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PREROQCEERINGS
(B330 a:m.)

¥R. PENDEF¢ This meeting will now come to
order. This is an open meeting of the Metal Compcnents
Working Group of the Advisory Committe2 on Reactor
Szfeguards. I am Yike Bender, the subcommittee working
group chairman. The other ACRS members present here on
my left acr2 Dre Axtmann, Dre. Shawmon, Mr. Ward, ¥“r.
Remick. In addition, we have a number of consultants
for the workinao group. Going around the table, Mr.
Catton, Mr. Abbott who is . * here, Mr. Binford, “r.

Kouts, Mr. l.eccfanous, Mr. Wechsler, Mr. Zudans, ¥r.
Irvin. In addition, there is Bill Bock, our ACRS fellow
vho has been working actively with the group, and on my
right is Al Igne, who is the 1esignatel representative
for the NEC,

The purpose of this meeting is to hear and
discuss with the NRC staff their pressurized thermal
shock position. The views of others will also be
heard. This meeting is being conducted in accordance
vith the provisions of the Federal Advisory Committee
Act and the government and the Sunshine Act. The rules
for participation in today's meeting have been announced

as part of the notice of this meeting previously

published1 in the Federal Register on September 13, 1982,
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A transcript of the meetinc is being kept, and
it is requested that each speaker first identify himself
or herself and speak with sufficient clarity and volume
so that he or she can be readily heard. We have not
receivad 2ither written or regjuests for oral statements
during this meeting, sc no time has been set aside.
Howvever, if there is anyone who wishes to make comments,
i1f you will let Mr. Igne know what it is you would like
to make a comment about and we can work out some
arrang2ments and provide some time, we will certainly do
SO0.

I vanted to add a few thoughts about our
situation at the moment, partially to get the working
group up to> speed and partially to help the staff in its
orzanization ani pres2ntation this morning.

We have received what I would presume to be
near to a position from the regulatory staff on a
screening procedure for deciding when thermal shock is a
problem that needs special regulatory attention. I
don't know whathar that means regulatory action. And
hopefully, all of the consultants and members of the
subcommittes have had a chance to take a look at what
has been proposed and we will be able to make
intelligent comments on the presentation or what's in

the written material as it is presentesi.
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Steve Hanauer has offered to try to provide a
coherent discussion of it, ani we have set aside a
couple of hours for his presentation. And hopefully, he
will tolerate some guestions, but if we work on it too
hard we may not hear the whole story, so I would like to
encourage you to address your questions to him in the
line cof trying to be sur2 you understand what he is
saying rather than trying to digress into areas that may
need to be taken up later on tcday.

I have sent out for the working group's
consideration what amounts to a draft discussion of the
issue as I unierstood it, with corrections for various
members of the working group and particularly
consultants who have suggested things that should be
included o>r alterations in the way words should be said.

I don't offer that discussion as either a
highly nrofessional tachnical document nor a literary
masterpiece. It was only intended to try to get
together as wvwell as I could in the a short time the
information that had been presented, and offer some kind
of interpretation.

I woull again urge pecple that have strong
feelings abour improving it to provide alternative
discussion material that cculd be included in the

doczument or aid24 3as an appeniix. Any way which makes

ALDERSON REPORTING COMPANY, INC,
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any sense.

A lot of the wvork was done by Bill Bock, and I
appreciate his diligent effort to respond to a lot of
recommendations from a lot of different people. The
working group has not yet reached the position on what
probably are the important questions we asked, and I
think I would like to run down through those that I can
think of today and see if they represent a reasanable
list of things which ultimately ought to provide some
kind of -- we ultimately ought to provide some kind of
position on.

The first is whether the staff's screening
criteria, as it is presented, is acceptabla. The
criteria for jvwdging those screening criteria probably
ar2s Do they provide alaquata time to do something
about the issue, if it is important to do something
about it. Whathar tha2y are exactly the right screening
criteria clearly is an important part of that issue.
And sc it should be kept ir mind when you‘re listening
to the staff presantation.

The second point that I believe we cught to
make sure #e have a position on is th2 juestion of what
the licensees and applicants should be doing about
pressurized thermal shock. And the things that come to

mind are the guestion of whether the t.aining program is

ALDERSON REPORTING COMPANY, INC,
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adequate, whether the non-destructive examination
program is 3 us2ful one and can be e2ffective; whether ve
know about the materials' properties and materials in
question to be able to make a judyment about thenm;
whether ve understand the neutron damage question well
enough to be able t> relate it to the materials’
properties; do we understand the transients that are of
concern, and have we identifi2d those that represent the
important issues, and do we accept the operational
strategy wh ch go2s wi h the safety judgments.

By operational strategy, I mcan the
capabilities of the operators in terms of being able to
diagnose the accident. Their ability to respond in a
timely wvay; if they have diagnosed the accident
properly, and whether we accept the circumstances which
require them to think not only about when they need to
be pressurized, but also, when they need to keep the
system pressurized. 2And the fact that that is a
somewvhat contradictory kind of operating requirement is
something we need to give som2 thought to.

In addition, we need to think more, I believe,
about the natrar 5f whathar there is 2nough time
involved in his program which the NRC staff is
presenting tc “e Commissioners to get the results which

are needed to liave a position on the safety of these

ALDERSCN REPORTING COMPANY, INC,
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vessels. We may not have heard encugh about what's
going on t> make that juligment, but if it is necessary
to do further research and development work we ought to
have some understanding about whether they can
accomplish what they claim they are g2ing to accomplish
within the specified time.

And lastly, I sugagest we think a little bit
about whether the systems that are licensed and
operating have enough diagnostic instrumentation to be
able to judge the sericusness of a problem from the
indications which have been available to the operators.
Ani if thare is not enough diagnostic instrumentation,
then it may be appropriate to suggest what needs to be -
done to proviis for aiditional instrumentation.

The last point I would like to make has to do
really with whether the story which is being presented
is really undia2rstaniable by anybody exzcept the
technicians that developed the story. And one of the
things that was suggested was to try to use Pellini‘'s
fracture analysis approach as a more underztandable way
of presenting the story to people who vwere not steeped
in technological issuese.

I think some comments on that approach, and
Combustion Engineering people offered it as their way of

telling the story. Whether it's a good one or not I
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don't know. UIPr. Zudans has some commentary con it. You
mijht want to think some about whether that is an
approach that is more understandable than one we are
likely to hear today. I don't put it out as necessarily
the best way to present the storye.

That is essentially all of the thoughts T have
on the subja2ct matter. I would like now to ask the
working group members and the ACRS members, including
Dr. Remick who has just joined our sterling cast, and
Mr. Ward who has showed up occasionally --

(Laughter.)
== whether they have any additional thoughts on this
subject. Why don't we just start around the table?

MR. AXTMANN: I will wait until the =2nd of the
day.

MR. SHEWMON: I have nothing now.

MR. REMICK: Not now, thank you.

MR. XOUTS: I think we might ask what should
-= you say what should the licens:< s and applicants do
in light of the probl2am ani what we know about it and
what we don't know about it. And I wonder if we
shouldn't adds what should the NRC do.

MR. BENDER: Well, that is certainly an
important point, inde2i. Thank you.

If there is nothing else, I think the order in

ALDERSON REPORTING COMPANY, INC,

400 VIRGINIA AVE., SW., WASHINGTON, D.C. 20024 (202) 554-2345
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which we have planned this agenda was toc turn the
meeting over to the NBEC staff for what amounts to about
three hours. €So, Dr. Hanauer has the stage.

MR. HANAUER: Thank you, Mr. Chairman. A year
ago, we told the ACRS and the Co~mission that there was
no immediate need for changes or shutdowns of plants,
and asked for a year in which to address this problenm.
And for th2 past year, w2 and the industry have been
involved in an intensive, multi-disciplinary study of
the pressurized thermal shock problem, whose initial
culmination is the report, a draft of which you received
a month or so agoe.

The ra2port which you received was the draft
vhich we s2nt to our colleagues in the NRC, and both our
colleagues and their comments ard gquestions on our own
continuing study have produceil a larg2 namber of
important but non-essential changes in this report, for
which a new edition is 4du=2 on my boss's desk in a day or
two.

So that what you have represents a lot of
thought and has been discussed with a lot of people but
is not the NRC staff's management's position on
pressurized thermal shock. We agreed with your
subcommittee and the staff to have a dialogue at this

stage in order to discuss at some lencth and with some

ALDERSON REPORTING COMPANY, INC,
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freedom the various technical issues involved, of which
there are 2 large number, so that what you see is Steve
Hanauer ani a bunch of his colleagues' proposal to Mre.
Denton, to Mr. Stelle, for discussion by peers, by the
public, by the ACRS. Ani eventually, will result in
some reccmmendation to the Commission.

The exact context of this is still being
discussed by lawyers and so on. Whether it will result
in rulemaking or some other piece of legal paper is not
yet decided and will be d2cid2d4, I suspect, by a group
of people. N5 single one of them is in this room at the
present time.

So that what I would like to present you with
is a technical discussion of this difficult and
1isorderly problem. Our first analysis which ycu heard
a year or so agJo was an attempt at generic review of the
pressurized thermal shock problem, based on what we knew
3 little ovar a y23r 2g0.

And what we did then was to pick the eight
plants which seemed to be, at that time, based upon what
ve knew, the lead plants for each of the three
manufacturers of nuclear steam supply designs, and ve
asked ther in a pa2rioi of some few months to analyze the
pressurized thermal shock prcblem, the transients, the

vessel properties, the integration of these two into
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some kind of analysis and to make us recommendations
regarding where they viewed the safety of the plant and
the justification for the continued operatiosn.

These plants have, in fact, -- the owners of
these plants have, in fact, done this, and we have eight
reports. In every case, the plant owners at least
started, ani nost of them finished, with a traditional
safety analysis approach to this problem. They selected
a few relatively severe pressurized thermal shock
sequences. They calculated the response of the plants
to these sequences in some detzil, using the kinds of
evaluation models that w2 traiitionally us2 around here,
and concluded that the plants were okay today but that
in a few y:ars some of these plants might not be ckay.

Not surprisingly, some of the technical
material which we received in the course of this
disagreed with each other, partly because some of the
reporting was generic and some of the repcrting wvas
plant-specific. And this wvas perhaps our first serious
insight as a result of this process, which is that
generic analysis will get you just so far and in crder
to decide the risk or the situation or the necessary
remedies for any given plant, a ilant-specific analysis
is requirei.

And whereas a year aco we were looking for a

ALDERSON REPORTING COMPANY, INC,

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



10

1

12

13

14

15

16

17

18

19

21

22

24

25

fairly simple prescription that woculd establish whether
a1 plant hal to shat 4own or anneal ite vessel, or
vhether continued operation was allowed, one of the
results of this past year's study is that no such simgple
prescription has, in fact, emerged. And that what wve
are proposing instead is a simple prescription to be
used for screeninjy those plants for which a
Plant-specific analysis is required and necessary in
order to provide the justification for continued
operation, or in order to guide bcth the oswner and NRC
in deciding what remedial measures are necessary.

So, the slide from jeneric analyses to
plant-specific analysis is the first lesson of the last
year®'s work. The second lesscn of the last year's work
is that these desicn basis evaluation model, highly
conservative, over simplified sequences analyzed in this
conservativs, over-simplified way did not, in fact,
address the real problem in the way in which ve cite.

L am not imputing bad faith or anything like
that; that is how we have traditionally always done our
work, but in fact, the results in ay opinion, juét as
many such results, tended to obscure rather than
illuminate the problem.

The granifather of such analysis is the

emergency core cdo2ling requirements, about which a great

ALDERSON REPORTING COMPANY, INC
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deal has been said, But I think it is now clear to me,
and T think to many other people as well, that the
highly schematic, highly simplified, highly conservative
emergency core2 c251ing approach which vwe approved a
dozen years ago is not today the way to optimize the use
of resourcas, or even to get the best safety. I will
give you one example from emergency core csoling which
most of the people in this room are familiar with.

It is ra2quired to calculate the behavior of
the plant to a loss cof coolant accident with the
assumption that ths off-site power is not available.
Ani so, ve saw some designs in response to these rules
in wvhich the off-site power, even if it was on, was
incapable becaus2 the startup transformer was too small
for povering all of the trains of the emergency ccre
cooling system.

It*s a little bit like sailboard handicapping
rules. We had plants built to match the acceptance
criteria, and wh2re we hai over-simplified them, the
plants became over simplified and did not adequately
make uce of cost-effective ways to improve safety.

It is my believe and the belief of =y
colleagues who have helped me write this report that
this is also true of pressurized thermal shock. 2And we

nave, therefore, not used the traditional design basis

ALDERSON REPORTING COMPANY, INC,

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

14



10

1

12

13

14

15

16

17

18

19

20

21

22

24

25

15

approach.

Now, the staff is not monolithic on this, and
so we have found this very difficult. This is one of
our first forays into th2 use of probablistic schemes,
and application 2f the safety goal in trying to decide
what level of safety should be provided, and there are
gaps in the reasoning.

There are places where the scientific bdasis of
what we are doing is less than adsgquate, but it has
alvays been that way. And I will try and tell you a
connected story in which we will expose to you the
places where we used science and the places where we
used judgment and conjecture.

