13 that they do not have high head safety-grade charging

14 pumps.

15 They would also, I think, appropriately take

16 into account operator action -- excuse me -- better

17 operator training, upgraded assistance, upgraded

18 procedures, and then utilize that generic report, tailor

19 it somewhat to the situation, and use that as pposed to

20 a full-blown probabilistic study done by each plant.

21 They can do that, but I do not think that is necessary

22 or appropriate here.

23 Finally, the way one would utilize such a

24 plant-specific analysis, what would one do? Prior to

25 passing a screening criteria analysis would be done
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() 1 either, A, to show, in fact, that a higher screening

2 value was, in fact, appropriate for that plant either

3 because of plant-unique systems, control systems, what
(v"}

4 have you, or lack of control systems.

5 B, the plant could show that there are some

6 events that fall outside a probability acceptance goal.

7 Both events would then be calculated on a deterministic

8 basis to show whether or not they are acceptable. In

9 fact, exactly the way we did our calculations for the

10 small-break LOCA.

11 And finally, the third level would be if, in

12 f act, it is shown that there are unacceptable results

13 or, in f act , the probabilities are higher than

0 14 desirable, there would be remedial actions. The

15 remedial actions could extend f rom, you heard, reheating

16 the f uel and storage tank to other areas.

17 I might point out on that heating storage

18 tan k , i t is not clear right now that there is a major

19 problem with doing it, but I do not know what is

20 involved in plant-specific cases to do it, number one.

21 Number two, it does have potential impact, at

22 least on containment integrity calculations, and that

23 m a y raise the pressures above some of the design

( 24 pressures that are shown in FSARs. I do not know; that

25 would have to be looked at on a plant-specific basis.

O
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() 1 Finally, we think there are a number of

2 conserva tisms present currently in the way the

3 calculations a re being done. I think there is probably

4 general agreement about that, although there is

5 dif ferent agreement as to quantification of them and

6 should we remove them now or not.

7 We do believe it is important that for the

8 future, given that we are going to use the screening

9 criteria approach as we start to have more results

10 coming in, that definitively would give a basis for or

11 more definitively give a basis for removal of

12 conservatisms.

13 We think it is appropriate to factor that in

14 and, in fact, raise or appropriately adjust the

15 screening criteria to recognize the removal of what were

16 presently less quantified conserintisms than will be

17 sore quantLfied in the near future.

18 That is what I have to present for the

19 Westinghouse Owners Group. Are thnre questions?

20 (No response.)

21 MR. BENDERa If not, I would like to thank the
j
i

'

22 Westinghouse Owners Group for giving us this

23 presenta tion . I think it helps us to understand the
|

() 24 several views that exist. And we will take those into

25 account when we try to develop some recommendations to

O

|
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1 put before the full committee. |()
1

2 Could we stop the Owners Group presentations

(( }
3 for a few minutes so that I can try to solicit comments

4 from the consultants and those members of the committee

5 that might need to leave by 4:00 o ' clock, so that at

6 least we have the benefit of a collective set of

7 thoughts at least while everybody is here. Let me start

8 with Ivan Catten.

9 Ivan, you have some thoughts?

10 MR. CATTONs I have several things. Ea rlie r

11 this morning we discussed the A transient. I really
,

12 think the Staff should analyze this so we can get -- we

13 are using best-estimate techniques -- so we could get a
:

14 better f eel for what kind of conservatisms are involved

15 in the results that they have been showing us.

16 I think Steve made the comment about the

17 operator having to walk between overcooled and

18 undercooled and the desire not to be ultraconservative.
19 I think this emphasizes the need for establishing what

20 symptoms tell us quickest whether we have overcooling or

21 undercooling.

22 And I think it really deserves more attention,

23 a nd that to try to throw the whole thing into more and

\2 24 better training for the operator might be a mistake.

25 ER. BENDER: You are saying a study of the

I

i

.
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() 1 diagnostic capabilities is in order?

2 MR. CATTON: That is right. The only thing

r~ 3 that has been done along those lines is the brief rtudy
(_g/ t

4 that was done on LOFT on how well pump current could

5 tell them what is going on.

6 I think they can do a lot of things,

7 particularly if, as was just mentioned, the time

8 constant of the RTDs is 2 seconds. You could surely do

9 a heat balance on the system and know what is happening

10 and be able to tell the operator what is happening. I

11 think just more training is not going to do it. I think

12 it is too much to expect.

I 13 As far as the four items that Steve mentioned,

[)
14 I think no immediate action is wise, because I think''

15 there is still a great deal of conservatism in the Staff

16 position on the thermal hydraulic side as to the spec.

17 There is still a great deal in fracture mechanics, I

18 think that 270 degrees is fina, and with 3 or 4 years

19 bef ore the first plant runs up against the wall, it

20 seems to me there is plenty of time for adjustment if it

21 is not right.

22 I would like to see some magic number where
.

23 the plant has to shut down and somebody has not done

( 24 something and have that number fixed so that when the

25 time comes there are no surprises.

O
l
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(_) 1 MR. BENDER: Monroe?

2 MR. WECHSLER: I find myself interested in the

[}
3 question of the calculation of the delta RT NDTs.

4 Follo win g the discussion we had earlier, I find it

5 difficult to understand the wisdom of the kind of

6 two-tier apprr,ach that is being used, in which for the

7 higher fluences, I understand that this depends upon

8 copper concentration, but generally for the higher

9 fluences, the Reg Guide 1.99 is used or the Reg Guide

10 1.99 criteria are used , whereas for the lower fluences

11 the Guthrie fit is used.

12 I think consideration should be given to using

|

|
13 the Guthrie fit throughout the entire range of fluence

}
14 values. That is, for the entire population of points

15 obtained from the surveillance samples.

16 MR. BENDER. Do you have any view about this

17 two sigma criteria?

18 MR. WECHSLER: Well, I think the basis for

19 t h a t is fairly well explained in the NRC draft

j 20 document. And one might argue with the precise values.

21 Certainly, there is nothing sacred about the values to

22 plus or minus 1 degree F., and certainly there is some

23 room for argument there. But I think in general terms

24 the document justifies the basis for introducing that

25 two sigma approach, and I am generally satisfied with it.

O
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O
(_j 1 MR. BENDER: Herb.

2 MR. KOUTS: Well, I certainly agree with what

3 Ivan Catton has said just now and what Theo is going to{)
4 say on the subject of analyzing these transients. And I

5 think some of this analysis is really under way now. It
.

6 is just not at the stage where it can be reported. I

7 believe there is Los Alamos work proceeding along these

8 lines.

9 But as this con tinues, of co'.rse, there are

10 some insights that will develop. And one thing that

11 bothers me very much, especially listening to what I

12 have heard today, is how much space is there between

13 w h a t operators are supposed to do if they are subjected

O 14 to conditions of pressurized thermal shock that they
.

15 have to worry about, and LOCA. And, you know, you may

16 be put in a position where you are damned if you do and

17 you are damned if you do not.

18 With respect to such things as rapressurizing

19 the plan t, is there space enough in between the two sets

20 of requirements under these two circumstances, so that

21 trying to get out of trouble in one place you do not get

22 into trouble in another. And I think this needs

23 exploring.

24 Beyond th is , I notice that during the day we

25 have not heard anything about elastic plastic fracture

O
i
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() 1 analysis and its implications for this problem. It

2 seems to me that this is a fruitful area for research

3 programs to be initiated. I think that NRC really ought{)
4 to get more hea.vily involved in the elastic plastic

5 methods.

6 And, in particular, I would like to follow up

7 on some of these comments that Professor Irwin made in
8 the note that he wrote to you on tne question of whether

9 or not you get crack arrest in material above the upper

10 shelf if it is initiated in the brittle region. I think

11 this is a very important thing to try to establisha

12 under what conditions this takes place and under what

13 conditions it does not.

O
14 MR. BENDER 4 Thec.

15 MR. THEOFALOUS: First, I would like to say

16 t h a t I am rery pleased with the progress that the Staff
,

17 has made in the recent months. And also, I like very

18 auch the forceful way in which they presented their

19 approach . I think it is a sound approach, and they are

20 on the right track.

21 I agree for the time being with the screening

22 criterion also. And I like that approach because it is

23 specific because it puts things down so that other

24 people can look at them. And therefore, hopefully, in

25 this way one can keep refining things so eventually you
l

(
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() 1 can come to where the truth is.

2 And in that spirit, I would like to suggest

3 that this aspect of refinement not be left completely,(}
4 but try to be formulated in such a way by the Staff so

5 that it becomes easy and possible by the different

6 interested parties here to keep working on a similar
.

7 framework instead of everybody working in his corner.

8 And what would help a lot in this direction is

9 if a base case or a set of base cases are documented in
10 a w ay that they are totally scrutable so you go out and

11 take a look at it and say, I do not agree with that, you

12 had better do it this way; and then if everybody agrees,

13 then you can work on that step. And'if everyone was to
t

f(
|

14 do th a t , a lot of the questions we had today, for

|
15 example, from me and Ivan and so on, they would not be'

16 present. .

17 So that I do not disappoin t Mr. Kouts, yes, I

18 think the analysis of those specific transients, the
i

i 19 f act that the only experiments we have should be done,

20 although there are difficulties with such allowances

21 that are to be recognized. I think one can do quite a

22 bit more than saying, I have difficulties, therefore I

23 cannot analyze. And I think we can learn quite a bit

24 from such analysis.

25 I think that this is -- also I want to make a
|

%s

'
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() 1 note agreeing with Ivan again that we should come up

2 with procedures f ar the operators that basically are

3 diagnostic signatures, so that they can recognize the(}
4 situation and know what to do.

