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CEAIRMAN PALLADINC: Goecd afternoon, ladies
and gentlemen.

The purpose of this afternoon’s meeting is to
have the staff brief the Commissioners on issue of
prassurizsd thermal shock. We have had a number of
discussions with the staff on this subject previously,
but th2y have gan2rally concerned status raports and
plans for future studies.

Recently, however, the staff has completed a
report from which it has based a set of recommendations
now before the Commissioners. I understand that the
staff is preparei to discuss the details of the report
and provids ansver to questions on the recommendations.

I have noted that the package of slides to be
usaed today is rather lengthy, and I am fearful that wve
vill not have time to lock at each and everyone of them,
and? still allow time for guestionse.

CCMMISSIONER GILINSKY: I was fearful that ve
vould.

CHAISMAN PALLADINO: I want to make sure that
de providie sufficiant time at the end of the meeting to
provide time for Commissioner questions, and to discuss
the recommendations that are before us.

se do ndot plan to vote today, but we may vote

ALDERSON REPORTING COMPANY, INC.
440 FIRST ST.. N.W., WASHINGTON, D.C. 20001 (202) 528-3300
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at the next meeting on this subject, which is scheduled
for the w22k of Dacember 6.

De any of the other Commissioners have opening
comments?

COMMISSIONER ASSELSTINE: No.

COMMISSIONER GILINSKY: I don't have any
opening comments, but I did wvant to =--

You answered the question I was going to ask,
wvhich is, are v2 joing t5> vote today, because I am going
to have to leave before the end cof this meeting toc catch
2 plane to the West Coast. I guess that resolves that
question.

I did have one question of the staff before
they began, ani that wvas, whose views does this paper
represent?

It is signed by ¥r. Dircks, and at the tottom
it says, Steve Hanauer with his phone number. 1Is this
an NRR view?

¥R. DENTON: I think it is fair to say that it
is an EDO staff view. It has been reviewed by the ACRS,
and they have issued their report that agr2es wvith it.
It has been reviewed by the CRGR. I am sure Xr. Dircks
concurs in this paper. NRR has proposed it. Steve
Hanauer is the principal technical expert in this area.

COMMISSICNER GILINSKY: But it does :-epresent

ALDERSCN REPORTING COMPANY. INC.
440 FIRST ST, N.W.. WASHINGTON, 0.C. 20001 (202) 828-9300
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NRR's views.

¥R. DENTON: It is NRR's viewvs, and it also
represent the Z0's and his other offices' views also.

COMMISSIONER GILINSKY: Thank you.

CHAIRMAN PALLADINOs Any other guestions?

COMMISSIONER GILINSKY: No.

CHAIRMAN PALLADINO: Then I will turn the
meeting over to Y“r. Denton.

¥R. DENTCN: Thank you, ¥r. Chairman.

The main presentation will be made by Steve
Hanauer. I want to mention that this is his swvan song
in appearing before the Commission. He is going on to
greener pastures in the next few days, he hopes.

COMMISSIONER GILINSKY: He hopes it is

greener.

MR. DENTON: He will be assisted by Roy Woods,

vho has been the Project Manager for this project over
the last couple of years, and he will also be assisted
by Frank Schroeder, over on my right, wvho is the
Assistant Director for Generic Projects under Steve.
A2 hav2 hal an avful lot of activity in this
area over the last couple of years. It has occupied
time of many of the tachnical specialists. We have a
aumber of peer reviews. We have had the Pacific

Northwest Laboratory as a consultant to advise us all

ALDERSON REPORTING COMPANY, INC.
440 FIRST ST., N.W., WASHINGTON, D.C. 20001 (202) 828-3300
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along thaAaay. W2 obtained the advice of several
consultants in this area, including consultants such as
Spence Bush, a former ACRS member, Bob Budnitz, whom you
know. We have also gotten advice from Oakridgye National
Lab. We have consulted with George Irwin, who is sort
of the father of facture mechanics in the U.S.

de think tha* the time is ripe for a decision
rejarding thermal shock, and it is our view that
adoption of the action we recommend today will provide
adequate public protection against risk from this type
of event.

The action is of three types. It recommend
issuance of regulations to deal with those piants wvhich
are a long vay from tripping our criteria; it recommends
th2 issuance of 50-55(f) lettars to a group of plants
vho need to do sowething between nov and the end of
their life to assure that they stay within the
guidelines that we have proposed; and it recommends the
issuance of an order for one plant, Robinson, which
appears t> be unable to reach the end of life without
rather drastic changes in their mode of operation.

With that introiucticn, let me ask Steve to
valk through these slides and answver your questions.

¥R. HANAUER:s Thank you, Harold.

¥r. Chairman and gentlemen, the packace of

ALDERSON REPORTING CCMPANY, INC.
440 FIRST ST N.W., WASHINGTON, 0.C. 20001 (202) 828-9300
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handouts Jhich I gave you should nct be as awesome as it
first appears. Only about the first half of it is
intended for discussion, and the last half is backup
material in case juestions are asked. Yany of them are
unsuitable for projection, so I plan to work just from
the package of handouts.

You have from us a paper, SECY-82-u465, with a
number of enclosures. Separate from that, you have
receivad from us a very thick report which purports to
be enclosure A to that SECY paper. MNore recently, you
received frcm us a package of errata on those, in which
certain typos and other things have been fixed.

COMNISSIONER GILINSKY: 1Is that report now a
public document?

MR. HANAUER: Not until today, but it is now
on the back table, we will send it to the Public
Document Room immediately.

COMMISSIONER GILINSKY: Thank you.

¥R. HANAUER: The draft of that repcrt wvas
discussed wvith the ACRES and wvas sent to the Public
Document Room in September.

The prassurized thermal shock issue involves
over-cooling transients, reactor vessel properties, and
the fracture mechanics which establish whether the

vessel will, in fact, fail under the stresses which are

ALDERSON REPCRTING COMPANY, INC,
440 FIRST ST., N.W., WASHINGTON, D.C. 20001 (202) 828-8300
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imposed by these over-cooling transients in the presence
of the flaws wvith the various vessel properties.
Therefore, it is necessary to discuss 211 these areas in
order to get to the end of this subject.

What wve have done is =--

COMMISSIONER ROBERTS: Excuse me, I don‘'t mean
to nitpick, but I thought you said, "in the presence of
flaws in the vessel wall.”

¥R. HANAUER: Yes, sir.

COMMISSIONER ROBERTS: 1Is that an assumption?
I=s that known?

¥R. HANAUER: It is all cf those things, sir.
In any individual vessel, there is an inspection history
vhich gives you an insight as to the presence or absence
2f flaws in that vessz2l.

In a generic discussion, in our deterrinistic
work, ve assume that there is a flaw, which is a big
conservatism, and in our probabilistic work, we have a
probability distribution of the presence cor absence of
flaws of various sizes in ordsr to be mores realistic.

We delieve that a flaw or a discortinuity of
some kind is a necessary part of a pressurized thermal
shock occurrence, and that a flaw-less vessel will not
experience failure.