The outline of what I'm going to tell you
today is shown here.

(Slide.)

I have a3lready talked some about the general
approach which we used, and I will talk about it =2me
more. This genaral approach involves the evaluation of
the over-cooling transients which have already octurred,
and the deriving of initial screening criteria from this
actual exp=arianca.

We then used probabilistic technigues to find
out how conservative the s.reaning criterion is and

deduced from it our recommendations, and from the gaps

ALDERSON REPORTING COMPANY, INC,
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that we found in the reasoning recommendations for
future work and £o5r the ragulatory approach for
pressurized thermal shocke.

Now, this approach will be seen to be both
deterministic and probabilistic. The deterministic
approach, as usual, has the difficulty'that it is very
hard to know how zonservative it is, and that it is very
hard to put realism into it, although we have made sore
serious attempt t2> do so.

The probabilistic approach is beset by the
usual difficulties of probabilistic approaches in the
pr2sent state of the art. Completeness, realism,
adequacy of the input data, the stuff that has teen
debated arouni this table many times. And so, we have
put these two things together with the result that you
have seen and which I will discuss.

(Slid=.)

The overall topology of the problem I have
tried to indicate in this viewgraph. Here is the
probability of scmething worse than the abcissa
occurring. And I have used the temperature as a measure
of the severity of over coolinge. Now, this is an
over-simplification. There are lots of
over-simplifications in this business.

In fact, the temperature rate, the pressure

ALDERSON REPORTING COMPANY_ INC,
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and the characteristics of the material are all central
variables which have to b2 considered, ani so this
considers a part of the problem; namely, the
transisnts. Ani sinc2 lower temperatures are more
severe, the curve is monotonic in this way. This is an
integral cumulative probability or frequency
distribution at some temperature. The probability or
frequency of getting anything worse than this
temperature, a lower temp2ratur=2, is 3iven by the
intersection of these curves, and there is some
unspecifi2d probability or fregquency scale.

Now, I first plot here the over-cooling

transients that have actually been experienced, and this

is som2 kind of a distribution. And we have used this
distribution, as I will showv you, to derive in a
substantially unscientific way, a screening criteria to
use. We also realized, howvever, that experience stops
at something substantially over 200 degrees, but that
auch more sa2var2 transisnts are possible. And at least
one such has been reported in Europe about which we know
not enough and about which we hope to find out next week
in the discussions with the German RSK.

We, therefcre, show schematically a
probabilistic approach in the usual way, vharz wve

consider initiating events, safety functions,

ALDERSON REPORTING COMPANY  INC,
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probabilities of success or failure of the safety
functions and consejuences, and we draw ther a
probability conseguence curve in the usual wvay, except
that severity goes to the left, so it slants the way in
which you don't expect fror cumulative distributions.

And this I call for shorthand the PRA. Up at
this end, the PRA should satisfactorily agree with the
experience. Down at this eni, we have no experience so
in the tail of the curve we used the probabilistic
results because that is all we have.

In jeriving these curves we find from time to
time sequences which are apparently outliers. If they
turn out ndot to be ocutliers, if they turn out to be
real, then the curve has to be distorted to include the
effect of the sequences.

For a while, we had the sa2quance of the wveek
which determined the aspact of the discussicn of the
veek with one or another owner's group and which
constituted perhaps, if you w2re excitable, the crisis
of the week in the regulatory staff. But we have
surmounted this, and we now have a curve which has some
substance to it, although by no means is this adequately
fully delineated.

You see how far this is from the concept of

the design basis accident and the evaluation model,

ALDERSON REPORTING COMPANY, INC.
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sinplified consarvative analysis. Th2 analyses here are
all intended tc be realistic, and the level of safety or
degree 2f conservatism is intended to be provided by how
far down you 3o on this tail, and what you choose to be
the probability of what you don't provide for.

Now, this is ingpesrf2ctly proviiel in the
present scheme, and so ve have, in fact, provided at
least one substantial quantified conservatism in how we
reckon up the actual state of a given reactor vessel for
comparison with our screening criteria.

Furthermore, in the present state of the art
ve really don't believe this curve very well, and the
peop'e who have done the calculations have told us that
there ‘s plus or minus at least two orders of magnitude
uncertainty in the frequencies or probabilities
associated? with the vartical location of the curve on
this diagram.

Such being the case, we have not done what we
would do if w2 hail a better curve. If we had a better
curve and a vell-defined safety goal, ve would simply
plot the safety 32al in probability space. Where it
crossed the curve would give us the ansver in severity
space, and that would be the regulatory result.

Jf course, w2 ion't have that.

ALDERSON REPORTING COMPANY, INC,
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MR. BENDER: Steve, this seems like the right
time t> as¢ this juastion on th2 mattar of the
uncertainty in that curve. It probably variecs all along
the curve. As you know more about what is up at the top
part of it than you do down at the bottom, when you
describe the matter of two orders of magnitude
uncertainty, ho# 4o you perceive it? Is it that
uncertainty at the tail end or is it in the middle? Or
is it all along the curve?

MRe. HANAUER: Well, ther= are twdo majer
components of the uncertainty. One is in the
transients. The other is in the response 2f the vessel
to these transients. The people who calculate the
cesponse of the vassel, say, two orders of magnitude
flus or minus uncertainty in that calculation, and they
have told us -- I will ask Jack Stroisnider, who makes
these speeches to me about not misusing his
calculations, is it relatively uniform, as far as wve
know?

#R. STROSNTIDER: Yes, the vessel response, I
think, is uniform along the whole lins2, th2 wholes curve.

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

¥R. HANAUEPR: Well, let me complete the

ansver, as far as transients are coancerned. The

ALDERSON REPORTING COMPANY, INC,
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uncertainty arises as much from not knowing what is
going to happen as from the uncertainty in how you
calculate it. Neither of these is two orders of
majgnitude., If you 4raw your trees correctly, then what
might happen is represented by the various branches of
the trees, and then the uncertainty is calculating the
probability that the op2rator does not 40 something or
the pump does not work or whatever it is.

In general, the operator response is very
lifficult to predict, and the machinery response is
s~mewhat ecasier, and in general these uncertainties are
somewvhat l2ss than two orders of magnitude.

MR. BENDER: Well, I am tryingc not to prolong
this digression, but if I listen to what you are saying,
I guess I would read two things into it. First of all,
th2 people that are analyzing the vassel have assigned
an uncertainty to the results that represents two orders
of magnitude. T 40 not know which way the uncertainty
is biased or if it is biased at all. Maybe you have
drawn a median curve or an average curve or some such
thinge.

In addition to that, I would have to add that
there is the uncertainty associated with the transients
that must be multiplied, added, or subtracted from the

uncertainty in the other part of the analysis.

ALDERSON REPORTING COMPANY. INC,
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MR. HANAUER: Never subtract it, Kr.
Chairman. Never subtract it.

MR. EENDER: Statistical people say there is a
plus or minus to everything, and that sometimes the
uncertainties offset each other, and I do not know in a
statistical sense whether this analysis comes out that
way or not.

MR. HANAUERs Neither do wve.

MR. BENDER:s T guess we have to make those
kinds of judgments abocut then.

MR. HANAUERs That is right. What I am going
to show you is in general point estimates of
probabilities, ani I wave m- arms vigorously in talking
about uncertaintias, but in fact the science behind
these estimates is very modest indeed.

MR. BENDER: Okay. We have probably digressed
enoughe.

MR. HANAUER: No, it is an important point.
Now, where do you put design basis accidents along
here? A design basis accident is a specified seguence
of events. ‘'ou get a double-ended break in the cold leg
at a time when th2> off-site power is unavailable, and
there is -- in addition the vorst single failure occurs
in the emergency core cooling system. You calculate in

accordance with an evaluation model that reguires you to
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throw all the vater injected during blowdown on the
£loor. You can r2cit2 this stuff as well as I can.
That is a design basis accident.

Such a sequence contains traditionally a large
number of improbable factors. The off-sit2 power isn't
available. The water all spills on the flcor, and so
on. And therefor=, it suzht to be found rather far down
in the tail of this curve. However, in fact it may be
far off the diagram because of its cascading of event,
of disadvantageous events that goes into it, but in fact
you can't find it on this curve, because for this curve
the severity which I have represented by temperature has
been calculated realistically or as realisticilly as we
know how, and I will have a slide later, and there is
some consideralle reckoning in the report about the
conservative and non-conservative and realistic aspects
of thesa2 calculationse.

So, if you want to try to put a design basis
sequence on here, you will find that it is very severe.
That is to say, it has a very low temperat re, and if
the probability is reckoned realistically, it is way off
the page, but since the low tamperatur2 is also done
unrealistically, you can't plot it on here at all, and
so there is a dysjunction between the traditional design

basis appr>ach ani the approach that we are using here,
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vhich is to the ba2st of our present knowledge essential
and difficult to ranage.

MR. ZUDANS: But you might remark, this is not
a PTS problem anyway.

KR, HANAUER: What isn't?

MR. ZUDANS: A design basis accident.

MR. HANAUER: Well, one approach to the PTS
problem would be to make a design basis PTS accident,
and this was in fact what the atoners did when we asked
them for ta2ir analysis of PTS. Th2r2 wasn't anything
wrcng with it. That is how we were all thinking a year
agdo. It Jjust didr.'t seem to solve the problem.

(Slide.)

MR. HANAUER: Now, let me talk a minute about
experience. We have had eight overcooling transients,
and I have represented two of them here in two
vu-graphs. Here is what happened at H.B. Robinson, when
the relief valve blew off during preoperational testing,
and you s22 the pressure went through a considerable
gyration, and the temperature behaved rather smoothly.
The two lines are for two of the three loops at
Robinson. The one that was associated directly with the
break in the secondary system came <down to some lowver
temperatur2 which was than restar21, so you see, there

is a temperature trancient which looks sort of amenable,
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and there is a pressure transient which goes all over
th2 map.

This is even more noticeable if I display the
Rancho Seco transient of infamous memory.

(Slide.)

MR. HANAUER: Here is, again, a rather modest
and amenable lodking temperature transient associated
with a pressure transient that nearly defies
description.

MR. REMICK: What tempe.ature are you
referring to?

YR. HANAUER: These temperatures are the
temperatur2s wh..n vere measured in the cold leg, and
that is one of the problems in this thing. We don't
have any thermocouples in the downcomer. We don‘'t have
any thermocouples on tha vaess2ls in these plants.

4R. RENICK: 1Is this fluid temperature?

MRe HANAUER: Well, it is almost fluid
temperature. In these plants, there is either a bypass
line with some resistance thermometers in it, or the
resistance therm. eters are stuck into the cold leg in
wells or in clamps of some kind, and s5 th2y are
intended to measure fluid temperature. As long as the
main cooling pumps are on, they measure fluid

temperature rathe well. Water is well mixed in the
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cold lej and the bypass samples this in an adegquate wvay,
and the detectors stuck into the line sees a well-mixed
sample.

dhen you turn the main pumps off and you get
either natural circulation or stagnation, then the
measurement is in fact not very good. Yocu get
stratification in the c214 lej. You get peculiar
temperatur~ changa2s along the cold leg as well as up and
down in th2 c5141 ley ani it bacomes a matter of chance
and substantial uncertainty what you are measuring.

What we have done in this analysis is to take
what these temperature measuring isvica2s m=2asurei, since
we don't have a model for correcting them, and ve have
assumed that these measured temperatures are the
temperatur2s of the water in the downcomer right at the
vessel wall, which is in fact a rather poor assumption
for some of these.

Okay. Finally, I show you the temperature
transiz2nt in th2 GCinna steam jenerator tube rupture less
than a year ago.

. (Slide.)

MR. HANAUER: And you will see that in this
case the operators did a thing which at least looks
bizarrs on a t2mparature tracs. They depressurized the

system and produced a substantial temperature excursion
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measured in the 2214 lez, and you also see here a
stylized representation, this dotted line, of this
temperature transient, and that is the next thi. g.

MR. BENDER: Excuse me, Steva. BRefore you 3o
on, because these numbers and curves may get discussed
more later it is important to know whether we have any
feeling for the relationship between those temperatures
ani wvhat the real temperature of the vessel wvas.

MR. HRNAUER: Very little, except that we know
there are substantial 3ifferences. I don't have any
analysis. We don®t have a very good model, as 3 matter
of fact, although we have now the Criari experiments
supported by the Electric Powver Research Tnstitute which
are being correlated and which we have used in the
analysis of one of our transients, which I will talk
about later on, but we do not have analyses of these
eight overcooling transjiznts in that respect. namely,
somne model that predicts what the tamperature of the
fluid vas right dowe along the vessel wall as related to
the temperature in th2 2514 la23.

MR. WECHSLER: Can you say the vessel wall wvas
no lower in temperature than these values?

KR. HANAUER: No, sir, you can't say that. We
can't say 2ither >f those possible statemerts, because

of the unknown degree of cstratification in the cold leg

ALDERSON REPORTING COMPANY, INC.

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

27



10

1n

12

13

14

15

16

17

18

19

21

22

23

24

25

28

during these measurements.