5 MR. BENDER: Zenon.
l
'

6- MR. ZUDANS: At this stage, everything has

7 been said. But I have to add some caveats. I

8 personally feel that one should be able, by continuous

i 9 collapsing and removal of conservatisms, to define what

10 is called PTS design basis. But that is my feeling,

11 although I heard Westinghouse Owners Group saying that

12 that was not a prob 1(m. I have no qualms about these

13 criteria the NRC presented. I think they a re adequa tely

O
| 14 conservative.

15 I would like to repeat again that I would like

16 to see some of the conservatisms note specifically

17 identified. Some are identified now by the Westinghouse

18 Owners Group. Others were stated by Dr. Hanauer. And,

! 19 for example, what is the effect of three-dimensional

I 20 stage of temperature and pressure stress distribution as
|

21 one compared to one used in these analyses? How

22 important is that aspect? It is not quite clear. It

j 23 could be significant conservatism, or it could also be

24 none.

25 Ihe other thing is I do not understand the
,

|

! .

ALDERSoN REPORTING COMPANY,INC,
|

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

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



237

1 philosophy of ex:1uding cladding f rom th e vessel. It is
./

2 physically there, and not to have it in all models, heat

3 transfer and structural model, it just does not strike{}
4 me as being right.

5 MR. SHEWMON: Was it ignored in the heat

6 transfer?

7 3R. CATTON: No. They deal with an effective

8 heat transfer coefficient. That has in it. They put it

9 into the heat transfer.

10 MR. ZUDANSs Did they consider the heat

11 capacity, or just conductivity?
'

12 MR. CATION: I think it is considered.

13 MR. ZUDANS: Well, if I am smart enough and

O 14 considerata enough, I can sit and reason everything out

15 and come up with a clean core. And tha t is not the i

16 case, to show that this is indeed true by analysis.

17 HR. CATTON: That would be easy enough to do.

18 HR. SPEYER4 It is excluded implicitly in the

19 Westinghouse Owners Group with its associates for the

20 h e a t conduction aspects.

21 BR. ZUDANS: All right. I remain unconvinced

22 about statistical basis on operating experience on these

23 events, having three BCW and four or five Westinghouse,

24 and putting them in the s'ame basket and coming up with

25 sta tistics. One of the tvp that hurt and the other two

O
|
,
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() 1 got advantages of the first. So I do not know if we

2 should treat Westinghouse separately from B&W. You

| {} 3 might come out differently. That's all.

4 MR. BENDFR4 George.

5 MR. IRWINs I believe the NRC has made a very

6 good effort insofar in response to this problem. And I

7 also appreciate that the probabilistic work at

8 Westinghouse has been quite useful.

9 Now, with regard to conservatisms,-I like

10 conservatisms myself. I am glad to see them. I do not

i 11 particularly want them to go away. But I would like to

12 know how much they are. And I made a little list of
,

13 these that are just in the fracture mechanics area.

: 14 For example, the variation of the meaa K.1.C

15 with crack trunk length, that will be a substantial one

16 because tha more rapid the chill the more we are

17 propagating tiny cracks, and the tinier the crack the

18 g rea te r th e mean K.
,

19 A second one was that the crack shape after

20 initiation 'is definitely not going to remain

21 self-similar, but it is definitely not going to be

22 infinite. And after all, the shell course is only about

23 80 inches , and if you crack goes halfway through an

24 8-inch wall, you have got 4 inches. That is a length of

j 25 2 0-to-1. And the calculation of 20-to-1 in a crack

O
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() 1 halfway through the real reactor vessel is quite

2 significant in its effect on the K value.

3 The third one was warm prestress. Now, that

O>

4 is going to take time. People will have to agree on how

5 to do the experiments. And it may not come soon, but

6 definitely there are benefits of warm prestress which

7 can be ascertained in a straightforward manner -- and

8 should be.

9 And number four was the fully plastic

to conditions f or deep cracks. That has been mentioned

11 before. I am not sure that we will get a great deal on

12 help on that score. But there is an uncertainty there
E

13 that should be removed and can only be removed by going

O-- 14 in and studying the deep cracks on an elastic plastic

15 basis.

16 Numbe: ' ire overlaps the fluid. And I do not

i
17 know nnything about the fluid dynamics. But it does

;

18 seem odd that you can have cold water coming down like a'

19 plume and at the same time chilling 360 degrees of

20 circumf erence. And I believe that discrepancy was

21 mentioned this morning by Steve Hanauer.

i 22 Now, that made quite a difference in the
|
' 23 f racture mechanics calculation. Whether I cool three

() 24 wall thicknesses or five wall thicknesses, all the

i 25 calculation assumes you cool 360 degrees.

()
i

I

|
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() 1 Well, those are my comments.

2 MR. BENDER: Bill, I will let you have the

(~g 3 next word.
(_/i

4 HR. BOCK: I will keep it short, since you
1

5 have most of my comments already.

6 Traditionally, what we were faced with in

7 reactor problems, we have always relied on a

8 defense-in-depth approach. And I see us getting away

9 from that, in that right now we are oriented toward
'|

10 placing all of our eggs in one basket; namely, r. hat we

11 believe that the reactor vessel is in a ductile, low RT

, 12 NDT condition.

13 And we are not approaching at this point. any

14 of the other ways around it, which would include, for.

15 example, trying to reduce transient frequencies or
,

16 trying to get better inspection tech ni ques.

17 The way the screening criteria is currently

18 set up, it looks like we are going to defer those until

19 our first line of defense, meaning the ductility of the

20 vessel finally gives up. And I would like to see us

21 pursuing the others perhaps a little more vigorously and

22 perhaps independently of what the current RT NDT of any

23 particular vessel is.

() 24 MR. BENDER 4 Forrest.
I

25 MR. REMICK: Thank you. Just an observation.

(
|
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() 1 The operating reactor data base is based on several

2 hundred reactor-years of domestic experience. I would

p 3 be curious to know what the foreign experience would
%)

4 show. Would that enhance our understanding? Would it

5 improve the data base? Could it be used? Or would it

6 just further complicate our lack of understanding?

7 Also, I wonder very much about the naval

8 reactor operating experience. I do not know if the

9 owners groups know about that. Do they have access to

10 the information ? I do not know if the NRC has that

11 access.

12 And along that line, has anybody thought about

13 Shippingport, which I now understand is decommissioned.

O 14 Is there anything about tha t vessel? I know some

15 designers who were involved in Shippingport, and we are

16 somewhat glad to see that Shippingport might be

17 decommissioned. Is there any information available, any

18 thought about how that might be used ?

19 And if the answer to my questions about do we

20 know what the naval reactor experience is is "No," then

21 maybe the subcommittee or the committee itself might
,

|

22 take up the naval reactor people offer for exchange of
,

,

23 inf ormation and see if this is where they might share

() 24 some of their thinking?
,

|

25 HR. BENDER: Paul or Bob?
.

O

|
~
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1

() 1 MR. AXIMANN: I am kind of curious about the

2 seven reactors defined as "a t most risk ," perhaps the

3 three worst, whether the owners groups or the individual
[

I 4 plants have looked seriously at the possibility of

5 changing the fuel loads not 3 years from now but

; 6 starting today and what the penalties f or that might be?

7 I noticed on one of the slides from WOG that

8 they have a report, and I am anxious to see that, but I
,

9 vonder if any of the involved people have any comments?

10 NR. BENDER: Is there a hin$ back here?

11 MR. MORRISa I could comment on that in a

i 12 minute when I get up there.

13 HR. BENDER Would you identify yourself?

14 MR. HORRIS: I am Ken Eorris of the CE Owners'

|
15 Group. But I can address that when I get up.

| 16 HR. BENDER: Fine. We will hold it until then.

| 17 I am in the enviable position of being able to

i

j 18 say , having heard all of the comments, I agree with most

19 of them , and I do not think there is much that I want to

20 a dd to this conversation beyond saying that what I would
|

! - 21 like to do is collect the set of comments here and put
!

22 them into some more orgsalzed form and presumably pass'

;

23 them on to the committee as the collective views of this
I 24 working group.

25 Were there any problems that anybody sees in

(
,

t
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O ' xiao ** t xtaa or reseatettoa2 we ne ra 4111ereat.

2 viewpoints, but I did not hear much disputs about what
t

3 was presented. And, hopefully, the committee will, in ,

4 turn, digest them and pass then on in a somewhat similar

5 way to the Regulatory Commission.

6 With that, I think I would like to go back to

7 the CE Owners Group, and we will follow from there.

8

9

10

11

12

13

14 i

15

16

17

18

19

20

213

22

23

0 24

25

'

O
!

4
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() 1 MR. MORRIS: My name is Ken Morris and I'm

2 with the CE owners group of the Omaha Public Power

- 3 District. Dr. Hanauer has often wondered who I am with,

4 so I was going to try to clear that up to start with.

5 I would like to respond to a question

6 regarding fuel loading patterns. I cannot speak for the

7 owners groups I can speak for Fort Calhoun Station. We

8 are scheduled to go into our refueling outage beginning

9 January 3, 1983, at which time we will go into a low

10 leakage fuel loading, which we currently estimate will

11 make a rather substantial reduction in our fluence;

12 probably a factor of two.

13 I don't have too many of the other CE owners

14 group members here. I am not aware of what their

15 actions are or timing for any changes in their fuel

16 loading patterns.

17 MR. AXTMANN Do you have a number for what

18 happens with the power level?
.

19 MR. FORRISs There is no penalty regarding the

20 power level. There will be some reductions in our

21 operating margins. We do feel we have adequate margins

22 to maintain our currently licensed power.

23 MR. AXTMANNa So the economic penalty is

() 24 essentially little?

25 MR. MORRIS Tha t is true. I might say that

O
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1 |

() 1 we will explore methods of making further reductions in
,

_

2 tha t fluen:e , also, in the future. |
j

3 I would like to say that we do appreciate the

O$!

