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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

ADVISORY COMMITTEE ON REACTOR SAFEGUARDS

270TH GENERAL MEETING

Room 1046
1717 H Street, N.W.
Washington, D.C.

Friday, October 8, 1982

The Committee met, pursuant to notice, at 8:30

a.m.,, PAUL G. SHEWMON, Chairman of the Committee,

presiding.

PRESENT:
ACRS

ALSO

MEVMBERS:

PAUL G. SHEWMON, Chairman
JEREMIAH J. RAY, Vice Chairman
J. CARSON MARK, Member
MILTON S. PLESSET, Member
CHESTER P. SIESS, Member
ROBERT C. AXTMANN, Member
DADE W. MOELLER, Member
MYER BENDER, Member
WILLIAM KERR, Member

MAX W. CARBON, Member
FORREST J. REMICK, Member
DAVID A. WARD, Member
JESSE C. EBERSOLE, Member
HAROLD W. LEWIS, Member
DAVID OKRENT, Member

M. NORMAN SCHWARTZ,
ACRS Professional Secretary

RAYMOND F. FRALEY,
Desigznated Federal Employee

PRESENT:

DENETRIOS BASDEKAS
GERRY BLAKE

FRANK SCHROEDER
MILTCON VAGINS

E. IGNE

¥R. CHANG

¥R. KLECXER
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PROCEEDINGS
MR. SHEWMON: CGCood morning.

This is the second day of the 270th meeting of
the Advisory Committee on Reactor Safeguardis. Today ve
will hear reports on and Aiscuss reactor pressure vessel
thermal shock and ACRS Subcommittee activities.

The meeting is being conducted in accordance
vith the provisions of the Federal Advisory Committee
Act and the Government in the Sunshine Act. Flipidio
Igne on my right is the Designated Federal Employee for
this portion of the meeting.

Portions of the meeting may be closed, it says
here, but I really doubt it.

A transcript of portions of the meeting is
being kept. It's requested that 2ach person first
identify himself or herself and spea® up loudly enough
so that they can be heard.

We have received one written statement, but no
requests for oral presentations. The written statement
is the pink cover on the front. 1It's Basdekas to Ross
== I'm sorry, to Carl Johnson. There are no other
statements that have been presented.

The first item on today's schedule is a
Subcommittee report on reactor pressure vessel thermal

shocke. For that I will call on ¥r. BRender.

ALDERSON REPORTING COMPANY, INC,
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MR. BENDER: Thank you, Mr. Chairman.
This subja2ct has bea2n arouni for quite a vhile

now. The Regulatory Staff has come to a position on how

the regulatory organization should deal with it. I

would like to remind you of a few facts and then to try
to discuss some approaches to evaluating what the Staff
is recommendinag.

First, there hove been a number of occesions,
as everyone knows, wvhere pressurization conaitions have
occurred in combination with working conditions where

thermal stress and pressure stress are imposed on

pressure vessels. The Rancho Seco case has been talked
about a lot. The Turkey Point case has been talked
about some. The Ginna case has been talked aboui some.
There are a number of them.

I don't think anycne believes that the events
that have occurrel have represented cases vhere the
combination of stresses occurred on a vessel that wvas
likely to have flaw growth of significance as a result
of the conditions imposed on them. But there are
vessels that exist in older nuclear plants that are
being exposed to neutrons at fluence conditions that are
getting them up in the range of several times 1019.

As you increase the fluence level, the lik2lihood of

some reduction in fracture toughness has been

ALDERSON REPORTING COMPANY, INC,
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demonstrated by experimental work on pressure vessel
materials.

We have always recognized that there might
come a time when fluence wouli be high enough to cause a
real concern about that matter. Back in the days when
the ACRS was reviewing the pressure vessel technology
business, a little over ten year: ago, the Committee
recommendei that, in addition to operational controls
and manufacturing controls over pressure vessels and
provisions being made eventually for the potential for
dealiny with these vessels, with the anticipation that
in dealing with temperatures a little over 700 doqree;
would result in some relief from the loss of fracture
toughness and bring back some ductility that was in the
vessels initially.

That subject is still alive and I think it bas
been brought back into focus again by the juestions that
have been raised by pressurized thermal shock. Now, as
far as T know no one has sver really seriously looked at
how to anneal a vessel that has been to high levels of
fluence and has some levels of radioactivity associated
vith it and at the same time is going to be put back in
service later on. It's probably practical to do it, but
vhen goingy intoc it in the detail that might be necessary

in Order tc esiablish that it is useable and useful for

ALDERSON REPORTING COMPANY, INC,
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the plant to carry on this procedure, it would take some
time.

So I am sure that it is not going to be esy to
suggest annuealiny of pressurs vessels to people if it
isn't necessary to do it. Consequently, most of us
vould prefer to find a position at vhich the technology
itself provides a reasonable basis for being comfortable
vith the existing vessels under the right operational
controls.

The Staff has been busily trying to develop a
position which does not rule out the requirement of
annealing, but rather focuses on how far you can afford
to go before you begin to look around for alternatives
to letting the plants operate in the mode in which they
presently operate.

When we formed the working group a little over
six months ago, it was with the anticipation that wve
vould get together a group of people who wvere
knowledgeable about this question and that they would in
turn review with the Staff the information that wvas
available and review with the industry what they thought
the problams wer2, and in the 2nd b2 ible to develop
then for the Committee some kind of a basis for judging
how to deal with the issues of pressurized thermal

shock.
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I think the issues -- and they are outlined in
the working group draft report that has been provided to
all of you -~ really boil down to two things: First,
have the vessels really been embrittled enough for us to
be concerned about in terms of fracture under the
transients that have to be postulated? Secondly, if
they have, do we understand the transients well enough
to be able to prepare operating procedures that will
Juard ajainst th2 combiniation of conditions that someone
might postulate could lead to the vessei fracture?

Both of those issues have to be addressed, and
you will hear in the Staff presentation this morning
some views on how to deal with this. The Staff's
approach has a combination of probabilistiz evaluation
and deterministic analysis as a basis for its
recommendation. I wouldn't call it PRA in the sense
that PRA is being used in the commmcn discussion.

In the latter part of the presentation, the
Staff is attempting to describe howv this work will be
related to the proposed NRC safety goals. I personally
would not take that discussion too seriously, becavse I
find it difficult to feollow. Other people might see it
differently. I am not known for my enthusiasm for PRA,
and of my 2xpress2d1 skepticism about it no one should be

surprised.
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Now, with regard to the materials gquestions
there are a few things that need to be kept in mind.
First, most of these vessels that are of concern wvere
fabricated at a time when all the information about
materials that influence fracture toughness was not
available.

In particular, we didn‘'t know enough about
copper and nickel and its contribution to know that you
had to be very careful about controlling those things.
So the welding materials that wvere used in fabricating
some of the vessels included some copper flash coating
on the welding rods. As I understood it, that was
intended as a way of protecting the welding material
vhile it wvas in storage, and that introduced some copper
into the velds.

Later on ve found out copper wvas pretty
important, and so that question of how much copper is in
the welds and how much does it contribute to the loss in
fracture toughna2ss is still an open item. The Staff
has, in cooperation with industry, attempted to develop
some corra2lations.

They have as much data as they can get their
hands on right now, and they have developed som curves
that were 1on2 up at Battelle Northwest that are

characterized as the Guthrie curves, that relate

ALDERSON REPORTING COMPANY, INC,
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fracture toughness in some way to the copper and the
nickel composition in the welds. And on the basis of
that, they're trying to make a judgment about how these
vessels, having been exposed to certain fluence
conditions with certain constituents in the weld
materials and to some degree in the vessels in the
parent metal as wvell, are behaving in terms of their
fracture toughness.

Important to this is the guestion of whether
there are flaws in the welds, whether there are flaws in
tha vessels, how big they are, which stresses are
iwmposed upon them, and how all of these things add up to
something that might cause fracture to occur and
progress t> the point of causing the vassel to fail.

There are programs in place to investigate
this business in Oak Ridge and in other places. It has
been going on for a long time. It has been established
that you can make flaws initiate growth under the right
combinations of pressure and thermal stress conditions.

Most people believe that thermal stresses
alone will not cause a flaw to the extent that it will
go all the way through the vessel wall. T think you
will hear today that the Staff has concluded that if you
get the pressure in the primary system down below about

S00 psi that there would be no concern for that kind of

ALDERSON REPORTING COMPANY, INC,
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flaw progression.

At the same time, the view of the Staff seems
to be, as I interpret it, that the best regulatory
practice would be to operate the vessel and control the
loss in fracture toughness through neutron exposure in a
vay that would make sure that the vessels didn't
initiate flaw growth, as opposed to allowing the flaw to
progress to a point vhere it might stop, on the premise
that the vassel itself has a difference in toughness
through its wall, and even though a flaw might initiate
that it would grow to some extent and then stop.

At the same time, there is a recognition that
flavs can initiate, grow, and then stop if there is a
range of toughness in the vessel and if, as you go
tovard the outer wall, the vessels are tough encugh so
that they -an resist this combination of stresses at the
flaw that ~auses it to progress. That will be discussed
some this morning and I don't want to go further with
it.

Novw, in order to do anything it's been
necessary to determine what kinds of transients are
important. So the Staff has spent considerailc time
trying to develop an understanding of what the
transieats are, what their probabilities are, and how

one might assess such things in determining whether the

ALDERSON REPORTING COMPANY, INC,
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vessels are vulnerable to cracking.

In my opinion they have done a pretty good
job. I think most people think that they have made at
least a valiant try. Put no one wvouli want to claim,
including the Staff, that they have found all the
transients that might be of concern.

So they have tried to develop some kind of
probabilistic approach to addressing the matter. At the
same time, they are not sure that they knowv -- I take
that back. They are sure that they don't know whether
flavs 2xist, hov big they are, and how important they
are in terms of geometry, location and the like. So
they have attempted to deal with that too
probabilistically.

Yhen you do all of these things in
combination, you clearly wind up with a fairly
coaplicated story, and in Dr. Hanauer =-- I think he's
here to present it this morning.

MR. HANAUER:s Yes.

MR. BENDER: He does a commendable job of
presenting it, and wve have decided that it would be in
the best interests of the Committee to hear it
firsthand. So he is going to present it this morning.

I am not going to try to go further with this

discussion, other than to say the working group has had

ALDERSON REPORTING COMPANY, INC,
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a couple of meetings with the Staff. The last one vas
considerably more satisfying than the first one in ternms
of enabliny us to understand better what the problenm

is.

I think wve would have to say at this stage of
the game that tha Staff's projram for experimentally
verifying what they know, for arranging with the
licensees to get information supplementally -- what they
have for the purpase of just assessing circumstances is
still a little vague and probably needs to be
strengthened more.

One of the things they have done in the course
of presenting the story is to develop some :asis for
deciding when something should be done. They are
offering what they have decided to call screening
criteria, which are essentially some temperature
conditions that are postulated tv be those where one
might bacome concerned about flaw growth to the extent
of wanting to prepare for future action.

The numbers that have been developed are 270
degrees Fahrenh2it for €fhe longitudinal welds and 300
degrees for the circumferential welds, on the basis that
the longyituiinal welds have higher stresses. These
temperatures, which are related to something called the

RT » are precsum2d to be temperatures at which, if
NDT

ALDERSON REPORTING COMPANY, INC,
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the right combinaticn of stresses and flaws existed,
there might be significant flaw growth.

Now, the screening criteria are not the
temperatures at which this becomes a concern. They are
a temperature level somewhat below the point at which
the Staff would postulate growth actually occurringe.

But they represent a condition where preparatory actions
ar2 to be taken.

The Staff has contended that probably about
three years before the need to take action one ought to
be prepared to 40 it, or ought to be preparing to do
it. So they have set their screening criteria with the
anticipation that if the vessels reach RT values
that vere in the range specified at the v:gzos specified
in the screeningy criteria, they would request applicants
to start doing something to make sure that the
progression in loss of fractecre toughness wvas altered in
some degree to reduce the ratz2 of accumulation of
toughness loss or, alternatively, to take some action to
regain it by annealing or some such other action.

Just exactly wvhat would be done I think we're
not clear on right now. That is one of the reasons why
I think the Staff needs to do a lot more work in this
area.

The working group, which includes a number of

ALDERSON REPORTING COMPANY, INC,
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Committee mewbers -- Bob Axtmann, Paul Shewmon, Forrest
Remick, me, and -- I think that's all. 1Is that right?
Oh, Dave Ward, excuse me. Dave is an occasional
visitor. And a number of consultants wvho have been
identified for yoa.~and I'11l not bothar to go through
the list today.

They at least represent a good spectrum of
people who have had an opportunity to look at this
thing. I myself feel like wve have a combination of
people that can offer a pretty good understanding of the
vhole problem.

The working group has heard the presentation
and I think at this stage of the game we have jointly
agreed that the screening approach that the Staff has
leveloped is a good one. It is safe enough and it ought
to be accepted.

That does not mean that we have complete
happiness with th2 whole situation, but we do know
enough to think that the Staff will not be in trouble
provided they diligently pursue the problem from here on
in, and that the applicants or licensees take enoudh
time to understand what the problem is, to be able to
deal with {t.

That is about where I would like to stop

discussion and invite my colleagues to add anything.

ALDERSON REPORTING COMPANY, INC,
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MR, SHEAMONs I guess I have twvo points. One,
you commentad you didn*t think anybody loocked hard
enough at annealing a pressure vessel. There is a thick
report cout that Westinghouse 4id for FPRI on this. It
may not be completely to your liking, but they certainly
have looked hard at the possibility of it and what the
potential problems and approaches would be.

The other thing that I think has been in the
approach is, ve wduld rather not have a crack start
moving. That has been what is to be avoided. There
have been -~ perhaps Steve when he goes over this will
talk some about what might be the probabilities, if one
did pop in someplace, that it could indeed lead to a
core melt, because if one did vant to get into a
probabilistic thing it is the cor2 melt that people get
concerned about, and there are a fair number cf things
vhich make it quite unlikely.

A lot of things have to happen between popping
a crack wvith pressurized thermal shock and going the
limit. But that is all I have.

MR. BENDER: Did anybody else want to
comment? Bob?

MR. AXTMANN: One of the ameliorative
strategies one can use in the meantime while this issue

gets resolved is to minimize the high neutron fluence to

ALDERSON REPORTING COMPANY, INC,
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the edge of the -~ to the reactor wall. Although the
Westinghouse group I believe has a straightforwvard
program t£o try t> start re=loaiing the core in such a way
that, A, the outer fuel elements are replaced with
stainless steel rods, but the core loading is adjusted
in such a way that the total power of at least some of
the reactors is not changed, so that the conocnic
penalty is not there.

I am not sure just how many of the reactors
are planning to do this. The Staff report did not seenm
to talk about this much, although it is mentioned. I
think it is worth considering, since it does push off
the day when RT approaches the magical number
vithin three -1:3:es or so, that would be worth thinking
about and perhaps advising very strongly that all of the
reactor vessels at risk get active in this area.

Perhaps they are. It wvas not clear from the
presentation.

MR. BENDERs As I understand it -- and Steve
will probably straighten us out if I garble it -- in
this screening criterion it has been 2stablishei that
that vas one of the measures that might be considered.
You might want to do some of those things earlier.

MR. AXTMANN: That's what I'm suggesting.

MR. BRENDER: I don't know if we've heard

ALDERSON REPORTING COMPANY, INC,
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enough to know if that's a good idea or not. There is

one plant that has already gone ahead with it.

MR, SHEWMON: I think we've heard that most of
them have.

MR. MARK: I think I'll defer my gquestions
until the Staff's presentation.

MR. BENDER: To follow on what Bob has said a
little bit, all of the plants I think szre looking at
changes in the way in which they manage the fuel, so
that the spent fuel is moving toward the outer
perimeter. That has some inherent advantages in
reducing the fluence at the perimeter of the core. So
that alone will help, I believe.

In addition, there are some other things that
might be done in addition to just adding the stainless
steel rods at the peak points around the core. I
suspect some people are locking at the value of doing
that. You might have to give up some fuel performance
or re-examine the Appendix K requirements if that vere
done, and that might take a little time to do it.

But T think it is fair to say that all of the
licensees are thinking about those as alternatives, and
many of tham may be taking such action without saying
they are doing it because they do not wvant to have the

regulatory commitments that go with the actions until

ALDERSCN REPORTING COMPANY, INC,
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they've actually reached some decision about it.

I suspect that if no one else has any
comments, that th2 best thing to 40 would be to turn the
meeting over to the FRegulatory Staff.

Jesse?

MR. EBERSOLE: May I ask a guastion? MNike, I
heard you say that as long as you don't exceed 500

pounds probably you don't have a probleme.

¥R. BENDER: I think that's what the story
is.

¥R. EBERSOLE: It seems to me that the complex
nature of this event sums up to the fact that it is

pretty stupid to repressurize a vessel once you've
experienced a low temperature, low prassure transient,
and some mechanism should be evaluated to put a block in
the road tc repressurization. This would probably
include automatic controls to prevent that. I guess it
vould automatically have to consider the standard Cerman
pratice of blowving the sacondary system down.

But I feel that there are clear ways to simply
avoid doing this nasty thing to these vessels and ve are
not properly exploiting the opportunities to 40 so.

MR. BENDER: Well, as one who has a bias in
that direction, you're not likely to get any real

argument from me. But what I would prefer to say at

ALDERSON REPORTING COMPANY, INC,
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this time, or consider, is that prior to being in a
position of insisting upon it that we try to find out
wvhat the pros and cons are and whether ve're inviting
troubles in other ways.

MR. SHEWMON: Can we move on?

MR. MARKs I have a feeling, perhaps not well
based, there ars arbitrary featurss abnut the estimate
of the motion of the RT curve with _Juence. The
fluence itself should nggTreally hang vp as a major
mystery. The question of whether neutrons only above
one MEV are counted is of course mysterious.

The question of the fact that they go through
the vall ani change as you go through and the effect of
that are points which seem to me just ss important as
trying to move the fuel around, because they are wide
op2n. And I woull hope to hear from the Staff hov wve
are closing in on getting absolute information of the
meaning of ona MEV flux distribution, things of that
kind.

MR. BENDER: I think we can explore that.

MP. SHEWMON: Steve?

MR. HANAUER: T seem to have a large amount of
hardvare here, Mr. Chairman.

MR. SHEWFON: That's so you can move around

freely.
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¥R. HANAUERs No, in fact it provides a tether
to restrict m? movement, and the electrodes have been
placed for that purpose.