COMMISSIONER ROBERTS: But you assume there

ALDERSON REPORTIMJ4 COMPANY, INC,
440 FIRST ST.. N.W.. WASHINGTON, D.C. 20001 (202) 828-8200
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are flawvs?

¥R. HANAUER: Yes, sir.

COMMISSIONER ROBERTS: Okay.

COMMISSIONER GILINSKY: They are human.

MR. HANAUER: Page 2 in the handout gives an
overviev of how w2 treat overcooliny transients. The X
axis is temperature and lover temperatures are more
severe, so the left-hand side of the drawing, as you go
tovard the left, you get to more severe things, with
colder and colder transients which produce less and less
favorable vessel characteristics.

The Y axis is probability. Sometimes we know
the probability and sometimes ve don't, but it is alvays
there. The solid curve is meant to give some idea of
the whole range of the probabiiity of things that could
happen. The curv2 is not well delineated, although I
vill come back to an estimate of this curve later.

Up in the right-hand corner is another
probability curve which is obtained by analyzing the
over-cooling accidents which have actually occurred.
There is a limit to that. We have had no accidents more
severe than the ones shown on that curve.

CHAIRMAN PALLADINO: The probability is
probability of what; in-vessel failure?

MR. HANAUER: It could be any of those things

ALDERSON REPORTING COMPANY, INC.
440 FIRST ST, N.W., WASHINGTON, D.C. 20001 (202) 628-9300
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since this curve is only schematic. It could be vessel
failure, ocr only probability of getting that kind of a
transient. Later on I will show you both, transient
probability curves and vessel failure probability
curves.

COMMISSIONER GILINSKY: What are the lowest
temperaturas we have had to wvork with, or that we have
experienced?

MP. HANAUER: The lowest temperaturs we have
experienced is on the order of 200 and a few degrees.

COMMISSIONER GILINSKY: Where was this?

MR. HANAUER: The most severe one was the
TMI-2 accident. It turned out, besides all its other
stresses, to have been the worst over-cooling transient
ve have ever haid.

COMMISSIONER GILINSKY: An interesting
distinction.

MR. HANAUER: I have shown not only the
experience curve, but also a curve basad on
probabilistic evaluation and in an effort to be
realistic I hava shown that they agree only
approximately, which is in fact the case.

COMMISSIONER GILINSKY: I realize that this is
schematic, but when you put down an outlier, that

represents the sort of thing that we have just talked

ALDERSON REPORTING COMPANY, INC.
440 FIRST ST.. N.W.. WASHINGTON, D.C. 20001 (202) 628-8300
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about at TMI?

YR. HANAUER: No, sir.

COCMMISSIONER GILINSKY: 1Is that the
experience?

MR. HANAUER: TMI is one of the axes on the
experience curve.

COMMISSIONER GILINSKY: So it would be the end
cf the experience curve.

MR. HANAUER: Yes.

The ocutliers are the segquences that wve dream
up that appear to us to be severe. We have had about
one of these a month in the past six months. They have
a tendency to 12509k very bad the first three days you
hear about thsm. Then they g2t analyzed in much more
detail.

COMMISSIONER GILINSKY: This is a
calculational phenomenon --

MR. HANAUER: Yes, sir.

COMMISSICNER GILINSKY: ~-- wvhen you say that
we have hail one 2vary few months?

¥R. HANAUER: VYes.

Yost of them disappear into the curve. Some
of them don':, and the ones that don't disappear into
the curve, the curve has to be moved to accommodate

them.

ALDERSON REPORTING COMPANY, INC.
440 FIRST ST, N.W., WASHINGTON, D.C. 20001 (202) 628-8300
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COMMISSIONER GILINSKY: What sort or
temperatures are you talking about there?

MR. FANAUER: We had one outlier, one day that
I remember very well, that vent down to 60 degrees and
vas thought to have a probability in the range of 10 to
the minus 4 per r2actor year.

CHAIRMAN PALLADINO: Which wvay are these =--
This curve is telling that if I have a high temperature,
then I have a high probability of something?

¥R. HANAUER: Yes, sir. High temperatures are
good for you. It is cold temperatures that give you
troubla.

CHAIRMAN PALLADINO: That is why I needed to
know what this is a probability of.

¥R. FANAUER: This is the probability of
getting a transient worse than some temperature, which
means coldsr than some temperature. So that as the
temperature gets lowver and lower, the chance of you
getting a transient is lower and lowver.

CHAIRMAN PALLADING: This is the dividing
line.

MR. HAUAUER: VYes, sir.

CHAIRMAN PALLADINC: Okavye.

COMMISSIONER GILINSXY: You can think of it as

the relative probability also.

ALDERSCON REPORTING COMPANY, INC.
440 FIRST ST, N.W., WASHINGTON, D.C. 20001 (202) 828-3300
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MR. DENTON: The more specific ones may be
more useful. This was just to illustrate the ones tat
connect.

¥R« FANAUER: Page 3 gives 1 particular
trQnsient, the one that occurred H.B. Robinson when a
secondary line developed a large leak. The two small
diagrams are the pressure and the temperature that were
actually measurad as a function of time.

As you can see, the pressure went down and
then back up again, and the temperature went down by
about 200 iegress. So this was an over-cooling
transient of som> considerable concern, although in that
plant it turnsd out not to do any harn.

On the left-hand side of the page, the same
transient is plotted in a different way. You have on
the X axis the tewperaturs ani on the Y axis the
pressure, and so a point moves along as the transient
ieveloped and draws this funny looking curve.

CHAIRMAN PALLADINO: Up at the top?

MR. HANAUER: Yes.

I have alsc drawn, on the right-hand side, the
saturation curve of boiling water. So if you get into
the hash-marks on the right-hand side, you are in the
realm of potential under-cooling of the core. Cn the

left-hand sid2, hash2i, is a ra2actor vessel, this is an

ALDERSCN REPORTING COMPANY, INC.
440 FIRST ST.. N.W., WASHINGTON, D.C. 26001 (202) 828-8300
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over=-cooling limit which is chosen for a vessel just at
our screening criterion. Not the r2al vessel as it was
that day, but a fictious vessel that had embrittled just
to the proposed screening criterion.

The point here is that you have the space
in-between where everything is okay. You are never
under-cool2d nor over-cooled. AsS you can see, this
particular transient started -- If you look at the
upper-central curve, it started on the right-hand side
and moved toward the la2ft, but it stayed entirely in the
acceptable region.

COMEISSIONER GILINSKY: What is the
significance of the dashed-line?

MR. HANAUER: The dashed-line is the limit
imposed by the technical specifications for normal
heat-ups and cool-downs. You are nd>t allowed in the
section to the la2ft of the dashed-line for normal
heat-ups.

Where y>u have many of them, you are in normal
conditions rather than accident conditions. So that the
normal operation >f the r2actor should be in the more
restricted curve region.

The next tvo pages, which wve den't have to
dwell on, are two more transients. I want to linger on

them just long enough to look at their jagged nature.