4 opportunity to comment on the staff's evaluation of the

5 reactor pressure vessel thermal shock. The received the

6 report middle of last week and we have performed a

7 prelimimary review of that report. We recognize there

8 have been some, we consider, very substantial

9 improvements in the program, in the staff's program
,

10 since we had seen last spring.

l 11 We are pleased that the evaluation confirms
i

t
'

}
12 the staff's and the industry's findings tha t there is no

| 13 tamediate need for plant modifications to protect

i t4 against pressurized thermal shock, other than those ,'

15 improvements in procedures and training which are
i .

16 already underway or completed.
i

17 The NRC proposes to use the screening crite ri a

18 involving RT NDT as a method to identify those licensees

19 which must perf arm additional kinds of specific

20 evaluations. The CE owners group believes lhat proposed

21 approach is rational and conservative, and will serve to

22 identif y those plan ts with potential pressurized thermal

23 shock concerns. Properly a pplied , we believe this could

() 24 be a very effective method.

25 The CE owners group has revised the methods of

I
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() 1 calculating the RT NDT, and agrees with the staff. We

2 believe this method will provide a reasonably accurate

3 and conservative value for RT NDT. We agree that

((-)/
4 plant-specific evaluations are needed to determine what,

5 if any, plant modifications to equipment, systems and

6 procedures may be required.

7 As stated in the report, more detailed

8 guidance for these evaluations must be provided.

9 Acceptance criteria must also be developed. We urge the

10 staff and their consultants to work closely with the

11 industry on the development of these guidance and

12 acceptance criteria.

13 We believe caution must be used to assure that

O'. 14 the guidance and acceptance criteria do not become ,

15 overly prescriptive and thereby eliminate other

16 activities which could assist in resolving pressurized

17 thermal shock concerns.

18 The CE owners group believes that the timely

19 development of guidance and acceptance criteria, coupled

20 with reasonable schedules f or the completion of any

21 additional evaluations, plant-specific or otherwise,

22 will permit an orderly and timely resolution of the

23 pressurized thermal shock concerns.

() 24 I wart you to know that we stand ready to work

25 with the staff and your consultants on the development
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() 1 of the acceptance criteria and the guidelines for

2 resolution PTS. And I do want to make a few comments

3 regarding ongoing activities of the CE owners group.
)

4 You have heard quite a f ew comments regarding

5 procedures and operator training that CE owners group is f

6 developing. We began sometime ago a training program

7 for PTS. We also have been working for quite a while on

8 emergency procedure guidelines which do incorporate PTS

9 concerns. PTS work has been a major part of our
,

10 training and our procedural work. We are proceeding

11 with that work as rapidly as we can to assure that it

12 does reflect concerns for LOCA and PTS, and we agree it

13 is something that needs to be clearly defined to the

() '

: 14 ope rating people.

i
15 That is about all I have to say. Everything

; '

i

1 16 else has been said today, so there wasn't any point in
i

i

1
' 17 a y repeating it.

', 18 MR. SHEWMON. Given the comment about what
,

i '

f 19 kind of room you f eel your operators have f or
!

20 maneuvering or getting confused between PTS and LOCA'
'

!
21 concerns, have you gotten into that enough to feel that

22 t h a t is not a problem with your present procedures, or'

23 assumed procedures?

24 MR. MORRISa I can't give you an operating

i
25 param eters that would quantify that margin. We are

.

i

(
;
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() 1 insuring that the proper people, LOCA, PTS, are involved

2 in the procedure guidelines so that we are not improving

3 one at the same time doing harm to some other set of-

4 procedures. There has to be a balance there.

5 The way we believe it has to be done is

6 letting the experts in the areas work hard on those

7 procedures. After that is done, have those procedures

8 and procedure guidelines thoroughly reviewed by the

9 operating people.

10 MR. SHEWMON: You haven't heard any screams

11 from that quarter yet?

12 MR. MORRISs No, we haven't. We are paying a
,

13 lot of attention to the procedures and t rai ning .

14 MR. BENDER: You will re:all thtt-the staff

15 position suggests an 18-month period. Excuse me, three

16 years. My timeframe is fouled up. A three-year period

17 of preparation prior to seeing the bell ring, so to

18 speak . And the Westinghouse group has sugg e sted 18

19 months. What is your view?

20 MR. MORRIS 4 I guess our view is we are going

21 to proceed. Let me take my owners group hat off now and

22 put on my OPD hat, if you will permit me, because I

23 can ' t speak for the other utilities on this one. But

() 24 Omaha Public Power District, our vessel is one of those

25 on the top of the Hit Parade. You can bet we will
j

()
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() 1 proceed as timely as possible, consistent with the

2 staff's effort on this to get the proper corrective

3 actions identified and implemented just as soon as we

4 can.

5 I think someone else mentioned commercial

6 interest in this, and we are very sensitive to the

7 commercial inteerst, also. I just can't hardly see us

8 identifying an action that should be taken to resolve or

9 to reduce the PTS concerns and not taking those actions

10 once we are in a position to implement them. It just

11 doesn't make any sense for us.

i 12 MR. BFNDEas Other questions for the CE owners

13 group?
,

14 (No response.)

15 Thank you very much. I guess now we will have

2 tG the BCW group with the last opportunity.
,

17 MR. SHORT: I'm Barry Short from BCW, and I am

18 here to represent the ECW owners group at the request of

19 Mr. Lee Pacino. Lee regrets that he couldn't be here

:
'- 20 tod a y but he had some unexpected business come up at the
i

21 last minute. So he asked me to just cover a few points

22 here for you .

23 I'm going to keep my comments brief, also.

() 24 (Slid?.}

25 What I want to do is cover three areas. Give

.
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,

() 1 you an idea of wh a t the BEW owners group is doing with

2 the thermal shock program, give you a few comments. I

3 have one slide on the first one and tour slides on some

4 general comments on the staff's draft report, and then I

5 have a concluding slide that will give you an indication

6 of where the BCW owners group is going to go from here.

7 (Slide.)

8 I guess a most of you know, the BEW has been

9 involved in this issue for quite a while, and what we

10 have done is we have issued some generic reports back in
,

11 1980. They are ba sically discussed in the staff 's draf t

|12 report. There is a BCW 1628 and BEW 1648. They ere

13 generic reports back in 1980, and they concluded that if
/~T
\/ 14 you do a generic analysis, first of all, it's

15 unrealistic and you can see some imminent problems in

16 the future. .

17 At that time or shortif thereafter, we started

18 some plant-specific analyses and in f act, we had planned

19 just prior to the staff issuing their August 21st letter

20 to do the plant-specific analyses. The August 21st

21 letter kind of target Oconee-1 and ~PU, TMI-1, so we

22 were already doing those plant-specific analyses and

23 basically concluded that those two plants are acceptable

() 24 for the thermal shock issue.
,

25 Now, in the process of going from generic to

O
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() 1 plant specific we learned a lot. In fact, in that

2 process -- well, I guess we 've always known the small

3 break LOCA was a limiting event, but if you can solve

4 that problem you may end up with a different limiting

5 event, so you can' t just pick small break LOCA and say

6 that's what your problem is.

7 Between the Duke Power Company and the GPU

8 analysis, we learned a lot about mixing, and that

9 report, the TMI-1 report. We have used a COMEX code

10 sixing analysis which shows quite a bit of margin for

11 the small break LOCA analysis, or small break LOCA
,

12 trsnsient.

13 Those plant-specific reports were submitted

O 14 be.:k in early 82 for Duke Power and July of 82 for GPU,

15 and basically, the two owners are waiting f or the

16 staf f 's review of thst in detail. And as a result of

17 tha t , the other plants have told us to just put

18 everything else on hold. So in this regard, nothing

13 else is being done by the BCW owners group as far as

20 plant-specific analysis.

21 Let me just comment. I have four overheads

22 here to comment on the staff's draft report.

23 (Slide.)

() 24 In general, it is a very comprehensive

25 report. I think they have done an admirable job of

O
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() 1 putting everything in one place. I do have some

2 specific comments.

3 Like I said, first on the approach, we acree

.O
4 that the screenina critecion is an acceptable way of

5 targeting to determine when or if plant-specific

6 analyses should be performed. However, you've got to

7 vatch out for a couple of things, and I just want to get

8 a couple of points across here.

9 We do believe that the values are

10 conservativ e, and that is based on what we know today.

11 One of the key things that we've got to keep in mind is

12 tha t we should, in my opinion and several of the other

13 owners, we shouldn 't establish a limit for RT NDT today
,

I ('j
! 14 and not be flexible. So flexibility is a key point here

15 because we know that even in the past year things have

16 cha nged. We have seen it go from where we have only

17 had , say , two or three years left and now we've got

18 maybe f our or five years. BCW analyses show that you've

19 got somewhere beyond 30 years.

20 So I think technology is going to advance. We

21 have seen examples of that in the mixing area. We knov

22 tha t fracture toughness is being worked on. Elastic

23 plasti: techniques. And we also know that experience

() 24 enters into this.

| 25 The staff is using a rather limited experience
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() 1 base, but is time goes on, that experience base is going

2 to change. And if up really believe we have told the

3 operators to watch out for the certain type of events,

4 hopefully in the future, we're not going to seo any

5 operator errors. So flexiblity is a key that I think we

6 ought to be considerino.

I guess it's in Chapter 10 or7 Somewhere --

8 maybe the recommendations -- it says the RT NDTs must be

9 calculated, or should be calculated, in accordance with

10 the way it is shown in Appendix E, or whatever it is.

11 I'm not really sure. But again, in the lines of

12 fle xibility, if there are other ways of calculating BT

13 MDT and the B&W owners group is working on some of this,

(
14 we shouldn't close our minds to that.

15 So screening criterion is an okay way to go,

16 but let's be flexible about it. In a couple of years we

17 may have a new criterion. Maybe it is 300 for

18 longitudinsi, maybe 350 for circumferential. We don't

19 know.