Furthesrnore, it could, at least in principle,
be investigated with some calculation which would have
whatever validity it had after you looked at it for a
wvhile, but this has not been done. ¥r. Threom is our
expert on this subject. Do you know >f any calculations
that have attampt2d to 1look at this?

MR. THROM: No, not on these specific events.

MR. BENDER: Monroe's guestion is extremely
important to think about, at least. If we haven't done
any analysis that relates back to the vessel wall yet,
then somehowv or another I have to believe that what has
bean goiny on in the last year is tooc generice.

MR. HAMAUER: I thought I tola you that
already, that it was too generic.

¥R. BENDER: I am not complaining about that
observation, but somewhere along the way it seems to nme
during this period of time those that own vessels should
have been doing some computations of some sort, and I am
a2 little surprisei that we don't have access to them.

Is it that they haven't really done any calculation, or
they haven't provided the results? Or either one?

MR. HAXAUER: You will talk to the owners'
groups this afternoon. I suggest you ask them. As far

as I know, we have everything they do.
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MR. BENDER:s I will in fact ask that question
again. Co ahead.

MR. HANAUEP: Neal, you wanted to say
something? ¥r. Randall?

MR. RANDALLs I thought there was some
confusion in Professor Wechsler's remarks. I think he
wvas referring t2> how you get from the water temperature
in the dovwncomer to the temperature at the crack tip in
the metal. You were referring to how yoo get from the
water temperatare measur21 in the c95131 lea to the wvater
in the downcomer?

MR. HANAUER:s Yes, sir, that is what I was
talking about. I don't know what -- Dr. Wechsler, was
that what you were talking about?

MRe ZUDANSs No, I don't think so. 1The
gquestion was very simple ind straight. Ts this the
lowest possible tamperature in the downcomer or nct?
And if you can't make that statement --

MR. BENDER: I think you said vessel. I think
vessel is the right question tc ask.

MR. WECHSLER: Ultimately, that is what wve
have to know.

MR. HANAUER: The answer is ne¢, this is not
the lowvest poscsible temperature, because of the unknown

degree >f stra:tification at th2 point of mesasuremente.
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MR. BENDER: It is certain that the vessel
temperature cannot be loder than the temperature at the
vessel wall.

MR. HANAUER: The temperature of the fluid at
the vessel wvall?

MR. BENDERs Yes.

MR. HANAUER: Quite so.

MR. CATTON: PBut you don't know whether this
is the temperature of the fluid or not. The wall could
be heatinj up with ths BTD, so that could be higher.

#R. HANARUER: This is in the pipe.

¥R. CATTON: It is still in the well, and the
vell is ccnnected.

MR. HANAUER: It is a very lar3s pipe. PBased
on experience, not calculation, and not analysis, I
would say that 2fFf2ct is fairly small.

MR. CATTON: It sticks pretty far into the
pipe.

MR. HANAUER: Yes, sir.

MR. BINFORD: Steve, what you ars saying is,
yYyou are measuring a temperature in a.pipe which bears an
unknown ra2lationship to temperatures 2lsevhere in the
system?

MR. FANAUER: Unknown is too strong, but I

cannot certify to you that this measured temperature is
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the lowest temperature of water even in the pipe.

¥R. BINFORD: But you r2ally 4don't know the
relationship between that temperature and the
temperatur=2 anywh2re 21ss2. You may have some
gqualitative feeling for it, but you don't have a
quantitative relationship, becaus2 you don't know the
conditions, and that is no fault of yours. The
conditions are very variable.

MR« HANAUER: Well, the c211 le3 pipe should
be the coliest place in the system for the most
important transients, because the coldest water in the
system is being injected into the cold leg pipe.

MR. BINFORD: Well, I would agr=2 with that.

MR. THEOFALOUS: I think that the impression
that is being generated here is that we know very little
about those things, and if we had this temperature wve
could almost say nothing about the temperature in the
downcomer, and I really don't agree with that.

MR. HANAUERs I don't, either.

MR. THEDFARLOUS: Well, if you agree with me,
then why are you 3aying that?

MR. HANAUER: Well, let me try and say it
better, thasn. There is an uncertainty here, and T
cannot in respons2 to somebody's guestion certify that

this measured of temperature as a function of time is as
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cold as the water in the downcomer right at the vessel
wall can be. There is an uncertainty. This uncertainty
is caus2d by th2 1ifficulty in measuring in this large
pipe at very low flows, and I would not want to
represent, and tried very hard, maybe too hard, not to
represent that this temperature was the temperature of
the water in the downcomer right at the vessel wall. It
is related to it, ani as you point out, we know a lot
more than nothing about this relationship, but we have
not made the calculation.

MR. THEOFALOUS: I juess my point was
referring to this aspect of it, that I was concerned
that peopl2 might get the impression that we cannot make
those calculations. I think in some of your earlier
statements you referr=d to the difficulty of making such
calculations, and I guess I don't agree with that, and I
don't agree that a year later we still don't have those
calculations. I really see no reason for thate.

¥R. KOUTS: Was high pressure injection being
done here?

MR. HANAUER: On Ginna, yes, it wvas.

MR« KJUTS:s So there was that source.

MR. AATMANN: Does that negative spike
correlate with some action that was taken?

MR. HANAUER: Yes, the operators depressurized

ALCERSON REPORTING COMPANY, INC,
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the primary system, reduced the pressure in the primary
system.

MR« CATTON: They were also playing games with
the safety injection. It was on and off.

MR. BEENDER: Steve, with gr2at resluctance, T
would like tc ask whether in a probabilistic sense we
know something about the temperature of the vassel wall.

MR. HANAUER: No, sir, not in th= sense wve are
talking about. We know a lot about the temperature in
the vessel wall. We have taken this temperature to be
the temperature of th2 water in contact with the vessel
vall, and we have heat transfer both at the wall and in
the metal calculations. What we don't know
deterministically cor probabilistically, we have not

evaluated in any gquantitative wav the diiference between

tais temperature and the temparatur2 of th2 water at the

vessel wall.

MR. THECFALOUS: Let me rephrase my question
following this cne. Would you agree that we can find
wvhat the tamperature of the wall would be if one was
given, let's say, a month's time?

MR. HANAUER: We could find this temperature
vwith some assumptions about what is going on in this
pipe, yvyes, and these assumptions would not be completely

arbitrary, becaus2 they have some measurements. Yes, we
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could make some calculations.

¥r. Throm?

MR. THROM: Given an event, ther2 is a lot of
information that you would like to have concerning the
plant conditions that we really haven't trizi to get
together, nor really are available in a plant. The data
de are seeing fron Criari indicatss that the real
problem is in the very low flow situation, stagnant locp
flows or 1loop flows that are even less than the
anticipated natural circulation flows, and we don't have
da‘a that really verifies what those conditions are.
Siven the assumption that it was stagnant, we are coming
up with models that would allow you to predict what the
downcomar response would be, but then you are also
assuming either a no loop ilow or some assumption of
vhat the loop flow is, and I think it is kind of
sensitive in that range.

MR. THEOFALOUS:s Again I think that you are
trying to say that because we are not absolutely
certain, that is a good encugh reason for not trying to
io0 the job here, and I really don't agree with that. I
think we know much more than what you are implying, and
I think a good job can be done in determining those
temperatur2s, and I thiank that should be ione as soon as

possible.
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MR. BENDERs We have probably belabored this
point enough to be sure that there is some more
1iscussion to be had about it, but let's go on.

MR. HANAUER: YNow, this temperature or some
temperatur2 relat2d to it, in the spirit of the last ten
minutes, is the driving function for a calculation of
the temperature distribution in the vessel wall.
Becaus2 of th=2 vary largs thermal inertia, we have
represented these rather unwieldy curves with
exponential tamparature decayc of which an example is
shown here in the dotted line.

We are changing cur code so we can put these
traces in diractly, but we don't have that -apability.

(Slide.)

MR. HANYUER: Hesre is the stylized temperature
pressure transiznt which we have used for some fraction
of our work, and I will try to be clear about where we
have used real transients and wha2re we have used
stylized transients. The stylized transients begins at
a temperature two zero and ends asymptotically at a
temperature TF with an exponential behavior, and the
prassure is assum2d to be a constant. This, of course,
is a gross oversimplification for some transient in
which the pressure does this.

(S1ii=.)

ALDERSON REPORTING COMPANY, INC.

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



10

11

12

13

14

15

16

17

18

19

21

22

23

24

25

36

MR. HANAUER: As shown on the top of this
curves. Ani so an improvadi model which, as I say, is
under development, is very badly needed in this area.
On the other hand, the pressure dependence is not

enormcus, rather surprisingly, as we will com2 to in a

moment.

(Slide.)

MR. HANAUER: Now, tre rasult of this
calculation is this frequency, this cumulative freguency

distribution. Here is the temperature, and now this
temperatur2 is th2 temperature TF, which is used to give
a stylized representation of the tempesrature in the
inlet pipe as measured, and which has in it then the
ancertainties which wa have discussed, and here are the
eight incidents which are calculated and discusssed in
the report which you have.

The most sever2 one we piid any attention to
had a final temperature of 350 degrees. Alove that, one
has very little problem with pressurized thermal shock.
And the lowest one had a final temperature evaluated of
225 degrees, and what ve did was, we took the 350
reactor years for pressurized water r2actors and diviied
the numerator by the denominator, and there we have the
freguency.

Now, statistically, this is not very well
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defined with eight events in this way, but here is their
frequency distributione.

There is one other thing that needs to te said
about this curve. These eight incidents contained no
incidents at a Combustion plant, and the three worst
ones were at BEW plants, which, however, have been the
subject of substantial backfitting programs to deal with
the causes of these three transients. So, here is an
adiitional uncertainty. If you try and separate these
into three BE&d 2va2nts, and fcur or five depending on
which reckaning you use, Westinghouse plant events, then
these statistics jet really awful, and we have not
chosen to do this, but in fact it needs to be done, and
this is one of th2 pi2ces of unfinished business, is to
investigatz in a more serious way whether there are any
essential differances which would affect the pressurized
thermal shock ris% in the three kinds of plants that ve
are dealing withe.

¥R. BENDER: Steve, those eight events as you
have cited have resulted in scome backfits, two kinds of
backfits, procedural changes and scme chai ges in the
physical plant.

MR. HANAUER: Well, one of them is Three M¥ile,
for which a very large list has been imposed.

MR. PENDFR: The point I am trying to make is
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this. That curve there, or whatever you want to call
it, is clearly not a good statistical representation of
anything. It is just a computed probability of an event
that has occurred. But when you take into consideration
the corrective actions, a new probability curve has to
be drawn. If you are only gecing to work on the basis of
historical evidence, then all the events are random, and
there is n> way of cecrrecting a randoa kind of
occurrence, but in view of the fact that there are
corrective measur2s that have been taken, would the
staff want to argue that this is probably a worst case
represantation, or less than worst case? Are we better
off today or not?

MR. HANAUER: Well, I will give you my
opinion, and T will invite my colleagues on the staff to
flesh out the staff opinion. This is surely not worst
cases. Much worse transiants are possible, and have rnot
occurred, but there is no reason why they couldn't,
except their lower probability prima facie based upon
what is happening.

There is no way in my opinion that this could
be a worst case. Since we have had corrective measures,
it is my opinion that this curve is somewvhat worse than
plants today. How much worse, well, if we do our PRA

very well, and if it has the kind of discrimination
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which would show up such differences, then the PRA curve
would lie below this one, and if that were the only
reason for the difference, you would say that that shows
the benefit of what we have done in backfitting, er you
could wait ten years and draw -- or 350 more reactor
years and see if the curve looked any different.

4211, w2 don't have timz for that. The
current answer, since we can't do it with experience,
has to be in thes probabilistiz evaluation which should
be done on the plants as they are now with the backfits
in, and those plants that do plant specific evaluations
ne=2d to do that, and it will show for a variesty of
reasons that present day plants are better than this,
and that will be one of the r2asons.

Now, let me invite my colleagues to say either
something different or any other remarks that should be
added.

¥R. ZUDANS: Since most or let's say the key
argument in PRA is this experience, is eight data
points, does it represent any kind of a credible basis
for any statistizal analysis at all?

MR. HANAUER:s One can do statistical things
with eight points. W2 haven't done it. And Nr.
Bender®s gquestion is one of the reasons it doesn't

represent today's plants, and therefore doesn't justify
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1 very much mnessing arouni in our opinion.

2 MR. BLNDER: Well, there is a little bit of a

3 contradiction !n the discussion. It doesn't represent

4 today's plants. I fully agree with that. And because

5 it doesn't, trying to present a fr2gu2ncy relationship

6 of the sort you have there distorts the problen

7 probably.

8 MR. HANRUER: Yes.

9 ¥MR. BENDER¢ And distorts it in what may make

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

11 MR. HANAUERs If you really believe that all

12 our backfits have made things better, which seems

13 probabla2 if you look at the backfits, then, yes, this
. 14 gives 3 picture of the public risk which is worse than

15 the facts.

16 MR. BENDER: What is missiny her2 is, and it

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

18 staff, are the 2vants that haven't osccurrai.

19 MR. HANAUER: 0Jf course. That is what the

20 other half of this discussion is, the probabilistic

21 discussion.