ALDERSON REPORTING COMPANY, INC.
440 FIRST ST., N.W.. WASHINGTON, D.C. 20001 (202) 828-9300
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The pressure joes up, the pressure gces acwn. Cn pagr
S, the temperature ygoes down and the temperature goes
back up again. These are what actually happened in
these particular 2vents, and they are caus24 by
operational things ~- valves closed, valves opened,
opa2rators 1id this, operators 4id that.

So the operating point moves around and the
pressures jo up and down, and the temperatures ¢¢c down
and up.

COMMISSIONER GILINSKY: Let me ask you, what
is the line with the short dashes beyosnd saturation; is
that the =--

MR. HANAUER: That is S0 degree sub-cooling,
vhich is a commonly proposed limit for orderly
transients that don't -- T am sorry, that is the solid
one. The dotted one is saturaticn.

COMMISSIONER GILINSKY: The actual
saturation?

MR. FANAUER: That is your actual saturation.

COMMISSICNER GILINSKY: Ckay.

¥R. HANAUEEs OCn page 6 is a stylized
transient. In the present state of our calculational
technigue, I will try to> indicate wher2, w2 scmetines
have to use this stylized transient. It is an

axoonential temperature decay and a constant pressure.

ALDERSON REPCRTING COMPANY, INC.
440 FIRST ST.. N.W., WASHINGTON, D.C. 20001 (202) 828-9300
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So it has ncne of the ups and downs that are encountered
in real life in some of these transients. Sc it is an
over-simplification which we use in the pra2ssnt state of
our calculational ability. Scmetimes we use it, and
sonetimes ve don't, I will try to tell you when.

Page 7 gives the result of fitting that
stylized transient to the eight transients that have
actually occurred. What is plotted here is this
temperature that it goes down to, and on the left-hand
side a probabdbility, a freguency.

So this is a probadility curve for transients,
and it is the probability of getting a temperature lower
than that amount. So the probability of getting a
temperature less than 300 degrees for this class of
reactors is about three times 10 to the minus 2 per
reactor year. So once every 30 reactor years, we expect
to get a temperature lower than 300 degrees, and there
are about 50 of these reactors, so we expect to see
somewhat more than one transient a year like this.

COMMISSIONER GILINSKY: Let's se2, this lumrs
together experience from the different reactors, so some
have experianced more transients and others less.

MR. HANAUER: This curve is for the PWRs in
the United States up till nowe. Now, not all PWRs in the

United States are as they vere when they had these

ALDERSON REPORTING COMPANY, INC.
440 FIRST ST, N.W., WASHINGTON, D.C. 20001 (202) 628-3300
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transients. For a2xample, there was a transient at
Rancho Seco, which is one uf the transients plotted
here. Since that time, Rancho Seco and some other
reactors have been fixed, so that initiating event is
less likely.

COMMISSIONER GILINSKY: This .s the estimate
based on what?

¥R. HANAUER: No, there is no fudge factor in
here. This is what has happened.

COMMISSIONER GILINSKY: Sinze when?

CHAIRMAN PALLADINO: Based on the experience.

¥R. HANAUER: Based on the eicht over-cooling
transients vorse than 350 that have astually been
experienced in the United States.

COMMISSIONER ILINSKY: Since when?

HR. HANAUER: Since the beginning of the
coamercial power pragranm.

COMMISSIONER GILINSKY: Aren't those more
heavily concentratad in the BEW reactors?

MR. HANAUER: Yes, sir, they are, and there is
a later viawgraph with a statistical analysis of that, a
later page.

CCMNMISSICNER GILINSKY: You may come to this
later, if you wvart to put it off. On an earlier curve

vhere you irawvw the line on the over-cooline side, what

ALDERSCN REPORTING COMPANY, INC.
440 FIRST ST, N.W. WASH'NGTON, 7.C. 2000 (202) 628-930"
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sort of margin of safety is there in that line? We have
already passed the line for normal operation, and you
ar2 now talking about the linz beyond which you don't
want to get even in an accident condition.

MR. HANAUER: There is some considerable
margin in that, it comes from the very next page, which
is pace 8., Page 8 is the result of deterministic
fracture mechanics calculations.

| On this page, we assume that there is a flaw,
and ve assume that the flavw is as big as it needs to be
to crack the vessel. So this is a very conservative
page. Latar on, ve do it more ceonsistent -~

CHAIRMAN PALLADINO: How big must the crack
be, for example?

¥R. HANAUER: For the eight -- Actually, ve
have analyzed this for thes eijht over-cooling transients
ve actually had, and the critical flaw size is about an
inch deep.

COMMISSIONER ASSELSTINE: D> you m2an big
endugh to propagate?

MR. HANAUER: Yes, sir.

CHAIRMAN PALLADINO: An inch deep, but what is
the length? |

¥R. HANAUER: The length is very long in this

moiel. Another conservatism, although less conservative

ALDERSCON REPORTING COMPANY, INC.
440 FIRST ST N.W., WASHINGTON, D.C. 20001 (202) £28-9300
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than might otherwvise be.

CHAIRMAN PALLADINO: When you say, very long =--

MR. HANAUER: Very long. The model says,
infinitely long. 1In fact, it can be -- We have some
experimental datu. The initial is probably not 1long,
but the flaws that propagates, the experinesntal data is,
gets quite long,

COMYISSIONER ROBERTS: Could the flaw that you
assume, be detected by ultrasonic testing?

¥R. HANAUER: Yes, we think so. Perhaps, in a
borderline way, by the code required ultrasonic testing,
but there are better ultrasonic testing methods
available today, they are being used, and we think there
is a pretty high probability that they would be
detect214.

COMMISSIONER ROBERTSs Would the ten-year
in-servica inspection show such a pessible flaw?

MR. HANAUER: That depends on how it was
done. If it were done only t5 code raquirements, ves,
with some probability, but not really a high
probability. If it vere done better than the code
requiraments, which has in fact been the case in the two
or three vessels --

COMMISSICNER RCBERTS: 1Is that what Oconee

aid?

ALDERSON REPORTING COMPANY, INC.
440 FIRST ST., N.W., WASHINGTON, D.C. 20001 (202) $28-3300
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¥R. HANAUER: Yes, sir, they 1i1 better than
the code.

¥R. DENTON: That is a very important area,
and by refining that you can reduce the a.sumed size of
the flaws that r2naip undstected.

COMMISSIONER ROBERTS: It would give you a
whole diffarent s2t of answvers.

¥R. DENTON: They would permit higher and
hijher vessel irradiations. The standard assumption
came out of our research program in which pecple looked
at under-clad cracks assuming that the standard sorts of
fabrication technigues and ultrasonic technigues were
used. The distribution ranges from very small ones
cight up t>, I jusss, onas that are as big as an inch or
so in depth.

It is interest that such cracks are
occasionally found under cladding, so they can't be
discounted, but it is a conservative assumption in this
model. Plant by olant surveillance could reduce those
types of conservatisms.

COMMISSIONER GILINSXY: What do ve make out of
this?