¥r. Chairman, I am going to give, with some
variation, the presentation, somewhat shortened also,
that Mr. Bender described to you. Since we appeared
before the Subcommittee a week ago yesterday, the status
o2f these racommaniations has chang2l slightly. The
recommendations have been adopted by the management of
the Office of Nuclear Regulation, which I reported a
veek ago Thursday had not been accomplished.

The discussion vwith the Subcommittee of course
suggested to us a aamber of things which raguired
further investigation. So with me today is Mr. Gerry
Blake, section chief of Materials and Processes Section
in the Engineering Inspection Branch in Region II, who
has had cognizance of the three ten-year vessel
inspections at Turkey Point, H.P. Robinson, and Oconee,
by happy chance all in one region, that have taken place
in the last year or so, and for which he can report both
methods and results, a subject of some interest to the
Subcommittee and which ve were not adeguately prepared
to discuss with the p2ople we had in the room on that
day.

Also with us is ¥r. C. Y. Ching, the section

ALDERSON REPORTING COMPANY, INC,
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leader in the the Materials Engineering Branch in NRR,
to ansver any questions you may have that the regional
cepres2ntative aijht not have cognizance of.

Mr. Ching and Mr. Blake have to leave at 12:30
to go to another meeting with the Committee to Keview
Generic Requirements. They have to leave at 12:30.
Therefore, depending on whether I'm still alive and
talking wvhen it gets to be about 11330, I will suggest
to you, ¥r. Chairman, that we should, if ve have not
already gotten to it, hear their story.

YR. SHEWYMON: The program or schedule has you
finished by 11:00 and T will do my best to see that that
is indeed the case.

MR. HANAUERs Yes, sir.

(Laughter.)

MR. HANAUER: Of course, during my tenure wve
never run over the allotted time.

(Laughter.)

MR. HANAUER: We discussed this proposed
program with the Committee to Review CGeneric
Requirements, the Stello Committee, the night before
last. It seemed to last forever. As a matter of fact,
the Committee also recommended a number of places for
additional consideration. I will enumerate them for

you. Ry ao surprise at all, they are some of the same
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things the Subcomnittee z2roedi in on.

They discussed with us the corpleteness of the
probabdbilistic raview of the tail of the curve, more
about which in a moment, and suggested a couple of other
sequences which wve should have a look at. They asked us
to consider more flux reduction options, including the
possibility of a better balancing betveen, for example,
emergency core =221liny, limitations on peak powver
densities, flux reductien, which tends to push up peak
pover densities but reduces pressurized thermal shock,
and economy of operation, which dictates running the
plant at full powver, and to consider various tradeoffs
involved in then.

They also asked us to consider va;s to get
started sooner on problem plants than the original Staff
proposal of getting going at T qinus 3 years. We are
looking into all of these, but I will not be able to
present you with a finished product.

I also feel the nbligation to tell the
Committee that there are two alternative views withain
tre Staff, and T would like tc ask you to be cognizant
of them. One you have already mentioned is embodied in
the memorznium from Demetrios Pasdekas to Carl Johnson
and the references therein. The other is an alternative

viewpoint by Sandy Israel. And I wi’l recommend to you
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alternative viewpoints.

I must 3lso tell you that this morning at 6:00
o'clock we received from our peer review group at
Battelle Northwest an updated set of views, which T
would hand to Mr. Igne ard recommend that he reproduce
for the Committee's information in its deliberation. In
general, they support the Staff's proposal, but they
have some problem with the way in which the Staff
proposes to evaluate the change in RT during the
plant’'s 1lif2. I would simply want tongzt the existence
of this letter on the record and to invite you to
consider it later on in your deliberations.

Now, in the year since the Committee has heard
in any extensive way about this problem we and the
industry have been doing 2 great jeal of work. A year
agc we wvent to the Committee and the Commission and
said, thers is no immediate problem, give us a year.

We have now had a year, rather generously
dimensioned -- it's about a 14-month year, in fact =--
and rather than come out with a simpla criterion by
which to decide whether a plant can run or a plant must
be shut down or annealed, we have discovered that the
problem is, as Mr. Bender guite properly put it, very

auch more complicated and interdisciplinary even than it
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seemed a year ago, wvhich vas plenty complicated enough
and interdisciplinary enough, and that the detailed
decisions in the Staff's presant opinion about what to
do about individual plants must be decided plant by
plant; that the plant differences are indeed very large
and that a simple criterion, if RT is greater than
295 degrees you have to anneal yougbsessel or shut down
your plant, is simply inappropriate; and that there are
many other differences in plant transient
susceptibility, plant transient response, vessel
condition, materials properties, and costs and risk
benefjts of various alternative decisions ~-- for
example, the subjects discussed by Mr. Fbersole a little
earlier -- that make the ultimate outcome for any given
plant necessarily, in the Staff's opinion, based on the
details of how pressurized thermal shock.

We have come up with a more modest animal,
which is 1 screening criterion to determine which
plants, which plant licensees, should spend the rather
substantial resources involved in doing a plant-specific
ana’ysis of the scope recommended. And I will come back
to this plant-specific analysis.

What we hav2 not done, which was originally
part of our assignment but which has so far eluded us

and which will regquire further work, is to establish the
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acceptance criteria or the backfit criteria for deciding
plant by plant how much ovackfitting is required and
when. * And the state of our knowledge -- I would
earnestly request the Committee either to -~cee with us
or provide other juidance =-- that the state of our
knowledge is such that more work ought to be done and
that time is available for more work to establish the
better, cost-2ffective, risk-effective, backfitting
guidelines for pressurized thermal shecck.

I also would mention, so I don‘'t forget, the
extensive industry program, particularly on the part of
the Westinghouse owners group, on which a substantial
part of what I'm jo0ing to say is based, and the very
substantial NRC Research and Licensing programs under
way und the very important assistance that the ¥RR has
received from the research groups in several aspects of
this problenm.

Now, what I am goiny to do =-- you have a
handout with pages, and I'm not going to showv all of
them, mindful of the Chairman's admonishment about
time. Here's what I'm going to dos I'm going to tall
about the jeneral approach. I am going to talk about
how ve got to the screening criteria, and then I'm going
to talk about some probabilistic evaluations that help

us to evaluate the screening criteria, and finally talk
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about some of our recommendations.

(Slide.)

de have chosen not to find one cr a small
number of design basis pressurized thermal shock events
to bpe evaluated with prascribsd evaluation models and
compared with conservative acceptance criteria, as ve
have dcne for many others and as ve did most memorably
for emergency cor2 cooling. This change in view and
change in approach, which is nev and has provided us
with many advantages and many difficulties, is based on
our experience yith a fev severe design basis
transients, severe, conservative, unrealistic evaluation
models, and the acceptance criteria that g¢go with thenm.

They are so unrealistic, wve have foun&. for
2xample, in c.r t2n years wvork with Appendix K and
emergency core c¢o920ling, that they do not provide the
basis for estimating the amount of safety or the level
of safety actually achieved; and they do nct provide the
basis for deciding where the problems are, the real
probems; and they do not provide the basis for deciding
the real risk-cost tradeoffs, and in particular the
tradeoffs amonost pressurized thermal shock and other
things.

Therefore, we have chosen a mor2 realistic

approach, and vwe solicit the Committee‘'s comments on
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coamands your support.

(Slide.)

Now, the typology of pressurized thermal shock
is illustrated in this schematic drawving. Here is the
probability of having some event worse than X, and for X
I have chosen a ta2mperature represe.:ation. I am
deliberately vague about this. You will see in the
future sevaral ways of ra2presanting this temperature.

Now, for pressurized thermal shock low
temperatures are bad. You'll notice that in spite of
this being pressurized thermal shock I havs simplified
this presentation and there is no pressure dimension.
That is an additional refinem2nt which you will see
later also.

Now then, we have experience with overcooling
transients, which I have represented in this way. Since
the ordinate is the probability or frequency of getting
something worse than X, the curves are monotonic to the
right, rather than the usual probability curves, which
usually peel off because they're defined in the opposite
vay.

Now, below the limit of our overcooling event
2xperisnce ar2 other kinds of things that could happen.

We know they couli happen. They have not happened,
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therefore they must be reckoned with by some analysis
instead of experiance.

We have chosen to make this analysis
probabilistic and the probability curve is characterized
in the schematic way by what I call the tail of the
curve, which is simply the frequency-severity curve
below the 2xperience linmit.

Finally, I indicate the presence of some
outliers. We hava done a lot of work on this curve, and
I'11 show you some results after I talk about the
screening criterion a little bit.

For a while this work had to be characterized
as dealing with the outlier of the week. As wve
proceeia2d our way through the various event sequencer;
that could occur one by one, we found things that, oh
boy, they were pretty bad, or oh boy, they were pretty
proba’*le. And then we had to analyze them in more and
more detail.

Now, some of them turned out not to be
outliers. Therefore, the tail had to be redrawn to take
into account those outliers which did not go awvay or
merge down into the rest of them. And these outliers,
one particular class of small break loss of cooclant
accidents turned out to jominate for the plants for

which the study was done.
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(Slide.)

Now, the experience in overcooling transients
is illustrated by such drawvings as this, which is the
H.B. Robinson event. The pressure comes down, then up,
and has various jigs and jogs. The temperature comes
down rather more smoothly typically, but has various
kinds of ups and 1owns.

An even more extreme example is the Rancho
Seco transient.

(Slide.)

The pressure has this marvelously sawvtoothed

appearance, and th. temperature again is rather smooth.,

MRE. MARKX: What temperature are we looking
at?

MR. HANAUER: This is the temperature measured
in the cold leg. That is the closest we can get to the

temperatures of the water in the downcomer, which is the
variable but which is not directly measured. When we
infer from actual experience, we use that measurement.
For those transients where there is a fair

amount of flow, that is a pretty good thing to do. For
those transients vhere the flow is guite low, there is a
leap in inference which is not all that wvoncferfully well
Justified.

Ne are in next year's pregram going to develop
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better mod2ls and to calculate for these and other
events the temperature of the fluid in the downcomer.
But that has not yet been done.

MR. MARK: Now, what we know, then, is the
temperature of the metal is not this low, unless
possibly on some film on the inside?

MR. HANAUER: The temperature of the metal is
indeed not this low, for two reasons. One is that this
vater is somewvhere else, and for some transients will
mix before it gets to the metal, and the h2at transfer
to the metal introduces an additional lag. The heat
transfer t> the mestal is modeled in our model, but the
difference in temperature between the cold leg and the
surface of the metal is not modeled in ocur present
model.

¥R. AARK: And it is the metal on the inner
surface that ve are thinking of that this approximates?

MR. HANAUER: Yes, sir. Well, ve have guite
an elaborates moiel andi 45 not have to approximate.
These temperatures are not metal temperatures; they are
water temperatures. And we model correctly the
conduction, or approximately correctly, the conduction
betveen the water and the metal and the time-iependent
conduction problem in the metal.

Now, my third example is the Ginna
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experianca.

(Slide.)

I do it to show you a temperature curve that
has sawteeth in it. Now, the reason I emphasize this
is, in almnst any analytical review of transient
sejuences th2 curves ar2 smooth because our transient
models and our transient sequences assume things which
happen and do not include such bizarre events as
actually occur in seguences of people opening valves and
deciding to do different things than what we expect.

We model in our transients, and our
probabilistic evaluations particularly, the sins of
omission and we include the probability that the
operator dcesn't 15 soma2thing he's suppo;ed to. We
eveluate the probabilits cf that and put it in the
sequence.

We do not have in cur pra2sent sejuences any
allowance or any evaluation for the operator doing some
vrong thingy not in his instru_tions, and yet the annals
of transients, particularly the one up in Pennsylvania,
ars full of operators doing wiang things, what one
decides later either were or ver2? not justifiable.

Now, in order to cope with these data, we have
for some purposes introduced a drastic

oversimplificaticen. This is because of the present
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state of the calculational art, ani it is to be improved
in the sequel. But for some of our evaluations, and I
will tell you which ones, we have used a stylized
transient for which the pressure is a constant and the
temperature is 3 simple exponential decay which starts
at an initial temperature of 550 and 2nds up at an
asymptotic temperaturs of T .

MR. SIESS: 1Is th:t cold leg or metal?

ME. HANAUER: This is assumed to be at the
metal.

(Slice.)

But in fact, our models don't even distinguish
this sort of thing.

MR. MARK: And it's the metal throughout?

YR. HAVAUERs VNo, sir, it's the water, if
ve've modeled the metal correctly.

¥R. KARK: 1it's assumed to be the metal, you
said?

MR. FANAUER: It's assumed to be the water at
the surface of th2 metal. Water temperature is what I'm
talking about. Now, this I will call the stylized
transient, and you will see it again.

(Slide.)

The first time you will sev it again is this

diagram, in which we have held our noses and stylized
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the eight significant overcooling events which have
occurred. You will also see a better rendition of these
a few slides awvay.

Here we have characterized each of these eight
by a final temperature T . We sav the one in Ginna.

We have drawn it with so:e notion that we have a slow
metal conduction, and we have tried to average out some
of these sawtooth operations.

Here is the cumulative frequency distribution
of all of the significant overcooling transients which
have occurred in the United States. On Tuesday the
Germans gave us some information about three German ones
wvhich have not yet been put into this. The worst one
wvas at 225 degrees, the lsast one was at 350. There
vere lots more above 350, about which we pay essentially
no attention because they don't crack vessels within the
range we're talking about.

And you see, we have this curve which we have

dravne.
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Now, this is a way -- not a very good way; I

vill later show you a better way -- to look at the

experiencsa.

(Slide.)

The next thing we did wvas the fracture
mechanics calculations, which I have foreshadowed in the

previous discussion. We took the vessel wall, and we
characterizad the material in the vessel wall as a
function of location and time. There are two reasons
vhy the material properties are different through the
vall and as a function of time. One is that they are
irradiated to different decgrees.

Let me now treat Dr. Mark's previous comment.
The traditional measurement of fast neutron fluence
counts all the neutrons above 1 MEV and no neutrons
below. We know that is a drastic oversimplification.
But neutrons down to 100 kilovolts contribute and, in
fact, the numbers I will give you are weighted according
to displacements per atom for the entire neutron
spectrum and are weighted properly for the neutro-
spectrum change as the neutron beam is attenuated
through the vessel vall.

And Mr. Ross, vho /< with me, one of my many
colleagues of the many different aspects of this, can

discuss this with you in more detail than I expect the
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committee really wvants. But this is, as you point out,
Dr. Mark, 1 subject about which a great deal is known.
And this is modeled, we think, in gquite a sophisticated
vay. So we have a model for the properties of the
material as degraded by radiation through ths wall.

The other thing that happens through the wall
is that the temperature changes; therefore, we have to
have a model which takes into account at any given
moment the temperature and irradiation history of the
material at any given point through the wall. And this
calculation is made.

So what we have first is the heat conduction
calculation. We assume that the vessel initially is
isothermal at 550 and is struck by, is impinged upon by
the wvater wvhose temperature variation is whatever we are
looking at, either the real NMcCoy or the stylized
version, 12pendiny upon which transient we are talking
about.

We then solve the heat conduction problem as a
function of tim2 and location and determine the
temperature cf the metal as a function of location and
time. We then solve, using materials properties
informacion and the gradation of irradiation through the
vessel, the properties of the material as a function of

time and locatione.
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We then do a fracture mechanics calculation,
assuming e2ithar some specified initial flaw, or in most
of our calculations we let the code search for any flaw
in the range zero to 1-plus inches. And the amocunt of
the plus varies a little depending on who did the
calculation which month.

But typically, the limit is scmevhere between
1 and 1.5 inches. For those calculations, if any flaw
in that size range is critical, then the flaw is assumed
to initiata. Then the change in stress intensity K1 as
a function of the flaw openinyg is included.

The properties of the material in terms of
crack initiation, K1C, and crack arrest, K1A, taken from
the code values which are at the bottom of the materials
properties are included. And the calculation follows
using time steps whether the crack progresses or not,
depending on the val» e of K1 at that time given the
temperature stress and the pressure stress is or is not
on the correct side ¢f K1C for initiation and K1A for
arrest.

There is also in this model a ductile tearing
limit of 200 k.s.i. square-root inch, so that even if
the material is worn, any K1 higher than that value is
assumned to tear the vessel the rest of the way through.

The results of such a calculation are given in this
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(Slide.)

This one is for stylized transients. So ve
see here TF, TF, beta, and constant pressure
characterizing the transients. And these lines for

different combinations of parameters are for crack

initiation only. But most of the calculations I will

shovw you are vessel failure calculations, and they are
crack initiation, which does not arrest in accordance
with th2 model I have described.

ME. SHEWMON: 1Is there a crack shape or length
assumed?

NR. HANAUER:s Yes, sir, there is. And my next
slide will talk about that at some length. Sorry about
that. We will talk in some depth about crack
distribution.

(Laughtear.)

MR. XARK: Yet the vaiue is 200, what, XS?

MR. HANAUER: These values are pressure in
PeS.i., temperature diflerence in degrees, I will talk
about in a moment. And these TFs are temperaturs of the
asymptote of the water temperature for the stylized
transient.

¥R. MAEK: You mentioned a value of 200?

MR. HANAUER: 200 ke.s.i. square inch. That is
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for deep cracks which would be calculated to arrest,
given the X1AR curve over which XK1 is, in fact, high
encugh to produce ductile tearing.

MR. MARK: So if you have a stress larger than
that, you assume tearing proceeds?

MR. HANAUER: Yes, sir.

MR. KARK: How does that compare with actually
known things?

MR. HANAUER: Well, the expa2rimental basis of
that is somewhat obscured. I will ask either Mr.
Klecker or ¥r. Randall to deal with that.

¥R. MARK: Does most material have 400 for
that number?

MR. XLECKER: Typical values would be
approximately 200 plus or minus, say, abkout 25,
depending on the specific facility. There are some that
could be lower. What we assume is when you get deep
into the metal there is a remaining ligament that is
still warm2r than the surface area and hence that metal
is still tough; that is, on its upper shelf. For a very
deep crack, and if you repressurize it lat2 in the
transient, there is still some conservatism in the
assumption that Dr. Hanauer mentioned, but not a great
deal.

MR. MARPK: That was the point of my question.
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How much conservatism? And you say not very much, it
was 200 plus or minus 25. That is really not a lot.

YR. HANAUER: It was intended to be
realistic. For some of the low upper shelf materials --
vell, the lower upper shelf materials are not irradiated
out there very much, are they?

Okay. Other gquestions?

(No response.)