22 MR. BENDERs And whether the events that

23 haven't occurred can be presented probabilistically may
. 24 be the crucial issue.

25 MR. HANAUER: Indeedi. We are in violent
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agreement.

(General laughtar.)
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MR. BENDER: Okay. Go aheai. I had not

expected to reach any agreement with you, Steve.

MR. HANAUER: I now pause extrem2ly brisfly to
pcesent sone results from a deterministic fracture
mechanics analysis. This has gonpe far beyond Pellini's
diagram because we now know how to calculate these
things irn at least in elastic fracture mechanics in a
rather deterministic waye.

(Slide.)

And w2 now hav2 31 3jreat 323l of experimental
and theoretical evidence that in the range of
applicability that this stuff does indeed predict the
failure moies and the failure effects of vessels made
out of the kinds of materials of which we are talking.

What we 40 not know, and what is the amount of
conservatism in this analysis for warm materials which
are very ductile and for which linear elastic fracture
mechanics is an approximation.

Now, as an o0ld instrumentation and control
engineer, I am far out of my iepth; I have studied this
subject, but I am no expert in it. And so I may not
even answvar the first guestion, but call on my expert
colleagues.

This is the result of a whole series of

calculations using a code similar to 2CAR about which the
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fracture mechanicians in the room know far more than I.

What we have don2 is to calculate --

MR.

MRe.

¥R.

MR.

BENDER: Would you spell "OCA"?

HANAUER: 9J-C-A.

RENDER: Thank you.

HANAUERs A whole series of stylized

transients, they had constant pressuras and exponential

temperature decayse.

Later on I will show you some

results for real transientse.

These are d=2terministic transients. They

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

fliwe Th2y incluie the time-iependent heat transfer of

the water, whose temperature is given by the exponential

decay into the metal and the time-dependent heat

conduction within the m2tal.

They include the metal properties as a

function of depth through the wall, as a function of

neutron irradiation which varies through the wall, and

also as a function of the local temperature which varies

with both tim2 ani positione.

They include thermal and pressure-related

stresses, and they include the effect of crack arrests,

but not, in these calculations, the effect of warnm

prestressing.

Now,

tha

abcissa is the r2lativ2a cooldown
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temperature; namely, the TF from the stylized transient
minus RT NDT, the reference temperature which
characterizes the material.

MR. SHEWMON: They also assumed a flaw size.
Is this a quarter of the wall size or what?

MR. HANAUER: No specific flaw size was
assumed. The flaw was assumed to be however big it
ne2ded to be. I told you I would need help.

MR. KLECKERs Ray Kleckere.

From th2 standpoint we assuned that a flaw
gr2ater than, siy, from the clad up to about 1 inch,
actually a little larger. And we locked at all crack
sizes within that range.

MR. SHEWMON: Go ahead.

MR. BENDER: That answer is not too clear to a
lot of us. If ycu are doing a computation, you have to
do it with explicit flaw size in mind. If I were to
pick a point on that curve, on any of those curves,
could I id2ntify 2 flaw size that was related?

MR. ¥LECXER: We can go back to the original
calculations, y2s, ani pick out what that flaw size was.

MR. HANAUER: It does a search through flaw
sizes and picks tae one that starts. If any one starts,
it assumes the worst flaw, not some specific depth, but

it looks =»ni se2s if ther2 is any flaw that w2 can ==
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MR. SHEWNON: If it assumed the range, then
there would be a probability, and T 45 not se2 any
probability up thare.

MR. HANAUFR: There is nc probability here.

MR. SHEWXON: The dividing line between crack
initiation or no crack initiation, there was a flaw size
or else there was some -- well, let us go on.

VOICFs Very simply, a parametric study was
done which assumes the presence of a flaw, and the final
solution wis 3 flaw as 3 basis of a range of flaw sizes.

If the study showed crack initiation for any
size flaw from very small, let us say, gquarter-inch up
to an inch, that initiated it. We assumed the presence
of a flaw. It was not probabilistic. The size was
indeterminate and daeta2rminesd by a parametric study.

MR, BENDER: Go ahead. We will come back to
it someday, maybe not today, but someiay.

MR. HANAUER: Now, the original curves which
ve sav from an early version of this study had, in fact,
coalesced into a single curve here and a single curve
there. And more detailed studies have resulted in these
dependencies.

Notice that the whole length here is 150
iegrees or so, so that these differences are really

guite small. We have here the pressure and here the
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cooldown temperature relative to the reference
temperatur= of th2 material at its innar surface. We
did not assume a constant temperature, and we did not
assume a constant refarance temperature through the
thickness of the material. But we pinned it, in order
to plot it, to the reference temperature at the inner
surface.

MR. BENDER: Well, Steve, there is a shape of
the temperature distributione.

MR. HANAUER: Yes, sir. I w.ll say it again.
l'he temperature, TF, is this asymptotic temperature of
the wvater at large times. The RT is the reference
transition temparature at the inner surface of the
ferritic material.

MR. SHEWMONs: Did you use a bourding or a most
probable heat transfer coefficient to get from the
T-final to the steel temperature? That has been a
gquestion of argum2nt before.

MR. HANAUER: We have used several. For this
study the h2at transfer coefficient was, I think, 300.

MR. KLECXER: I think on this one it was
1,300, Th2 later ones, we usad 300 or 330.

MR. HANAUER; de have used various numbers,
and this can be discussed.

¥R. SHEWNCON: And the 1,000 is bounding, and
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300 is mor=s likely, or what?

MR. XLECKER: I would say 300 or somewhere
thereabouts is more realistic.

MR. SHEWMON: Okay. Thank you.

¥R. HANAUER: The Westinghouse calculations,
vhich give similar results, is actually a heat transfer
correlation and gives similar results to ocur 300 curves.

All right. Now, first of all, the twc
fanilies >f curvas ars for two 1ifferant values of
beta. The inverse time constant for the assumed vater
transient. Here is a large value of beta where the
vater temperature comes down guite quickly, and the heat
transfer is almost entirely dominated by the conduction
into the material.

Here is a much smaller value of beta, where
the water temperature comes down much more slowly, and
both then the water temperature variation and the
conduction into the material contribute. And as you can
se2, a som2what 2ither higher pressure or lower
temperature can be tolerated if it happens wnore slowly,
not surprisingly. ,

Here are the different final temperatures. If
TF minus RT NDT vere really a correlation parameter,
thase two curves w#douli coalesc2. In fact, for a

15-degree change in TF, there is approximately down here
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a 15-degree change in the severity, so that they do not
quite coalesce and thersfore, TF miaus RT ¥DT is not
quite 2 700d correlation parameter.

MR. BENDER: Stave, if I wer2 concerned about
the pressure condition and wanted to try to make scme
judigment about where I would like the pressure tec be,
clearly I would like to have it as low as practical, but
there are some operational guestions associated.

MR. HANAUER: There is 2l1lso a guestion of
cooling the core.

YR. BENDER: Yes. 2And you were trying to make
a judgment as t> where a suitable pressure might be,
whare might I draw a line?

MR. HANAUER: Well, the first thing to notice
about pressure is its surprisingly =mall contribution if
you take the more severe curves, the pressure slope from
zero all the way uap to 2500 is only worth about 40
degrees. So that the stresses in this model are
primarily thermal, and the pressure stress is
significant but not really a large part of it.

For the slower one, where conditions are less
severe, the pressure has much larger importance and is
worth something like 100 degrees. For this purpose, you
would like the pressure to be as low as possible, for

the most savere transients, which turn out to be the
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small-break loss-of-coolant accidents.

In the intermediiate size whare flow stagnates,
the pressure calculatad is about 1000 pounds. We think
the pressure will hang up at about 1000 p.s.i. So you
ar2 down h2re, and there is not much hay to be made in
trying to get the pressure much lowver.

MR. BENDER: I 40 not know if you are going to
proceed from here to the cuestion of crack arrest, but
if you are not, then I may as well lay th2 ju2stion out
here.

The Staff, I think, probably is following a
good regulatcry strategy in arguing you should protect
against crack initiation. But in the sense of what puts
th2 public in Jjecpardy, there is a guestion of whether a
crack which initiates will arrest.

MR. HANAUERs But crack arrest is, in fact, in
this model, and a similar curve can be drawn with crack
arrest. What you get is that down below about 500
pounds per square inch, these curves slant to the left
Qquite strongly. I do not think I brought one with crack
arrest. I am sorcy about that. It is in the report,
however, and it is also in the PEL report, very clearly
indeed.

Crack arrest seems to make a significant

difference only at pressures below about 50 pe.s.i. Now,
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the models which we have used later on in our
probabilistic study include the effect of crack arrest,
and in one important transient, include the effect of
varm prestressing also in order to get more realistic.

YR. ZUDANSs Steve, do you have a similar set
of curves for a coefficient of 3007

MR. HANAUER: Such data exist. I do not have
such a curve with me.

MR. ZUDANS: Have you ceen them?

¥R. HANAUEP: It becomes less severe because
the heat transfar is less. It is r2ally more important
for this one than for this one. And my recollection is
they do not coalesce very much better. Somebody please
correct me.

MR. RANDALL: In Appendix D, page 18, there is
a table giving that effect of a difference of H-300
versus H-1000.

MR. ZUDANS: W¥hich page?

MR. RANDALL: D.18, the biggest number in the
table is 23 degrees, and toth of them are around 10. So
it would not affect that.

MR. HANAUER: It is not negligible, but it is
not very large either, and I cannot tell you whether
thay coalasce any bsttar or note. One would have to go

look thrcugh a whole bunch of calculaticns to find out.
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MR. REMICK: Steve, there is something T do
not understand. You talk about flows stagnating, yet
when the zcurves that you had showed an exponential
measured decrease in temperature that was fairly rapid,
how could you have staynation and temperatures changing
that rapifly?

¥R. HANAUER: Because in the first place, ve
have not had a transient where the flow complately
stagnated, as far as I know. In the second place, the
Criari 4ata show that there is mixing in the cold leg.
And this is a physical fact. The flcw does not stagnate
1ll th2 way. The third reason is that we are injecting
the cold water right into this space.

MR. REMICK: I understand. But if you are
injecting it in, you cannot inject it in if there is
stagnation. Something has to be movinge.

MR. HANAUER: Yes. The flow staznation is not
total. The motion is not zero. If it were, the cold
water wouli not g2t into the r2actor, ani we would not
have any problem.

MR. THEOFALCUSs What do you mean by
"stagnation” now? Do you mean the loop flow, what you
normally call "loop flow,"™ th2 flow going through the
loop, or convection currents?

MR. HANAUERe How I use it is that for a
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certain class of transients which turns sut to be very
important, the net flow in the loops is essentially
zero, but the local flow and mixing, as was pointed out
a moment ago, is not zero. You are injecting cold
vater, ani it has to 3¢ somewhere. And we have these
measurements that show that there is a certain amount of
local flow and mixing. Now, when I mean "stagnation,” I
mean that the natural circulation through the loors is
stopped.

MR. THEOFALOUS: Ani I thouzht you said the
Criari data show that there is gocd mixing in the cold
ley under those conditions?

MR. HANAUER: There is a substantial amount of
mixing. I do not know whether you want td> call it good
or not.

MR. THEJDFALOUS: Because my interpretation of
that is that the data shows there is very good
stratification.

MR. HANAUER: There is stratification, yese.
Levy has made 2 m2del to show the stratification and
what mixing takes place, and it seems to correlate a
substantial amount of the Criari data. And they are now
doing some more tasts to see if it workse.

¥R. KJUTS: I thought Forrest was referring to

the temperature spike in the Sinna transient, anl that,
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I thought, vas a result of temperature change which
caused local flashing.

dR. HANAUER: Yes, sir.

MR. REMICK: No, I vas referring to the beta.
If you had a beta .12, as vou did in one curve, that
meant every 8 minates roughly the t2mperature was
changing by a factor of E, which is several hundred
degrees. To me, that hardly seems like stagnation.
That is what bothered me.

MR. HANAUER: No, that is not quite right.
The temperature difference to the final temperature is
changing by a factor of E. The exponential is related
only to the diffscenc2 between TL and TI. So that, yes,
in the first 8 minutes you get about a factor of E
change in the temperature difference, and after that --

MR. REMICK: Wdell, that could le several
hundred desgrees in 8 minutes.

MR, HANAUER: Our TFs are in the range of 200
to 350 degrees. So, yes, there is 200 to 300 degrees
between TO and TF; that is quite right. And in this
range the tamperature changes quite quickly on the
8-minute schedule.

MR. BENDERs Steve, when you are making this
computation in the face of the other essentially

stagnant core circulation, the coocling of the wall is
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dominated by the ECCS flow. 1Is that what you are saying?

MR. EANAUER: For certain transients, that is
true, yes.

MR. BENDER: Now, some peopie have asked
questions about whether the ta2mperature of that coolant
of the ECCS coolant could affect the wall temperature
unier thos2 coniitions.

MR. HANAUER: 1Indeed, it could. 2And warming
that water is one of the things that ought to be done in
plants with brittle vessels.

MP,., RENDER: But the computation now is based
on what water temperature?

MR. HANAUER: The computation which we now
have, which is a Westinghouse Owners Group computation,
us2d 60-degree water, allowed for --

¥R. EENDER: Is that centigrade of Fahrenheit?