20 Item 2 suggests that the staff maybe just

21 clarify what their sequence of events are, and this I

- 22 think is on page 1.4. Or maybe it's 4.1. Screening

23 criterion is acceptable. You move from that into a

) 24 plant-specific evaluation. Depending upon what you find

i

25 in that plan t-specific evaluation will determine what

O
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() 1 you do next. Plant modifications may or may not be

2 required. There should be a three-step process here, as

3 opposed to a two-step process.

4 Third, we talk about -- I guess it's talked

a technical basis f or if you'5 about the report, --

6 have to do a plant-specific analysis, you have to have a

7 technical basis f or the remainder of the plant's life,

8 and I think basically, this issue of thermal shock is a

9 rwactor vessel integrity issue, much like the issues

10 that Appendix G of 10 CFR 50 already talk about. And I

11 think the goal there is to make sure he stay ahead of it.

12 If a plant-specific evaluation can show that

13 this plant has no problem for 20 years and the plant is

14 at five years now, that may be acceptable. That plant

15 m a y not want to make modifications yet. I think that is

16 the philosophy behind Appendix G.

17 I know the staff has referenced Appendix G

18 several times in their report. I think it is a pretty

19 smart philosophy. It is kind of tied in with keeping

20 flexible and making sure that you watch out as

21 technology advances that you are ready to make the

22 changes as appropriate.

23 (Slide.)

() 24 As far as acceptance criteria goes, I had a

25 problem when I was reading the report add I wasn't quite
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() 1 sure what failure was. It is talked about several times

2 as being no crack initiation. Very extensively it went

3 into crack arrest There were safety goals that talkedg3
V

4 about radiation releases, core melts or whatever. I did

5 not get a clear impression -- and this was relayed to me

6 by a couple of other owners , also -- of wha t the

7 criterion was when the ET NDT of 270 was calculated.

8 The word " failure" is used. I think maybe that ought to

9 be clarified

10 I think it was no initiation of crack, but as

11 I got further along I ar not quite sure if it wasn't .

12 arrest. It doesn't really matter, I guess, as long as

13 we know what it is.
G

l 14 And secondly here, the point that Steve made

15 this morning , one of the key things, and one of the

16 reasons why the BCW owners have put the plant-specific

17 e valua tions on hold , is that we don't have an

18 agreed-upon acceptance criterion. We shouldn't vaste

19 time doing plant-specific analyses without knowing what

20 is going to be acceptable. And like I say, that is one

21 of the main reasons why the rest of the BCW plants are

'

22 on hold righ t n ow.

23 MR. BENDER: There is something illogical

() 24 about that statement. It generally follows that people

25 do some analyses bef ore they try to set acceptance

O
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() 1 criteria in or' der to get some understanding of

2 uncertainties or how to allow for them, what options are

3 available.

4 I think essentially what you are suggesting is

5 that the NRC staff go back to its old generic basis. I

6 find that very discomforting, and 11' the position which

7 the BEW owners group is taking is that the staff has to

8 have arbitrary criteria before it will do any work, I

9 think we ought to make the criteria very conservative in

10 order to make sure the work starts early. What's wrong

11 with that logic?

12 MR. SHORT: Let me explain what I meant by

13 that. The BEW owners group has already submitted two

! 14 plant-specific analyses. We have a criterion in there,
,

,

15 and that is the criterion that we have used. And based

16 upon those analyses extrapolating, if you will, to the

17 other BEW plants, we don't see that there's going to be

18 a n y problem even with the o ther plan ts.

19 What we would like to see is we would like to
;

20 see some kind of evaluation done of the acceptance.

21 criteria that we have chosen prior to the staff --

22 HR. THEOFALOUS: What have you chosen?

23 MR. SHORT: We chose in those two reports

) 24 within one quarter of the thickness of the vessel wall

25 crack a rrest. And for a regulatory purpose, that may be
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() 1 acce pta b le .

2 I guess what I'm saying is we want to get some

3 feedback on those reports. It's not that you sit by and

4 don 't do anything. We have done something, and for that

5 resson, the other reports are on hold. I don't know if

6 that answers your question.

7 MR. BENDERS In addition to submitting the

8 reports, was there a specific request for a critique of

9 items within the report? Or did you just send the

10 report in and say, what do you think of this?

11 MR. SHORT: I don 't know if you've seen the

12 reports, but the reports cover everything. We've

13 related to pressurized thermal shock. Everything we

O 14 know today.

15 3R. BENDER: Are they more comprehensive than

16 those which the staff praparei?

17 MR. SHORT: Do you mean the draft report?

18 MR. BENDER: The drsf t report, yes.

19 MB. SHORT4 I commended the staff for being in

20 such agreement with what we have. Yes. They have

21 covered every area. I see nothing left out. We did not

22 go quite as extensively into the probabilistic or safety

23 goal area.

() 24 MR. BENDER: Do you think tha t is unimportant?

25 HR. SHORT: I think in the future -- I think

O
\/
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() 1 if you can show that you've got, with nominal

2 calculations, 30 or 40 years on a plant today, granted

3 there are a lot of uncertainties, but it certainly tells

J
4 you that there is a margin there.

5 In one of my later slides I'm going to show

6 you what the B&W owners are planning to do now. It's

7 not like we're sticking our heads in the sand.

8 MR. BENDERa Well, why don't you go ahead with

9 the remainder?

10 (Slide.)

11 MR. SHORT. I just want to continue some

12 comments here, looking at the applicability of the

13 methodology and the results. As we have been hearing

14 all day, the results are based largely on a lot of input

15 from the Wastinghouse owners group, and there are some

16 basic diff erences in the plants. I know this was talked
.

17 about earlier, and I have a couple of examples here.

18 The vent valves and the once-through steam generator.

19 And I guess what the BCW owners group would

20 comment on is the significance of those differences

21 ought to be at least evaluated before the report is

22 considered a final report. And I thi9k they've got

23 t h a t . The staff has as a recommendation in Section 10,

() 24 so I would agree with that.
.

25 ( Slid e. )

O
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() 1 My last of the general comments on the report

2 is on timing. I know we talked a little bit about this,

3 today as well. I think it might need some

4 cla rification, and I think maybe some other people are
.

5 thinking 11ong the same line. If we go ahead and begin

6 plant-specific evaluations three years prior to

7 exceeding some criteria, that's fine, we have no problem

8 with that.

9 Somehow, though, that report must be accepted

10 by the staff at some point in time because someone has

11 to make a judgment on what those plant-specific

12 evaluations are; if they are good or bad. And that is a

13 time factor that is missing. And I would say maybe a

O 14 year ahead of time. I don't know. |

15 Based upon our experience, we have had the

16 staff reviewing the Oconee and GPU report or the TMI

17 report, and maybe a year is good enough. I don't know..

18 I think it is something that is missing as far as timing

19 g oe s.

20 MR. BENDER: Well, have you thought about what

21 you might have to do in the course of that year in order

22 to avoid being shut down? Do you expect the staff to

23 think that out for you, or are yu going to do it

) 24 yourself ?

25 ER. SHORT. If you do a report three years
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() 1 shead of time and the report comes out and says hey, I'm

2 good for 30 years and you submit it, --

3 MR. SHEWMON: Maybe no news is good news. You

4 don 't understand wha t I'm saying. I mean, the staff

5 obviously is worrying about PIS. If they aren't on your

6 back maybe it is because they figure somebody else has

7 more of a problem than yo,u do.

8 MR. SHORT: That could be. We have suggested

9 just adding a column, which I sa w was added ea,rlier

10 today, just talking about calendar years and not

11 effective full power years. And I saw that that column

12 was added in Steve's presentation this morning. Not

13 exactly as it is labeled here, but the column was there.

14 (Slide.)

15 My last slide talks about where do we go now.

16 And as I mentioned before, the remainder of the B&W
.

17 plants are on hold. We're trying to just find out

18 whether it's acceptable or unacceptable.

i 19 The PCW owners are continuing with their

20 reactor vessel materials program. This is a program

21 geared to find out as much as we can about the reactor
|

22 vessel. It has several phases to it. The phases talk |
I

23 about the actual chemistries, the RT NDTs, the actual

() 24 fracture taughness, enhanced ISI techniques and also, in

25 the dosimetry area which is also an important area.

O
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j

({} 1 And then I just want to conclude with a couple

2 of statements here that Table P-1 at the end of the .

I

3 report, it was suggested to me that -- I think the |

4 statement was made here that the staff get the values of

5 RT NDT from the licensees. I believe that is one of the

6 recommendations of Section 10, Number 4. Moving back to

7 wha t I suggested before is that screening criteria is

8 fine, but as we learn more and more about it, maybe we

9 should be a little flexible with it, and a few years

10 from now that criterion may change up or down as we know

11 more.

12 Again, the BCW owners, we have basic

13 dif ferences in the reactors, and I think they were

n\ / 14 acknowledged in the report, in Section 10. I guess

15 there is something that is being looked at in that

16 area. And the last comment, I guess, is that again I

17 think the staff's report is good and very

18 com preh ensive. I think the approach is good. I have

19 suggested a couple of areas to be clarified here, and I

20 think maybe a little bit more time -- we * 've only had

21 about a week to look at this thing -- a little bit more

22 time might be appropriate to get some more detailed

25 comments. That is all I want to say, and I will answer

() 24 any questions.

25 ER. BENDER: Are there any questions?

O
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() 1 (No response.)

2 HR. BENDER: I would like to pose a couple. I

3 think we have not seen from the BEW Owners Group an

4 assessment of operator actions and the diagnostic

5 inf ormation that is needed to make sure that the

6 operator actions are the correct ones to avoid

7 pressurized thermal shock. Is there a study of how the

8 operators will respond, wha t kind of symptoms they have

9 available to them, and some kind of emergency guidelines

10 that are understandable to the operators?