MR. EANAUER: This page 8 diagram is, again, a
pressure/temperature diagram. These lines delineate 2a

region for which there is cracking con the left and no

ALDERSON REPORTING COMPANY, INC.
440 FIRST ST, N.W.. WASHINGTCN. 0.C. 20001 (202) 828-8300
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cricking 2n the rijht. The temperature is plotted as
the temperature of the cool-down, T-final, in that
stylized cool-down, minus PTNDT, the characteristic
referenced tenperature of the vessel which characterizes
the transition Petween brittle and ductile behavior.

(Conmissionsr Fobertec left the m2eting.)

Sow if that were a perfect description of the
vessel, all those curves would ccalesce to one, but
there are effacts. There is a pressure effect, which
makes these lines slope. There is a small temperature
effect, which you see down here at the bottom. Those
lines are only 10 or 20 degrees apart, so that is pretty
small. There is a1 small effect on howv fast it cools,
vhich is measured by the beta.

(Coamissioner Poberts returned to the
me2ting.)

CHAIRMAN PALLADINOs I am sorry, but you are
Joing just a littla too fast for me.

¥R. HANAUER: All right. Suppose we have an
over=-cooling traasient -~

CHAIRYAY PALLADINO: You wvere trying to tell
me about h2 10 d23rees, and I 4idn’'t €find 10 degrees.

¥E. HANAUER: All richt. Suppose you have an
over~cooling transient that goes down to some

temperature, let's say 300 degrees.

ALDERSON REPORTING COMPANY, INC.
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CHAIE¥ANY PALLADINO: All right, which cne do I’

vant to look at?

MR. HANAUER: All right. That depends on the

state of your vessel. If you have a 300-degree vessel --

CHAIEMAN PALLADINO: I see here it says, "TF
300 degrees.”

MR. HANAUERs Yes.

CHAIRMAN PALLADINOs: Do I follow that curve?

MR. HANAUER: Yes, but the same TF minus the
vessel properties. If you have a 300-degree vessel, you
go over here to zero.

CHAIRMAN PALLADINO: Yes.

MR. HANAUER: If you have better vessel, a
better vessel has a better RTNDT, you would go to the
left here.

CHAIRMAN PALLADINC: With a better vessel.

MR. HANAUER: A better vess2l is on the left.

CHAIRMAN PALLADINO: Yes.

¥} . HANAUER: I am sorry. A better vessel is
on the right, and it is less likely to crack.

CHAIRMAN PALLADINC: It depends on which way
ysu want t> look a1t it,

Let me see if I understand what you are
saying. If my referenced ¥DT were exactly egqual to 300

-= and I am taking the 300 curve -- then dces this say

ALDERSON REPORTING COMPANY, INC.
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that I could accommodate a pressure of 2000 psi without
cracking, or roughly?

¥R. HANAUER: VYes, that is what it says.

CHAIRMAN PALLADINO: Now if I 3o to 150
degrees, it says --

¥R. HANAUER: Now be careful, 150 degrees =--

CHAIRMAN PALLADINO: Let me go ts 250
dejrees.

¥R. HANAUER: All right, 250. Now TF mrinus
RTNDT is minus 50 d2g9rz2es down across the bottonm.

CHAIRMAN PALLADI&O: Yes.

MR. HANAUER: You go up to the 250 degree
curve, vhich is in fact right there with you, and it
says that you will crack *hat vessel because you are 50
degrees belov the vessel properties.

CHAIRMAN PALLADINO: I am £sllcwing the 250
degree curve --

¥R. HANAUER: You have a 250 degree transient
in a 300 degree vessel.

CHAIRMAN PALLADINGC: Now I understand, okay,
and it vould roughly hold 1000 psi.

MR. HANAUER: VYes, if it comes slowly with a
low beta.

CHAIRMAN PALLADINO:¢ What is beta?

¥YR. HANAUER: Beta is t he exponential

ALDERSON REPORTING COMPANY, INC.
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constant on page 5.

MR. DENTON: It is the time which it takes to
reach the final temperature, time constant.

CHAIRMAN PALLADINO: Which is faster?

MR. HANAUER: Large betas are faster.

CHAIERMAN PALLADINO: So I am over to the
ctight, ani I am oot as goo! as the on2 over to the
left?

MR. HANAUER: That is right, because the
over-cooling comes faster and the thermal stress is
grzater. You se2, there is a thermal stress, which is
determined by the temperatures and beta, and a pressure
stress vhich is determined by the pressure.

CHAIRMAN PALLADINO: So if I take my 250 curve
and a 30C-degree reference temperature, I couldn't hold
any pressure.

MB. HANAUER: That is right.

CHAIRMAN PALLADINO: Okavye.

¥R. HANAUER: Very crudely, you can stand a
transient more or less down tc the referenced
temperatur2. In fact, our more refined calculations say
that you can go below the referenced temperature by a
few degrees, less than 100. This is 2 very conservativer
curve. It assumes that there is a flaw right in the

cold place.
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COMMISSIONER GILINSKY: Are you talking about
crack initiation or crack propagation?

CHAIRMAN PALLADINO: I think he talks of
initiation.

MR. HANAUER: In the dictionary sense, it is
propagation, but the crack-folks call it initiation.
The pictur2 is, there is a pre-existing flaw, and this
transient sakes the flaw run or propagate, which the
fracture mechanics people call initiate. It is a
confusing terminologye.

COMMISSIONER GILINSKY: I am a little bit
troubl2d by wher2 you have drawn the line 2arlier as
delineating the acceptable region in that ve discussed
transients which go to temperatures below that.

MR. HANAUERs That is correct. There have

been transients which would have cracked this vessel, as

shown on those pages, namely, a vessel that has a
270-degree RTNDT in the axial welds or a 300-degree in

the circumferential walds.

CCHMISSIONER GILINSKY: So you are drawing the

line, or you are proposing a line at a level that would
not have coped with all the ones that we have

experienced?

ME. HANAUER: Would not, in this conservative

picture, have coped. Later, I will show you some

ALDERZON REPORTING COMPANY, INC.
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probabilistic fracture mechanics which give 3 brighter
story.

CHAIRMAN PALLADINO: Steve, you are making, or
maybe you are ndot, let me ask you. Are you making an
assumption that all the material throughout the
thickness has the same heat temperature?

MR. HANAUER: No, sir. This is quite a
complicatel calculation. It gives the variation of
material properties through the wall because of the
different irradiation, including accounting for the
change in the neutron spectrum. It alsc give the change
in the matarial pcoperties during the transisnt because
different parts of the wvall are different temreratures.
It accounts for these facts as a functicn of position in
the wall.

CHAIRMAN PALLADINC: The running
characteristics, though, of a crack are diffesrent.

¥MR. HANAUER: Yes. They are derendent on
irradiation and temperature, and both of *.. _se functions
are in this model.

COMMISSIONER ROBERTS: Are these vessel
stressed relieved at original manufacture?

MR. HANAUER: Yes, sire.

¥P. DENTON; When we started this about a2 year

1go, there were considerable differences between

ALDERSON REPORTING CCMPANY, INC.
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industry and ourselves on how to do these types of

calculations. I think now, at least with regard to
Westinghouse, in calculation of crack initiation, we are
in very close ajr22mant between the staff and the
industry.