MR. HANAUER: Now, then, the abcissa is a
temperature which is relative to the reference
temperature of the vessel. We have plotted here T
final, the asymptotic temperature of the stylized
transient minus RT « The first time wve did these
calculations wvith :gg accuracy, ve had these curves
coalesced. We did them more carefully, and they do not
quite coalesce, so the T final minus RT is not
quite a correlation of the whole businezgf but the
differences for final temperatures 50 degrees apart are
only 10-20 degrees. So almost the final temperature
minus the reference temperature is a good way to think
about this. .

Notic2 that for fast transients, .15 minutes
to the minus 1, the pressure effect is really quite

small. It is only about 40 degrees from very low

pra2ssura2s 111 the way up to 2500. So the constant
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pressure assumption is really not as awful as it might
seem when you 1look at tha sawteeth I showed you earlier.

For lower transients, in fact the pressure
effect is substantially more important and it is wvorth
something like 100 degrees. That is to say, the
high-pressure fast transient would get down to about
RT and would get the vessel in trouble in this
no:EI. A slow transiant at low pressure could go of the
order of 100 degrees below the reference temperature and
not get tha vessel in trouble.

Now, if you put crack arrest in these curves
below about 500 pes.i., the curves turn sharply to the
left. This is th2 r2ason for Mr. Benier's suggestion
that belcw about 500 pounds per square-inch, things are
perhaps somewhat less critical. Now, there is --

MR. SHEWAMONs Steve, one of the things that
came up at the subhcommittee meeting was the amount of
conservatism in the heat transfer coefficients. And
that, as I vaguely recall, came into what you could
assume for beta and should .ot assume. Will that come
up again later?

MR. HANAUERs: No, sir. Now is the time for
that. The curves that you draw here depend on what you
assume for heat transfer between the water and the

metal. What you assume for heat transfer in the laver
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of ostinitic material on the inside of the ferritic
material.

Now, slow heat transfer is better. It
produces smz2ller thermal stresses, just as lowver betas
produce; that is to say, smaller temperature change
rates produce smaller thermal stresses and, therefore,
less crack likelihood.

These calculations have been done with various
numbers on heat transfer. Th2re was some possihle
confusion in how these numbers are reported. For many
of the earlier calculations the effect of the
stainless-steel and the effectof the boundagy layer were
luaped into a single heat-transfer coefficient for which
typical values wvere 300 or 330. These values, in fact,
imply a film coefficient of about 1000, which is
appropriat2 for flow situations but not for stagnant
situations. The Westinghouse Owvners Group have used an
explicit correlation of heat transfer with flow and an
2xplicit inclusion of the heat transfer properties of
the stainless-steel, vhich is a better representation.

The probablistic calculations, which I will
show ycu later, use a single heat-transfer coefficient
from the water to the metal, but include explicitly the
effect of the stainless-steel on the h2at transfer and,

therefore, the thermal stresses into the ferritic
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material. I would guess that you 40 not want any
numbers =-- which T will call on my colleaguges if you do
vant them, and now is the time.

MR. SHEWMON: No. It was just all of our
consultints there said the numbers that were being used
sounded quite conservative. This was Mr. Catton and ¥r.
Theofanous.

MR. HANAUERs They are because they are
typical of stagnant rather than pool, and the
heat-transfer coefficient has been lcoked at a little
bit in a couple of sensitivity studies but not a lot.

MR. SHEWMON: Fine.

MR. HANAUERs There are other conservatisms in
this thing that should be considered. One of them is
that the c>1d wvater is assumed to uniformly distributed
around the inside of the vessel and that therefore all
of the welds are assumed to be effect2d Lv this cold
vater, which may or may not be true depending on which
transient you are talking about.

Secondly, this is one of the calculations
which searched for the critical crack size, and if there
was a critical crack anywhere in the range, it was
used. Therefore, there is here an implicit assumption
that ther2 is a zrack in the weld you are talking about

in the vessel.
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Now, most vessels do not have 1-inch cracks,
and therefore this assumption is a substantial
conservatism.,

MR. MARK: 1Is 1 inch the smallest crack that
wvould represent something on the graph?

MR. HANAUERs No, sir. In fact, for many of
the calculations a much smaller crack will initiate.
For the curves I will show you for the experience, the
typical crack sizes wvere in the 1-inch size, however,
the critical size. Smaller cracks would take a more
severe transient to crack, in general. Is that right?

MR. RANDALL: Down to a quarter of an inch.

MR. HANAUER: I thought so.

MR. MARK: It seems to me there is an
importac* point embedded in here. I mean there is a
crack that you see and there is a crack which will
initiate. And on2 ne24s to know ultimately the

difference between those.

MR. HANAUER: Yes, sir. And I will come bakck

to that point.

Now, there is in this kind of calculation an
important d4ifference. The only present difference
between us and the Owners Groups in modeling the
Westinghouse Owners CGcioup mod2124 -razk initiation and

extension in the way shown on the right-hand side of
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this diagram. They assumed a crack with an A-over-B, is
it, aspect ratis >f 3-to-1 wvas 6-to-1. But that is not
A anymore because this is a half-A. And the Staff
calculations assumed an infinitely long initial flaw
vith the depth whatever it is in the calculation.

Now, we think that the Westinghouse initial
flaw is probably more realistic than the Staff's initial
flaw, and this difference is about 20 degrees. More
serious. The Wastinghouse model that was previously
used predicted or used the crack extending in this same
aspect ratio as I show hare at A, whereas we have a lot
of evidence that shows the crack indeed gets longer
because it tends to run in the more brittle material
near the surface. And ve havs from the HSST program
considerable experimental evidence.

MR. SHEWMON: That is in the absence of
stainless-steel, and you do not know whether the
stainless-steel ~-- another theory is the stainless-steel
would tend to arrest the crack. Is that not correct?

MR. HANAUER: We have neither theory nor
experiments that we give much credence to vith
stainless-steel.

MR. SHEWMON: But wvhat you were talking about
is for unclad vessels?

MR. HANAUER: Yas, sire.

ALDERSON REPORTING COMPANY, INC,
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MR. SHEWMON: Thank you.

MR. YANAUER: VYes, sir. Experiments are now
under way in the HSST program to try to get us some
technology on this subject.

Nov, then, if you take the -- and Westinghouse
has done this at our request, .he Westinghouse Owners
Group -- if you take an initial flaw, Westinghouse
shape, but if when it propagates it propagates to an
infinitely long flaw, which is, of.cou:se. a
conservative abstraction, there just are not any
infinities in finite-size vessels, then that result is
something like 100 degrees less conservative than our
inifinite -- I am scrry, I saic it wrong =-- then that
one is about B0 d29rees more conservative than the
original Westinghouse. Let me say that again because I
Jarbled it.

If I compare a Westinghouse elliptiéal
calculation as they used to do it, with a Westinghouse
elliptical to infinit2 curve as they 1id at ovr regquest,
the difference is about 80 degrees. The difference
betveen our infinite infinite and Westinghouse's finite
i=finite is about 100 degrees. No, I said that one
vrong, too.

The difference between our infinite infinite

and Westinghouse's finite finite is about 100 degrees.
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Now, this 100-degrees difference, about 20 of it we
think Westinghouse is right that the initial flaw is
mcre likely to be little, and we think about 80 of it we
are right and this B8U-degree difference produces a
drastic change in the probability curves, as will be
seen in the sequel.

(51ide.)

Now, the next thing to discuss is operations
consideration; that is to say, what the operator does
and when he does it and why he does it. Clearly, the
operator, as Jess has pointed out, is a central player
in this event. He can, in fact, be the cause of the
initiating event. He can take the needed action or he
can delay it or he can omit it. Thos2 are modeled in
our prnbabilistic and Westinghouse Owners Group
probabilistic model.

He can also take creative acztion to really do
something good and mitigate the sequence. We 40 not
model those. He can also take some bizarre action to
aggravate the sequence. Those are not modeled.
Therefore, our calculaticns and the Westinghouse Owvners
Group calculations and everbody else's calculations
show, in general, smodth behavior rather tahn the
zZig-zags characteristic of real life.

Now, what the operator needs, of course, is

ALDERSON REPORTING COMPANY, INC,
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decent procedurss, decent instruments, and decent
understanding. Sc we have in the seven plants that have
been our principal review LOCAs for the last year, done
auaits of the procedures and training of these operators
as rega.ds pressurized thermal shock.

(Slide.)

The most important aspect of this is the
necessity to take an integrated view. You really do not
vant the pressurized thermal shock crew to come through
and sensitize everybody to pressurized thermal shock and
melt the core while keeping the vessel warm. In fact,
there is a "devil and the deep blue sea”™ here.

This could be illustrated by drawving a
facecloth. Here is pressure, here is temperature
(illustrating). The curves I showed you, the
deterministic curves for pressurized thermal shock, look
like this. They are pressure slopes are very small
until ve get to low pressures. The initial values are
lov, below zeroc. So the initial location of this curve
1s over here somewhere. You see, I do not have complete
freedom here. I am tethasrad.

MR. FRALEY: That is all right. We will give
you a little more room.

MR, HANAUER: As the vessel is embrittled --

you would not call it "complete freedom™ -- as the
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vessel embrittles, this curve enlarges to the right, and
over here somewhere is the curve imposed by saturation
of subcooling. 3o here you have an undercoocled and over
here to the left of this curve you have an overcooled
vessel.

Now, if the vessel is not terribly embrittled,
there is plenty of room between those curves. As the
vessel becomes more enbrittled, the l2ft-han' curve
marches to the right, and it becomes more and more
difficult and requires more and more operator attention
and expertise tc stay within the confines of tih»
allovable area in the face plot.

Now, what we have found in our review was that
the degree of pressurized thermal shock consideration in
these prccedures varies widely. We asked for a whole
lot of changes at H.B. Robinson. By the time we got to
Haine Yankee, either because Maine Yankee vas better to
beyin with or because they had taken the lessons of the
eralier plants to heart, we made no recommendations for
early changes.

Now, then, what wve have going is our
integrated I.C.1 program following the TMI Action Plan.
This incluies symptom-oriented procedure guidelines,
vhich include a very wide variety of considerations,

including cooling the core and not overcooling the
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vessel, and a whole lot of other things.

The Westinghouse Owners Group has gone to
their draft guidelines wvwith pressurized thermal shock in
mind and has found eleven places where they need
improved consideration of pressurized thermal shock,

improved considaration to stay in the midile of that

diagram.

(Slide.)

You have, I hope, the audit reports of about
half of these plants which have so far been published.

The rest are under wvay.

Now, the next thing we did was to recalculate
the transients which had already occurred, the eight
overcooling transients. Oak Ridge iii this for us. And
to calculate using this fracturemechanics model but
using the r2al pra2ssure and temperature curves as
actually measured rather than the stylized
representations. This is shown in the solid line in
this vuegraph.

(S1lide.)

I have reproduced the dotted line, which is
the Tfs. Now, the same steps here are not the sanme
steps here because they have a somewvhat different
order. This is not the same transient, in any case.

But the curve of the critical R’T -- now I have to
NDT
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wave my arms 3 whdole lot =-- this is the temperature
curve. For the dotted line, it is a TF temperature
scale. For the s>lid line, it is an RT scale.

The Oak Ridge calculations ve:ZTdone using an
RT search. The result is for that transient in
th:BTvessal, here is the highsst -- the lowvest value of
RT that would have resulted in that vessel failure.

NDT

Yes, sir.

MR. BENDER: Steve, everytime you make that
statement, I have to ask the related gquestion. What
flaw goes with that conclusion?

¥MR. HANAUER: The flaws are di{ferent. They
4ii1 the flaw search. The flavs are typically about an
inch.

MR. BENDER: But they are oriented in the
vorst place at the worst time?

MR. HANAUER: Yes, sir. This is a
deterministic calculation. One assumes the flawv is
there. If any flaw can get you into trouble, it is
assumed to be there.

MR. BENDER: That is not a probabilistic
calculation? It is daterministic?

¥R. HANAUER: Yes, sir. This is a

deterministic c2lz-ulation with the same conservatisms

and nonconservatisms I described earlier.
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MR. BENPCER¢ But it is the worst set of

probabilities that could be imagined?

¥R. HANAUER: The probability of this curve is
the 1,

MR. BENDER:¢ So that is worst.

MR. HANAUER: - Yes. There are none higher than
that.

(Laughter.)

MR. SHEWMON: And it is the worst kind of flaw
that could exist?

MR. BANAUER: Yes, sir. This is an infinite
flav model.

¥R. OKRENT: While we are talking about flaws,
do ve know whether for some of the older vessels there
are any for which there was not 100 percent volumetric
examination originally or latsr, not only of the welds
now but of the volume?

MR. HANAUER: It is known, but I do not know
if it is known in this room.

Does anyone know in this room?

(No response.)

ER. SHEWMON: Let me ask a different
question. Starting at some earlier time, said time we
are not certain about, there was 100 percent volumetric

inspections bzfor2 th2 vassel vent into service. So the
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question is whether there are any that beyond or come
before that winiow. Is that right? Is that the
question?

MR. OKRENT: Well, I know that in the earlier
days they did not do 10C percent volumetric on the base
metal. In fact, they may or may not have picked these
up a part of some kind of initial in-service. My guess
is there probably is one or more of the older vessels
that did1 not have 100 percent volumetric on the base
metal. I am just wonderino if in their review they had
examined this and if it is a consideration at all. I anm
just looking for information.

MR. HANAUER: No, sir, ve did not, because
except in a very small number of vessa2ls, the weld
dominates.

¥R. OKRENT: In other words, one is rather
confident that the shift in NDT will be primarily in the
veld, if it going to be important?

MR. HANAUERs Yes, sir, because it is copper
that does it, and that is in the w2ld. Thare may be
some early exceptions to this. That is one of the rany
reasons we have to do this plant-specfic, and ve have
not yet done this. There are people in the Staff who
know this, but they are not the pressurized thermal

shock team.
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MR. BENDER: Steve, I wvant to pursue this
point for just 3 minute. The fact that one presumes
that the weld dominates also recognizes the fact that
the velds vere irradiated. Ultrasonics may not have
been a prevalent mode of inspection at that time. I am
not really sure. But I do not think I am wrong in
saying that every weld has been fully radiographed.

ER. HANAUER: Yes, sir.

MR. BENDER: So in terms of inspa2ctions of
velds, we have at least souwe inspection records that are
good?

MR. HANAUER: And it is not an assumption that
the welds wvere radiographed. This is done as part of
each vessel, as part of the Appendix G calculation that
has to be made for every vessel.

¥R+ BENDER: But that is because of the
assumptions we are making about copper in the wvelds.

MR. HANAUER: Well, those, I would suggest
that those are not just assumptions, those are based on
8 asurements.

MR. BENDER: They are based on interpretations
of information. "Measurements” would imply that you
have taken samples of the welds and actually taken
compositions.

MR. HANAUER: In some vessels this has been

ALDERSON REPORTING COMPANY, INC,
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done, not iuringy operation but beforehand, prolongations
and so on.

MR. BENDER: To the extent that they are
representative of the wvelds, you are right.

MR. EANAUER: Yes, sir.

MR. BENDER: But if it turned out that the
velds did not dominate, the question of what we know
about the vessel materials would be important or not
important?

MR. HANAUER: We know, in general, wore about
the plates than the welds. And ve kncw --

MR. BENDER: What might that do to> that set of
curves up there is what I am trying to develop?

MR. HANAUER: Nothing. The plates material is
known, and the plate material was studied long before
the weld material was studied. And its RT is for
most plants substantially lower. It dces :22 get
there. It has bean calculated and studied.

MR. BENDER: So ve are comfortable in ignoring
plates as being vulnerable?

MR. HANAUER: Well, wve do no*t ignore them. We
have tha valu2 for the plates, and they do not dominate
except in one plant, one of the Indian Point plants.

The plate does not have copper welds, and the plate

dominates. This is known, and it has been locked at in
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every plant.

MR. BENDER: Okay.

MBE. EBERSOLEs:s None of these vessels have
carbon steel; they all have cladding?

MR. HANAUER: Yes, sir.

¥R. EBERSOLEs Do you consider the presence of
the cladding a threat to your argument here or
significant or not significant?

MR. HANAUER: The presence of the cladding has
conflicting results and wve do not know wvhere it comes
out. First of all, if the cladding is seamless a d if
no under-clad cracks were introduced in the cladding
process, then the cladding is a substanti.l reason why
maybe ve 15 not have any cracks.

Secondly, the cladding, if it remains ductile
throughout life, provides a substantial restraint on the
crack extension. On the other hand, bLecause of its
differential expansion, the cladding adds to the thermal
stress, and the HSST program has a series of experiments
to straighten all this out.

Now, the selection of the screening criterion
vas done from these curves or from their predecessors.
The better curve to do it from is the black curve
because it has the real transients with all %*he zigs and

zags in it, and it includes -- and it depicts the
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critical value of the reference temperature.

The problem, of course, is to decide where on
this frequency curve one should be in order to pick the
screening criteria. This vas a mattcr of judgment, and
it is a little hard to say now where this judgment came
from.

The initial selection of 270 came about in the
following way: We had earlier versions of these curves
which had less elesgant evaluations ari1 some errcrs in
them. We picked as an initial point 10-2, vhich is
comfortably below the anticipated operating cccurrence
range. And as a trial value we observed that the dotted
curve wvent through 10-2 at 260 in this whole curve,
ani the solid curve went through at 280 at this point.

So we picked 270, which is not supported today
by the details of these curves. In fact, 270 now
corresponds to some fregency somewhat below 10-2. but
not drastically s>, We then did these other things that
I will describe which shov that, in our opinion, 270 is
a pretty good judgment.

And therefore, ve did not go back and blindly
pick at 10-2 some larger value which would be
Justified by th. solid curve and by the fact that
RTIDT does not really limit the transient. If ve 4i4

-2
only 10 in this curve, we wzculd have picked 320
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degrees, which is very nearly the value propcsed by the
destinghous2 Owners Group.

As you will see in the seguel, 270 gives us a
confortabls f221ing about conservatism and we have
largely on a judgmental basis kept 270.

MR. BENDER: Steve, before you take that slide
off, I wvant to go back and try a little more on some
probabilistic aspects. Obviously, that set of curves
has two kinds of information. One is probabilistic and
the other is deterministic.

The da2tarministic part of it might be
converted into some kind of probabilistic position if a
fev things were kept in mind. One, in the welds, where
ve have done some inspection, ve might b2 able to argue
that ve know a lot more about the existence of flaws
than the fact that only the worst flav can be assumed to
exist there. MNow, whether that should enter into the
arjument or not, I do not know, but it is at least as
valid a point to make as to argue that we are selecting
low probability transients.