11 The last time I heard somebody discuss this,

12 it was pretty much the operator's judgment as to which

13 w a y to move.

14 HR. SHORTS I am not sure if you are familiar

15 with the BEW ATOG program.

16 MR. BENDER: I can say I am not familiar with

'17 i t .

18 MR. SHORT: It is a program ti.at has been

19 u nd er w a y ever since TMI, and it is addressing the

20 issues of thermal shock. There have been guidelines

21 issued to all of the B&W utilities. I think the closest

22 thing that could come to what you are looking for is

23 simulator training.

() 24 MR. BENDER: Well, that is not very good

25 unless the simulators are capable of simulating the kind

A
\)
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() 1 of conditions that we have expressed concern for. I am

2 not convinced that the BEW Owners Group has really taken

3 the problem as seriously as they ought to take it, and I

4 think the fact that you are giving the kind of answers

5 you are giving to what seems to be a crucial issue of

6 operator behavior suggests that you ought to go back and

7 give some more thought to the problem.

8 I personally would like to see a much more

9 positive response than just, we think maybe simulator

10 behavior is the right way to study this thing. I still

11 have ~ doabts about whether the simulators are capable

12 of simulating the situation.

13 MR. SHORT We don't want to have any actual

14 PTS events. What I am saying is that the owners have

15 recognized this for quite a while, the BEW owners. They

16 do have an active AT03 program under way.

17 MR. BENDER: Isn't it true that the 30-year

18 presumption you have on life is very much dependent upon

19 operators doing certain things in a certain way?
,

20 MR. SHORTt Yes. We do take credit for

21 o pe ra tor action.

22 MR. BENDEBs And if I were to take issue with

23 your assumptions, I might prove that the 30 years is

/'i
| (_/ 24 more like tnree. If that were the case, what would you

25 do?

|

|
|

|

ALDERSON REPORTING COMPANY,INC, -

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

- - - - --- ._ _ _ _ _ _ _ ____



264

() 1 MR. SHORT Well, I don't think that is the

2 case, but if you could prove it --

3 MR. BENDERa I understand that.

4 MR. SHORT: If you could prove it, I would

5 like to know how.

6 MR. BENDER: Well, there is a lot of

7 subjective judgment in this business.

8 MR. SHORT: There are a lot of uncertainties,

9 and we casa up with a list one time tha t was almost 20

10 areas of potential uncertainty, and one of the reasons

11 why we are talking here so long about it, I guess, is

12 because if you go worst case in every one of those

13 areas, you get yourself into a problem, and we have done

14 t h a t , and so I am not standing back and saying we

15 haven't done it. We have done that.

16 MR. SHEWMON: Sir, one of the other reasons we

17 are here is that BCW plants are real hot-shot items, and

18 they have generated enough of these events so that we

19 realize it is a problem. So maybe they are a lot better

20 than they used to be, but we are here because of RCW

21 plants to a fair degree.

22 Now, you come out looking goon oy the staff's

23 current criteria, but your reactors don 't, or your

24 automatic control systems don't, and maybe you can

25 handle then now, and you've got your operators trained

' ALDERSON REPORTING COMPANY,INC,
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im.
(j 1 to where they can, but it is not immediately obvious,

2 given the past experience.

3 MR. BENDER 4 Well, le t's not overrea ct to the

4 sta tements we are making. I guess my reaction is to

5 say, you are pretty blase about the whole thing, and it

6 is discomforting to hear it presented that way. Perhaps

7 ve have misinterpreted the view, but I think, just

8 speaking for myself, I would be happier to see a more

9 positive kind of attitude ra ther than one which says,

10 look, we have shown there is 30-year lif e in this plant,

11 go away and leave us alone.

12 MR. SHORTa That is not the a ttitude, and I
,

13 didn' t want to get that across. That is why I showed

14 the last slide, that we were doing things actively to

15 stay ahead of the issue. This is not the only vessel

16 integrity concern, and I think there has been a lot of

17 thought that has gone into it, and I think the BEW

18 owners are taking it seriously.

19 MR. BENDER Thank you. Are there questions?l

20 (No response.)
|

21 MR. BENDERa Does the working group have any

*

f
22 o th e r th o u g h '.s , or would the staff like to add

l

23 anything?

() 24 MR. HANAUER: Mr. Chairman, I wouldn't like to

25 add anything, but I would like to get either now or

ALDERSoN REPORTING COMPANY,INC,
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() 1 later some guidance on what you want in the full

2 committee meeting in October.

3 MR. BENDER: Well, that is a good thought. I

4 think the Committee was very well disposed toward the

5 presentation you ande this morning, and while it might

6 not be necessary to present all of it, I think'it would

7 be helpful if you would provide as condensed a version

8 as you could.

9 MR. HANAUER: Do you want the Committee to

10 hear either the Pacific Northwest or the Owners Groups?

11 MR. BENDER: Well, I was going to get to that

12 point separately. I think we need some kind of story

13 about the capabilities of a nondestructive examination

()'

14 presented in a way that is more explicit than we heard

15 today, and one which speaks to what can be done about

16 the existing vessels, and sta tes e xplicitly what the

17 uncertainties are associated with nondestructive

18 e xa mina tion .

19 With the knowledge we have of the vessels

20 today, I think that would probably be enough to

21 enlighten the Committee from the staff's point of view.

22 MR. ZUDANS: I think at that point it would be

23 importaa t to analyze the sta te of vessel cladding and

( 24 see which of these methods potentially could be used.

25 Nobody knew what the state of cladding is.

O
,
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() 1 MR. BENDER: What I as hoping is that the

2 staff would be able to get somebody to t ell t.s wh a t they

3 know and wha t else they can learn in the period of time

4 between now and X, whatever tha t is. I think I will

5 leave it to the discretion of the Owners Groups as to

6 whether they would like to make a presentation.

7 Now, we have some time available for them.

8 MR. IGNE: We have three hours, and I think

9 Steve wanted two hours, and that left an hour for the

10 others.

11 HR. MORRIS I just want to make a comment.

12 We do not have any, I believe need is the right word, to

13 make a presentation at the full Committee meeting. I

b(s
r

14 don't really see where it would serve any purpose for us

15 unless it would help someone else.

16 MR. BENDER My suggestion is, the Owners

17 Groups have representatives there to respond to.

18 questions, but if they would like to make presentations,

19 we would allocate some time. Does anybody see a need'

20 f or another kind of presentation? If not, let me'

21 suggest first that those consaltants that feel like they

22 would like to hear this again, they are cordially

23 invited to attend the full Committee meeting, but what I

() 24 intend to do is to convey to the Committee the

25 collective recommendations that we have had, and

'
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() I hopefully they will be taken in the spirit of thought in

2 which they were developed, and they will be passed along

3 in an appropriate way.-

4 MR. SHEWMON: Your criteria at this point in

5 time take no account of the kind of plant or the kind of

6 control system or the kind of experience? Is that true?

7 MR. HANAUER: That is quite correct.

8 MR. SHEWMON: Well, maybe at the full

9 Committee meeting we could discuss it further, then,

10 whether you think that properly reflects the effective

11 mass or whatever you use or the acceleratability of

12 these things.

13 HR. HANAUER: It does not. We just haven't

14 seen enough data to do anything different up to the

15 present time.

16 MR. SHEWMON4 Thank you.

17 HR. BENDER: If there are no other comments,

18 this seems like a good time to adjourn this meeting. I

19 thank everyone for coming and contributing.

20 (Whereupon, at 4s45 p.m., the meeting was

! 21 adjourned.)

22

23
4

() 24

25;

l

O
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SIGNIFICANT PTS EVENT SEQUENCES

O
o SECONDARY (STEAM SIDE) DEPRESSURIZATION

o MAIN STEAM LINE BREAK ---

j o SMALL STEAM LINE BREAK (OR STUCK OPEN STEAM
!

GENERATOR SAFETY / RELIEF VALVE)

o SMALL BREAK LOSS-OF-COOLANT ACCIDENT

o STEAM GENERATOR TUBE RUPTURE
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UNCERTAINTIES

O
o OPERATING EXPERIENCE

o OPERATION ACTIONS

o FLAWS AND CRACKS

o STRESSES

o MATERIAL PROPERTIES
-

O o FRACTURE MECHANICS

o PROBABILISTIC CALCULATIONS
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SHORT TERM

O

1. NO NEED FOR IMMEDIATE ACTION

.

2. ItEED PLANT-SPECIFIC ANALYSIS OF SELECTED PLANTS

3. SCREENING CRITERION

4. ACCEPTANCE CRITERIA FOR FUTURE PLANT-SPECIFIC

ANALYSES ARE NEEDED

O 5. REGULATION CHANGES MAY BE NEEDED

O

i

!
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. -
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PLANT-SPECIFIC PTS EVALUATION

Q o EVALUATION OF OVERC00 LING EVENT SEQUENCES

o VESSEL MATERIALS PROPERTIES

o DETERMINISTIC FRACTURE MECHANICS EVALUATIONS

! o FLUX REDUCTION PROGRAM

o INSERVICE INSPECTION AND NONDESTRUCTIVE EVALUATION PROGRAM

o PLANT MODIFICATIONS

- INSTRUMENTATION AB!D CONTROLS

- AUTOMATIC DEPRESSURIZ TION LOGIC

- INCREASED EMERGENCY CORE COOLING WATER ANDO
EMERGENCY FEEDWATER TEMPERATURES

o OPERATING PROCEDURES AND TRAINING PROGRAM IMPROVEMENTS

o IN-SITU AttlEALING

o BASIS FOR CONTINUED OPERATION

.
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!
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LONG TERM

1. IMPROVE PROCEDURES AND TRAININGO
2. IMPROVE AND EXTEND GENERIC ANALYSIS

o INDUSTRY ARD NRC

o BETTER EVALUATION OF EXPERIENCE

o BETTER PROBABILISTIC ANALYSIS EXTEND

TO B&W, CE

VESSELS3. IMPROVE ISI 0F HIGH RTNDT

I4, DECREASE LEAKAGE NEUTRON FLUX

O

O
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ACRS SUBCOMMITTEE MEETING 9-30-82
;

PNL AGENDA
;

. SUMMARY - NUREG/CR-2837 AND NRC PTS L. T. PEDERSEN.