MR. HANAUER: Yes.

MR. DENTON: This is not the basis on which ve
ar2 making recomma2ndations today. It is 3 more refined
curve later in th2 presentation that we put in more
realistic assumptions in certain aspects.

COMMISSIONER GILINSKY: I gather a less
conservative model.

MR. HANAUER: Yes.

MR. DENTON: With regard to the type of
crackse.

MR. HANAUER: Page 9 shows --

COMMISSIONER GILINSKY: It does seem to me
that if we are going to be conservative about anything,
this problem sounds like a candidate for being
conservative.

¥R. DENTON: W2 agree and we think we are. We
will try to showv you why.

MR. HANAUER: Page S shows the only
significant difference that I understand to exist

between us and th2 industry, and that is in the shape of

ALDERSON REPORTING COMPANY, INC.
440 FIRST ST, N.W., WASHINGTON, D.C. 20001 (202) 628-8300



®© O N o o

10
1"
12
13
14
15
18
17
18

19

21

8

24

the initial €flaw and in the shape in which the flaw
expands or propagates.

The right-hand side is the proposal by the
Westinghouse Owners Group. They propose that the
initial flaw be assumed to be six to one, that is to
say, a lonj, shallow elipse, and that the flaw enlarge
in the same shape as shown by curve A.

The original model, the mod2l whi~: we used
and still use, is shown on the left, where we assume
that the flaw is infinitely long, a convenient
mathematical abstraction, and that it grows as an
infinitely long crack.

CHAIRMAN PALLADINO: The depth in both cases
is the same?

MR. EANAUER: The depth is the parameter that
you use to characterize your crack. Depending on what
you are d4do5in3, you have different assumptions.

¥ovw, in order to figure out how important this
iifferance is, Westinghouse made some calculations.
They first made them in accordance with these
curve-shaped A. They then made them their elipticle
shaped initial flaw, but assuming that it propagates
like 2. Once the crack starts to run, it beccmes
infinitely long. The third set of calculations they

made was using our model, and their calculations using

ALDERSCN REPORTING COMPANY. INC.
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our model gave resnlts very close to our results. The
total diffarence between their model and our model is
about 100 degrees, so it is really very significant
inieed.

COMMISSICONER GILINSKY: A hundred degrees in
vhat?

¥R. HANAUER: That is to say, if you do a
fracture ma2chanics mojel and you ask which vessels will
crack, assuming the Westinghouse flaw gives you 100
degrees more margin than assuming the infinite staff
flaw.

We think the initial Westinghouse flaw is
probably more realistic than ours. That the initial
flav is more apt to be an elipse, or something fairly
short.

COMMISSIONER ROBERTS: It is certainly not
going to be of infinite length.

YR. HANAUER: No, sir.

COMMISSIONER ROBERTS: You just said that it
vas convenient mathematically for your model, but that
does not in any way mean that it is realistic.

¥R. HANAUER: That is correct.

#e think, however, that once they start to
run, that they will jet guite long, and there is a good

deal of experimental evidence from the Heavy Section

ALDERSON REPORTING COMPANY, INC.
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Steel Technology Program that this is true, although
infinity is still a mathematical abstraction.

If you look at these two things austractly,
the difference in the initial flaw, where we think
Westinghouse is probably right, is of the order of 10 or
15 degrees.

CHAIRMAN PALLADINOs Say that again, I anm
SOrry.

MR. HANAUER: The difference between
Westinghous2 and us, in the initial flaw shape, is only
vorth about 10 or 15 degrees.

COMMISSIONER GILINSKY:¢ The effect of the
initial flaw?

¥R. HANAUER: Yes, the effect of the differeat
shapes on the calculated failure.

CHAIRMAN PALLADINO: I am remembering the 100
you just said.

COEMISSIONER GILINSKY: He is going to get to
that.

¥R. HANAUER: VYes.

The effact of the shape of the flaw once it
starts to go is worth about 85 or 90 degrees. So the
difference is primarily in how cracks run and arrest,
rather than in hovw cracks are initially.

My own view is that the Wastinghous2 initial

ALDERSON REPORTING COMPANY, INC.
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crack is probably right, more realistic, and therefore
this page which I characterized as very conservative is
probably about 10 or 15 degrees conservative for this
reason alone.

The eviisnce from the Heavy Section Steel
Program is that the reality is closer to the infinite
crack than to the short Westinghouse crack. So my own
view is that wve should not give that large credit for
the Westinghouse crack shape.

The industry, or th2 Westinghouse Owners
Group's reply to this has been that they think that the
shorter crack shape is correct. They have a2 progranm
uniervay to demonstrate this, but it is apt to take more
than a year's research to show that it is true.

COMMISSIONER ROBERTS: 1Is it on-3oing?

MR. HANAUER: I don't guess I know whether it
is actually on-going or not. Perhaps there will be
somebody in the room who will know.

MR. DENTON: Let us provide that,
Commissioner.

COMMISSIONER GILINSKY: Ther2 is somebody
coming up.

¥Re SAROFF (Westinghous2): I am Ray Saroff
from Westiaghouse.

We 10 have an on-going Program undier the

ALDERSON REPORTING COMPANY, INC.
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auspices of the Westinghouse Owners Group to look at
flav shape growth characteristics. As Dr. Hanauer
indicated, that program extends through 1883,

There are other programs within the heavy
section st2el techknology at Oakridge that we think will
also produce data that will provide more realistic
growth characteristics for flaws as they extend. Again,
those are not scheduled for completion before the end of
1983.

As that data is accumulatad, I think wve will
have a more realistic picture of how the flaws extend.
But both programs are on-going.

HAIRMAN PALLADINC: Thank you.

MR. HANAUER: Page 10 gives the result of
applying this kind of a model to the eight over-ccoling
transients which have actually occurred.

COMMISSIONER GILINSXY: Would you just list
those eight?

MR. HANAUER: They are listed in this
€ iIclosure.

CHAIRMAN PALLADPINO: When you say, this kind
of a model =~

¥R. HANAUER: Enclosure A.

CHAIRMAN PALLADINO: When you say, this kind

of a model, you mean starting with the elips2 and going

ALDERSCON REPORTING COMPANY, INC.
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¥R. HANAUERs VNo, sir. These calculations
vere done with the infinite crack. So they are 10 to 15
degrees conservative.

The dotted curve on page 10 is the curve you
sav before plotted in final temperature terms. It runs
from about 225 degrees up to about 350 degrees. The
solid curve, what ve did was, we took each transient as
it actually occurs, ups and downs and all, and used it
vith this fracture mechanics model, and asked what
vessel at this plant, experiencing this transient, using
this conservative model, would have cracked.

So for the solid curve, these are values of
the reference temperature, the RTNDT, which these
transients, using this model, would have cracked.

CHAIRMAN PALLADINO: What is the bottom one;
that is the final temperature, is that right?

MR. HANAUER: The dotted curve is the final
fluid temperature that we talked about earlier.