MR. HANAUER: In fact, that is just the point
in the probabilistic calculations which I will show you,
to 40 that in an orderly and technological way and try
to evaluate that factor and a few others. But that is

one of the most iaportant ones.
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MR. BENDER: The plates were als> inspected,
as I recall, by some kind of nondestructive method but
they were not too discriminate. Some kinds of flaws
could have been identified but probably not very many.
All plates had some scanning of them.

MR. HANAUER: At various areas, the plates
vere inspected over a period of years with increasingly
sophisticated inspect. " techniques. These were
provided in the mid-'60s, -bout '66 as I recall, °'65 or
*66. But in the future the plates should be inspected
in a more complete way. This was done and had been wone
for some vessels previously. That is why I could not
ansver Dr. Ckrent in a more specific wvay because I do
not know which ones were iomne whiéh Waye.

¥R. BENDER: Okay. You are coming to that, I
just wvantei to onphssi;e the point.

MR. WARDs Mike, I guess your argument there
depends upon an assumption that a wveld radiograph is
going to show up a flawv and a crack of interest in this
sort of thing. I am not sure that is the case.

MR. BENDER: It may not show avary crack, but
it certainly gives you a reason for saying that there 1s
some probability that you have identified the cracks
that exist. Now, the .act that they are not the best

nondestructive testing examinations does not mean that
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you have to accept the premise that the wvorst flaw
exists, 402s not exist necessarily, and probably does
not exist.

ER. EBERSOLE: I have the impression that an
X-ray would not show a vertical crack of fine dimensions.

MR. HANAUER: That is my impression also.

MR. BENDER: It will indicate certain kinds of
cracks.

MR. FANAUERs Mr. Chan of the NRC Staff.

MR. CHANs I do not know how many of the
earlier vessels received the UT examination when they
ar2 nev. But most of the vessels, I vguld say, built
after *"70, they had received not only the radiography
but also had UT inspection when they new.

¥R. HANAUER: Thank you.

¥R. EBERSOLE: But just an X-ray vill not show
vertical cracks.

MR. CHAN: You can use the angle X-ray.

MR. EBERSOLE: Was that required?

HR. CHAN: I am not sure whather it was.

MR. HANAUER: All right. Having selected 270
as the screening criterion for longitudinal cracks, wve
redid th calculations for circumferential cracks. The
difference is in the constraint imposed on crack opening

by different geometry and in the different pressures
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stresses, the difference between hoop and actual

stresses. These combined both to make the situation
less severe for circumferential cracks.

On the other hand, the conseguences of the
circumferential crack can, at least in principle, be a
great deal more spactacular in the liait if one has a
complete separation all the way around the vessel there
is a lot of energy inside and so the top half becomes a
jet, potential missile.

There are two calculations, one of which shows
that it almost surely will be restrained by the bolts
and pipes and s> >n that are hooked t> the vessel. The
other one comes out right in the middle of the
ancertainty band. But there is a lot of 2nergy
absorption capability in all of the tinware hooked to
the top half of the vessel.

There is also the escape of fluids and the
decrease in pressure, and this would be, of course, a
much more serious event even than a large axial crack
over the entire 80-inch height of a single course or a
single veld.

Therefore, we tried to stay a little
conservative, and ve picked 300 degrees fcr the
circumferential crack criterion.,

MR. EBERSOLE: Does it include carrying all

ALDERSO REPORTING COMPANY, INC,
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the rods out with it?

2 MR. HANAUER: It would carry the rods out with

. - 3 it, and the core, too. The core barrel is suspended up

4 there. 1If it really took off, it would be a very

5 interesting event. It is also not at all clear whether

6 it would wreck containment, whether this is just an

7 other species of core on the floor or the core species

8 spread around. W2 40 not have any technical analysis of

9 this situation, but it has really got mcre severe

10 potential than th2 more mundane failure modes.

1 (Slide.)

12 Now we will look at how to evaluate specific

13 misspelled vessels to determine the actual state of the

. 14 vessel. They made the recommendation that the RT
NDT
15 of some given vess2l for comparison with the screening

16 criteria be done in a conservative way z* the two-signal
17 level, that the initial value be evaluated in its

18 best-estinate and standard deviation, that the shift as
19 a2 functoin of fluence be evaluated as to its best

20 estimate and standiard deviation and that the ressult be
21 expressed at the tvo-signal level, as I have shown.

Now, the other thing to worry about is how to

]

23 calculate this change. We have Reg Guide 1.99, which is
‘ 24 pretty schematic as far as copper and nickel content is

25 concerned,
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(S51ide.)

We have a more recent analysis by Guthrie, who
inzludes a1 continuum of copper and nickel values.
Guthrie chose to do his correlation in a single straight
line and c.ange in RT with a change in fluence with
some nonlinear scales,bshich I will not try to describe.

(Slide.)

However, Guthrie's upper values are based on
nickel. The 3ata in the upper flu2nce is based on lower
nickel material, and Guthrie's curve for higher nickel
naterial give very large changes in ERT » larger than
any data vhich have been meaured. i

We have chosen to cap the Guthrie curves with
Reg Guide 1.99 curves in the high-fluence high-copper,
high-nickel range. It has been suggested to me on the
bus coming down this morning that this is an interinm
position, that we are getting better data, and wve will
in a year or so have a better correlation.

This came in for a lot of discussion at the
subcommittee meeting, and we have several assignments;
for example, evaluating tvo different populations, one
below to make th2 Guthris curve, one above to make the
Reg Guide 1.99 curve and to consider whether this
changes the results.

This is not something that w2 haive been able
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to do in a week. This is something to.do in the course
of the next year, very carefully, and it is on our plate
to do.

Nov, this schematic diagram, I have also shown
the real MzCoy for one particular value of nickel, 1
percent, and for three representative values of copper.
Here, because you cannot read it, is the change in
RT « Here is 100, 200, 300, 400, 500 degrees. Here
is the Guthrie curve. And for high copper it goes off
into the stratosphere. Here are the Reg Suide 1.99
curves. And ther2 is the break point for highest copper

18
down around 3 x 10 .

There is a whole family of such curves that
has to be considered. This is a subj2zt whizh has been
discussed at the most excruciating length with
subcommittees of this committze over many years and will
be discussed at whatever length you desire either now or

with a subcommittee.
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The results for the first eight plants in the
list is given here.

(Slide.)

MR. HANAUER: Here I have shown the initial
RT » the chanj2 as of Dacember 31st of last year,
vhrgg is a1 convient fiducial for making these
calculations back when ve made them, and the standard
deviations. A large number of these plants, but by no
means all, a largs number of these welis are a member of
the large population for which the two standard
leviations is 59 jegrees. Jack Strohschneider checked
this with his probabilitic calculation, and this number
is consistent with the kind of variations that he is
using. This will become important. Therefore, here is
the value of RT for these vessels, and here is a
projection of vzzg these vessels wvill get the screening
criterion.

Please d0 not assume that this has all the
1990 vessels in it. They wvere made when wve had Table
P=1 in the back of yorr draft, in accordance with their
RT « Since the rates are different, there are a
buzgg of plants on the second page in the 1990s which do
not show hare.

The first plant, however, only gets to the

screening criterion in late 1987-1988 timeframe, thus
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validating our statement a year ago that no immediate
plant changes are required.

MR. OKRENT: Validating, I would say, is a
pretty strong wori.

MR. HAKAUER: Well, vhatever we have learned
betwveen then and now gives us the same ansver.

MR. OKRENT: I'11 accept that, wvhere your
Judgment came out in a similar way might also be
appropriata.

¥R. HANAUER: Yes.

Now, then, the next thing I want to do is to
talk about the probabilistic approach. Being mindful cof
the time, Mr. Chairman, I am Joing to 32 a little
faster.

Strohschneider and his colleagues in research
have done the following kind of probabilistic
calculation wvhich is described at some l2ngth in one of
the appendices of the draft that you have. They took
the deterministic model that I have described, and for
the parameters which are important, they replaced the
deterministic and in many cases very consecrvative
numbers, crack depth, for example, with a probabilistic
approach. For copper, they replaced the number by a
distribution whose width was characterized by some data

sets that were available and whose center, whose mean
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vas one of the parameters of the calculation.

The crack depth, the deterministic idea that
there vas 31 crack ther2 was raplacei by a crack
probability distribution which is discussed in the
appendix which you have, which is in fact one of the key
numbers in this calculation.

The result is a set of curves or response
surface for which the curve cuts are given here. 1I'll
just show 2ne of them.

Here we have the mean value of the RT .

NDT

(Slide.)

¥R. HANAUER: Here is the gonditional failure
probability.

Now, then, what wve see is a series of
calculations for stylized transients. We are backed to
stylized land again. The scheme is herc is the stylized
transient charactariz2d by T , beta, and 1000 pounds
per square inch. You can't gave everything vary on one
tvo-dimensional viewgraph. Here is the probability of
failure for a single lonjyitudinal weld, given these
transient’s, and of course, temperature is a very
isportant parameter. You get about a factor of 10 for
something like a 15 degree change in temperature for the

steepest high sp22d curve, ani rather less than that for

the lowver speed ones. That is to say, if the
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temperature of the transient goes down to RT » the
probability of the failure of the vessel is :23, but if
it goes to RT minus, say, 50 degrees, the
probability ogosessol failure is quite high. So there
really is rather a cliff there.

I have to point out to you that the
temperature involved h2r2 is the i1ifference between T
and a m=2an valu2 >f RT « The various probability '
distributions used in ::fs curve prcduce a distribution
in RT « You can think of this as an ensemble of
vesseggTvith different RT characterized by this
distribution, or you can ::f:k of this almost accurately
as the variation of RT in various parts of these
velds because of the lzzzrials properties variations in
the vessel., It would be a little smaller in that case,
and this is not very well delineated by our series of
measurements. |

Anyway, the vilus plotted here is the mean of
this distribution. This includes vessels that are less
brittle ani vessels that are more brittle than this
number would imply. We will have to come back to this.
It is very important in interpreting the results.

All right. T have yiven you in your handout,
but I will not labor here over the other cuts.

MR. BENDER: Steve, the process is so
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important, maybe wve should stop for a moment and ask one
or two guestions.

Do you know anything about the distributions?

MR. HANAUER: You mean the one he used? They
are given in his report.

MR. BENDER: But are they representative of
real cases or are they just a bunch of computations?

MR. HANAUER: They vere intended to be as
realistic as possible, and they wvere the results of the
detailed studies that vere available. Variocus parts of
them are battar understooi, and we have more data for
some parts than for others. '

We know a lot about copper, and we don't know
very much about crack size distribution. Therefore, the
crack size distribution has a lot of speculation in it,
and the copper is based primarily on measurements.

We have Dr. Vagins here who worked on that.

Do you want to characterize it any further?

MR. VAGINS: No, sir.

MR. HANAUER: R well-trained member of the
gang.

MR. BENDER: That may be overstating the thing
some.

MR. HANAUER: VYes, and Strohschneider and his

colleagues, of which Dr. Vagins is one, have given us
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the ones they actually used for review.

MR. SHEWMON: Steve, even though it is going
to come out of your time, since we have got you
interrupted, let me make two comments. On2, these flaws
vhose distribution you have are still infinitely long?

MR. HANAUER: Yes, sir.

MR. SHEWNON: So if you really wanted to get
it, you would bugger the distribucion some to account
for that.

The othar thiny is some people drink a lot of
coffee for breakfast and would like to stretch “heir
legs.

¥R. HANRUER: I think that is a superd idea,
Mr. Chairman.

MR. SHEWMON: Let's takas ten minutes.

(A brief reces was taken.)

MR. SHEWMON: Could I get you to move toward
your chairs, please?

We have a gquestion here.

MR. LEWIS: So far the conversation has been
at a very high intellectual level, so let 2e lower it a
little bit.

I am unable to reproduce the arithmetic on
your Chart 14 vhich calculates the RT for the

NDT
plants.
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MR. HANAUER: Well, there were probably
nistakes in it, although we worked very hard on it.

MR. LEWISs: Since the arithmetic I can't
reproduce is for H. B. Robinson, I wonder if it is too
much to ask --

YR. HANAUER: Mr. Randall, please, sir.

You haven®t told us what doesn‘'t compute.

MR. LEWIS: The top rowv doesn't add up to the
last number in the row.

¥R, SHEWMON: Take 56 from 295 and then add
34,

MR. LEWIS: That is certainly the right thing
to do.

¥R. SHEWMON: It ends up 78, 2787

YR. LEWIS: 273,

¥R. SHEWMON: The Robinson people I suspect
are responsible for that.

MR. LEWIS: It is not a big deal.

MR. RANDALL: Let me check another file and
get back to you.

MR. LEWIS: I Jjust wondered whether it wvas a
real miscalculation or 2 miscopy.

ER. RANDALL: I think it's a miscopy. Let ma
look.

MR. HANAUER: Ready?
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The naxt thing T want to do is talk about some
probabilistic calculations.

In order to look at this thing
probabilistically, you have to look at events
probabilistically and look at vessel failure
probabilistically. I described to you a way that has
been developed to look at vessel failure
probabilistically, and now I will tell you a little bit
about looking at 2vents probabilistically.

When ve were here in June, we had none of this
available to us, and vhen we met with industry about a
veszk after we met with you, the Westinghouse Owners
Group said what's the matter wvith you guys, we have done
probabilistic evaluation of this. Why 4ii1 you ignore
us? And sure enough, on the 20 something of May, the
Westinghous2 Owvners Group mailed tc us and presented to
us a thing which I now recognize to be in fact the
nucleus of a probabilistic analysis. Since June we have
been vorking very closely with the Westinghouse Owners
Group, and ve have been reviewing this, and so the next
fev minutes story are primarily a Westinghouse story,
although the Staff also is involved in the story.

What they did was to look at a very large
nuaber of possible pressurized thermal shock event

initiators and pressurized thermal shock event
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sejuences. What they first did was t> screen them as to
vhather they could fail the vessel or not and prese t
those results as three probabilities. What they have
since done is mor2 conventional. They have several
hundred boxes, event tree branches, if you prefer, each
one of which is an event seguence that can la2ad to
pressurized thermal shock.

Where w2 now stand, the staff has now reviewed
this and has made some changes in the Westinghouse
Owners Group number. Here is a representation of these
evant sejuance fraquency distributions.

(S1lide.)

MR. HANAUER: Here is the same frequency scale
of something happening worse than X, and here again is
X, a temperature, and in all cases here limited by our
calculational abilities. We have stylizei the
transients into T , beta and pressure, and by plotting
only T here, vwe gave simplified still further in the
OffOttfto cbtain a tvo-dimensaional result.

Here is the depiction in these tzrms of the
original Westinghouse PRA. Here, the solid curve is a
Staff PRA based on about three months work between May
and the time we plotted it a few veeks ago, and vhich ve

have revis2ad in some cases, alvays with discussion but

not always with concurrence with thes Westinghouse Owners
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Group technologists. We have revised both probabilities
ani severeities >f some of the event sequences.

And here is wvhere we had the event sequence of
the veek.

Now, the event seguences that turnedi out to be
most significant, as will be seen shortly, are the small
break loss of coolant accidents that involve stagnation
in the loops, that is to say; vhere the natural
circulation flow is interrupted and where the mixing is
thereby substantiilly degraded, and you come a lot
closer to getting just the emergency core cooling wvater
poured into the vessel.

There are a nuamber of stylized aspects to this
analysis which may or may not be conservatisams,
depending on just exactly how you look at them. But
vhat ve have done is for each event seguence, ve have
characterized the probability and the severity, and by
no surprise at all, the severity is characterized as a T
vinal of bet and >f pressure. We have used these, then,
to go into the probabilistic fracture mechanic results.

Thus, what you see next is a convolution of
these event sequence fraquency distributions and the
probabilistic fracture mechanics.

Now, there are a number of approximations and

rationalizations that go with this.
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(Slide.)

MR. HANAUERs The results for the Westinghouse
OCvners Group probabilistic event sejuence is shown
here. Her2 wve have the frequency per reactor year of
vessel failure. The model, I remind you, has in it
crack initiation and crack arrest, but except for one
case on another one which I will come to, no warm
prestress.

Her2 w2 have the characteristic of the vessel
plotted as this mean RT for the distribution, so
that this is some kind :?ra best estimate evaluation, so
that vessels with RT up to about 250 degrees in

NDTs

this model -~

(Slide.)

MR. HANAUERs Here we have the same thing. We

-6
are using the Staff's model which crosses 10 down to

about 210 degrees, 205 degrees. As the vessel beconmes
more and more brittle, the vessel marches from left %o
right across here, and as the vessel becomes more and
more brittle, then more and more event sequences can
contribute to the probability of the vessel failure, and
therefore one gets these rising curves of vessel failure
fraquency as 3 function of the single characterization
of the vessel condition.

Now, one of the principal results of
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Strohschneider and his coworkasrs is that all those
probability curves and surfaces do indeed correlate
within some accuracy limitation as a function of the
RT mean of the distribution of the vessel

NDT
characteristics.

Now, what you are actually seeing here is the
interaction of the tail on the RT vessel
1istribution and the tail on the :2gbability curves and
the tail on the event seguences. So, as yoy come onto
the page, vhat you have is some low probability vessel
conditions, som2 low probability sequences combining to
give a low probability of vessel failure.

As the vessel embrittles, it is more likely to
be in its brittle state; then a2vents can give us
trouble.

Here yocu see plotted for the low end of the
curve the dominant small break LCCA, the steam generator
tube rupture which do2sn't contribute very much in this
model, and the st2am line breaks which are in fact
dominated by the fairly small breaks.

. Yes, sirc.

MR. BENDER: Steve, two points. First, my

recollection from the previous discussion was the

probabilistic group had assigned an uncertainty factor

to these numbers, and I think it would be well to
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identify that.

MR. HANAUER: VYes, I vas going to get to
that.
MR. BENDER: I didn't want you to forget it.
And secondly ~--
MR. HANAUER: Would I forget that?
MR« BENDER: You interjected a comment about
varm prestress. I think it would be useful to know what

family of events it doesn't apply to, and is it that
whole family up there?

MR. HANAUER: Yes, sir. I will say those two
things you asked me to.

In the first place, the authors of the
probabilistic fracture lochaiic study assigned an
uncertainty band of plus or minus two orders of
magnituie failure probability. Since that is directly
involved here, these curves have an uncertainty of plus
or minus two orders of magnitude.