SCREENING CRITERION"

!

I EVENTS AND THERMAL HYDRAULIC ISSUES S. H. BIAN.

MATERIAL PROPERTIES ISSUES E. P. SIMONEN.

FRACTURE MECHANICS ISSUES F. A. SIN 0NEN.

:

| NDE METHODOLOGY AND APPLICATION TO ISI T. T. TAYLOR.

;

,

!
;
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ACRS SUBCOMMITTEE MEETING 9-30-82

NUREG/CR-2837 RECOMMENDATIONS

. UPGRADE PROCEDURES, TRAINING AND CONTROL ROOM INSTRUMENTATION

ON A SITE SPECIFIC BASIS IN THE NEAR- TO LONG-TERM PERIOD.

DEVELOP UNIFORN CRITERIA FOR FUTURE ANALYSES USED TO EVALUATE.

THE EFFECTIVE FULL POWER YEARS (EFPY) REMAINING BEFORE FURTHER

CORRECTIVE ACTIONS ARE REQUIRED.

ADAPT IMPROVED NDE TECHNIQUES DURING FUTURE INSERVICE INSPECTIONS,.

ISI.

t
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ACRS SUBCOMMITTEE MEETING 9-30-82

NRC SCREENING CRITERION

RTNDT FOR AXIAL WELDS - 2700F

RTNDT FOR CIRCUMFERENTIAL WELD - 3000F|

i

BASIS

. FREQUENCY OF OCCURRENCE FROM OPERATING

DATA ~10-2

. PROBABILITY OF CRACK EXTENSION ~10-6

|
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ACRS SUBC0f1MITTEE MEETING 9-30-82

HOW IS PROBABILITY OF CRACK1

EXTENSION OF 10-6 SATISFIED

i

FROM DRAFT NRC STAFF E'!ALUATION OF PRESSURIZED THERMAL SH0CK,
t SEPTEMBER 13, 1982, PAGE 8-6.

1. PTS EVENT SEQUENCES LEADING TO RPV FAILURE HAVE OVERALL FREQUENCY F.

'

PER REACTOR-YEAR. FIGURES 8-2 AND 8-3 DR0 VIDE A VERY APPR0XIMATE
i

ESTIMATE OF F. A PLANT EVALUATED (AS DESCRIBED IN SECTION 5 OR 9
AND APPENDIX E) TO BE AT THE 2700F SCREENING CRITERION IS LIKELY.

TO HAVE A TRUE RTNDT OF 150-2700F (TWO SIGMA 2600F). FOR THE MEAN
OF 2100F, F c10-6 PER REACTOR-YEAR ON THE NRC CURVE (FIGURE 8-3),

; .AND MUCH SMALLER ON THE WOG CURVE (FIGURE 8-2).

.
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NEED CLEAR DEFINITION (SITE-SPECIFIC)
.

O

LOCAL MIXING IN 00WNCOMERi
*

.
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HEATING ECC WATER - VERY EFFECTIVE Uf4 DER STAGNAtlT FLOW
>

CONDITION, t10T EFFECTIVE AND NOT CRITICAL IF LOOP

CIRCULkTION IS MAINTAltlED. FU RTHER INVESTIGATIort
! NEEDED ON OTHER EFFECTS (E,G,, CORE COOLING).
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LOCALMIXINGUtlDERSTAGNANTFL0'l__CONDITidt!
' -

,

g ..

USIf4G EtlGRGY BALANCE WITH WALL HEATING:'.
! :

*
!.

-
,

T = (T - T ) EXP (-St) .+ I tO F F.

!

i -

} II

H = Hgpy,+ g
*

p gp{ ,

|

! (ENTHALPY AT 50 MINUTES INTO TRANSIENT I,S TAKEN AS
FIEAL ENTHALPY) .j

.

<
_

.

T = F (H PSYS)
. , 'g F

,
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!
I LOCAL MIXING UNDER STAGNAffT FLOW CONDITION |

.

i i
!

: |

|
'

!'

,

i'

| RESULTS:

| :

!,

| Pf1L- T = 136up 8=0,13 (tj 4-t.cor'. '-

F !,

t
.

!

1
*

NRC: T = 125 F 8=0.12 |
'

F

O
,

r

i
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D05fflCOMER TEMPERATURE VS. ECC TEMPERATURE ;.

t I
| ;
I i

$ TgpI(*F) I (*F)*
~

|g
!
I

'

I $0 136 !-

I'

80 154 !

100 ~ 174 |
i'

120 194 !,

140 213
'16 0 233 |

-

180 253 .

( 200 270 ;
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.
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MA-ERIAL PROPER-IES :: SSUES 1

;

3NL ASSESSMEN-~ (9/30/82) |

|
' VARIABILITY JUSTIFIES CONSERVATISMS i* ;

* STATISTICAL TREND CURVES RECOMMENDED i

!
.

* TESTING TO ENHANCE TREND CURVES |

t
:

| (DEVELOPMENT AND APPLICATION)

'

.

'

:
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;

.

1

VAR:: ABILITY JUS"~ :: = :: ES CONSE RV A~~ I SMS
!

I *NEED FOR ADDED CONSERVATISM
'

-MEASUREMENT ERROR

(<30 F CONTRIBUTION)
'

-GENERALIZED DATA BASE

(CONSERVATISM JUSTIFIED) |

*NEED FOR NRC CONSISTENCY

: -WELDS VS PLATES / FORGINGS

-0LD VS NEW PLANT WELDS

|
|

1

;
. ._ - - - -
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O O O

S-~ A-~ :: S-~ :: C AL ~~ REND CU RVES RECOMMENDE J

l

| * BENEFITS OF STATISTICAL CURVES
1

-DESCRIBE ALL DATA

-INSENSITIVE TO NEW DATA

*LE'AST CONSERVATIVE AT EXTREMES

-HIGH Cu,Ni FLUENCE IS 6% OF DATA

(Cu>.3) (Ni >. 5) (F>Se 18)

-WORST FIVE PLANTS

(H8R2/FC/TP4/TP3/MY)

.
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.

~~ES- :: NG - O E N -l A NC E
~~

R EN J CU RV ES

* TREND CURVE DEVELOPMENT
I

-SUBMICROSCOPIC CHARACTERIZATION

(EFFECTIVE FOCUS ON PARAMETERS) *

CADD CONFIDENCE IN MODEL)

* TREND CURVE APPLICATION

-IN SITU CHARACTERIZATION OF VESSELS

-REIRRADIATION EMBRITTLEMENT

,
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O CRITIQUE OF FRACTURE i'.ECHANICS AND

STATISTICAL ISSUES

F. A. SIMONEN ;

SEPTEMBER 30, 1982

Q.
-

.

BATTELLE

PACIFIC NORTHWEST LABORATORY

.
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O
ESSENTIAL QUESTIONS

. ARE C0tiSERVATISMS Ira FRACTURE MECHANICS

ANALYSES APPROPRIATE?

WHAT IS THE SIGNIFICANCE OF PROBABILISTIC.

FRACTURE MECHANICS CALCULATIONS?

O
.

.

O

.
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(~') CONSERVATISMS IN FRACTURE MECHANICS ANALYSESv

I. B0'JNDING VALUES ON INPUT PARAMETERS

EXAMPLES ARE FLAW SIZE AND TOUGHNESS.

CONSERVATISM CAN BE QUANTIFIED.

ADDRESSED BY PROBABILISTIC FRACTURE MECHANICS,

II. ANALYTICAL ASSUMPTIONS

EXAMPLES ARE FLAW SHAPE, CLAD EFFECTS, WPS.

CONSERVATISM NOT READILY QUANTIFIED.

NOT ADDRESSED BY PROBABILISTIC FRACTUREf3 .

'> MECHANICS

ASSUMPTIONS SELECTED TO GIVE "ET DECREASE IN.

FAILURE PROBABILITY

|

- III. SAFETY FACTORS
~ ~

ALLOW FOR FACTORS NOT EVEN IDENTIFIED IN ANALYTIC.

- MODEL

1

|

|

I s.

<-)
|

|
|

(
1
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UNQUANTIFIED CONSERVATIVE FACTORS

O
ANALYTICAL MODEL

FACTOR NRC STAFF ASME CODE INDUSTRY

SAFETY FACTOR Nof4E 1.414 Nof4E

CLAD THERMAL YES No YES (CE)
EXPAf4Slof4 (K If4 CREASED 17%) No (W, B&W)

FLAW LEf4GTH VERY Lof4G 6 X DEPTH VERY Lof4G (CE)
(K If4 CREASED 20%) 6XDEPTH (W, B8W)

FLAW DESCRIPTIori AT VESSEL ID SAME SAME
NORMAL To STRESS
EXTEf4DS THRU CLAD

WARM PRESTRESS No No YES

rm'
U CRACK ARREST YES LOCA, YES YES

PTS, ?

SUPPRESSlord 0F No No No
CRACK GROWTH
BY CLAD

=
_

**' ,a

m.

O
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CONCL US IO.','S

O
NRC STAFF ANALYSES CONSISTENT WITH ASME CODE (I.E.,.

CODE SAFETY FACTOR OF 1.414 ACCOMMODATED BY

CONSERVATISMS NOT REQUIRED BY CODE)

PROBABILISTIC FRACTURE MECHANICS QUANTIFIES ONLY.