CHAIRMAN PALLADINO: So now if they go up at
350 degrees, what does this mean?

MR. HANAUER: This says that the chance of
getting a transient that goes down tc 350 degrees is
ibout two times 10 to the minus 2. If you have a 350

degree vessel, the probability of cracking it from these
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eight events, with this conservative model, is just
about 10 t> the minus 2.

What this is is an evaluation of experience of
the transients that we have had, and ve asked, for each
transient, how bad would the vessel have had to be to
crack. These calculations vere done for us by Cakridge
Natiohal Laberatory. ‘

CCMMISSIONER GILINSKY: DPid you understand
that, Joe?

CHAIRMAN PALLADINOs I am trying. I think I
4i1, but I am not sure.

COMMISSIONER GILINSKY: I would 'ike to hear
it again.

¥R. HANAUER: Let's take the most severe one,
the Fancho Seco transient. The final temperature was
225 degrees. The actual vater temperature was 225
degrees.

CHAIRMAN PALLADINO: All right.

¥R. HANAUER:s Now we ask the code what kind of
vessel would that transient have cracked. The answver
vas, using this model, a 209 degree vessel would have
cracked by that event.

CHAIRMAN PALLADINO: Where did you read 209
degrees?

MR. HANAUER: So that the left-hand end of the

ALDERSON REPORTING COMPANY, INC.
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solid curve is at 209 degrees. There are *atles of
these in enclosure A to the Commission paper.

CHAIRMAN PALLADINO: You started out with a
225-degree -~

Mk. HANAUER: The water ot down to 225, but
it vent so fast that a 209 degree vessel would have been
cracked because the pressure wvent back up.

CHAIRMAN PALLADINO: Where do I see the 209?

¥R. FANAUER: It is the end of that black
line.

CHAIRMAN PALLADINOs I thouzht I would go up
from 22S5.

MR. HANAUER: That gjets you to the erd of the
dotted line, which is water temperature. There are two
curves her2.

COMMISSIONER GILINSKY: My dotted line peters

out.

CHAIRMAN PALLADINC: My dotted line is sort of
blurred.

COMMISSIONER ASSELSTINE: It ends at 250
degrees.

MR. HANAUER: Pardon me.
cHAIRMAN PALLADINO: I am sorry, at 225
degrees, I come up and I read a frequency.

MR. HANAUER: Y=2s, sir, and that is one

ALDERSON REPORTING COMPANY, INC.
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accident in 350 reactor years.

CEAIRMAN PALLADINO: All right.

¥R. HANAUER: It is about three times 10 to
th2 minus 3.

CHAIRMAN PALLADINO: What would have caused =--

MR. AANAUER: It is the worst one we have
had. So we have only had one that bad, and that is why
it is plotted down at about three timess 10 to the minus
3.

CHAIRMAN PALLADINO: Where do I go for 2097 I
am looking at the dotted curve.

¥R. HANAUER: The dotted curve is wvater
temperature, the transient temperature.

CHAIRMAN PALLADINC: What is the solid curve?

¥R. HANAUERs The solid curve is vessel
properties that would have cracked in those trﬁnsients.

CHAIRMAN PALLADINO: So these represent two
different things.

MR. FANAUER: Yes, sir.

CHAIRMANY PALLADINO: Okay, I 2idn‘'t catch
that.

MR. DENTCN: There is a dashed line right
above the solid line in the lower left, and the dashed
line is th2 wvater temperature. It looks like a smudge

there, but it is the dashed line.
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CHAIRMAN PALLADINO: Okay.

¥R. DENTON: It goes down to 225. So taking
that, and then turning to the code at Oakridge, they
back=-calculated what vessel properties would have been
reguired to predict failure.

CHATRMAN PALLADINO: How 1i4 you know that I
had to go the left to pick up to 209, or whatever that
nuaber is?

¥R. PENTON: We plotted the curve.

CHAIRMAN PALLADINO: Why is it worse?

¥R. HANAUER: Why is it vorse; because that
one happened so fast and the pressure was so high.

CHAIRMAN PALLADINO: Is this flat portion the
range?

¥R. FANAUER: No, sir. You had only eight
events, so each event makes a lump in the curve.
Generally, your probability curve, which is smooth, but
here wve are trying to figure out probability from only
eight things.

CHAIRMAN PALLADINO: But you saii that it went
so fast, so I must assume that part of the band has to
do with the 3speed with which they changed the water
temperatursz.

¥R. HANAUER: Yes, sir.

CHAIRMAN PALLADINO: So 209 is if I go very

ALDERSON REPORTING COMPANY, INC.
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fast. If I don't go so fast, it could be anything on
that bottom line?

MR. HANAUERs Yes, sir, it zould. Even, if
you do it slowly enough, it won't crack it at all more
or less at any situation. You see this is the thermal
stress, so if you go slovwly enough nothing happens.

CHAIRMAN PALLADINO: It depends on your delta
T.

¥R. HANAUER: Yes.

The next page, number 11, attempts to answver
the questions Are reactors alike? The answer is, no,
the BEW reactors appear to be different.

.- The big, tall, hatched curve on the left-hand
side, these are statistical spreads, this is another way
to try and lcok at what has already happened. Since we
have had only eight events, the statistical precision of
vhat wve are doing is very wide, and I have purposely
dravn thes2 curves wvide so people don't try and get
precise ansvers out of them, because they are not to be
found.

42 have had these eight events, and ve are
plotting here the same thing more or less as was plotted
in that solid zurve on the preceding curve, except
instead of plotting one curve now, I have shewn the

statistical spread which ccmes about from having had
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only a few events.

The three worse events have been =-- these are
the three on the left-hand side of the page -- the three
vorse events have been in BEW plants. You see, the 209
degree point over there, and the next one, have all been
in BELW plants, wh2reas the other 2vents on the page have
been in wWestinchouse plants. We have had no severe
dver-codliang events in Combustion-Engineering plants,
but ve have so few reactor years that the statistics of
that are re2ally very poor.

CHAIERNMAN PiLLADINOc Steve, you have this big
bled here.

MR. HANAUER: Yes.

CHAIRMAN PALLADINO: It has hashed lines going
to the right, that is the BEN.

342, HANAUER: Yes.

HAIRYAN PALLADINO: What does it tell me? I
see a range here of 209 to 28S.

MR. HANAUER: Those are the three over-cooling
transients wve have actually had in BEW plants.

CEAISYAN PALLADINO: You are sayving that the
final tempesrature range was between the 209 and the
285?

MR. HANAUER: Actually, this is plotted in

tecms 2f tha back-calculated how bad would the vessel
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have to be, and :hat is why it is 2089.

CHAIRMAN PALLADINC: All =inh+

MR. DENTON: Many of the meetings that we had
with industry dwelt on this point, whather or not there
are fundamental differences in the design and
operational modes of these plants that we should
recognizZe, and should wve treat Uestin;hous; plants
differently from the C-E plants and the BELY plants.

One thing I noticed in thess meetings is that
the Westinghouse and C-E Ovners Groups had a very strong
owners group and did tend to get a lcot of support from
C-E and Westinghouse. As we have discussed during our
recent meetings on water level jinstrumentation. In this
ar2a, again, the BEW Owners Group is practically
non-existent.