There is also a substantial uncertainty in the
event frequency curves, but since they add
iniependently, this is not very large. Thereiore, thees
curves should be used, if the author's view is correct,
as having plus or minus two orders of magnitude
uncertainty.

MR. OKRENT: This is two orders of magnitude
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to some confidence level?

What do they mean when they say ivo orders of
magnitude?

MR. HANAUER: Dr. Vagins.

MR. VAGINS: Bill Vagins, Material Engineer
Research. That is an attempt to establish a level of
confidenca.

YR. OKRENT: But is it 90, 95 or 99 or what is
R S

MR. VAGINS: I would say it is about 95
percent confidencsa,

MR. OKRENT: That's all, thank you.

MR. HANAUER: The s2cond point is that for the
small break LOCA, varm prestress was included in the
vessel failure calculations. We are just learning nhow
to do this, and we did it for the dominant action for
vhich varm prestressing does take place for many of the
accidents in that class.

MR. MARK: Does that account for the fact that
the steam line breaks get to be bigger than the small
break LOCA at 300 plus degrees, that you didn't do the
varm prestress?

ME. HANAUER: The small break LOCA has a
probability which limits it. This 3 «x 10-“ is the

probability of the smzll break LOCA in the range where
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the probability of vessel failure is 1. So iot is
limited in that range by the probability of that class
of events.

Steam line breaks is kind of a misnomer
because opening steam line PORVs and safety valves are
also steam line breaks and have a much higher
probability, and therefore the curve goes on up.

¥R. EBERSOLE: Does this include the
probability of the coperator doing the worst thing that
he might 407

MR. HANAUER: No, sir. I thought I
characterized that earlier. I will do it again.

I'his includes sins of omission of the
operator, delay or total failure to do what he is
supposed to. It joes not include bizarre actions.

MR. EBERSOLE: Do you have a number for the
probability of a bizarre action?

MR. HANAUER: No, sir.

MR. SHEWMON: Please go on.

MR. HANAUER: Now, these things in our opinion

are much tos0 indistinct, and the error bands are much

too large to pick some probability, go across here, look

at the intersection with this curve, and pick the
screening criterion that vay. However, we have done

almost that as shown on the next viewgraph.
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(Slide.)

MR. HANAUER: This reproduces the curves of
the previous vievyraph, and superimposed on them, as I
promised, is a distribution of vessel characteristics,
an ensenbl2 of vessels, if you like, or a probability
distridution functicn, if you prefer, for a vessel vhich
Just gets to the screening criterion on the conservativa
basis I described earlier.

Therefore, I have dravn a Gaussian =-- my
colleagues and T have drawn a Gaussian with the two
sigma width of 60 degrees, which is an approximation to
59, and with the two sigma point pinned at 270. The
mean of this distribution is at 210, and it is the mean
of this distribution which is wvhat vas plotted here in
plotting the results of all this probabilistic
consideration. Therefore, if all of what I have been
talking about is a representation of real life or to the
extent that it is, to the extent that we ignore the
conservatisms and non-conservatisms which ve have been
discussing for the last hour and a half, a vessel just
at the screening criterion will have about 2 x 10‘“6
frequency per r2actor year of failure, with the large
uncertainty that I have already described.

Now, this is why wve did not move it on up to

-2
the 300 range where the experience curve, if 10
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tells us anything, told us it might be an appropriate
place to put it.

This is now the key to the comparison with the
safety goal and to the program which we propose. We 1o
not think that further detailed investigation of the
shapes and so on of these curves is justified in the
short term. That is to say, ve do not think that a lot
more work would get us a substantially better screening
criterion. We propose that additional work is needed,
beth generic and plant specific, but that we know enough
to choose 3 scrae2ning criterion based substantially on
Judgment with the scientific, technological underpinning
I have described, and vith the lack of it I have
described, and that we would like to go on frem there.

(Slide.)

MR. HANAUER: The na2xt thiny wve 1id wvas to
compare this with the satety goal. The numbers in your
draft are incorract. Tha2 corract numbers are depicted
in this viewvgraph. The formalism goes like this. What
ve have calculated to the extent with the uncertainties
is the vessel crack fregquency. Now, not all vessel
cracks melt the core. Some fraction X of these vessel
cracks melt the core. We do not have a technical
analysis of this number X except that it is certainly no

larger than 1, ani for longitudinal cracks, may be
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substantially less than 1.

Similarly, not all vessel crack core melts
produce significant releases, some fraction Y of these.
Again, there is no technical evaluation. There is a
little bit in the ra2actor safaty study, but none of the
probabilistic risk analysis since do anything
significant about vessel failure. Therefore we now in
many ways mocr2 about Y than w2 40 about X.

For large dry containments, for the other
kinds of core melts, Y is guite small, except for the
circumferential crack which lets the top half of the
vessel go. We would think Y would be small here, but
that is a ronjecture, not the result of an analysis.

¥R. SHEWMON: When you did these vessel crack
exercises, I take it much of this is based on F, then,
your calculations of F?

MR. HANAUER: F is the result of the previous
calculations

MR. SHEWNON: Okay. This is just your goal.

Geo ahead.

MR. HANAUER: There are twvo subsats of public
risk. The core melt is XF, and I have arbitrarily
assigned a tenth of the Commission's draft safety goal
to pressurized thermal shock. This has a large degree

of arbitracriness in it, but I have 4done it, and that
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-5
says that if the product XF is less than 10 , we are

consistent with the draft Commission safety goal.

Today we think --

MR. OKRENT: Excuse me. R.fore you come
back =~

MR. HANAUER: I am going to come back because
the risk is harder.

(Slide.)

YR. HANAUER: Now, then, a vessel which just
is at 270, I suggest it has an F of 10-6. It goes up
approximately a factor of 10 for ech 20 degrees so that
in returning to this slila, so that if F is something
like 10-6, then a vessel 20 degrees above the
screening criterion, if you believe all these numbers,
gets -- and if X is a large number near 1 -- gets to the
safety goal. And each 20 degrees more, if that curve is

correct, gets you another factor of 10 core melt

probability.
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So that it looks pretty good with the safety
goal, but a fairly large chanje makes a small change in
the result. Similarly, if you look at risk and if FXY
is the fregquency of a large release, and if we are
looking at the risk to people fairly close in, as the
Col nission has directed us to do, and if wve
conventionally divide the azimuth into 16 regions so
that any one person has a 1/16th chance of being in one
of these regions, then the safety goals implies that FXY
over 16 should be less than five times 10-5.

That is with an average site with a bunch of
other provisos in it. Now if F is two times 10.6 and
if I divide that by 20 instead of 16 because of my fear
of trying to do algebra in my head, then this lefthand
side is 10-7 times X times Y, and it is pretty easy to
speculate that X and Y only needs to be one-half and
that it ought to be pretty easy to show that this, too,
is within the safety goal.

Similarly, it goes up a factor of ten per 20
degrees, if that slope is correct, and so you can get
into trouble on the risk with a not very large increase
in RTNDT above the screening criteria. So we think the
screening criterion is pretty good and that we should

not have plants above it without a lot of plant-specific

evaluation which might then tell us that the value of F
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is different.

That is 3ll T want to say apbpout the safety
goal. It is your turn.

¥R. OKRENT: I just was wondering whether
there is more to the examination of this factor 16 than
Jjust dividing 360 degrees up into 16 pieces of pie.

KER. HANAUER: I am talking secondhand now. I
have only dabbled somewhat in the safety goal. Of
course, there is more to it than that, although that is
one of the factors. If you want to do acute death risk,
that i=s pretty 2uch all there is.

If you want to look at cancer risk, there are
a lot more numbers and they come out in this range.

(Slide.)

MR. HANAUER: Now, then, I have already talked
at some length about the uncertainties. I will not go
through it again except to remark that arriving at the
screening criterion has been primarily a Westinghouse
plant analysis. If you will look at the experience you
will find the worst three have been BEW plants, the next
five have been Westinghouse plants, and there are no
severe overcooling transients for Combustiosn plants.

However, if you disaggregate the experience to
these three kinds of plants, you find a very small

number of reactor yvears for the Combustion andi the REWs
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and you zre in trouble as to vhether any of this is
statistically significant. We have, therefore,
aggregated all three kinds of plants and propose for the
moment to use the same screening criterion for all
three.

The Combustion ovners®' groups have averred
that their plants are different and that they are better
protected, but they have not yet shown me or the Staff
an adequately story about whether this is in fact true.
It may be tru2, but we 10 not have the kind of data we
need.

For the BEW plants ve have, first of all, that
the worst three events have occurred in BEW plants.
However, we also have that substantial rectification
programs have been providad for the causes 2f all three
of these events, so that presumably operating BEW plants
today are less prone to these events than they wvere when
they happened. We have not given any benefit for that.

We have a suspicion, based on essentially no
technical svidenc2, that BEW plants are sufficiently
different that 270 is a very gross approximation for BEW
plants. One of the things the CRGR told us to do was to
go back and get together a program for understanding BEW
plants better. I think I have discussed in some detail

these other uncertaintiese.
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In answer to the question that inevitably
comes up, there are a substantial number of
conservatisms and some non-conservatisms in all of this
analysis. Many of us think that the result is that 270
has some conservatism in it. The Staff is not
monolithic on this. Some people have a better feeling
about the conservatisms than others.

We 10 not have and see no way of getting a
quantitative evaluation of the conservatism except to
the extent that you accept the probabilistic view of
things. The probabilistic view of things tells you that
things which crack the vassel at about 10.2 in the
deterministic view are at about 10-6 in the
probabilistic view. If that is valid, that is a measure
of the conservatism of what we are doing and I myself
derive a great ie2al of comfort from that, although I
cannot defend the precision of that kind of a number.

MR. OKRENT: I have a question that relates to
your discussion of the safety goal. I realize that you
say that you ares c-orracting nowvw what is in the draft
report on pages =--

MR. HANAUER: 8-something.

MR. OKRENT: Nevertheless, I am a little

curious about something. In making the case in the

draft, the factor of 16 was not used. Neverthelesé. the
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Staff was able to conclude that they were meeting the
safety jo0al and this required values of Y, which is the
likelihood of a large release given a PTS which led to
core melt, values smaller than one in 100.

Somehow the Staff seemed to be able to accept
that and now, if I have done ay arithmetic correctly, at
10.5 you would still need values smaller than one in
ten for this to hold. But I am trying to understand how
it is one could present the material in the draft in
viaw of thas absence of analyses which are stated in the
draft and which ysu had statei orally.

I Jjust do not understand how that could have
appeared, and was there some real consideration of it.
It is almost as if there vas a position and whatever
came out would fit, if I can be harsh.

MR. HANAUER: Well, I vrote the passage in
guestion and I will tell you what was in my mind. The
problem is not that Y has to be less than one over 100,
but tha proiuct XY has to be less than one in 100.

MR. OXKRENTs: But that is not the way it is
written. It is written XF equal to or less than 10.5
per reactor year, which rests on Y. In your mind you
may have hid a product, but it was not written that
vay .

MR. HANAUER: The basis was two thoughts. Cne
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is that our best evaluation is that the circumferential
crack, the high consequence circumferential crack, vas
very improbably because of the way we had chosen the
screening criterion and because of the high likelihood
that the vessel would not jump, and that for large, dry
containments -- which is all T considered because I do
not have a containment matrix for an ice condensor plant
and the water containments are not relevant here -- for
large, dry containments many PRAs show Y to be a low
value for the mixture of the various kinds of things
that can melt cores.

I projected this onto pressurized thermal
shock after som: non-guantitative consideration of what
kinds of things happen if you put a split in the
vessel. There is nothing more than that.

MR. OKRENT: I guess if it turns out that you
can get these very small values of Y, it would be very
nice, and I do recall that for Indian Point and for Zion
and, I believe, for Midland, in fact, the reactor vessel
cavity vas strengthened to cope with this kind of
split. In other words, it was not something that was
there originally, so T have to assume that at least as
of now there is some question as to whether you generate
problems with that partiéular structure in some of the

PWRs you are thinking about.
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MR. KERR: I would like to understand this
discussion and I 10 not understand the guestion you are
raising. Do you understand?

MR. HANAUER: Yes, sir. VYes, sir.

MR. XERR: What is the question? Could you
teil me what the guestion is, Dave?

(Pause.)

MR. OKRENT: I just find the draft, as it is
vorded, to give me little confidence for seeing how one
gets from the stated value of XF to the =--

¥R. XERR: I understood that, but I did not
und$rstar. the gquestion you were raising. That is a
statement -- that you do not have much confidence in
those numbars. What is the question? ’

SR. OKRENT: I am trying to understand the
basis by which tha Staff thought it was plausible to
arrive at the conclusion by this chain of logic that one
would be meeting the safety goal -- in fact I have the
same guestion even with this new set of numbers, which
includes this factor of 16, because, as I have just
mentioned, implicit in this -- if you take XF at
10-5 == 1is that the containment has t> ke2p ons from
having a substantial release more than nine times in

ten, giving a PTS failure and a core melt.

MR. MARKs Safety goal is not the probability
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of release. It is the probability of a death..

MR. HANAUER: Yes, sir.

MR. OKRENT: That l.as been factored in with a
factor of 16 now. I think you needed some factor. I
agree. I do not know whether it is 16 or not, so I anm
not questioning that there should be some such number.

MR. MARK: That is in the 16, and Y is just a
major release, Category 1.

MR. OKRENT: One or 2, 2.5 -- something like
that. Okay, I will let it go.

MR. BENDER: I vanted to try to understand a
couple of numbers -- 10.6 and 13-2 == in a slightly
different way.

If T were to postulate tha+ if I went to the
Grand Canyon the chances are abcut one in a million that
I vwill fall over the cliff ans4 kill myself, is that
about equivalent to what the 10-6 number is you are
talking about here?

MR. HANAUER: I have not any idea. I do know
that vhen you got on the airplane to come to Washington
your statistical chance of arriving at your destination
alive is 999,999 out of one million, and your chance of
not arriving here alive is about one in a million per
flight.

MR. LEWTIS: The chance of arriviug at the
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vrong place is much higher.

MR. BENDER: There is a probability in this
case that the pressurized thermal shock will propagate
in a way that it would kill someone is about one in a

million. 1Is that what you are telling us?

MRE. HANAUERs That is not what I am telling
you.

MR. BENDERs What did you tell us? I will
come to the 10-2 in a minute, but tell us what you

told us.

MR. HANAUER: Given the whole spectrum of
overcooliny events, the probability for 2ach one that
the vessel would break, the probability that that would
melt the core, release a bunch of stuff, and hurt
someone, and adding them up over all the modes in which
this could happen, the result in this calculation is
about 10.6 per reactor year that pressurized thermal
shock will hurt someone.

MR. BENDER: In three years it is about three
times that?

MR. HANAUERs Yes, sir.

MR. BENDER: Now for a reactor, for one
reactor I think we are talking about -- ten reactors, or
thicty.

BR. HANAUER: Yes, sir.
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MR. PENDER: Let us talk about the 10
number. That is a separate number, as I understand it.
There is a chance of one in 100 that the event will
oczur. That i= independent of the 10-6.

hR. HARAUER: The 10-2 came from a study of
the eight avents that have happened and if life goes on
the vay life was when those eight events happened, wve
vould predict something worse than the screening
cciterion about 2very 100 reactor years.

MR. BENDER: Now if I happen to live in
Germany, using you. airplane as an example, the chances
are probably about one in 100 thac I will fly from where
I live to Washington, is it fair to say that in the
context of the likelihood of these events coring about
that it really is 10-6?

MR. HANAUER: No, sir. Those are two
independent calculations. The 10-6 has sometbing like
that 10-2 already in it. You cannot multiply them.

MR. BENDER: That already assures an event is
occurring?

MR. HANAUER: No, sir. That gives the
probability the event will occur.

MR. OKEENT: I think, Mike, what he is saying

is, crudely, of the order of one in 100 per reactor year

you get an overcooling event, and, givern one of these,
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-4
another 10 to get to the serious release. Okay?

MR. HANAUER: Actually it is vessel failure.

I misspoke myself.

MR. SHEWMON: 10-“ of what he calls vessel
failvre or vessel cracking, depending on which slide you
looked at.

¥R. OKRENT: So 10.6 multiplies the fair
probabilities, one of which is the chance of getting an
event.

NR. EENDER: And having accepted that, how anm
I dealing with all these uncertainties that have to do
with the ceomplications? Where are they hidden in this
10'“?

¥P. HANAUER: The uncertainties are in many
places. There is the m2asuremant of uncertainty of
lateri;ls properties in the probabilistic calculation.
Tha* is included in a distribution of vessel properties
for each value of mean. There is the uncertainty in how
cracks grow. Trat is done conservatively in our model,
even in the probabilistic one.

There are the uncertainties whether one has
2ll of the events which could occur. We are sure thzt
is not conservative because we have not included the

operator dsing something dumb and unforeseen. Some of

tham ar= explicit, like the materials property
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uncartainty, and some of them would just hav . to ke =--
they are kin® of sutside the numbers. We do not .now
how to put them in the numbers.

MR. SHEWMON: Some of them have to do with
vhether there are cracks the.re that size or not, and
that is what we will get to next, when we can get
finished with Dr. Hanauer.

MR. BENDZR: I have stopped asking guestions.

MR. EBERSOLE: Could you comment? Within this

-4
10 bandwith, just what do you expect of the

operator? 1Is this a super operator, an average
operator? Do you expect him to do something within
eight seconds or ainutes?

YR. HANAUER: This is an opesrator who is
average as regards sins of omission. There are
probabilities in there for him forgetting to 4o things
he should do. What is better than average with regard
to doing bai, unforeseen thinjys for which zero is the
probability in this model -~

| ¥R. KERR: Am I correct that the~e is no
cradit given for him being a very good operator and
doing something ameliorative?

MR. HANAUER: Well, it is in there with the
probability which is characteristic of average

operatorse. It comes out of Swain's handbooke.

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

361



10

11

12

13

14

16

16

17

18

19

21

22

24

25

362

MR. KERR: Thank you.

MR. HANAUER: Mr. Clifford, have I represented
You correctly?

THE REPORTER: I can't hear you.

MR. HANAUER: He said, talk to Mr. Israel.

(Laughter.)

MR. ISRAEL: 1Israel c¢f the Staff. You have to
look at the individual events. The events that wve
looked at, the one that is driving, is the small break
LOCA. For that avent, everything works. The plant
depressurizes, you have stagnation in the pumping HPCI,
all the HPCI pumps work and that is the result. There
is no operator action, detrimental or beneficial.