MR. HANARUER: Fahranh2it. Allowed for mixing
in the cold-leg pipe in accordance with a model derived
from the Criari ta2sts, allowei for heat transfer from
the cold-la2g pipe wall, in accordance with a model and
then put this water into the downcomer, I do not think
with any further mixinag.

I see nods in the Westinchouse bleachers.

MR. MEYER: I am Daniel Meyer of the

Westinghouse Cwners Group.
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There was some further mixing.

MR. HANAUER: So that was the model that was
used in the current calculations.

MR. BENDER: Go> aheai, Stava.

MR. HANAUER: Now, this is the deterministic
calculation, and the people at OJak Ridge fixed up their
deterministic calculation -~ or already had it fixed, I
4o not know which =-- and used a calculation of this
type, not on the sterectyped transients but on seven, oOR
five of the seven transients which actually occurred =--
five or six. €Six, I think. One of them we just did not
have the d4ata on the time-dependence, and so we cculd
not do it.

(Slide.)

Here is the results. Now, this is a
deterministic fracture mechanics calculation of the kind
T described, with a heat transfer coefficient of -- what
4i4 they use for this on2? I cannot remember.

MR, XLECKER: That one was 330, as I recall.

MR. HANAUER: And what th2y 1id was they
calculated for each transient a value cf RT NDT at the
interval f5r which no crack would b2 initiated even if
there was a flaw. That is a net result, is this solid
curve. And I have also plotted here as a dotted curve

the T evaluation of these same events off the
£

-
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previocus vuegraphe.

But now you see this is not the stereotyped
anymore. For this calculation it is not necessary to
represent the transient with a constant pressure and an
exponential temperature decay.

de used these zigs and zags in these
temperature and pressure plots that vere taken from the
actual 2vents. BAnd as you see, it is somewhat less
severe because it is somewhat stereotyped, and it was
possible then to use a more realistic depiction of the
actual transient as it occurse.

And here they are plotted in the same
cunsulative fra2gu21cy way with tha sam2 strictures that
have to be placed on it for backfits since then. This
represents the plants as they wvere at the time the
transients happened rather than the plants as they are
now e

And you will observe the, crudely speaking,
about a 50-degree differance between these. That is to
say, if you believe the critical RT NDT curve, then the
TF representation was about 50 degr2es conservative. Of
course, this is a better way of representing this kind
of phenom2non.

YR, THEOFALOUSs Does this mean that if the

calculation of RT NDT was a good one, a correct one, and
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if the temperature in the particular transient was 50
degrees lower, we would have a crack initiation?

MR. HANAUER: No, it does not mean that. Here
are two calculations of the same set of transients. One
is stereotyped TF-style; the >ther us2s th? actual
transients.

¥R. SHEWMON: TF?

¥R. HANAUER: TF constant pressure, the same
business. TF constant beta, same pressure. That says
that for these transients FT NDT could ke about 50
degrees higher than the TF we weres using, without
cracking the vesszl.

MR. KOUTS:s That is assuming that the water
temperature according to the top curve is the vessel
wall temp2ratur2. Accoriing to the bottom cutvé --

MR. HANAUER: No, sir. This top curve
represents the water t2mparature by TF ani beta. This
curve represents the water temperature by what was
actually measured in the cold leges This curve has a
constant pressure. This curve uses the pra2ssure as vas
measured.

MR. KOUTS: Where did they get the
measurements?

YR, HANAUER: There are measurements of

pressures in primary systems. The temperatures vwere in
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the cold l29; the pressures are on the pressurizer. PBut
the pressure, remember these are transients
Characterized in minutes so that there should not be any
problenm.

MR. XJUTS: I thought ve had no temperature
measuraments in the c¢>51d la23.

MR. HANAUER: But not the downcomer.

¥MRB. KOUTS: So this assumes the measure of the
temperature in the cold leg is the measure of
temperatur2 in th2 downcomer? - That is what I said the
first time.

MR, HANAUER:s I am sorry, I did not understand
you to say that. Yes, this has that same problem in
it. We do not have a way out at the present time. We
de not have a calculation.

¥R. THEOFALOUS: So this difference then is
Just the effect of the pra2ssure?

MR. HANAUER: It is the effect of the
pressure. It has three effects in it:s one, the effect
of the prassure; s2cond, the stereotyping of the
temperature variations and third, the fact that the
final temp2rature is not just 2 temperature that will
break the vessel.

(51ide.)

Here you see depending on situations -- here
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is RT NDT you see out here =-- and the trarsient can be
colder than RT NDT by an amount that 4epends on the
temgperatures, the beta, and the pressure.

“R. THEOFALOUS: Probably that is the main
effect. That is aboyt 50 degrees.

MR. HANAUER: Well, 50 degrees is here. So
there are lots of ways to get S0 degrees.

MR. THEDFALCUS: TIf you look at the difference
between TF =-- okay. VYes.

MF. HANAUER: It is 1ifferent for each
transient. There were high-pressure transients and
lov-pressure transients. The high-pra2ssure transients
are up her2; the lower-pressure transients are down here.

MRe. THEOFALOUS: Is ther=2 any way you can give
a feel of how important the pressure variation is? I
would not Juess that it is too important.

ME. HANAUER: I do not have anything hard. It
seems to be worth, for this low one, as much as 15
degrees plus; for the fast ones, rather less.

¥MR. ZUDANS: Steve, could you go back to the
pravious slii=2?

(51lide.)

MR. HANAUER: Yes, sir.

YR. ZUDANS: And look at one cof the shelves,

the dashed shz1f, and th2 corresponiingly solid-line
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MR. HANAUER: Yes. This one and this one, for
example,

MR. ZUDANS: That is supposed to represent the
same event; right?

MR. HANAUER: Yes, sir.

Y?. ZUDANS: And therefore, the probability is
th:2 same. And th2 dashed curve shows the fluid
temperaturs at that point, your stylized?

MF. HANRUER: Yes.

MR. ZUDANS: *nd the solid curve represents
which RT NDT woulil initiate the crack; is that right?

MR. HANAUER: Yes. In accordance with this
model, of course.

MR. ZUDANS: And the fluid temperature, of
course, and the s51id curve varied all ovar the slope?

MR. HANAUER: Yes. We used the measurement in
the cold leg to represent the fluid temperature.

MR. ZUDANS: This actually then showvs what ycu
said how much higher the RT NDT usould have to be than
the fluid temperature?

MR. HANAUER: Fxactly. Okay.

Now, from this collection of information, wve

decived a scraening critariae.
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Now, I have to tell you plainly that there is

not as auch scisnc2 as one would like in the d2rivation

I will also tell you

of the screzening criterion.

exactly how w2 1i1 it, which will t2ll you how little

scienca thare is.

What we did is, ve had a much earlier version

of these curves. Because our initial curves had some

mistakes in them which the industry owners groups
pointed ocut to us, and they wvere right in some of thenm,
and so we made sone major changes in our curves from the
ones we had in June to the ones we have now.

dn th2 srigyinal set of curves =-- completely
arbitrary, because weé did not have the Strosnider
results at that time in the form in which we have them
now -- I took 10-2, a completely arbitrary value based
on the ide2a that anticipated operating occurrences have
a freguancy bouni of about 1 in 40 years. So 10.2 is
comnfortably below that.

But without any really scientific basis, I
took 10-2, and at that time this curve crossed the 2160
and this curve crossed at 280. The S50-degree difference
had not shown at that time, and so I held my nose and
picked 270.

Now, that is the amount of science there is in

the 270-dejree screening criterion. PBut since that time
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If you re2ally believed these curves and wvanted
to use them in some detail, and if you really any
scientific basis for 10-2, you would pick a number in
the low 300°s for the screening criterion based cu < iis
curve. It is my opinion that that is too high, based
upcen some probabilistic discussion that I will give vou
3 little later.

There is really more justification to 770 than
that, but the oricinal basis is indeed rather thin.

MR. BINFORD: Steve, let me ask on2 guestion
here. It appears to me that the dotted curve is merely
the sclid curve, as you have said and presant2d in a
stylized fashion. Once you have the solid curve, whick
is the actual coniitions, what is the use of using the
dotted curve at all?

MP. HANAUER¢ The dotted curve is a grosser
approximation, which I don't use much any more.

MR. BINFORDs Well, it just appears to me that
all this does is to demonstrate that your simplification
is reasonable.

YR. FANAUEP:s Now, the reason to show the
dotted curves in the Tf is that we had to 4o our
probabilistic work using Tf, We don't have the codes
today to do RT critical for the probabilistic work. We

will one of these days, but today w2 ion°'t, and? that is
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one important estimate. I have carried the Tf along.

So the screening criterion -- and I will get
to a stopping place, Mr. Chairman, in about, I predict,
ten minutas or so0.

MR. BENDERs Fine.

MR. YANAUER: Well, I will one way or ancther
get to a stopping place pretty soon.

MR. BENDERs Why don't you announce when you
would like to break.

¥R. HANAUER: Yes, sir. You will see my

cocattails disappear through the door.

(Laughter,)

S50 all the work I have ba2a2n talking about so
far is for longitudinal cracks, and so we picked 270
degrees for longitudinal cracks in thz manner which I
have described. We then ask, what about circumferential
cracks. This turns out to be very important, for three
reasonss

First of all, it*'s different and in some

vessels the circumferential cracks, the circumferential
velds will dominate because they contain higher copper
material;

Secondly, some vessels don't have longitudinal
welds, and for those vessa2ls the circumferential welds

will surely dominate;
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And thirdly, the consequences for a severe
vessel break all the way around the circumferential wveld
are substantially more serious.

¥R. BOCK: Steve, what about plats material?

MR. HANAUER: I beg your pardon?

YR. BOCXs What about the reactor vessel plate
material? Don't the vendors believe in some cases it is
more limi*ing than the welds?

¥R. HANARUER¢ There are some cases on which
the plate material is more limiting. In that case you
don®t have any good reassn for picking one crack
orientation over another until we learn something about
rolling directions and so on, about which I think very
little is known to4ay about flaws. And I suppose for
those vessels one should pick longitudinal flaws, for
lack of any information.

There are only a small numbsrc of such
vessels. In general, the copper-coated welding
electrodes in the vassels 5f intersst cre2atedi a material
which is substantially more susceptible to radiation
embrittlement, and so the welds almost always dominate
in all of the high-brittle vesselis. In general, even in
vessels where the plate dominates the situation is
reasonably in hand.

Now, there are a few vessels about which we
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know very little, and here we are simply going to have
to get som2 more information if it can be hand. The
circumferential crack therefore has to be treated. It
is restraint-contrained in an entirely different wvay, as
the crack begins to open in the fracture mechanics
calculation. And of course the pressure stress is half
as much for the circuaferential flaw as it is for the
longitudinzl flaw, because of the way longitudinal and
hoop stresses are related in a pressure vessel.

de put these into a series =2f calculations
which are reported . Appendix D, and the result is wve
have selected 300 degrees Fahresnhe2it as approximately
equivalent to 270 degrees for longitudinal flaws.

MR. SHEWMONs When I see "longitudinal crack”
up there, should T think of a longitudinal weld, that
this crack then -- so the crack is always runrning in the
weld material?

MR. HANAUER: Yes, sir. That is the picture
ve have.

MR. SHEWMON: That is not the picture I was
shovwn yesterday by one cf you guys. But let's go
ahead.

MR. HANAUER: That is our current picture, and
our current model is based on long longitudinal cracks

or long circumfarantial cracks.

ALDERSON REPORTING COMPANY, INC,

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



10

11

12

13

14

15

16

17

18

19

20

21

22

24

25

67

MR, SHEANON: Running always in weld
material?

MR. HANAUERs Yes, sir.

Okay. Now, a final guestion in deterministic
space is, okay, suppose that is the criterion, how do ve
evaluate the vessa2l in Skunky Hollow Unit No. 3 and
determine its properties to b2 compar=si with the
screening criterion.

s2 convaned 31 peer group, an expert group, to
do this.

(Slide.)

And their rscommendiation, vhich we have
adopted, is the following: The RT NDT of any given
vessel at any Jivan time is of course -- starts at some
initial value and then increases in accordance with the
rajdjation. I will come back to this and talk about the
== no, I'3d better talk about them now.

Neither of these things is known perfectly, of
course. There ar2 substantial measurament
uncertainties, and also there are uncertainties
regarding the mat2rial which is being measured. In many
cases the material which is being measured is not the
actual wvell or a preolongation of it, but a gqualification
pi2ce which was miade on a different day, with nominally

the same materials.
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And s> there are at least these two sources of

uncertainty. Now, for some vessels and for some weld
types, less material is available and so one is forced
to considar 1 population of vessels and welds to infer
the properties of weld X in vessel Y from a much larger
populatior, vhich may or may not be made of the same
material.

SR. SHEWMON: I used to think that a best
estimate was something like a median or m=2an valuee.
have yet to see anybody who works for the NRC give me a

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

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

the sense o2f mean or median?

MR. HANAUER:s As one NRC employee, I will tell

you that what is intended there is the mean or the
median.,

MR. SHEWMON: Okay.