What vwe are dealing vith in the BEW case is a
bunch of ovners. So we did not have what I call a
coherent view of BEW plants from that owners group as ve
Jot from Wastinjhouse, whizh has a strong owners group,
and tended to treat all their Westinghouse plants and
all their operating data altogether. So we tended to
get, I think, Steve, some individual EEW owners and
their data.

MR. HANAUER: That is correct.

COMMNISSICNER GILINSKY: Where is this spread?

ALDERSON REPORTING COMPANY, INC.
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You say tha2re is a1 90 parcent confidence interval.

YR. HANAUER: That is the up and down. That
is the up and down spread on this. The upper-line is
the upper a2nd at 95 percent confidencs. The lower-line
is the 5 percent confidence.

CHAIRMAN PALLADINO: Which lowver line?

¥R. HANAUER: Way down there.

COMMISSIONER GILINSXY: This is on the basis
of three events?

¥R. EANAUER: VYes, sir, and that is why the
spread is so wil2, 1ni1 on the basis of the small number
of reactors.

COMMISSIONER GILINSKY: I am not sure which
distributions you are using.

MR. HANAUER: These are Poisson
airstributions.

CHAIRMAN PALLADINO: These are small
populations.

MR. HANAUER: VYes, they zire.

Aihat ve did wvas, we attempted to infer, from
wvhat I havs been talking about in the last
three-guarters of an hour, a tentative scrzen criterion
vhich ve would then test using some probabilistic
schemes.

shat we had to work with was what you have

ALDERSON REPORTING COMPANY, INC.
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just seen, and what we concluded from this was that we
would pick 270 de3zrees for longitudinal cracks, which is
what all this business has been. We later found cut
that in some vessels, the circumferential welds are the
ones with copper in thenm.

COMMISSIONER ROBERTS: Did you misspeak?
Didn't you mean longitudinal welds?

MR. HANAUER: Yes, sir, thank you.

Although we assume the cracks are in the wvelds
because the velds are the places where the high copper
is and where the brittle material is.

CHAIRMAN PALLADINO: Rlways?

MR. HANAUER: With one possible 2xception. In
one plant, the plate may dominate, but it is not very
serious because it is pretty jood stuff. So in the
problem plants, the problem materials are in the velds.

In some vessels, there aren't any longitudinal
velds, and in some other vessels the longitudinal wvelds
ar? lowv copper but the circumferential welds are high
sopper.

A circumferential weld, in which you assume
there is a circumferential crack, is a different beast.
In the first place, the pressure stresses are only half
as high and, in the second place, the crack is curved

10l so is restrained by the g20metry of the vassel.

ALDERSON REPORTING COMPANY, INC.
440 FIRST ST.. N.W., WASHINGTON, D.C. 20001 (202) 828-3300

41



10
1
12
13
14
15
18
17
18

19

21

24

42

Therefore, the situation is less severe. We did sonme
calculations and founi that there is at least a
30~-degree decrease in conservatism justified by that.
So given 270 for the longitudinal welds, we picked 300
degrees for the circumferantial velds.

CONMISSIONER GILINSKY: How well are these
nuabers defined?

MB. HANAUER: Very pocorly in two respects.

COMMISSIONER GILINSKY: Plus or minus what?

¥R. HANAUER: When you go to find out the
properties of an individual vessel, the standard
deviation is about 30-40 degrees. When you ask, how
vell are these nuabers deduced from the things I just
said, the precision is certainly no better than that,
ani probably wvorse.

CHAIRMAN PALLADINO: These are the
temperaturss for the NDT -~ These are the NDT referenced
temperatures --

MR. HANAUER: Yes, sir.

CHAIRMAN PALLADINO: =-- for the longitudinal
crack or the circamferential?

¥R. HANAUER: Yes, sir.

COMMISSIONER GILINSKY: So, in actual fact,
vhen you pick a number like 270, you may in reality end

up vwith sonethiang lika 319,
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¥R. HANAUER: No, sir, because the next page,
nuaber 13, shows how we ar2 g2ing to 2valuate a specific
vessel in a conservative way to avoid just that
problenm.

Number 13 shows how we are 32ing to decide
what the properties are of any given weld in any given
vessel. We start with measurzments of the original
properties of that material, and we call that 2T-0, the
original reference temperature. Then ve make a
calculation of the chang2 in the ra2ferenc2? temperature
due to the irradiaticn. And we have, in different
vessels, m2asurema2nts of the neutron fluids and
measurements of the material properties, and we have
also, to help us, the measurements of all those
specimens in all the vessels which 2elinsate the curve
better than any one specimen and any one vessel because
of the scatter.

CHAIRMAN PALLADINOs Steve, are ycu
characterizing the inner-most fibers of the steel?

¥R, HANAUER: Yes. We are characterizing this
whole complicatad thing.

CHAIRMAN PALLADINO: What I am getting at is
tha delta RT is not constant throuzh thes thickness.

MR. HANAUER: That is right. I anm

characterizing the whole vess2l and the value of PT at
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the inside wvall, and trnat is hou e characterized our
calculations., The calculestions include the change

through the walls, but in order to uss onz number, ve

‘used the numrer inside. That is not a conservatizm

because that changes in the Calculations that ve use to
pick it.

CHAIRMAN PALLADIYO: Okay.

COMMISSIONER GILINSXY:s Let me ask you, isn't
there a nuaber 200 which is fixed in our regulatioas, in
Appendix G, as having a certain significance?

¥R. HANAUER: The Appendix G has two things in
it. GCne is the upper-shell toughness, that is to say,
the toughness ¢f the material in the ductile range,
vhich is ils> »2ff2cted by ridiation and which se »re not
dealing with tcday, but is also the sudbject of an
investigaticn that has be2n 32ing on.

The second thing is that there is a provision
that the ta2mperature of the vessel -- the pressurization
of the vessel and tyaz tempersrure 2f the vesszal must
stay vithin the bouras dictated by the properties of the
vessel. I don't b2liere that thera is a nunber like
200.

Neal?

MR. MUPLEY: Yes, there it¢. ¥aybe Neal can

explain it further.
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The 200 degrees is svaluated at the guarter
thickness of the wall, sc that it means two inches into
the vall. 1If your vessel is expected to get to 200
degrees durinog its lifetime, our regulations require
that it has tc have the capability for annealing.

COMMISSIONE? GILINSKY: Do any vessels fall in
that category?

CHAIRMAN PALLADINO: You said, if the vessel
gets to 200, or do you mean if the referenced
temperaturae.

¥R. MURLEY: The referanced temperature of the
vessel is calculated to get to 200 dejrees a guarter of
the wvay through the wall, that is two inches into the
wall, then it has to shov the capability to anneal.

CHAIRMAN PALLADINO: It has to what?

MR. MURLEY: It has to have the capability to
be annealed.

CEAIRMAN PALLADINO: It is the referenced
temperature.