I do not know that anybody has looked at the
potential beneficial actions. They would have to
probably occur within twventy minutes or so =-- whatever
they vere 30ing to be. That was the critical time
frame.

¥MR. KERR: It assumes that you trip the pumps,
the coolant pumps.

MR. CLIFFORD: That is true, but the size
range, the pumps would probably go anywvay.

Nov let me just carry on. The next one wvas
the steam line break ani ther2 we jave credit for the

operator terminating auxiliary feedvater to the faulted
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steam generator. If he does this in a relatively short
period of time, you can limit the cooldown for most of
the events.

The event that probably was driving was the
event at zero power. My recollection was the
temperature came down to 200 degree anywvay, regardless
of whether the operator terminated auxiliary feedwvater
and for the steam line break events we postulated that
they want back in pressure.

The steam line break you get a
depressurization in the primary system. The HPCI comes
on. That keeps pumping away. You stay at low pressure
until you start filling up the pressurizer, and then at
some point, if you have 1 low pressur2 HPCI system, the
pumps would stop pushing in the water. However, the
residual vater in the primary system would ultimately
depressurize you.

MR. SHEWMON: Doctor Carbon,, you had a
question.

MR. CARBON: Steve, do you have any feeling
for wvhat the probability is for the operator doing some
bizarre action and are you going to look at what
opportunities are available to him to do so and try and
get a good feel?

MR. HANAUER: Not in the context of
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pressurized thermal shock. We have programs in human
factors that address that in a very general way. I do
not plan t> wait for them in completing pressurized
thermal shock. It is simply an incompleteness, as in
all probabilistic evaluations.

Now that is included in the evaluation of
experience which wvas one of the important reasons not to
valk away from that.

MR. SHEWMON: You see, the inverse of that is,
Max, they have done audits on the procedures ar the
training of the operators in these plants to recognize
overcooling events and to try to trace the line between
overpressurization and overcoocling or something of that
sort. So in a sense they are looking at the operators
and one woculd hope that would also cut down the chances
of bizarre events on the particular plants which are
critical hare.

Are ve ready to go on?

MR. BENDER: Just because we have become a
little uncertain about it, there is some Staff
disagreement. Do w2 know what the disagreements are?

MR. HANAUER: You have the two Staff members
with differing visvs here.

MR. SHEWMON: You have Bastikos® comments and

these are 2ditorial comments on the raports and things
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vhich he feels the report does not reflect his viewpoint.

MR. BENDER: Was that one of the --

MR. HANAUER: Yes, sir, and the very last item
in Mr. Bastikos' m2morandum is a general disagreement
with the conclusions of our report.

MR. BENDER: What is the other one?

MR. HANAUER: The other is Mr. Israel, and I
will invite him to speak his piece to the Committee.

MR. SHEWMON: He has not committed any of
these to paper yet, s> I hope they are not too diffuse.

MR. ISRAEL: No. Mostly my comments deal with
the draft report and since that time the draft report
has been re-edited an¢ most of my comments were taken
care of and Dr. Hanauer in this Committee has brought up
points I had made.

The only one I wish to make at this time is
the fact that, well, I guess people are fixating on the
probability curve of the small break LOCA, which Joe
Sneider, who is involved in this, was very vehement
about that sort of thing in an absolute sense. I will
Just reiterate his concerns.

I would also like to point out that what is
driving that curve is the small break LOCA. The small
break LOCAs that w2 1look24 at are small br2ak LOCEs

wvhere the hole opens up, the plant depressurized down to
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vhatever the pressures and temperatures as well. That
was basically obtained, this type of insight was
obtained from the Westinghouse owners® group.

The events that we had not potentially lookead
at are the events wvhere we have stagnation in the loop,
pump in cold vater, and essentially have the same type
of fluid conditions. Subseguently, at some later time,
you repressurizae. Those type of events could
potentially change the fregquencies that you are seeing
at the 210-degree figure -- figure 21 or figure 22.

So it is that undertainty that T just wvanted
you to realize for completeness.

MR. MARK: Perhaps Israel or perhaps Steve, I
learned from figure 22 that steam line breaks are rather
more probabhle than 10-1 and that I find surprising.

MR. HANAUER: Steam line breaks, I do not see
how you learn it from figure 22, but they are --

MR. ¥ARK: You find out that with a tvo times
‘IO.2 factor at 250 degrees are divided, 1.5 times.

MR. HANAUER: B5ut tnat will not do. The
conclusion is coriect, but that calculation is not
correct. It is the result of a very large number. It
is the Monte Carlo and it is the interaction of details

on these distributions for which you have guoted only

the centraus.
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In fact, steam line breaks occur not only from
rending metal but from the opening of bypass
power-operatad ralisf and safaty valves because the slow
on2s are more severe than the large ones and, therefore,

the frequency of the small ones is indeed gquite high.

MR. MARK: Whereas the frequency of the small
break LOCA is, ballpark, th:ee times 10-2?

MR. HANAUER: Three times 10-u.

MR. MARK: There is a 10-2 for getting down
to the temperaturz.

YR. HANAUER: I am sorry. That is not correct
for the small break LOCA. You are trying to make
something too simple out of these curves. The frequency
of the suall break LOCA in this size range, the
restricted range in which stajnation occurs in the loop
flow, has been evaluated to be about three times
10-“.

Again, the components are rending metal,
leading to breaks of this size, plus combinations of
safety valves sticking open, multiple powver -operated
relief valves opening, and multiple coolant pump seal
failures. But in every case the results from these
curves is a combinaticnh of this three times 10-u times

a probability of breaking -- crackirg the vessel, if you

prefer -- given any one of these possible sequences.
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MR. MARK: And the possibility of
undercooling.

MR. HANAUER: The probability of the
undercooling I just told you. If you have a loss of
coolant accident in this break size, it will, with
probability one, lead to this overcooling.

MR. SHEWFON: Okay for now? Good. I do not
se2 any other hands. I am almost going blind, but go
ahead.

MR. AXTMANN: [ am somewhat bemused by the
thing that is missing today over and above -- excuse me,
missing from the Staff position paper, and the
discussion that we had at the Subcommittee meeting,
where the time for action was defined as about three
years from now.

MR. HANAUER: The remaining vugraphs have not
yet been presented with that information.

MR. SHEWMON: You are not through yet?

MR. HANAUER: No, sir.

MR. SHEWMON; Let's let him finish, then.

MR. AXTYANN: That is fine. -

MR. SHEWNMON: Please get through.

MR. HANAUER: Very guickly.

(Slide.)

MR. HANAUER: The proposed program. We
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conclude no need for immediate modifications.
Plant-specific analysis is needed for those plants which
have embrittlesd vessels. The screening criterion I have
discussed.

The Committee -- the Stello Committee -- has
asked us to reconsider who should do plant-specific
apalysis both on vessel material properties and on
detailed 2valuations of the kind I have been talking
about, wvhen this should come, and, in particular for
flux reduction programs, how this can be looked at
somevhat earlier.

We have loocked at flux reduction programs and
we consider four cases. The first one is 40 nothing.
The second one, implement the so-called low leakage
course that has been talked about by the owners' group,
and give adout a factor of two reduction.

There is a much more drastic low leakage ccre
used in Germany where tae outer row of fuel elements is
replaced by a row of dumay fuel elements with stainless
steel pins. This produces a very large reduction in the
flux, but involves a potential 3degrading, and ve are now
at the Committee -- the Stello Committee's request
looking at what might happen if ve considered various
vays of trading off relief from derating for improved

pressurized thermal shock.
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¥R. KERR: Steve, is thers aay way of
estimating about how much rating?

MR. HANAUER: We hear numbers between five and
20 percent. It is extremely plant-specific.

MR. KERR: Thank you.

KER. HANAUER: The biggest hole in this whole
thing is, first of all, to delineate well what is needed
in the plant-specific evaluation, to do, as Mr. Axtmann
asked, to consider wvhen it should be done, by how many
owners, and to arrange a scheme to get some of these
long-range things like flux r2duction and improved
instumentation and controls -- Nr. Ebersole’'s cuestion
tvo hours ago -- and to get that done much earlier than
vhen the plant actually gets within three years of
reaching the screening criterion, which was the Staff's
proposal in the iraft.

So this is really kind of up for further
consideration and any guidance the Committee might
choose to yive us would be gratefully accaptedi. The
thing which is left out here and which we have not done
is to decile what is an acceptable plant-speciiic
evaluation and what is an acceptable vplant-specific
plant after the evaluation has been done.

That turned out to be a very difficult

problem -- no simple characterization. For example, a
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value of RTNDT above which thou shalt not pass seems to
£it the proper regquirements for spending millions of
dollars of the public's money on backfitting or shutting
down, and yet such criteria need to be developed.

The point of the earlier conclusion is that
there is some tim2 to improve our plant-specific
understanding and do that in a better way.

(Slide.)

YR. HANAUER: Finally, I will flash in front
of you the long-tarm program, including research and
such which reguires no detailed discussion.

That is the end of my presentation, MNr.
Chairman.

HR. SHEWMON: All right. Does that take care
of your quastion?

Y¥R. AXTMANN: I think the timetable is
reasonable for trying to resolve the problem in three
years, but I think tieing it to calculated figures for
RTNDT and 2stimated changes in RTNDT in three years is
kind of artificial.

MR. HANAUER: Those numbers have already been
calculated and are subject only to further refinement.
Those numbers are presented for every PWR vessel in
Appendix P to our 4raft report.

MR. AXTMANN: Yes, with a certain
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uncertainty.

MR. HANAUER: That uncertainty will be
improved to> some extent. We are talking about the
leaders of the parade nov, but that would only lead to
refinements of those numbers.

MR. SHEWMON: Run, gquickly.

KER. HANAUER: Thank you, Mr. Chairman.

#e have two other presentations this morning
vhich I hope will be somewhat brief because I am sure
you will have quastions to extend to them. One of these
is from the Staff, and that will be Mr. Blake, who will
talk about what kind of inspections are done and I guess
the probability that there are flaws thers and wvhether
ve can find them if there vere, or what is going on in
an area ani ind22l what the chanc2s of having these
flavs are in our findings. Let's leave it that wvay.

¥R. BLAKE: I am here in response to some
guestions which came up at the Subcommittee meeting.

As I understand, the gquestions that were asked
vere on the vessels that have been inspected for the
conditions of the cladding surface and the effect on
examination and the capability of uitrasonic inspection
procedures to detect the underclad cracks.

(Slide.)

YR. BLAXEs I am here because three vessels
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have been inspected in accordance with Reg Cuide 1.150

in Region II, of which I witnassed two of them -- the

Robinson inspection and the Turkey Point-3 inspection.

We also hail Ocone2-1 inspected in accordance with the

best effort to the first edition of Reg Guide 1.150.
Three vessels were inspected by three

different inspection agencies using differant

approaches. It came back to the first gquestion. These

are some tast blocks, pictures of ta2st blocks used in UT

studies which show an as-wveld2d and a hand-ground
condition which, without knowing the background of the
blocks, I would guess they were a hand-velisd product,
and.it is only --

MR. SHEWMON: Sir, you are standing right in
front of the screen for several of us. There is a
wooden pointer around to help you.

¥R. BLAKE: This is the as-velded and
hand-grouni presentation. 7n my experience of looking
at the Robinson vessel, the Turkey Point-3 vessel, as
vell as St. Lucie in pre-service inspection, they are
all presented as machine-wvelded. The surfaces are
considerably smoother than what is shown here.

¥R. SHEWMON: The usual technique looks for
flavs beneath the surface and beneath the cladding.

MR. BLAKE: That is true.
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MR. SHEWNON: What we are most interested in
is the degree you can find surface flaws with the
approved tachniques that are being used.

MR. BLAKE: By "surface”™ do you mean uuder the
cladding or in the cladding that were propagating into
the surfaca?

HR. SHEWNKON: Yes, but within the first half
inch or an inch of th2 surfacs.

MR. BLAKEs Okay. That is the next part. I
just put this up here to show you that vhen you start
talking about degree of roughness of cladding, grinding
is not always necessary because some of the as-wvelded
products can be saoother than some of the ground
products and you just have to go on a plant-specific

basis.
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The next page shows the experience in Region
2, the methods in tabular form of how the inspections
vere done and by vho and wher. The Reg. Guide came out
in June of 1981. The first plant inspected in Region %
vas in June 1981 just about the time the Reg. Guide hit
th2 str2et. It wis inspected by Southwest Research
using contact methods, 45 degree sheer wave, single
element, fill view pad. The next wvas done in July of
‘81 of Oconee 1, the same freguency, but emergent
technique using 70 degree sheer wvave, single element,
ani scannei to a depth of approximately 2 inches, the
area of interest from the surface of the clad.

In Macch and Apcil >f '82, Westinghouse d4id
the Robinssn plant using the 60 degree refractive
longitudinal with the same technigue.

The next one on the list is Turkey Point 4,
which is scheduled, the last word I heard from PFEL is
November 3 of this year.

To give you an idea of what we are talking
about here, wve are talking about the Westinghouse
approach being dual transducers, the web guide in
between to keep interference down, generating at 60
iejree wav2 that is picked up by the other transducer.
The technigue they use for determining this, by the way,

is an array in pairs where you are looking in the sanme
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area from two different directions at the same tinme.

When something is found by -- that triggers
the signal that you are above a certain DAC lavel or the
area of interest, then the transducers are put on a
pitch sketch mode, and the indication, whatever it is,
is vieved from four different directions to make a
determination of how real the signal is.

(Slide.)

MR. BLAKE: The Southwest Research method that
I witnessei at Turkey Point is a contact 45 degree sheer
with the bouncer signal off the outside wall, by getting
out the response for the majority of the metal path,
then they look at the signal that is generated from this
area to the cladding with particular interest being made
at the clad. The claiding interface is very
distinctive, and what they are looking for here is
anything that is -oming up in this area.

I will get into the results of these in a
second.

There was a pra2sentation on BEW. They are

using a single element with the immersion in the

standoff and looking at a 70 degree angle to determine
vhat is in the first two inches, including the
cladding.

(Slide.)
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¥R. BLAKE: The results of these three
inspections ware not in your handout, but the reports,
Oconee report and the Robinson report were both
submitted. For Robinson there vere 36 indications
detected, of which 21 at the time that they =-- when they
started putting these in the signal pulse acromode they
were able to scre2n out 21 as being extraneous noises,
not real signals, leaving them with 15 indications, of
which 13 ware cir-umferential, two of them are actual,
11l of them appeared in the cladding, vere determined to
be in the cladding. And basea on fabrication records,
this cladding material had a history of having slag
inclusions between weld passes. They found that during
the baseline inspaction and the fabrication inspection
at CE.

So they have indications in the
circumferential welds, no indications at the interface
or in the vessel material.

They did have one problem in their
inspection. It is that they inspected what they thought
vas longitudinal welds, and after the fact, they found
out that bacause of some discrepancies in the
fabrication documentation on the vessel, they vere
actually inspecting an area of base material and they

missed the welds. They had a -- as I understand it,
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they planned to go hack at a later time and to complete
the inspection. They jast ran dut of time.

The Westinghouse equipment ran into probdlems
ani they Jjust veren®t able to do it this outage.

(Slide.)

MR. BLAKE: The Turkey Point recorded no
recordable indications.

MR. SHEWMON: No recordable or no reportable.

MR. BLAKE: PRecordable, wvhich in itself leais
tc no reportable. No recorcdable, but that may be
because of the direction that they are looking in
because they are examiuing from ¢t .s base metal towvards
tha cladding. They are using the cladding as the end
point of their examination, and they are really looking
at an area of base material under the cladding for
cracking in that area, and they may not be seeing
anything in the cladding. That is my speculation.

We have Southwast Research here making another
presentation later. Maybe they can go into that in more
detal.

The 2Oconee, where they were looking at from
one direction with a 70 degree sheer, they repcrted 16
indications, and all o5f them were 4etermined to be slag
inclusions or manufacturing type inclusions in the clad

material.
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MR. SHEWMON: In the clad?

MR. BLAKE: 1In the clad material itself,
developed from the welding process.

KR. EBERSOLE: Don't you have to look in two
directions for these scans?

¥R. BLAKL* In fact, they are looked at from
four directions.

MR. EBERSOLE: Four directions.

¥R. PLAKE: I just schematically put it up.

MR. EBERSOLE: You looked at one you said, at
Oconee.

¥R. BLAKE: No, I looked at -- I observed the
Turkey Point and Southwest Research inspections. I had
another inspector that looked at Oconee, and‘we had, NRR
had a consultant. We borrowed the consultant.

MR. SHEWMON; Please get on to your
recommendatiois. They are good ones.

¥R. BLAKE: Cetting on to my reccmmendations,
Jack and I came up with this. Based on what we have, ve
think we ought to implement this Reg. Guide. The Reg.
Guide came out and was intand2d to be
self-implementing. In effect, before the dust settled,
the generi: group instituted -- we have a Reg. Guide out
that says things shall be done. That is why people

started scrambling to do them, and then other people
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started saying, wait a minute, a Reg. Guile is a
recommendation, and then there's no generic letter,
there is n> bulletin reguiring it, and it ies still that
vay.

The Dwners Group got together. They formed an
ad hoc committee. They did an awful lot of work
reviewing the Reg. Guide and coming up ~-- recognizing,
they finally started telling people that you are not
inspecting under the clad, and that's the area that's
important. All the inspections up to this time have
been looking at the outside wvall of the vessel. Nov ve
are saying the inside wall is important. So that needs
to be implament24, including the recommendations from
the Owners Group. We need to require or demonstrate the
capability of their procedures. We have looked at three
different methods, 11l three of them by their == by the
people that generated them vere touted to be the best in
the industry. Th2y are finding what we are looking
for. We want that to be demonstrated.

Then we need some kind of research to
determine the confidence levels of the probability of
detection of the underclad cracking. We don't have any
guantitative numbers that I'm avare of that say what the
chances of using any particular inspection technigue

would find them.
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¥R. SHEWMON: Would you talk a little bit
about hose these recommendations, and particularly the
Reg. Guide, would help on protectiny stainless steel
piping, because there ve have pretty good evidence that
staff approved procedur2s or 1iin't find them at Nine
Eile Point until they started to leak, and then people
vent back and said, well, yes there were indications,

but they weren't reportable or somnething or othere.
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MR. BLAKE: That particular subject was the
subject of another reg guide. I think Mr. Chang can
discuss that at better length. That is a little bit
different problem. We are talking about the manual
scanning using the manual process. Recording of the
indications in most cases is not done. The indications
ar2 evaluated on the spot by the operator who in a Jot
of caces this is -- I'm not trying to cast any
disparaging remarks on the industry. There are a lot of
people out there that are certified to> calibrate an
instrument wvho wmay or may not have ever seen a crack
appear on the scope.