¥R. HANAUER: And you will find in Appendix P
of the report values for this which may convince you
that at long last scmebody in the NRC is trying to do
that for best estimates. It comes hard. Our vhéle
tradition is diffarente.

Now then, the object is to use the best
estimate of the initial measurements, which are

available for almost all vessels, and then to use
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Guthrie's correlation for different families, different

populations of weld materials, to estimat2 the change as

a function of irradiation.

Now, this is not a simple matter. We have
already had a discussion this morning with one of the
owners groups who would like to quarre. with some of the
numbers in Appendix P. We seem to be forever guarreling
with the numbers in Appendix P.

There is, first of all, the calculation of
neutron leakage flux, a subject understood by at most
seven people in the world, I think.

(Laughtar,)

And calculated with great difficulty. The
codes are not very easy to use and the assumpticns that
go into th2 codes can be argu=d about almost
interminably.

Having zalculatai the flux at the inner
surface, it is necessary to calculate the attenuation of
th2 neutron flux through the wall and the change in
neutron en2rgy sp2ctrum through the wall, because the
energy of the neutrons determines their effect on the
properties of the material.

This matter can also be discussed at greater
length. I will say today, I will say now, it could be

cteopen2d at much greater length if vou want. We now use
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a model somewhat different from the one in Reg Guide
1.99 which includas, we think, the effect of the
spectrum hardesninjy through th2 wall, and wve have Mr.
Lois and others who are prepared to discuss those
juestions #4ith you.

Then, for conservatism ~-- and this is one of
the places where we put it in explicitly -- for
conservatism we add twice the standard deviation of this
value. Sfince there are two components, we consider
separately the standard deviations involved in these two
components. And since they arise from different
physical phenomenon, we aid them up at statistically
uncorrelated standard deviations.

3552 the result is the initial, the change, plus
tvo standard deviationse.

MR. BENDER: Steve, in putting in the two
sigra allovance you are trying, I suppose, to bound the
data?

MR. HANARUER: Yeos, sir.

MR. BENDER: How much of the data is bounded
by that?

MR. HANAUER: I'm not an expert on this. 1
have seen the curves and it is, two sigma gets the right
percentage of it, which is 95. And there are in

Appendix D scatter diagrams that show thas2 bounding
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curves and how they do it, and there is -- has Guthrie's
report come out? Where is Les?

MR. RANDALL:s This is George Guthrie.

MR. HANAUERs How 40 you do, sir. I have
never met you. Has your report been published?

MR. GUTHRIEs Not y2t, no. YNo, sir.

MR. BENDER: 1Is it necessary to cover 95
percent of the 1ata?

MR. "ANAUER: Well, how bounding would you
like to be? Would you like t5 deal with a bect
estimate, with one sigma, with two sigma, with something
else? That s=2lection has a 1ot of arbitrariness to ite.

MR. BENDER: Well, if every point in a set of
curves had equal weight, T guess I would praobably accept
the argument pretty well. I'm not sure that the points
should be 3iven 23ual weight, because there is a lot of
variation in how the determinations are made.

Can you comment on that?

YR. GUTHRIE: Well, they were given equal
weight. But we also had in hare, there are two facters
to the uncertainty. One part of the uncertainty is due
to the fact that we don't know. When we are €fitting a
curve, we have a Sharpey shift given to us for each
point. We have the chemistry given to us for each point

ani we hava the fluids givan to us for each point.
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That assumes that there was an error in the
fluence. There are several errors in each of the data
points that have to be considered. Th2r2 is an error in
the reported chemistry, there i~ an error in the
reported fluence, and there is an error in the reported
Sharpey shift.

I took into account the errors in the Sharpey
shifts, I took into account the errors in the fluence,
and I minimized the sums of the squares of the errors
bet ween, th2 1iscrapancias between the measured Tharpey
shift value and the calculated Sharpey shift value, plus
the sums of the sguares 9f the errors between the
reported fluence and the fluence as it was adjusted by
the fitting code.

In sthar woris, the fluence for each cone of
these points was an adjustible parameter, and within
that sort of a method all of the points were wveighted
deeplye.

Other people have made studies where they have
studied various populations separately and they find
that the exponential power, the exponent on the fluence,
is different for welds and for plate material. 1In
particular, Combustion Engineering has an opinion that
the exponent on the fluence for weld material is a lower

value than for the plate material.
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MR. BENDER: Well, that's encugh for now.

MR. HANAUER: Iilere is the Guthrie correlation,
or one of the many depictions of the Guthrie
correlation,

(S1lids.)

This is hard to see, so the abscissa is the

18 19 20
fluence 10 , 10 , 10 ; the ordinate is the RT
NDT plus 2 sigma, which had t> be uncouplei. And as you
can se2, this is for three different percentaaes of
copper and these are the correlations we are using.

Now then, these correlations, as you can see
from this simplified curve -~

(51ide.)

Here is a curve which is intenda2d to show
schematically how these things go together. Here is
Guthrie'®s mean curve here for copper and nickel, and
here's Guthrie's mean curve plus two sigma. And I°'ve
adied in the sigma in th2 RTO also, which would move
these curves up or down depending on what RTO was.
However, the Guthrie correlation gets very large at very
large levels of fluence.

And we believe that the Reg Guide 1.99 1limit
is a more realistic limit at very largys fluence levels.
However, since the keg Guide 1.99 already is a limiting

curve, we addad twize th2 value of th2 initial standard
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deviation and didn't put in another term with the
standard deviation in it. It is already in it.

So that the way in which ve predict RT NDT for
this vessel is ve decide, we estimate the fluence at
some particular tim2 and then we go to this curve, which
-=- We go to this curve, plus the PTO, whatever it was,
And if the fluenc2 is higher than this amount, we use
the Reg Guide 1.33 limit.

And this then is a defined procedure for
9iving a consarvative estimate of the stat2 of any
particular vescel. The results are shown on the next
vugraph. You had better use your handout, because my
vugraph machine 4id me dirt and this is essentially
illegible.

(Slide.)

I*m sorry about thate. T don't have my handout
up here. I will try and work from thise.

Here are tha first saven plants in Appendix P,
Table P-1 in your report. Here is the initial RT.
Notice that we have numbers like minus 56, so I hope,
Dr. Shewmon, you can accept that wve really tried to do
some best 2stimate nere.

Here is the delta obtained in the way that I
have described, and here is the standard deviatiorn for a

large fraction o2f the population. The two standard
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deviations is 6C degrees, but scme others are no
better.

And here is th2 result as of the last day in
December in 1981, that being the date for which these
calculations wer2 mada. And these ars mor2 or less in
order, and you will see that in the right-hand coluan is
quite a crude estimate of when these plants will exceed
the screeaning criterion.

The first one is Robinson Unit 2 -- or Unit 3,
which will exceed the criterion in February 1987, four
and a half years from now. S£> that even for our lead
plant, our lucky lead plant, there is a substantial
amount of time to do somethinge.

MR. BENDER: Steve, is that prior to actions
to change the fuel?

MR, UANAUER: These estimates are now scmewhat
==~ Neil, do you want to comment?

R. RANDALL: For Robinson ve took into
account th2 reduced fuel loading because we had the
numbers. All of the others, ve did not take into
account ra2iuca2d flux.

MR. HANAUER: This is obviously a somewhat
moving tarjet. Fuel loadiings chang2, calculational
methods are improved. And so I predict by the end of

this year there will be a different set of numbers. I
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know last year there was a different set of numberse.

MR. BENDER: When you look up there you become
avare of the two sigma value, which dsesn't loock like a
very big number by itself.

~ME. HANAUER: Plus or minus 60 is not small.

MR. BENDER: It is an important number, but if
it were the only one -~

MR. HANAUER: 1I've seen whole days spent on
10~-degree differences.

MR. BENDER: 1I'm sure that is the cas¢, and as
a matter of fact you are sort of leading t> the juestion
I was trying to ask. Because there are a lot of other
places where thos2 incremantal values are being put
together, you are led to wonder how many numbers like 10
to 30 degrees are being cranked into that value.

MR. HANAUER: Into this value? I hope none in
this value. Now, you might ask how much of that stuff
is in the screening criterion. The answer, there is a
fair amount in the screening criterion. The OCA code,
for example, assumes that there is a flaw esvery place
there needs to be a flaw; what is that worth? And the
probabilistic discussion after the break gives some
insight into that.

MR. CATTONs: What is ten degrees worth in

years, Jjust to get a feel for those numbers?
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MR. HANAUER: One to three.

MR. CATTON: One to three years. So 30
degrees up there 4ould be three to nine y2ars?

¥R. FANAUEE:s Yes. It's a lot of years.

MR. CATTON: So it is important.

MR. HANAUER: Yes.

MR2. BOCKXs Of the RT NDT numbers given up
there, can you br2ak those down as to which are
Guthrie-linited and which are 1,99 limited?

MR. FANAUERs It can be done. I can't do it.

8R. SHEWMCON: 1Is he approaching the end? Are
wve going to tak2 21 brezak?

MR. HANAUEER: Yes. This is my last pre-break

vugrarch.

ME. SHEWYON: dell, before or after the break.,

I would like to h=2ar a i1iscussion of whether the

operators are sent home the days we think we're going to

get a transient, whether we are doing anything to wvork
vith them. That 1iscussion has been completely devoid
in that area.
MR, HANAUERs Yes. That is after the greak.
YR. BENDER: Are there any other guestions?
YR. REMICK: On Robinson, Steve, the
difference in the delta RT between the circumferential

and the axial, is that due to a differencz2 of materials
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in the weld material or is fluence factored into that
1ifferanca?

¥ME. FAKAUER:s Both factors are there, but the
largest on2 is the differ2nce in the cogrper content of
the weld.

MR. REMICK: Thank you.

MR. EENDERs This sounds like the right time.

MR, SHEWMON: One last point, and ve will see
what we're talking about after the break. ©Not that
those sorts of thinge have ever inhibited this Committee
particularly.

But I have the feeling that these numbers are
probably about what they should be, or at least much of
the gross conservatism has been squeezed out of thenm.
The othar thiny -om2s bick to hovw these relate to the
particular trip points that you have said and what is
likely to happen after these criteria or trip points or
wvhatever y>u call them 30 happen, and that maybe we will
discuss for the next couple of years. But maybe wve will
discuss it today.

MR. HANAUER: We will discuss it at some
length after the break.

¥R. SHEWMON: Fine. Okay.

¥R. 7UDANS: The explaration of difference in

delta PBDT was given as being different chemistry in the
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1 welds. So why ar> the initials the same?

2 YR. SHEWMON: Because we don't know any
3 better.
4 MR. BENDERs Could we break now and let Dr.

§ Zudans j3et that guestion after the break?

6 (Recess.)

10
1"
12
13
14
15
16
17
18
19
20

21

23
24

25

ALDERSON REPORTING COMPANY, INC,

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



10

n

12

13

14

15

16

17

18

19

21

23

24

25

80

MR, EENDER: If we could reconvene, there may
be a coupl2 of op2n guestions yet. PBob?

YR. AXTHANN: If I heard you corractly before
th2 br2ak, you vwere saying that neutron spactrum hardens
vhile it goes through the wall. Is that right?

¥R. HANAUERs Yes, sir. |

YR. AXT¥ANN: Could you explain that a little
bit?

MR. HANAUER: Not very well., I will call on
the experts very soon. The na2utron damags comes from
the interaction of the fast neutrons with the atoms in
the metal.

¥R. BENDER: Could we have some quiat in the
back of ths room, please?

¥K. HANAUER: The nominal measurement of
neutron flux *o include all neutrons above one MEV and
no neutrons b=2lowv MEV is a gross approximation. 1In
fact, there is a spectrum cf damage per interaction
vhich 12pends in 1 continuous way on the neutron
enargy. There are variocus models to represent this.

The model which we presently favor uses displacement per
atom of th2 ma2tal as a function of neutron en2rgv. When
you do this, you will find that, and you have to know
th2 interaction probability as a function of neutron

enerqgy, which of zcourse changes.
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Yhen you do that, you find that the neutrons
of lowec energy have a higher probability of
interacting, and therefore as this beam of neutrons goes
through th2 material, the lower energy neutrons are
preferentially removed, and s> the beam is attenuating
as it goes through the material, but the beam at the ~-
deep into the mat2rial has proportionately a larger
fraction of higher energy neutrons which have a higher
ianage pot2ntial per neutron, and there is a model for
this based upon metallurgical and neutron physics
measurerents.

MR« AXTMANK: Thank you.

¥R. HANAUER: VNow, if you want anything more
than that, T have t5 call on my experts.

MR. RENDER: Let's presume he docesn't. Any
other juestions?

MR. HANAUER: I left one open, which is the
operator thing, which I will et to.

MR. WECHSLER: Steve, you mentioned just
before the break the fact that the Guthrie regression
analysis leads to very Ligch delta RT NDT's at the higher
fluoences, and that becaus2 of that, you choose to use
the Reg. Guide 1.99 curve to govern at the high fluence
rite, at the high fluence portion of the curve., I

wvonder if you could amplify that a little for me. I am

ALDERSON REPORTING COMPANY, INC,
400 VIRGINIA AVE., SW_, WASHINGTON, D C. 20024 (202) 554-2345



10

1

12

13

14

15

16

17

18

19

21

24

25

g2

a little ¢uzzled, because if the Guthrie analysis leads
to high values, 2n2 has to fe2l that that is because the
surveillance results lead to high values at the high
fluence end, and thus there must be some rationale that
allows you to prefer to 30 to the Rege Guide rather than
the Guthries fit 2t the high fluence end.