SOME OF CONSERVATISM IN FRACTURE MECHANICS MODEL

GREATEST UNCERTAINTY IN ALL FRACTURE MECHANICS.

MODELS IS SIZE AND NATURE OF FLAW

7,,
\)%

~

I -

*
| - -

1

"N

[d'

1

_ _ _ _ _ __
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BEI'lEFIT OF IrlSPECTION ON
VESSEL RELIABILITY

q
%Y

OMEClHE - ESTIMATE INCREASE IN VESSEL RELI ABILITY
THAT CAN BE ACHIEVED BY USING IMPROVED

ISI TECHNIQUES

PETHOD - PILL FLAW DETECTION ESTIMATES WERE USED

TO MODIFY flRC STAFF ESTIMATES OF VESSEL

FAILURE PROBABILITY

BESULTS - DECREASE IN FAILURE PROBABILITY

- SLLOWABLE INCREASE IN RTNDT
U,

|
i

!
!

f
'v'i

|

I
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TRENDS IN VESSEL FAILURE PROBABILITY

(BASED ON NRC STAFF PTS ANALYSES)
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)
; EXAMPLE CALCULATION FOR BENEFIT OF INSPECTION

. .

I

Failure Probability >

P(A)*P(F/A) P(A)*PND*P(F/A) !
!

A P(A) PND P(F/A) (without ISI) (with ISI)

0.125 8.3 x 10-I O O O O
-4 -6

0.25 1.6 x 10-I 0.10 1. 5 x 10 2.4 x 10-5 2.4 x 10;
-2 -6 '

O.59 4.2 x 10-3 0.05 1.0 x 10 4.2 x 10-5 2.1 x 10'

~I -5 -0
l.0 4.1 x 10 0.05 5.4 x 10-2 2.2 x 10 3,3 , g0 !

-0
i 1.5 1.3 x 10~I 0.05 5.6 x 10- 7.3 x 10 3.6 x 10~

-2 -8
2.0 4.2 x 10-5 0.05 1.5 x 10 1.9 x 10-6 9.5 x 10

-5
2.5 1.3 x 10 0.05 - s0 s0 ,

3.0 5.0 x 10-0 0.05 - s0 s0|
i

3.5 3.3 x 10-0 0.05 - s0 s0

P (F) = 9.7 x 10-5 P(F) = 6.1 x 10
-0

g

i
i

'

| Notes: (1) Dasms on data from status report by Jack Strosnidor on " Failure Probability of a RPV !
Su bj ec t to Pressurized Thermal Shock," March 5, 1982 '

(2) For " Rancho Seco Transi g t Reference Case," mean copper = .34, initial RT,.DT = 0.0 and |
7

mean fluenco = 3.0 x 10 L

(3) Probability of flaw nondetection (PND) for smooth strip clad

A = Flaw depth

P(A) = Probability of a flaw of depth A in the critical
weld

P(F/A) = Probability of failure for the Rancho Seco ,

transient given the presence of a flaw of !

depth A |

Pr;9( A) = Probability of not detecting a flaw of depth A }
based on PNL estimates !

;

'P(A)*P(F/A) = Probability of failure mithout ISI given the
occurance of the Rancho Seco transient !

iî

P(A)*P(F/A)*PND = Probability of failure with ISI given the occurance l

of the Rancho Seco transient

!

!
l

I
; '

.-. - _ _ _ , - _ __ _ _
..
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ESTifiATED INCREASES IN ALLOVABLE P.Tn g
,

OWABLE
PROBABILITY FACTOR OF

OF DETECTION IMPRoVEMEllT(1) INCREASE

IN RTilDT, F
CLADIE1111SUIELAP DIRECTION (A = PLAN IlEPTH, IRC111 11L3E.lABlLH1

STRIP /Sf100TH/ PERPENDICULAR AND PARALLEL } 95%, A > 0.25 16 To 32 24 To 31

THREE WIRE / SMOOTH AND UNGROUND/ PERPENDICULAR 85%, A = 0.25 To 0.5 7.5 To 15 17 To 211

ST RI P/UNGR0utlD/ PERPENDICULAR 90%, A > 0.5

SINGLE WIRE / SMOOTH / PARALLEL } ,, A = 0.3 To 0.5 5.5 To H E To M
! STRIP /Ut4 GROUND / PARALLEL

*

'A"
flANUAL/GR0ur:D/ PERPENDICULAR AND PARALLEL

*
s

,

.

SINGLE WIRE /UNGROUND/ PERPENDICULAR AND PARALLEL }
75%, A = 0.25 To 0.5 4.3 To 8.5 12 To 19
80%, A > 0.5

i

flANUAL/UNGROUND/ PERPENDICULAR AND PARALLEL } 50%, n = 0.5 To 1.0 2.8 To 5.6 10 To 15
75%, A > 1. 0

,

Cl) FACTOR OF IMPROVEf1ENT = PROBABILITY OF FAILURE WITHOUT INSPECTION / PROBABILITY OF FAILURE WIIH
INSPECTION.

LOWER BOUND ASSUMES FLAW'S ARE ISOLATED AND INDEPEllDE 'T OCCURREllCES. UPPER BOUND ASSUMES POSSIBLE OCCURREf CE
,

I OF flULTIPLE FLAWS IN A GIVEN WELD (I .E., ONLY HALF OF FLAWS ARE RANDOM OCCURREllCES).

.

4
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O
C0tlCLUSIONS REGARDING BEilEFITS OF

IMPROVED ISI TECHilIQUES

IMPROVED ISI CAN JUSTIFY AN INCREASE IN
ALLOVIABLE RT iiDT

!

UNDER IDEAL CONDITIONS (SMOOTH STRIP CLAD)-

RT LIMIT CAN BE INCREASED UP TO 30 F
NDT

O EveN UNDER ADVERSE CONDITIONS (UNGROUND --

MANUAL) AN INCREASE OF 10 TO 15 F CAN BE
JUSTIFIED

O

1

|
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' PTS' INSPECTION TECHNIQUES
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A
D U AL TR ANS D UCER (L-WAVE) FOCUS ED TR ANS DUCER (L-WAVE)

_i. _. _D
CLAD - (IMMERSION)

-

::.*frM,,1 _.. .':: ? ..) ..: . :: p .. ; i.;;.;;.:.lu
.
:. -

.
. . .

-- -

.,
,

///, /,,f-|,
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$ y q/-

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

SINGLE TR ANSDUCER FULL VEE (S-WAVE)

(L-WAVE)_ _ _ _ _ _ _ _ . _ _

(S-WAVE)
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DUAL PROBE FOR UNDERCLAD
CRACK DETECTION .

r -

INSPECTED AREA

77
--c .-

, __ .
_

~ ' ' ' If /j!.-

DEFECT

'

DUAL CLADDING*
i LONGITUDINAL

V/ 7 /77Ah%27ww/HU//MKO7/3
N.N. )( l

( L-WAVE
|t

'N.i *
s

; _

'

| PRESSURE
VESSEL DIRECTIVITY PATTERN IN
STEEL THE STEEL |1

I'
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UNDERCLAD CRACK DETECTION STUDY

FLAW DIRECTION SINGLE CRACK
WITH RESPECT PROBABILITY

CLAD FINISH TO CLAD OF DETECTION

STRIP GROUND PERPENDICULAR AND 95%
PARALLEL 0.25" AND GREATER FLAWS

THREE WIRE GROUND PERPENDICULAR 85E 0.25"-0.5" FLAW
STRIP UNGROUND PERPENDICULAR 90E 0.5" OR GREATER FLAW

SINGLE WIRE GROUND PARALLEL 80E 0.25"-0.5" FLAWS
STRIP UNGROUND PARALLEL 85E 0.5" OR GREATER FLAWS
MANUAL GROUND PERPENDICULAR AND

PARALLEL

SINGl.E WIRE UNGROUND PERPENDICULAR AND 75% 0.25"-0.5" FLAW
PARALLEL 80E 0.5" OR GREATER FLAW

MANUAL UNGROUND PERPENDICULAR AND 50% 0.5"-1.0" FLAW
PARALLEL 75E 1.0" OR GREATER FLAW
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NOTCHES THROUGH CLAD
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6 0 ,'. ?" . 9 3mm FBH UNDER CLAD CRACKS.
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M06 COMMENTS ON NRC POSITION

O <MRC STAFF EvAtuATiON oF rTS>

|

[ e IN SUBSTANTIAL AGREEMENT WITH OVERALL APPROACH,

ETH(BOLOGY, TECHN!00ES, CONCLUSIONS,

AS " SCREENING" PARAMETERUSE OF RTMDT
-

SELECTION OF SOEENING CRITERIA UTILIZING-

OPERATING OPUtBERCE.

USE OF PROMB1Ll'STIC 8P990ACH TO SUPPORT-

OPERATING EXNRLEEE.

O , oiSAGRee On CER1Ai, itC,,,iCAL mTAits

CONSISTENCY OF OPERATIBG EXPERIENCE NITH PRA.-

;

FREQENCIES OF SOME EVENT SE0ENCES.-

CALCULATIONAL TECHNIQUES IN FRACTURE ANALYSES --

EFFECT OF CLAD, USE OF FINITE FLAW FOR ARREST.

e BELIEVE THAT HIGER VALUES FOR " SCREENING" CRITERIA

CAN BE JUSTIFIED.

8 PROGRAMS FOR PLANT SPECIFIC EVALUATIO:iS SHOULD

O -8E REauiaEo 18 rionTnS eat 0a To excEEotno
THE SCREENING CRITERIA

-PERMIT EVENT SEQUENCE COMPARIS0NS

. _ _ _ . . - . . . _ _ - - . - - . _ . . . _ . ..
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! PRESSURIZED THERMAL SHOCK ISSUE

! ELEMENTS OF WOG PROGRAMS i

i

e WCAP-10019 (12/81)
- Responds to NUREG-0737, item 2.K.2.13

,

:

- Analyses of design bases transients

! Conclusion: No near-term safety concerns
! e May 28,1982 Report

- Provides assessment of frequency of occurrence
of cooldown transientsj

j - Supports WCAP-10019
i

i - Establishes temperature iimit criteria for

i potential flaw initiation '

Conclusion: No near-term safety concerns for
> 5EFPY

.