But you can obtain a level 2 qualification
certification on ultrasonics and be able to do nothing
to calibrate the instrument. That is 2t the extreme
end. There are an awful lot of good ones out there that
they can t211 you they can distinguish betva2en slay and
crack, and very caonvincingly so.

MF. SHEWMON: Are there any questions for Nr.
Blake?

MR. KERR:¢ What is meant by implementing Reg
Guide 1.1507

¥R. BLAKE:¢ t ke it a requirement.

¥R. XERR: Then it's no longer a regy guide.

You're sugjesting it becom 2 regulation?
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¥R. BLAKE: I am suggesting that with a
generic letter or a bulletin or whatever it takes to 4o
it, let's make it a requirement that when vessel
inspections are ion2 they are done using the techniques
an? methods that are described in the reg guide.

MR. KERR¢ So you're suggesting that it become
a requirement rather than a reg guide.

MR. BLAKE: Yes, sir.

¥R. SHEWMON: Thank you very much.

Mr. Whiting.

dould you start by identifying yourself and
say a little bit about what you do for a living?

YR. WHITING: My name is Alan Whiting. I work
for Sovthwest Res2arch Institute in San Antonio, Texas.
One of the major things that I've been involved with
over the last twenty years is the reactor inspection
business. The parformance of pre-service, in-service
examinations constitute a major activity in the division
that I represent at the Institute.

I vais asked to come and speak today concerning
I guess *‘he sequel to the presentation that was just
made from the perspective of a vendor, and kind of
vhat's happenin; osut thers today, and the performance of
examinations of primarily dealing with the reactor

pressure va2ssel, and more specifically, the coincern area
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being the inside surface of the reactor pressure vessel
ani to som2 depth within the wall.

T'here has already been a presentation or a
picture given to> you of the type of clad material that
exists on these r2actor pressure vessels. This exists
cn all the PWR systems on the ID surface. It ranges
between a quarter and a little over three-eights of an
inch in thickness. It is put on in many different
vays. On the vintages of the plants that are in the
states today, manual sSverlay clad is the most common.
Machine process starts to be applied to some of the
vessels that weres on this list that has been presented
toiay.

So I agree wholeheartedly that it's a
plant-by-plant juestion because you find all conditions
existent in the field today from as-clad surface to
ground with what is termed valleys remaining, the
position between the well beads still showing, to a
condition where it is ground smooth. The gr nd smooth
regions of the reactor pressure vessel have historically
been in the nozzle blend radius area on the ID surface
of the vessel wvhere the intersection between the nozzle
and the vessel come together. This was an early defined
area of maximum stress, and they anticipated that there

might n2ed be mor2 concern spant in reviewing that area
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as the examinations wvere performed through the life of
the plant, so thay prepared those regions by surface
grinding.

We have wvorked many years in this, since the
mid-60s and through the evolution of Section 11 and
through the ongoing evolutions of the code requirements

both from the code and the NRC.

Just a little background on the subject that
was presented her2 a minute ago =-- we typically used a
45 degree sheer wave V-path examination in the core belt

region of the re2actor pressure vessel to assess the
integrity between the cladding, immediately beneath the
cladding on the structure.

Tﬁe r2ason that wvas done historically is wvhen
the first rejuirements came out, the requirement to find
reflectors on the order of one-half an inch deep was
considered the lavel of information desired. Since that
time there's obviously been some additional concern,
particularly in these units that are being adtres--4
today, that there might n2ed to be defined smaller
reflectors in that zone.

We have a 1ot of history of work that has been
done to qualify this V-path examination technigue below
the cladding on the former size reflector that we just

identified on the order o2f half an inch in depth. We
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1efine a guarter 2f an inch below the cladding on a very
highly reproducible and reliable base.

The dataction of that type of indication -~ I
want to delineate the difference between detection and
sizing becsuse it's very important. The detection is
the thing that has besn asked for. A hundred percent
reliability of detection is what wve'd like to strive
for. W2 feel we can accomplish that if it is set on
this kind of a basis.

Now, the sizing has alvays been the next
juestion, particularly since the advent of fracture
mechanics. To do that you can use other technology.
There is other technology that's in use today that does
get to that circumstance. I would just mention a little
bit of what transpired and has transpired and is
transpiring just today. When I say "just today,”™ it's
been within the last year in regard to this question of
unier-clad and the regquirement to find the smaller
target in as reliable a manner in the detection mode as
the larger target had been concerned before.

One of the things that is key to the ability
of any ultrasonic technigque to do the job of finding the
indiication of conc2rn needs to get away from the

subjective amplitude. We find that amplitude
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historically has been a basis for determining whether
something is fair ocr not. We hava found ovar the years
that an equally important criterion to apply is the
location wvhere the reflection is coming from. So
information about the time base or the time of flight of
the ultrasonic beam is an important consideration to
have as part of your analysis with these two things.

And I think this zan go to some degree to explain what
happened at Nine Mile Point. I wvas asked 2o touch on
that maybe a little later.

The thing we have looked for in this concern
is, as wvas 2videnced here when the presentation was made
about how Southwest applies a 45 V-path examination
bounciny off the outsiile ws11 and coming back up =--
that's a long metal path distance. There is beam spread
and the possibility of redirected energy as it
penetrates the cladding the first time and goes back,
and then the possibility of being somevhere where you
ar2 off sone amount over here when it returns to the
clad surface.

That is all well and good, and we can
certainly 30 through the laws of physics and shov that
is the cas2, but it doesn't become a real problem as
long as the symmetry of the vessel is basically as it is

in the cor2 belt regions parallel wall and reasonably
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uniform throughout the circumference.

T'he reason it doesn't become a problem is you
have the guaranteed monitoring mode of the cladding
interface available on the instrument so that you can
see exactly the zone cf interest -- the zone of interest
here b2iny th2 r23ion of the -- the area of the base
material immediately below the cladding preceding the
signals you get from the cladding-base metal interface.
So that feature has given us a great deal of ability to
detect reflectors that occur at that point.

¥R. SHEWMON: Does this allowv you to go cn
both sides? You certainly then can see any reflections
that come back ba2fore you get to the interface. Can you
also -- do you also study what is in the cladding, in
that V-mode?

MR. WHITING: It's possible to do that. We
typically have gated the region because of the area of
interest. What is in the cladding has not been of
interest to us. It's not been a requirement to
determine that from the code perspective or from the NRC
heretofore. We wvere interested in knowing what wvas in
tte base mater -1 immadiately below the cladding., We
can in fact see that region, because what you do there
is you move it further out.

The difficulty with this approach for
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assessing vhat is in the cladding with the full V is
that you may have a masking of some of the information
that's in the cladding because you have the presence of
the cladding-base metal interface. So on that basis and
since there was some interest in changing the tarzet
size of this reflector, there wvas a need to generate a
supplemental technology to go and be able to perform in
that area immediately below the cladding, which might
consider in the cladding as well.

This came about actually at the €first stage of
time in France. It utilized and implemented the
technology that was daveloped in Germany called the BAM
probe. What it amounts to in principle is a high angle
reflected longitudinal probe on the order of 270 degrees
that is mounted in one unit typically. You sawv a
concept of it here presented as a 60 degree, I believe.
It was the longitudinal, the longitudinal mode rather
than the sheer mode of energy.

One of the reasons for the longitudinal mode
being utilized is it gives better penetration ability
through the stainless steel material, the cladding being
stainless. This was used first primarily for the nozzle
regions for the vessels in France because they had
cracking problems in their nozzles. We then applied

that technoslogy. We had some of those probes. We
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adapted some in our labs. We have some test results
where we 1o0k2d at the principle that wvas applied. We
actually built some search units that do a little bit
1ifferant kind >f 3 focusing that we wanted to
implement, and ve compared them with the standard BAM
delivery.

We took those probes and use2i tham in Korea in
an examination within the nozzles of the reactor vessel
there. We also have utilized those in looking at
iniications where we had excessive clii noise.

In our normal 45 mode examination V-path we
found regions where we had a little higher noise from
the metallurgical interface between the cladding and the
base material. We then supplemented our examination and
looked in those areas.

MR. SHEWMON: Soon could ve get you to go on
to what you think should be done to increase one's
confidence that you will find flaws by MVE technigues in
the near-cladiing region or in the stainless steel?

MR. WHITING: Okay. Since the guestion came
up on Turka2y Point 3, which is a vessel that's to be
examined here in November -- Turkey 4, I'm sorry; 3 is
the one we did last y2ar. Turksy 4 is the one to be
examined.

The int2nt in the care belt region or the

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

22

24

25
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we've done to the Section 11 examination and at that
time apply the 45 V-path exam that wve've always done

through the course of the material, but then surplement

that examination with a high angle reflected

longitudinal exam in the weld region and a half T of
base material on either side of the weld region, both
looking from the multiple directions that were addressed
here -- that was the intent today -- to guarantee that
we will in fact s22 raflectors that might be of interest
beneath the cladding.

MR. SHEWYON: 1Is it gquite possible with the
standards which the Section 11 allows you to use and the
level of what you can report that there would be half or
on2-inch cracks there, ani they're easily visible but
not recordable, or they are visible but not recordable?

I have the guestion I've been had on occasion
by what has to be reported and what is feasible to be
reported.

MR. WHITING: Recordied versus rvported. I
don't feel because of some other information that I gave
you that deals with sizing that thesre wouli be any
gquastion about whether or not there would be an
iniication in there on that order of magnitude, because

there would not be one that we would not know aboute.
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ER. BENDER: Some people have said that it is
necessary to find flaws of an order of a gquarter of an
inch deep or something like that. Is that still within
the realm >f capability of these detection devices?

MR. WHITING: VYes, sir. We feel very
confident that we will see ani flag an area of interest
to do further analysis work in with the scanning mode
sensitivity ve're talking about on the order of a
quarter of an inch. We f2el like once that's bez2n 41one
that the possibility to determine, depending upon the
condition of that surface of the cladiing in that
vessel, ve can have a reasonably high confidence, 95
percent or better, of being able to size it down to a
tenth of an inch.

¥R. BENDER: Now, because I want to get this
surface condition reguirement clear, I would like to
have you say what -- you've inspected with ground
surfaces, you'v2 inspactad surfaces that are machine
wvelded and those that are manual overlay.

Will this conclusion apply to manual overlay
velds without any grounding?

MR. WHITING: The ability to size down to a
quarter of an inch may be limited in that avent. I
would say we might be able to go to an eighth. Our

experianc2 has shown w2 might b2 able to 152 an eighth.
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MR. BENDER: But if you satisfy that
criterion, you're zomfortable with manual overlay, and
you'll be able to 40 a good inspection ob?

¥R. WHITING: Yes, sir. The reason I say that
is ve've done tests in the laboratory that substantiate
that., We've also run into many occasions whe-e you run
into both vessel clad with avtomatic cladding is well as
manual cladding.

MR. RENDER: Thank you.

MR. SHEWMON: Yes.

¥R. OKRENT: A related gquestion. Let me
spaculate that if people looked with the sensitivity on
occasion, they will find a flaw -- a guarter inch, half
inch, three-quarters of aa inch. What will be the
meaning on whether something should be 4on2, 2 finding
in other words?

MR. SHEWMON: You me2an if it was there would
the NRC let them start up without fixing it or what?

MR. OKRENT: Well, shocula they cr shculd they
not, and on wvhat basis would such a decision maybe
occur? It will shift these probabilities somewvhat.
But, you knowvw, just having the flaw obviously doesn't
give you a failure. .

YR. BENDER:s VYou're not cidressing that to the

speaker.
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MR. OKRENT: No. And it's unlikely that
something will be found.

MR. BENDER: As a matter of fact, I'm sure if
ve find them ve'll vonder if we're seeing hash or flaws.

MRE. SHEWMON: Would you like to leave that as
a homewvork assignment for the staff, sr would you like
to respond now?

¥R. OKRENT: 1It's probably a homework
assignment. I don't know for whonm.

MP. SHEWMON: I am sure Steve is wide awake
ard will keep that in mind.

Are ther:' other gquestions for Nr. Whiting?

dould you shift a little bit to stainless
steel? You must do sone of that in your business also.
The stainlass ste2l piping is harder. You're talking
about thinner sections. Apparently you are talking
about handi-held things instead of machine and recorded
or machine-driven and recordei. The cracks are tighter,
branched and harder to find, and ve don't always find
them before they leave. And thay they 30 back and say
yes, there wvere indications there, or once they know
there are cracks in that region then they can see things
wvhich they say yes, they're cracks, and that tends to
shake one‘'s faith in the NDT business or profession or

something.
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MR. WHITING: Okay. We certainly do look at
lots of stainless steel. We do the balance of plant in
many plants. That represents a large number typically
of ostonetic weldments that are in the plant. I think
again I could summarize this whole subject by the fact
that the code vhen it evolved address carbon steel
predominantly in the piping m>de. It addrasszd low
cycle fatigue as a mechanism for failure, which gives
you a different type of target to writ2 your procedures
and to develop your scan plans and to teach people how
to find.

When you deal with stainless steel with the
cracking mechanism of stress corrosion, cracking being
the object necessary to find, it takes a different kind
of an approach, and the procedure btecomes the key to
success, the adequacy of the procedure.

#hen T said a while ago that one of the major
benefits that you have as you use the ultrasound as an
2xamination process is wvhere the targyet is occurring.
We take a great deal of advantage of the fact that ve
with a high degree of probability have an idea of where
stress corrosion cracking will occur relative tec the
proximity of a weld geometry.

¥hile the proc2dures 1o talk about sensitivity

levels and those kinds of things, when we find an
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indication occurring on the screen in the area of
interest -- we call it this window -~ that we feel is a
high probability of vhere this problem might occur, it
doesn't matter what gain level it occurs at. If wve get
a signal that shows up there, ve will investigate it.
That is not an industryvide practice, and I think that
may have something to do with some of the circumstances
that develop as others apply the examination.

MR. SHEWMON: Do you know cffhani whether Reg
Guide 1.150 or whatever it was speaks to that, or is it
only on vassels?

MR. WHITING: It deals with the reactor
pressure vessel.

¥R. SHEWNON: 1Is there a comparable reg guide
extant or in th2 vorks which deals with stainless steel
piping?

MR. CHANCs: 1It's not in the reg guide, but
there is a cold case put out by the committee which
intends to cover piping, so not just the CRGR. We
haven't officially adopted that one yst, but I guess the
staff is in the process of evaluating that cold case.

MR. SHEWMON: Are there guestions for the
staff or ¥r. Whiting in this area?

YR. OXRENT: I have a guestion again on

flaws. In the probabilistic analysis what would be the
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1ifference between assuming a flav of one-inch existed
and the probabilistic distribution that wvas assumed to
be the one2 us21 for purposes for calculation?

MR. HANAUER: The probabilistic analysis used
frequency distribution >f flaws ani a probability
distribution. The probability distribution that we used
for flaws was on the order of 10-“. so the difference
wvould be for the events that involve boiling, about a

4, but that's a very crude answer.
factor of 10

¥R. OKRENT: But I was told that half-inch
flaws, maybe even guarter-inch flaws contribute also.
So I'm trying to understand the difference between
assuming a flaw is there of whatever size you need and
the probabilistic distribution. Is it a factor of 10?7

MR. HANAUER: That is one of the principal
components of that 10-“ difference between
deterministic and probabilistic.

MR. OKRENT: All right. That's what I wvanted
to know. Thank ydu.

ME. WHITING: There are a couple of slides
that might be of interest to you. They show the
statistical results of some actual cracks ve've
interrojated with this multiple-beam satellite pulse

high refractory angle here.

MR. SHEWMON: I would like to see them, but I
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think in viev of the time and the particular place ve
ara at I would rather not. But I thank you very much
for coming in. This has been helpful.

Does that conclude what you want to develop
here, M %e?

¥R. BENDER: I think we've had as good a story
as ve are likely to be able t> absord this morning. The
committee has available to it a draft of the committee
position which I invite pe2ople to look at. T personally
think the staff is a lot better off than they were when
they started this thing a lot of months ago, but there
are still some things to be done.

In spite of the fact that I have little
attachment for tha PRA and safety goal part of the
analysis, the position which the staff is taking seems
to me to be2 a pretty reasonable one and has a lot of
conservatism in it. And I think we ought to seriously
consider acceptingy it and recommending to the
Commissioners that they accept it as a way to deal with
this matter over the period of time that we have.

MR. SHEWMON: I at thi< point am about to call
a five-minute break, as much as I hate to given the
lateness relative to the schedule, so that we can clear
the room of those who really don't want to stay on and

hear some exciting reports about some other subcommittee
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activities and thingys of that sort, and then wve'll try
to get through ths subcommittee reports for whatever the
agenda says is three-quarters of an hour before we break
for lunch.

(Whereupon, at 12:05 pem., tiie committee was

recessed into executive session.)

* * »
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Duke Power Company
Oconee Nuclear Station
Unic 1 ) 3
Suzmary Report of the 10-Year Inservice.Inspection
‘ Reactor Vessel Welds e

Introduction

This report swmarizes the l0-year inservice inspection (ISI) of the reactor
vessel welds at Duke Power Company's Oconee Unit #1 Nuclear Station. The
inspection was performed during July and August of 1981. The reactor vessel
weld inspection is only a portion of the total 10-year ISI that is being »
conducted. The full report will be provided following completion. Additional
de;ails of the examination results are maintained in the Duke corporate
offices.

Background

The 10-year ISI of Oconee 1 was in the planring stage for many months prior
to the start of the outage. In early 1981, significant efforts were started
to support the inspection of the Oconee 1 vessel. Regtlatory concegns
relative to reactor vessel pressurized thermal shock were present as well

as a draft Regulatory Guide addressing the ultrasonic testing of reactor
vessel welds.

With regard to reactor vessel pressurized thermal shock, Duke decided to
conduct a vessel examination that would reliably indicate the structural
{ntegrity of the beltline region welds. Further, being aware of the draft
regulatory guide and its schedule for issuance, Duke determined that the
requirements of the guide should be addressed and implemented where practical
and technically justifiable. To this end, after several meetings with B&W,
the Oconee NSSS vendor and reactor vessel examiner, Duke met with the NRC

on March 24, 1981 to discuss the proposed inservice inspection of the Occnee 1
reactor vessel. The results of the meeting were used in the preparation of
the final inspection plan which is described in the next section.