COMMISSIONER GILINSXY: Do any of the vessels
in use today fall in that greoup?

MR. HANRUER: VYes, sir, there¢ are vessels
which are predicted to have referenced temperature
higher than 200 at guarter-thickness by the end of

life.
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COMMISSICNER GILINSKY: Are they exempted from
this requirement?
¥R. HANAUER: Mo, sir. They
made a demonstration that annealing is
CHAIRMAN PALLADINC: What is
squareroot of
ER: That is tvo standard deviations

and since there are two components, you add the standard

deviations as the squareroot of the sum of the squares.

MR. DENTON: This responds, Commissioner

Gilinsky, to your concern about conservatism. I think
13 that vhen ve are characterizing the

vessel, ve are taking a conservative view, ir my

of characterizing the properties.

Jf course, there is a lot of uncertainty in
how you arrive at the correct numbers for doing the
rsreening, but wh2n wve go to an individual vessel, this
s the vay wve ar2 deteramining that vessel's properties,
which compensates for some of the uncertainties in the
rest th2 calzculation.

CHAIRMAN PALLADINO:

some empirical data?
MR. HANRAU
shown schematically on : ‘ ( e of the

actual correlation shown on The Commission has

>
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seen some o5f these before, and perhaps in the interest
of time, unless there is a question =--

CHAIRMAN PALLADINO: I have one question. If
I recall, these vessels have samples of original or
similar material in them which can be pullai out and
checked =--

MR. HANAUER: VYes.

CHAIRMAN PALLADINO: =~ which might give you a
better handle than some of the general curves on wvhat is
happening to the embrittlement.

MR. HANAUER: That is correct.

CHAIEMAN PALLADINO: Are these used to monitor
these vessels?

¥R. HANAUER: Yes. For each vessel, one
sarshalls the vessel specific information that is
available and also the generic information from all of
the samples of that kind of material. Ve look at both.

CHAIRMAN PALLADINOC: Do you show that in any
of your gproposals?

MR. HANAUER: It is in enclssure A, in one of
the appendices, which discusses this gquestion in scne
jetail.

¥R. DENTON: When we are talking in these
tables about the properties of individual vessels, it

ioes reflect the data that has been derived from those
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capsules in those plants vhere such data is available.

CHATIRMAN PALLADINO: You 4iin't use, maybe
that wvas too detailed. In your general recommendations
of what to do in the short-tecrm, the monitoring of those
specimens vas not mentioned.

MR. HANAUER: That is where all this
information came from, Mr. Chairman. That is wvhere the
curves cam2 from is evaluation of one of the capsules
that had been measured in all of thete vessels. What
you de in any given vessel is, you find out what you
know about that vessel from its own capsulass, and also
vhat you know more generally.

The capsules in the specific vessel give you
spacific information, but the spread on any one
measurement is fairly wide. By putting together the
measurements of all the similar materials, you establish
vith better accuracy what the properties are for that
family of materials.

CHAIRMAN PALLADINO: Let me buy it for a
vhile.

YR. HANAUEP: There is a great deal of work on
this, the latast being by Guthrie of the Hanford
Engineering Development Laboratory.

COMMISSIONER ZTLINSKY: I am going to have to

leave in a few minutes, dbut I d4id hope you could respond
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a little more t2> the gquestion of vhy you think it is
okay to set a tesmperature level which is well above
temperatures which have been attained in the varicus
events that we talked about.

¥R. HANAUER: The short ansver is that our
probabilistic zalculations show that there was too such
conservatism in the assumption of a crack being Jjust
vhere the cold vater was, that the probability of that
is low. Therefor2, the probability of that vessel
actually having failed in that transient is quite low.
That is vhy wve proposad to set it at that high a value.
That is the short ansver.

COMMISSIONER GILINSKY: On the basis of sonme
notion of the frequency of cracks?

MR. HANAUER: Yes, sir. There is in our
probabilistic model a crack probability distribution
based on a number of measurements in which several

thousand nma2ters of welds were disected to £ind all the

€lavs, and the probability of such flaws being there and

not being detected was evaluated.
CHAIRMAN PALLADINO: Steve, could I use your

criterion o>n slide 8 just for a moment. If I go to

zero, and I am going to use your 270 degr=2es number, and

I vwill go over here and stick to the rlght-hand group,

the 270-degree line £fo5r the bottom temperatur=, and
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since I have got a 270-degree 5DT and zeroc, this would
say that I could carry over 2000 psi, or better than
2000.

¥R. HANAUER: Yes. A 270-degree transient in
a 270-degr2e vessel. even in this conservative model,
could stand high pressure.

The answar to Commissioner Gilinsky's guestion
concerns a 209-degree transient in a 270-degree vessel.
COMMISSIONER GILINSKY: Precisely.

¥R. HANAUER: In that case -~

CHAIRMAN PALLADINO: Let me follow this one.
Let's follow it on slide 8.

MR. HANAUER: You have to g2 to minus 60 on
the apsis.

CHAIRMAN PALLADINO: Okay.

MR. HANAUER: You find that for the large
beta, it will crack for any pressure, because you are to
the left of the 209-degree curve. But for the small
beta, vYau can 3o aup to 209 ani you can stand about 1000
»si.

COMMTISSIONER GILINSXY: Let me ask you, in
setting the limit, what sort of guidance did ycu use in
de~iding how auch of a safety margin there ought to be?

MR. HANAUER: I will tell you where ve

started., W2 saii, wve will pick about a 10 ¢o the minus
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2, transient, 2nd ve will pick a vessel model without a
10 to the minus 4 of wrecking the vessel. At that time,
ve knev both of those numbers very poorly. We looked at
10 to the minus 2 transients, some of those curves ve
showed you earlier., ani that is a number about 270
degrees.

At ‘that time, ve knew very little about
whether tha vessel failure probability was in fact 10 to
the minus 4 or not. We had some early probabilistic
fracture mechanics curves. Later on, some of these
curves shifted around, and in fact, the 270, if we had
stuck to our original basis, could have been 300 or
hijher. 1In the m2anwhile, we had better probabilistic
curves and that told us to stay at about 270.

This is not a precise business. The original
choice of the number =--

COMMISSIONER GILINSKY: I have not had a
chance to 3o through this six-inches of report, are the
assumptions laid out in there?

¥R. HANAUER: VYos, sir.

MR. DENTCN: They originally were well below
the type of safety goal of 10 to the minus 4 that the
Commission was talking about, because of the seriousness
of this type of failure. We folt that we wer2 in about

a2 One time 10 to the minus & space, but very uncertain.
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As it has 2volved, ani Steve has the latest number,

vhich is later in the presertation, but that is what wve
were kind >f shooting for when we first started, to make
this a very remote event.

COMMISSIONER GILINSKY: We have talked about
this before. A severe break in the vessel is something
for which we have not provided protection.

¥R. HANAUER: That is correcte.

COMMISSIONER GILINSKY: So it is something
with which ve cught to be extremely careful. I know
there is no need to tell you.that, but I just wanted to
give you my view.

MR. DENTON: The numbers for the screening
criterion, Steve has some estimates.
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