; e June 16,1982 Report

- Provides an assessment of benefits and>

penalties of fuel-management techniques to |
reduce vessel fluence !
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! PRESSURIZED THERMAL SHOCK ISSUE
I ELEMENTS OF WOG PROGRAMS (Cont)
:
; e June 22,1982 Report

- Step-by-step review of WOG Emergency Response
Guidelines relative to impact on PTS ;

e July 15,1982 Report
|

; - WOG assessment of relationship between 5/28/82
report Transient Event Sequence Results and
NRC Probabilistic Fracture Mechanics Analysisi

: - WOG recommendations for future regulatory
j activities, and Plant-Specific Programs

e September 2,1982 Report

- WOG approach to " outliers"

- WOG interpretation of plant experience
- , , ,
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R _0 G APPROACH TO PTS '

O
e M0G 5/28 REPORT DEMONSTRATES THAT THE LIKELIHOOD THAT

| A SEVERE C00LDOWN TRANSIENT WOULD OCCUR WHICH COULD

LEAD TO FLAW INITIATION IS Oc TE ORDER OF 10-3 PER

EACTOR YEAR FOR VESSELS WITH RT IN THE RANGE OFET
| 310*F (LONGIT TINAL) AtlD 335*F (CIRCIN ERENTIAL).

e M0G 7/15 KPORT ENESTRATES THAT WESSELS WITH MEAN

( RT OF +300*F EEllBIT R.* EXTENSION PROBABILITIESnT
O < 10-6 PER u*CTm war vmN SusaECTED TO TRANSIENTS

OF 5/28 REPORT (WITM EXCEPTION OF A CLASS OF SBLOCAs

IN TE 2" - 6" RANGE).

1

e COMBINATION OF PROBABILISTIC APPRDACM IR 7/15 REPORT

AND DETERMINISTIC ANALYSES RR WWLL ElfBER OF TRANSIENTS

THAT LIE OuTSIDE PRA RESULTS BO UISTRATES PUUIT SAFETY

FOR ALL M VESSELS FOR RT * 270*F (LONGIT @lNAL)ET
AND 325*F (CIRCWFERENTIAL).

O
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O CURRENT 106 PTS-RELATED PROGRAMS:

e DEVELOPMENT OF DENGENCY IESPGISE GUIDELINE E91FICATIONS

TO ADDRESS FTS.
,

e IMPLEMENTATION OF GITICAL SAFETY FUNCTION FOR R. V.

INTEGRITY AND SSSErRE3FT REICTION RESTORATION GUIDELINES

INTO THE N06 UEREEY M3POIISE GUIDELINES.

e DEVELOPENT OF EIERIC itAINING PACKAGE FOR OPERATOR
l

O TRAINING FOR FTS.'

. .

e DEVELOPENT OF EMERIC TRAINING PAEKAGE FOR OPERATOR

TRAINING FOR STEAM 601ERATOR TM MFTSE.
J

e TESTING AND ANALYTICAL WORK IN TE AREA 0F WARM

PRE-STRESSING ( FLAW SHAPE AND CLAD EFFECTS ).

e REACTOR COOLANT PUFF TRIP CRITERIA DEVELOPENT.

I O
STAGNANT b Pe ' SYSTEMATIC EVALUATION OF EFFECTS OF

TRANSIENTS. -

,wm'- w-v-- , - - - - - - , , , , _ _
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G0 FORWARD WITH NRC PROPOSED SCREENING CRITERIA 0F:O'

270*F RTNDT - LONGITlDINAL
300*F RTNDT - CIRClNFEREtRIAL

ALTHOUGH WE BELIEVE VALLES APPROXIMTELY %*F GREATER, WOLLD
BE MORE APPROPRIATE.

*
PLANT-SPECIFIC PROGRAMS BE DEVELOPED 18 MONTHS IN ADVANCE OF

'

EXCEEDING TE SCREENING CRITERIA

* PLANT-SPECIFIC PROGRAMS UTIL13 COMPARATIVE PLNH SEQTNCE
ANALYSIS AND DETERMINISTIC FRACTLRE MECmNICS EVALLATIONS
OF SIGNIFICANT EVENTS.

*

FlfTLRE REMOVAL OF CONSERVATISMS SHXLD BE UTILIZED IN
INCREASING TK SCREENING CRITERIA.

1
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PRESSURIZED THERMAL SHOCK ISSUE
WOG POSITION-

i

| e NRC should use 7/15/82 " screening values" of RTNDT
to prioritize attentions to operating plants

e Plant-Specific Programs can be prepared ~18 months
'in advance of exceeding " screening limit"

,

:

o Programs could include
|
' - Comparative plant sequence analysis

- Plant-specific RTNDT calculations

- Deterministic fracture mechanics evaluation of
contributing transients

- Enhanced training

. - Procedure modifications
- Evaluation of potential remedial actions

mo*** * 2A5 oa',
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B&W WNERS GROUPO
!

!
!

!

! e THERMAL SHOCK PROGRAM
i

!

i' e GENERAL COMMENTS ON NRC STAFF'S 9-13-82

i DRAFT REPORT

|
!

: e WHERE TO NOW?
!

!
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i
B&W THERMAL SHOCK PROGRAM i

; O
| e GENERIC REPORTS

i BAW-1628 (DECEMBER 1980)-

l
BAW-16I48 (NOVEMPER 1980) I

-

! e PLANT SPECIFIC
4

DPCo DCONEE-1 SUBMITTAL (JANUARY 1982)! -

:

| GPUN TMI-1 SUBMITTAL (JULY 1982)-

:

i O OTHERS ON HOLD-

i
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COMMENTS ON THE STAFF'S DRAFT REPORT

O
APPROACH (PG. 1-14)

1. SCREENING CRITERION IS AN ACCEPTABLE WAY OF INDICATING

WHEN/IF PLANT SPECIFIC EVALUATIONS ARE REQUIRED

A. VALUES ARE CONSERVATIVE, BASED ON TODAY'S KNOWLEDGE
,

B. MUST BE FIFXIBLE TO ACCOUNT FOR TECHNOLOGICAL

ADVANCES. (E.G. MIXIi4G, FRACTURE TOUGHNESS, EXPERIENCE)

C. SHOULD NOT LIMIT CALCULATI0ii 0F RTNDT TO METHODS

SHOWN (OTHER METHODS SHOULD BE ALLOWED IF SOUND)

2. SUGGEST CLARIFICATI0i1 0F SEQUENCE:

O A. SCREENIiiG CRITERIA

B. PLANT SPECIFIC EVALUATIONS (EFPY)

C. IF NECESSARY, EVALUATE MODIFICATIONS / IMPROVEMENTS

3. NOT NECESSARY TO PROVIDE THE TECHNICAL BASIS FOR THE

l REMAINDER OF PLANTS DESIGil LIFE. STAYING ADEQUATELY

| AHEAD (SIMILAR TO 10CRF50, APPENDIX G) IS ALL THAT'S

REQUIRED.

O

|

|
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COMMENTS (c0NT'D.)

O
ACCEPTANCE CRITERIA

'

1. SUGGEST A CLEAR DEFINITION 0F " FAILURE" FOR

REGULATORY PURPOSES. (CRACK INITIATION, CRACK

ARREST, CORE MELT, RADIATION RELEASE)

2. PLANT-SPECIFIC CRITERIA SHOULD BE ESTABLISHED

BEFORE ANY EFFORT IS " WASTED" ON EVALUATIONS.

O.

|

|

O

l

|

'
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COMMENTS (CONT'D.)'

O
,

APPLICABILITY OF METHODOLOGY AND RESULTS
|

1. RESULTS BASED ON INPUT FROM WESTINGHOUSE OWNERS GROUP

'

2. THERE ARE SOME BASIC DIFFERENCES IN THE B&W PLANT

(E.G. VENT VALVES, OTSG)

3. THE SIGiilFICANCE OF THESE DIFFEREiiCES SHOULD BE

DETERMINED

O

,

O
.

_ _ _ _ _ _ - _ _ _ _
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COMMENTS (c0NT'D.)

O
TIMING - NEEDS SOME CLARIFICATION

1. BEGIN PLANT SPECIFIC EVALUATION 3 YEARS PRIOR TO

REACHING SCREENING CRITERIA

2. MUST BE SUBMITTED TO STAFF _?_ YEARS PRIOR TO

REACHING CRITERIA.

3. SUGGEST ADDING A COLUMN TO TABLE P.1:

"RTNDT AFTER 3 ADDITIONAL CALENDAR YEARS"

O

O
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WHERE TO NOW? l

REMAINBER OF B&W PLANTS ON " HOLD" UNTIL OCONEE-1O .

AND TMI-1 EVALUATIONS ARE DETERMINED TO BE ACCEPTABLE

OR UliACCEPTABLE

2. B8U OWNERS CONTIi1UING WITH R.V. MATERIALS PROGRAM

'

3. SUGGEST STAFF OBTAIN ALL VALUES Iii TABLE P-1 FROM

LICENSEES BEFORE FINALIZING REPORT

4. SCREENING CRITERIA SHOULD BE PERIODICALLY RE-EVALUATED

BASED ON EXPERIENCE AND/0R EMERGING TECHNOLOGIES

5. B&W BASIC DIFFERENCES SHOULD BE ACKNOWLEDGED BEFOREg'
'-

FINALIZING THE REPORT

6. TIME SHOULD BE ALLOWED FOR DETAILED REVIEW

O

-_ _ ___ m