MR. HANAUER: Well, a littls is all I zan
discuss it, and then I will refer to my experts. The
Suthrie correlzation, and vwe have Yr. Guthrie to Adiscuss
it, chose to use a very simple form for the correlation
vhich was justifi2d in many different ways. When you
look at how it relates to the data at very high fluence.
ve have decided that in fact it is substantially above
the data in the vary high fluence in spite of its
overall least squares characterizaticn, and in our
axamination of th2 3ata at hijh fluence, we believe that
the Rege. Guide 1.99 satisfactorily bounded the data.

Now, that is an extremely general answer, and
I will call on ¥r. Randall and Mr. Guthrie to
collectively or together to answver you in more detail.

MR. RANDALL: Well, when we applied the
Guthrie mean plus tvo, some of the squares, sigma nought
plus sigma ielta, and comparel that number with the Rege.
Guide upper 1linmit plus the iwo sigma nought, the former

was higher, but we know that we dor't have any
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surveillance data which fell above the upper limit line
of the Reg. Guide 1.59, vhich vas an upper limit line,
so we simply £3aid ve won't make them use a number higher
than any we have observed, and that is why we fell back
to Reg. Guide 1,99 in that fluence region.

YR. ZUDANSs But that raises another
question. You 2i1 that yst in the rest of the portion
those 1ata points wer2 included. Then the correlation
would have been different if you dropped those points,
the ones == th2 s2ction 2f th2 curva you basei1 on Reg.
Guide 1.99 covers a certain range of points, data points
that were put in the correlation that affectel the
pravious s2t, and that means in one cases you included
them and in one case youv didn't, and that is rather
arbitrarye.

Is that what you did? 1In other words, there
vas a set of data pcints where the correlation would be
right. The Guthrie correlatiosn exceeds that Reg. Guide,
and at that point you say, okay, because the Reg. Guide
is known to be a bound, you use the Rej. Cuide yet you
leave the correlation the way it was. And actually, ycu
should hav2 excluied those points in the correlation to
see what the correlation does then.

MR. BRENDEPs So you are saying break it into

twvo populations.
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¥R. ZUPANSs That is right. Did ynu do that
or not?

“R. EANDALLs No, we did not.

¥R. ZUDANS: In that case it is guite
arbitrary.

MR. RANDALL: Well, if I understand you, wve
4i1 net go back and redo the Guthrie correlation.

PR. ZUDANXSs But, s2e, the Cuthrie correlation
is affact21 by those pointe beyond certain flueace.

MR. RANDALL:s Certainly.

“R. HANAUER:s Perhaps MNr. Guthrie could
comment on this point,

MR. WARDs Were there any data above that
fluence in the Guthrie correlation?

MR. GUTHFIEs As I understand it, whether =--

MR. RANDALL: This comes about because of the
addition of the two sigma noujht plus the sijma ieolta
squared. There is a scatter point that will show you
vhat the data wvere.

MR. WECHSLER: That is Page 17 in Appendix E.

¥R. RANDALLs ¥Yes, E-17 is right. Now, that
shows how well the Guthrie formula fit the data base
that we hai. Now, when we add that plus tvo sigma line
is really two sigma on that calculation, which is two

times 24 degrees or 4R, It does lie above the points of
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the high fluenc2, andi maybes that explains why there is

this difference.

MR. WECHSLER: That lies above the points at

lov fluence as well.

MP, RANDALL: Yes, it does.

MR. WECHSLERs So that would hardly be a
teason. The fact remains that the residual calculated
minus observed for data points, let us say, above
10 shows roughly the same scatter as the points
below 1019, as th2 points far below 1019. So I have
to say I really don't understand your answver.

MR. SHEWMONs; Would you restate your original
question?

MP. WECHSLEF: Yes. My gquestion relates to
the statement that Steve Hanauer made that the Guthrie
fit, the Cuthrie equation shows very high predicted
jelta T or delta 8T 's NDT and for that reason instead of
using the Guthrie fit for the higher fluences, they
chose to use th2 PFag., Guide 1.99, and so I asked, wvhat
is the rationale for having done that. I understood
Neal Randall to say that the reason iis, as you can see
in this figure, E-17 in Appendix E, you can see that the
plus two sigma line is above all the residual values in
that plot, not Jjust those that pertain to flusncas above

19
10 » and so0 I still remain uncertain as to the
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18th
rationale for using the Reg. Guide akove 10 .

MR. KANDALL: All I can do0 is rspeat my
original statement that being presssd to not be
ovarconsecvativa, w2 us2]1 Reg. Suid2 1.99 upper limit in
that region because no data pcints from surveillance
fell abova that Rzg. GCuilde upper limit curve.

MR. BINFORD:s If you superimposed on that
diagram of E-17 the R2g. Guidz2 1.99, I woniar what it
wotld look like.

MP. FANDALL: I have not done that.

MR, GUTHRIEs I was not intimately involved in
drawing this broken part of the curve there, where the
1.99 vent in. PBut if you look at this figure that we
have been referring to for the last couple of minutes,
if you became sympathetic to the owners and wanted to
give them as much as you could and still maintain
safety, you couli draw a slightly tilted line in the
upper righthand part of the figure and still bound the
data that is plotted on this graph, and this does give
-=- well, it doesn't penalize the owners as much as they
would be penalized if you used the plus two sigma lines.,

It is possible to draw another straighkt line
vhich intersects the plus two sigma line somewhere
around 1 x 1019th. and goes down to the right, and

therefore is lower in the higher fluence ratingse.
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MR. WECHSLER: I se2, so you ars essentially
saying that above 1019th in Figure H-17, there are
more points lying above the zero line than lie below
ite In other woris, your formula overpredicts btased on
the actual data for fluences above 1019th.

MR. GUTHRIE: In H-17, what I am saying is
that in that pattern under the plus two sigma line in
the upper righthaad cornar thezre, if you wantad to give
the owners everything you could withcut sacrificing
safety, you could draw that plus two sigma line with a
slight downwvard slope up there in the upper righthand
corner -- you don®t have to keep it flat -- and still
cover all the data that is available.

MP. BENDER: Let me ask, if I can, that wve
leave the jetail of this discussion to the private
conversations. I wanc to cet Dr. Hanauer through this
story today, and We may be able to come back to this or
get to guestions later on.

MR. ZUDANS: There still remains this gqguestion
that | asked, namely, why the population wasn't split up
into two pieces at that point.

MR. BENDERs You might even ask whether it
should be in sevaral populations, or whether you should

have a straight line. There are a lot of things you

could ask. Or how good is the fite.
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Bill, 4i2 you have something differant?

Mk. BOCK: Well, I wanted to elaborate a
little bit on this subject. T think I know what the
problem is. But we could defer that. I can do it in
about two minutes, or we could defer it.

MR. PENDER: Well, 3c ahead.

MR. BOCK: The problem, T believe, is not so
much the fluence as the nickel, and if you flip over two
v2jJes to whera you see percent nickel as the abcissa,
virtually all of the test specimens used have a nickel
composition of less than .75 percent, so we have good
1ata in that range, but we are now trying to apply it to
vessels with much higher nickel content, for example,
Robinson is 1.2, >r Calhoun with 1.0.

So, ve are beyond the range of experimental
data, and we are trying to extrapolate cut there.

MR. BENDERs Well, that is one viewpoint.
Steve, I think we had better go ahead.

¥R. HANAUER: What I propose to 40 now is to
talk about th2 probabilistic analysas we have done, to
bring in the question of what the operators do and what
ve have done about what the cperators do, and then to
talk about where we go from here.

The probabilistic analysis in June wvas viewed

by us as a long-tarm ressarch pro3ram. However, ac a
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response to our June position paper, in this room, the
industry pointed >ut a number of things which in their
opinion we have done incorrectly, and brought to us in
May, actually, a Westinghouse owners' group

probabilistic study of pressurized tharmal shock that

4

provided a great deal of insight, and which has,
certainly hope, been provided to you.

There is a very large amount of documentation
vn this whole subject. You will find it summarized in
Appendices A ani B of the report. If the working group
discovers it doesn®'t have som2 important pieces of

paper, they may lay the oversight on us, and ve will of

course make all of it available. I don't believe any of

it is proprietary, but if it is, we know how to do that

tooe.

Now, we have a research preocgram going on which

in a couple of years will presumably walk in the same
footsteps as the work I will now describe, perhaps with
additional precision and completeness, perhaps not, but
the work I will now dascribe is the work of the
Westinghouse owners®' group reported to us in a May
letter and in several meetings between June and now.
dhat thay did was to consider about 20
initiating events that could lead to overcooling

tcansients and pressuriz2i thermal shock. They then
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drewv in the usual way event trees and safety functions,
ani determined which event seguences of the possible
ones were in fact significant in terms of probability
and could in fact result in pressurized thermal shock
seguences. Those that they consider co be significant,
after some of our discussions, they then characterized
in terms of TF, theta, and constant pressure, and
frequency or probability as a result of their evaluation
of the trees.

They then used Strosnidesr's results, wvhich
have been discussed with the subcommittee oOn several
sc=asions, and which I will racapitulate very briefly,
to determine probabilistically an evaluation in detail
of the curve beyond but including the range in which the
experiences was involvad.

Now, here is the place I suggest to consider
the role of the operator in the actual experiences, the
role of the equipmnent functionability, and the actions
of the operator determined which sequence actually tock
place in these eijht events amongst the dozens or
hundreds of possibilities of seguences, and so what we
have in these eight events, evaluate thenm how you want,
what they have evaluated is the eight sequences which
actually occurred, and any inference you draw from them

assumes that thes oparator actions as well as the
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equipment actions of those eight seguences are somehow
typical of how the operators and the machinery works in
a more genaral wWaye.

Now, we know that at best such an
extrapolation is only approximate, and that the right
vay to 1o it is to consider 211 of the possible
sequences or all of the significant sequences, and to
include in them in some way at the branch points the
operator does or does not do this or that important
function which significantly affects the output of the
pressurized thermal shock seguancze.

Now, the methodology, the science behind this
is not very well developed. Swain ani his co-workers at
Sandia have over the past number of years published a
nusber of handbooks and methods to estimate the
probability of whether the operating crew will or will
not do some necessary thing. We have at this time no
methods for estimiting wnhnether the operators will do
better than that and will in fact mitigate the situation
beyond their stereotyped procsdures.

Similarly, we have at the present time no
models for predicting whether the »perators will do
something bizarre and mak2 th2 situation worse outside
the parameters of their operating procedures. About 150

miles north of here is one data point in which the
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operators 4id in fact do some bizarre thinys, and the

consequences were severe indeed. However, we don't have
at this time any really scientific way of making svch
predictions, althaugh we do have the beginnings of a
scientific way of predicting whether they will or will
not do som2 defined correct thinge.

Now, this has been handled in two ways which
ar> really guit2 iivers2. In the Wa2stinghouse
probabilistic study, the Westinghouse owners' group
probabilistic study, one of the parameters is the time
delay of the operators in doing certain important,
correct things, and one of the time delays is infinity,
they don't 4o it at all, and so operator action has been
included in this way in the probabilistic study.

Now, it is also clear from the pressure curves
wvhich I showed 2arlier and from the course of some of
the actual events that the operators can really make
things a 15t wors2 or a lot better, and so w2 have in
progress and more than half completed a program in which
we have audited the procedures related to pressurized
thermal shock in the 2ight plants for which we got
pressurized thermal shock evaluations from the licensees
lza=% year.

Then, in addition to auditing the procedures,

audit team has discussed with representative members
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of the operating crew how well they understand
pressurized thermal shock, and has assessed in an
sxtremely -ruie way the likelihooil of whether these
operators would do the right thing in a pressurized
thermal shock sequence. This evaluation was not
juantitative, but was rather an overall evaluation. The
results have been varied. Some crews did rather well
and some craws 1i1 rather poorly.

These audit results -- I guess there are now
three or four, Jim, that have been issued. Do you
remember?

PR. CLIFFORD: All of them have been
completed. The rsports are in and should be distributed
very shertlye.

ME. EANAUFR: There are a few reports that
have already been distributed, aren't there?

MR. SHEWMON: The Robinson report was
dictributed several months agc. We have not seen
anything since.

YR. HAJAUERs Jim, what is the present status,
pl2ase? Mr. Clifford.

MR. CLIFFORD: Jim Clifford of the staff. All
5f the raports hava baen received and submitted to
licensing and should be distributed shortly.

MR. EFNDERs We have seen more than one, but  §
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don*t thin< w2 havs seen them all.

MR. HANAUER: You have certainly not seen thenm
all. At least one has been deferred.

MP, SHEWMON:; Well, I haven't, and the
consultants who are most interested in that haven't.

MR. RENDER: Well, I agree with that, that
chey haven't bean probably generally distributed.

MR. HANAUER: The results have been, there is
one other piece of information, and that is, there is an
ongoing very large and well known to the Committee
improvament projgram in emargency op2rating procedures
involving a large program of realistic analyses of a
large number of event sequences. The correlating of
these reulistic analyses intc new technical procedure
guidelines, including some symptom-based guidelines for
maintenanc2 or restaration of the critical safety
functions, this is under Three Mile Island Action Plan
Item 1-C-1. It has been going on for at least a couple
of years, and very likely will ke going on for at least
a couple of more years.

As part of this program and as part of the
pressurized thermal shock analysis, we have a
Westinghouse report datedi a couple of months ajo in
vhich a team of Westinghouse owners' group evaluated the

presently developnental Westinghouse owners ' group
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emargen~y operating proz2dure guidelines, ani that is
probably not the formal title, and concluded that in
fa~t they don't treat pressurized thermal shock
particularly well, and a substantial number of changes
were appropriate.

This report T certainly hop2 has been sent to
the Committea.

¥R. BENDERs Steve, your observation leads me
to a direction which I hoped you would be able to
discuss some. The Robinson report was not very
comfortinge.

MR. HANAUER: No, sir.

MR, BENDER: It was an audit done very early
in this program, however. Are we in a position now to
say that we know what kind of training progranm the
operators need?

MR. HANAUER: W211l, I will give you my
opinion, which is that the procedure guidelines, at
least the Wa2stinghous2 procedure guidelines, which are
the relevant ones for Robinson, are being changed in
gquite a drastic way for Three Mile Island type reasons,
and that a few months ago the developmental revised
procedures were shown to need some more work regarding
pressurized thermal shock. That tells mze, no, we don't

know all we should about pressurized thermal shock in
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emargency operating procedures, and in fact th~ audit
team developed a very useful, I think, set of guidelines
about the things ¢ta2t should be done now in auditing
pressurized thermial shock procedure2s, and that these
guidelines can be found in Appendix =-- Which one is it,
Jim? D5 y>u ramemba2r? Of this report?

MR. CLIFFORD: Appendix T.

MR. HANARUER: Appendix C of this report
contains a discussion of what can be done now. The
rizght way to fix this for the long term is to get these
guidelines right for pressurized thermal shock and
everything else., You walk, you see, between overcooling
the vessel on one side and undercooling the core on the
other side, and that is one of the reasons why I don't
vant a highly conservative pressurized thermal shock
design basis acciient which impels the operator to
undercool the core and make us another kind of an
accident.

Your point is very well taken, in other wvwords,
that ve 3don't know scme things about how to write these
procedures, and the training, of course, goes with the
procedures. We in our offices, the kinds of people ve
have in a room, in our quiet offices, must solve the
pressurized thermal shock problem before and not give

contraiictory instru-tions to the p20ple on the night
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shift who have to make these decisions and operate the

plants.

Therefore, the audit teams hava very properly
been rather modest in what they have recommended as
short-term changes.

MR. RENDER: Well, I don‘'t think we can
explore this further today, but as a long-time proponent
of depressurization for a number of reasons, recognizing
that it ~an't hurt anything in the thermal shock
business, I was rather hopeful that at least that aspect

of things would have been developed better and soone" .

ani I am not cl2ar that we unierstand even what needs to
be done.

MR. HANAUEE: It has not, and practically
every line or every page in the Westinghouse procedure
review points out that for this, that, and the other
seguencss the operators are t>ld to rapressurize to
2,000 psie.

MR. RENDER: Well, tnat is hardly reassuring,
but let's go on.

MR, HANAUER: All right. Yow, at the present
time, we do not have the calculational facility. We
have all of the theory, but we simply haven't done the
code work to represent these various transients in terms

of critical RT NDT and thereby to take into account the
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reality of the transients. We have been in the present
state of development constrained to use TF, beta, and
constant pressure to characterize all of these different
seguences.

(Slide.)

MR. HANAUER: Whan you 4o it you get these
results. If you will direct your attention first to the
iotted curve, this is the Westinghous2 PRA expressed in
terms of TF. Now, in fact, the Westinghouse PRR used
TF, beta, and pressure, and so I am oversimplifying an
oversimplification in order to get it onto 2
one-dimensional vu-graph, but this is the curve which is
obtained. You will notice that it has the same shape as
my first vu-graph that showed tails and so on, and that
shouldn't surpriss anybody. It goes from very high
frequency above about 300 degrees to rather low
frequency, 10-0 or lower below 200 jejrees.

Now, the staff has not a~cepted every detail
5f the May-June Westinghouse PRA. The staff has found a
number of sequences we believe were incorrectly
characterized, some overconservative, some
overoptimistiz, and the staff has not agreed with some
of the Westinghouse frequencies and probabilities, and
so the staff has, and this is explained at some length

in the rep>rt anil in Appendix G *o the report, the staff
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has devised a PRA which differs to some degree from the
Westinghouse P22, and which is shown as the so5lid curve
here.

Now, neither of these has had the kind of
man-years »f work or the kind of peer review that this
subject deserves, and both of these results must be
~haracterized as preliminary in some ways. My own
belief is that a great deal more of this work is
justified. We have a research program in this area, and
I think th2 industry ought to work on this, too.

Moreover, we have only the Westinghouse
jeneric analysis, in which they have tried to bound or
typify in various parts of analyses the Wwestinghouse
plants, so that it is generic to Westinghouse plants and
iniividual plants may differ substantially. This
question has not been evaluated, and the applicability
of this to Combustion and REW plants is not now known.
We do not have comparable analyses for these other kinds

of plants.
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MR. SHEWMON: You've plotted the freguency of

wvhat up there?
. 3 MR. HANAUER: This is the frejuency of getting
4 a transient more severe than TF egual to this value. We
5 are back to TF, beta and pressure, and what I did, or
6 what w2 1ii1 was to take the dozens of different
7 sequences --
8 MR. SHEWMONs; TF is fluid temperature?
9 MR. HANAUER: Yes, sir. Each seguence we
10 charactarizad in tecrms »f TF, beta, prassure and
11 frequency, and this is a result plotted in TF space.
12 MR. BENDER: Steve, a separate aspect of the

13 same gquestion has to do with the matter of how much

‘ 14 operator reaction is in those curves.
15 MR, HANAUER: There's a lote.
16 MR. BENDER: Westinghous2, as I recall it, set
17 up three time periods -- maybe there were more =< for

18 operator rasponse and assigned some freguency of correct

19 action to esach time period.

20 MR. HANAUERs Yee, sir.

21 MR. BENDER: 1Is there any Jjudgment of whether

22 using thos2 kindis of what amounts to arbitrary

23 evaluations of operator response has an effect on the
‘ 24 depiction up there? And are they important to the

argu.<nt?
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MR. HANAUER: T can speak best to the staff

analysis. The dominant events in the staff analysis do
not depend very much on operator action. We evaluated

th

0

Westinghouse numbers. They seemei reasonable to us,
but in the end in ours, -- I haven't undone the
Westinghouse one 2nough to answer. But in ours, the
operator action is not terribly important be~ause the
dominant event is the stagnant, small break loss of
coolant azzid2nt and the operator can't do much about it.

In some of the others, the operator reactions
ar> importaint. I don't have an analysis that ansvers
your guestion in any guantitative waye.

MR. ZUDANS: Just quickly to make sure that wve
ar2 on ths same wavelength. You said these curves
reprecent the beta and p is constant. Did Westinghouse
sonsider =anstant pressur2 wh2n they 4id their PRA?

MR. HANAUER: Westinghouse did exactly what I
described. They also characterized ssjuences for
constant pressure, TF and beta because the only
probabilistic vessel response calculation in town
reguires that as input.

Now, this can and should be improved, but has
not been at the present time.

MR, ZUDANS: I have a problem with this

concept of constant pressuree.
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¥R. HANAUER: 0Of course. It is a gross

over-simplificatione.

¥MR. BENDFE: Well, it depends upon what
pressure y>u uses

MR. TEEQFALOUS: It seems to me if you could
take this —urve sne step farther, a small step farther,
to give it in terms of critical RT NDT, it would be
extremely useful. BAnd of course, that could help you
focus on exactly the kinds of sequences that are
important to loock at. And one caﬂ dig in mor=s detail
into those seguences.

MR. HANAUER: It could, indeed. That is a
piece of business that has to be addressed.

MR. THEOFALOUS: You could use that chart to
get from this kind of a plot to this plot down here.

MR. PENDER: But you have to become very plant

specific I think in order *o do that.

MR. YAGINS: Yocu have it in the following
curves.

“R., THEOFALOUS: Maybe you have it already.

MR. VAGINS: Within a range of some transients.

MR, HANAUER: Yes. At the moment we have this
stereotyping of the transient as an intermediate step.

You are quite right, we should develor a better method.

(Slide.)
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I now show you three of the probabilistic
vessel failures. You have had this described to you
before. In two minutes, what Strosnider and his
colleagues have done is taken essentially the same
deterministic fracture mechanics model, as we discussed
earlier, but instead of assigning conservative or
estimated values for ths paramnsters, they took freqguency
distributions of the -arameters which were not well
known or which were subject to variation and calculated
a large nuanber of possible events in which these various
parameters were picked in the Monte Carlo probabilistic
way from these fra2guency distcibutions.

The result was then they did this 106 or
more times for each case in a code that doess this for
you, and the result is that some fraction of these 106
resulted in vessel failure and some fraction did note.
And from this wvas deduced in a simple way an estimate of
the probability of vessel failure, given this transient.

Now, the problem at the moment in doing what
you suggested a moment ago is that this code today is
set up with TF, heta and pressure. N2xt year wve will
have something better. And I have three cross-plots of
this response surface, which ar2 in the report and which
you have no uoubt seen bhefore.

Here it is with temperature as the abcissa.
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Always the probability of failure is the ordinate, and

here, beta is the parameter. As you can see, these

curves are very steep in temperature. That is to say, a

factor of 10 chanje in probability is associated with a

like 10 or 20, change in

very small number of degrees,

temperature. So the temperature is, indeei, a dominant

variabhle.

You also se2 that for large values of beta

9 there is very little difference, but as beta gets small
10 it makes a substantial difference and decreases
11 substantially the probability of vessel failure

|
12 calculated in this way.

13 Another cut of the same ra2sponse surface is

14 shown here -- i
15 (Slide.) ‘
16 -- in whizh th2 abcissa is pressure, and here

17 is an answer to your question now, in probability

18 space. 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 parameter. And you see

21 that the slopes of these curvass ar2 ndot vary large; that

22 a factor of 10 in failure probability is asscciated 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 temperature space.
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(Slide.)

A third section or cross-plot of the same
surface is given here, in which we pld>t the beta
dependence, and not surprisingly for all large betas,
the dependeace is very small., But as the betas become
smaller, the accidents become much less severe. f£O as
ve knew already, but it is comforting to see it, as a
result for slow transients th2 tharmal stra2sse2s are
small and the probability of vessel failure is small.

MR. THEOFALOUS: The question I was asking
before could be answered also in terms of these graphs
here. Do you have a way, -- if you knew that ycu were
interested in a distribution >f this plot, 10 you have a
way of backing out which seguences are contributing to
that?

MR. HANAUER: Yes, but a fairly crude one,
which we =an show very guickly in the next slide. Let
me show you an example.

(Slide.)

We have, in fact, made the calculation,
exemplified by this curve. This one has -- this one is
for the Wastinghous2 probabilistic analysis, and the
Strosnider, et al vessel failure analysis, coupled in
the vay that I have described. And you see here the

contributisons of various kinds of accidents. So yes, it
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can be done. It is some worke

Now, yes sir?

MR. SHEWYMON: Befors you go with your
development I want to go back and finish your guestion.
I wanted to see the previous slide, but you can answver

the gquestion here.

MR. KANAUER: Do you want the n2xt previous
one?

MR. SHEWMON:s I wvanted beta versus conditional
failure. We were talking earlier about heat transfer

coafficients of 300 or 1000, Is that with 300 or 10007?

(Slide.)

MR. HANAUER: Three hundre=d.

¥R. SHEWMON: And that, what, tends to flatten
it off thea, whan one gets the very high b2tas?

wP. HANAUER: Well, it is a combinaticn of the
300 and th2 conduction in tha2 ma2tal.

MR. SHEWMON: Yes, but if you get -- I mean,
they are in series, s> the conduction of the metal isn't
3 disposal parameter.

¥R. HANAUER: That's correct.

MR. SHEWMON: And as you get the heat transfer
in the liguid slower, that ought to =~

MR. HANAUEF: There's a curve in your report

vhere the heat transfer coefficient has a parameter
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which I didn't reproduce. It would be -- or it's in the
appendix, isn't it? Jack, maybe you Zan ra2fer to ite.

¥e have the surface cut in heat transfer space.

MR, SHEWMON: I would have taken a yes for an
answer.

MR. FANAUER: The answver is yes.

MR. STROSNIDER: 1It's Figure H-30.

MR. HANAUER: Figure H-30 has just that
dependency in it.

MR. ZUDANS: Was cladding included in these
calculations for both heat transfer and mechanical, or
neither, or some other combination?

MR. HANAUER: Heat transfer, yes. MHechanical,
no. The heat transfer of the cladding was included in
deciding to use 300. That includ<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>