Examination Plan

The Oconee Unit 1 reactor vessel examination was perforzed in accordance
with the requirements of the 1977 Edition of the ASME Boiler and Pressure
Vessel Code, Section V, Article 4 with Addenda through the Summer of 1978.
The ‘recommendations of Regulatory Guide 1.150 "Ultrasonic Testing of Reactor
Vessel Welds during Preservice and Inservice Examinations" were also satis-
fied to the extent possible, considering hardware, schedule, and engineering
concerns. :

The weld volume examined meets or exceeds the minizum regquirements of the
1974 Edition of Section XI of the ASME Boiler and Pressure Vessel Code with
Addenda through the Summer of 1975. The reactor vessel welds were prioritized



in order to ensure that the minimum Code required examination would be
perforzed and that the maximum lead time would be available in the event

a flav was detected which required a fracture mechanics analysis. A total
of two outlet, four inlet, and two core flood nozzle to vessel welds ana
nozzle inside radius sections were examined 100%Z of the weld length. All
six of the longitudinal welds were examined 100% of the weld leagth, and
five of the seven circumferential welds were examined 100% of the weld length.
The two exceptions were the lower head to dutchman weld, which is located
in the lower head, and the upper nozzle belt to lower nozzle belt, which

is located in the center of the nozzle belt. Only 5% of these weld lengths
vere examined. .

These examinations were performed using the Automated Reactor Inspection
System (ARIS) tool (See Figurel). An additiomal circumferential weld located
{n the reactor vessel closure head was also examined; however, conventional
manual contact examinacion techniques were used on this weld and 43% of the
length was examined.

Special ezphasis was directed to flaw detection at the I.D. surface. The
ARIS inspection tool utilizes irmersion ultrasonic examination techniques,
whereby many of the variables which usually limit or preclude an effective
examination of the near surface (I.D.) can be eliminated. The techniques
used for this examination provide qualified censitivity to reliably detect
flaw sizes consistent with those identified in the acceptance standards of
IWB-3500 of ASME Section XI.. The area examined with the near surface
technique on each side of the weld was approximately equal to 1.8T when
scanning perpendicular to the weld and .75T when scanning parallel to the
weld (see Figure 2). This {s substantially more than required by Code and,
{n the beltline region, amounts to approximately 60X of the total surface

area.

Figures 3 and 4 identify the reactor vessel and closure head wveids examined
{n accordarce with Regulatory Guide 1.150. Each weld location-number identi-
fied in these figures corresponds to a figure and weld identification number
as identified in Table 1, Weld Examination Summary Evaluation reports,
included in Appendix A, which are referenced by a specific figure number

for each weld.

Examination Results

A total of 133 indications were recorded, all of which were acceptable to
the Section XI evaluation criteria. Of the 133 indications recorded, 114
were laminar reflectors.! The remaining indications were comprised of 16
seventy.degree and 3 sixty degcee reflectors., The 114 laminar indications
were less than 16% of the allowable limit of Table IWB-3510.2 of Section XI.®

! An indication is considered to be laminar {f it is oriented on a plane
within 10 degrees of being parallel to che component surface.
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The 16 seventy degree indicatioms are manufacturing~induced slag inclusioms,
all of which were located in the clad material applied following removal of
the mid shell to lower shell circumferential weld backing ring. Since the
clad is not considered as part of the pressure retaining boundary of the
component, no Section XI evaluation is required for thes® indications. A
precautionary evaluation was performed, however, at the time of examination
as it was not known for sure that the indications were located in the ciad
since they occurred at a depth slightly greater than the nominal clad thick-
ness. These indications ranged from 8.462 to 94.3% of the Section X1 accept~
ance criteria. It was later detervined that the clad was thicker in the
areas where the backing rings had been removed and that the indications were
located in the clad as mentioned previously.

The 3 sixty degree indications were subsurface reflectors and could be
correlated to baseline reflectors in the same general area. These indica-
tions are planar £laws? which do not exceed the Section XI acceptance criteria.
A detailed evaluation of the 3 sixty degree indications referencing size

and location is shown in Figures 5 and 6.

The 70° flaw sizing techniques used vere applied to a calibration notch

which is 0.20 inches in the through wall direction, starting at the clad-
base metal interface and penetrating inmto the base material. The notch is
perpendicular to the clad surface of the calibration block. The results

are that at 50% DAC, the recorded size of the simulated flaw is 0.23 inches.
This represents a recorded dimension 25% greater than actual flaw size. At
20% DAC, the recorded size of the simulated flaw is 0.60 inches, which rep-
resents a recorded size 300% greater than actual flaw size. The data suggests
that indications sized to the examination techmique are conservative measure-
sents and actual flaw size would be less than the recorded flaw size.

A -~ .aplete correlarion was not made between the observed indications and the
baseline data due to the many differences in test variables between the type
of examination performed for the baseiine and that performed during this
examination. The major variables include the manual contact examination
technique versus automatic {zmersion technique; baseline examination require-
ments versus current examination requirements; and calibration blocks used
for baseline versus calibration blocks used for this examination.

Summary

All of the indications recorded during the examination were evaluated to be
manufacturing-induced and are less than the maximum allowable flaw size
specified by the acceptance standards of IWB-3500 of Sectiom XI. Based on
the exanination performed, there is no evidence of any service-induced flaw
{n the Oconee Unit 1 vessel. Spccificnll&, the examination has provided a
high degree of confidence in the beltline region in that there are no surface
flaws in the pressure retaiaing material that exceed (.15 inches.

< An indication {s considered planar if it is oriented in a single plane,
other than parallel to the surface of the component.



S B

H. B. ROBINSON ISI NEAR SURFACE
EXAMINATION SUMMARY

During the period 3, interval | inservice inspecticn of the H. B. Robinson
reactor vessel, conventional ASME XI ulcrasonic inspections of the upper-to=-
intermediate shell circumferential weld seam, the intermediate-to-lower shell

circumferential weld seam, and the lower shell longitudinal weld ssams were
suppiemented with an examination technique develcped to improve detectability
of near surface reflectors. Certain areas of the intermediate shell course,
subsequently determined to be entirely base material, were also scanned for
near surface flaw detection. The transmitting and receiving elements are
separated by an acoustic wave barrier to minimize the effect of signals from
the water/steel interface. The technique described herein has been ezployed
previously to identify underclad cold cracking in i1eactor vessel nozzles.

Near surface examinations were conducted froa the vessel inside diameter (ID)
surface using dual element, transmit-receive, 2,25 MHz, focused immersion
search units inclined to generate longitudinal waves at a refracted angle of
60°. Primary test sensitivity was established on a 0.125 inch diameter hole
located C.75 {nches deep from the clad surface of a representative calibration
block, Scanning was conducted on 0.25 inch increments in two directions
parallel to the welds and in two directions perpendicular to the welds. Scan
limits were set to include a minimum of ! Thickness (T) of adjacent base
material on both sides of the longitudinal weld seams and 1/2 T of adjacent
base material on btoth sides of the circumferential weld seams, Indications
equal to or exceeding 50X of the primary reference response were recorded.
Sizing infor- mation was collected at 50X Distance Amplitude Corrsction (DAC)
and 207 limits,

In order to verify the performance of procedures and equipment designated for
these exauinatio s, each calibrated transducer/inspection channel was demon=-
strated capable of detecting fatigue cracks in a clad test speciment, After
completion of the calibration cequence described in ISI~153, Revision 1,
“Inservice Inspection of Reactor Vessels”, and Appendix 1, Revision 0, each
transducer was scanned over a test specimen made up of three SA-533, Grade B
plates, each containing a surface crack initiated via mechanical fatigue
prior to overlay with 0.2 inches of stainless steel cladding. The specimen,
therefore, represents a clad component containing three cracks which initiate
at the clad/base metal interface and propagate to depths of nominally 0,12
inches, 0.24 inchas, and 0.36 inches in base material.

All four transducer/inspection channels were demonstrated capable of detecting
the cracks in both scanning directions perpendicular to the crack lengths.
Maximum indication amplitudes from tae 0.12 inch deep crack were in the 60% to
70X of reference range at = i Microsecond (usec) metal path. Those from the
0.24 inch deep crack were in the 100Z ol reference to 100% of reference + 2dB
range at a 6 usec metal path, and those from the 0.36 inch deep crack were in
. the 100X reference +1dB to 1002 ref:irence + 3dB range at a 10 usec metal path.

Examinations of the H. B, Robinson reactor vessel identified a total of
thirty-six Indications for investigation to determine their cause. Of that
number, thiity-four were detected with search units scanning axially with
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respect to the vessel (circumfirential retlecter orientation) and two were
detected by circumferential scanning (axial indication orientationm).

All indicsations were investigated after completion of scanning per the
following:

(1) Return array to positionm of indication per examination results,
verify water path and plate perpendicularity, and monitor detectiom
transducer/inspection channel to verify presence of indication.

(Z) Monitor transducer/inspection channel in the opposite scanning
direction while scanning the area of interest.

(3) Rotate array plate 180° and verify the reflector is detectable with the
complementary transducer/inspection channel.

(4) Return the array plate to its original detection position and monitor
the detection transducer/inspection channel while scanning toward
and away from the reflector., Determine whether the indication travels.

(5) Return to the peak amplitude location and monitor the search unit
transmitting element in the pulse—echo mode to establish the position
of the indication relative to the water stell interface reflection.
Repeat same for the search unit receiving element. This operation will
establish whether the indication is due, in fact, to surface
reflections.

‘Using this sequence twenty-one of the thirty-six indications were inter-
preted to be the result of innocuous conditions such as surface conditioning
or extraneous no’se. ‘

The fifteen reaniining indications could not be placed in those categories
because they appeared as discrete indications separate from the water/steel
interface pulse wher individual elements were operated in the pulse-echo
mode and demonstrated some travel on the CRT.

They were, therefore, considered real reflectors and mapping commenced per
procedure requirements. Thirteen of those indications were oriented circum—
ferentially with respect to the vessel and two were oriented axially. None
of the indications were detectable in two complementary scanning directious,
i.e., clockwise and counter-clockwise or axial toward vessel flange and
axial toward vessel bottom.

Mapping of the thirteen circumferentially oriented indications showed they
were gencr(lly predicted between 0.28 and 0.34 inches from the vessel ID
surface and demonstrated very little travel on the CRT, When determining
indication lengths, however, it was noted that the signals appeared inter-
mittantly over the entire scan limit and, in fact, in two cases were traced
at varying amplitude over a 360° scan of the vessel suggesting some surface
phenomenon or a reflector associated with the cladding process. As part of
this investigation the surface condition of the cladding at the beam entry
points for two of the indications ware observed closely via remote television
_camera. In one case, the entry point appeared at a valley between beads
(longitudinal weld 17/indication #14), in a second case it appeared at 1/4
bead width (longitudinal weld 17/indication #17).

This visual examination indicated the clad surfaces were generally rough, even

}g.grgas which had, apparently, been prepared for preservice ultrasonic exam-
. Ne. =
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The aid in interpretation of these results Combustion Engineering (CE),
Chattanooga was contacted to discuss the fabrication history of the vessel
especially with regard to the cladding process. The vessel shell courses were
clad per CE procedure CE-WA-6866~273~1. The procedure calls for a three wire
process; i{.e., two electrodes in series with a cold wire addition. Only one
.layer was applied to vessel shells using a travel speed of 8ipm. Resulting
clad thicknesses were on the order of 0.375 inches to 0.525 inches. In
addition, CE reported that slag between adjacent beads was a problem with this
procedure since the edges of the thick beads were uneven and subsequent passes
sometimes resulted in entrapment at the overlap.

When examination results were evaluated with this information relative to the
cladding history of the H. B. Robinson vessel shell cuirses, it was concluded
that their depths with respect to the vessel ID surface, their orientations,
and their semi-continuous nature around the vessel were consistent with
results expected in instances where slag entrapment between beads was present,
Subsequent to these examinations, additional laboratory studies on test
sanples with very irregular clad surfaces indicate that deep valleys between
adjacent clad beads can defeat the function of the near surface transducer
wave barrier and result in geometric indications having characteristics
identical to those noted during the Robinson examinations. This phenomenon
appears as a result of reflection from the valley between adjacent beads. The
velocity difference between water and steel results in the indication
appearing as buired in the material. This finding is still under
investigaticn.,

In either case, i.e., slag entrapment between adjacent clad beads or geometric
indications dve to rough clad surfaces, the circumferentially oriented indi-
cations noted during the H. B. Robinson vessel examination are acceptable

per the requirements of the 1974 Edition of Section XI of the ASME Boiler and
Pressure Vessel Code with Addenda through Summer 1975.

The two remaining indications, #23 and #24 were detected with transducer/

- inspection channel #3 during circumferential scanning of the upper-to-
intermediate shell circumferential weld (#2) on two successive scan incre-
ments. During the mapping operation it was established they represented one
single reflector oriented axially with respect to the vessel. The
indication was only detectable in the counter-clockwise scanning direction
at 130.89° vessel axis (145.89° tool axis), six and one-quarter inches below
the centerline of the upper-to-intermediate shell weld or 151.25 inches from
the top of the vessel flange. The indications exhibit a combined length of
0.59 inches. and a combined through-wall dimension of 0.25 inches when sized
to 507 ~¢ reference., The peak amplitude is at a depth of 0.56 inches from
the vessel ID surface. Indication through-wall dimension at 20% of reference
is 0.1l inches when beam spread off a 0.125 inch diameter side drilled hole
at 0.5 inches deep is considered.

- In light of information relative to the rotatior of the intermediate shell
long seam welds in the Robinson vessel, this re’lector is located 0.89° or
1.2 inches off the centerline of the 1nte:mediace shell longitudinal weld
seam at 130° vessel axis (#16).
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Because the vessel clad thicknesn in this particular region is unknown the
indication has been assessed as a planar surface defect. This assumption
does not apoear likely as laboratory studies indicate that sub-clad base

metal defect conditions such as fatigue cracks, underclad cold cracks, and
reheat cracks are generally detectable in two scan directions, 180° apart.

The thickness of the vessel wall in the area of interest is 9.5 inches.
Using dimensions providcd previously for 50X of reference sizing, the re-
flector acpcct ratio (2 /1) is 0.42. The allowable dimension of a surface
indication (%/t) is 3.48% of the vessel wall thickness or 0.33 inches as
compared to the ultrasonically determined depth of 0.25 inches. When 20% of
reference sizing is considered the reflector aspect ratio is 0.16. The
allowable dimension of a surface indication for this case is 2.48% of the
vessel wall thickness or 0.23 inches as compared to the ultrasonically
determined depth of 0.1l inches. Thus this reflector represents an acceptable
condition per the requirements of the 1974 Edition of Section XI of the ASME
Boiler and Pressure Vessel Code with Addenda through Summer .975.

CONCLUS IONS

Indications detected durin; near surface examinations conducted during the
‘period 3, interval 1 inservice inspection of the H. B. Robinson reactor vessel
have been evaluated in terms of the 1974 Edition ~€ Section XI of the ASME
Boiler and Pressure Vessel Code with Addenda through Summer 1975 and found to-
be acceptable.

(3064R4T2)



PRESSURIZED THERMAL SHOCK

BASIC JSSUES:
1. HAVE SOME NUCLEAR REACTOR VESSELS BECOME
EMBRITTLED BY NEUTRON IRRADIATION TO THE

EXTENT THAT SPECIAL PROVISIONS MUST BE
MADE TO AVOID FRACTURE UNDER SOME TRANSIENTS?

2. DO WE UNDERSTAND THE TRANSIENTS WELL ENOUGH
TO ESTABLISH OPERATING PROCEDURES TO AVOID
FRACTURE-INDUCING SHOCK EVEN THOUGH THE
FRACTURE-TOUGHNESS PROPERTIES ARE LESS THAN
PRUDENT SAFETY PRACTICE WOULD PREFER?



PRESSURIZED THERMAL SHOCK

MATERIALS QUESTIONS:

1.

WHAT INFORMATION IS NEEDED TO ESTABLISH
FRACTURE TOUGHNESS? MATERIALS COMPOSITION?
WELD FILLER METAL EFFECTS? CLADDING STRESS
LEVEL? INITIAL FRACTURE TOUGHNESS?

HOW EFFECTIVE ARE NON-DESTRUCTIVE EXAMI-
NATION TECHNIQUES? WHAT CRITERIA SHOULD
BE USED TO ESTABLISH DETECTABILITY?



PRESSURIZED THERMAL SHOCK

THERMAL TRANSIENT QUESTIONS:

1. WHICH TRANSIENTS ARE OF CONCERN? SMALL
LOCAS? SECONDARY SYSTEM BLOWDOWN?
FEEDWATER MALFUNCTIONS? FAST ECCS WATER
INJECTION? UNCONTROLLED TURBINE BYPASS?

2. CAN THE HEAT TRANSFER AND TRANSPORT
PHENOMENA BE COMPUTED RELIABLY?



PRESSURIZED THERMAL SHOCK

HUMAN FACTORS QUESTIONS:

1. TO WHAT DEGREE SHOULD THE OPERATOR BECOME
A PART OF THE PTS PROBLEM? DIAGNOCTIC
CAPABILITY? KESPONSE TIME?

2. WILL TRAINING OFFSET PREVIOUS CONCERNS?

3, COULD ALTERATION IN CURRENT OPERATING
PROCEDURES LESSEN HUMAN FACTOR DEPENDENCE?
E.G., REQUIRE PROMPT DEPRESSURIZATION OR
EXPLICIT CONTROL ACTIONS UNDER ALL PTS
CIRCUMSTANCES?



ERESSURIZED THERMAL SHOCK

ANALYTICAL METHDOLOGY:

1.

SHOULD LINEAR ELASTIC FRACTURE MECHANICS
BE THE ONLY BASIS FOR DETERMINING FRACTURE
INITIATION AND ARREST? WHAT ABOUT 3-D
ELASTIC-PLASTIC ANALYSIS?

WHAT THERMAL ANALYSIS TECHNIQUES SHOULD BE
USED?

HOW SHOULD PROBABILISTIC ANALYSIS TECHNIQUES
BE USED? TO ESTABLISH FLAW SIZE AND LOCATION?
TO DETERMINE FRACTURE TOUGHNESS? TO

ESTABLISH THERMAL SHOCK PROBABILITY?



PRESSURIZED THERMAL SHOCK

REGULATORY ACTIONS:

1.

2,

SCREENING PROCESSES

INFORMATION NEEDED FOR REGULATORY ACTION

TIMING OF ACTIONS

FLUENCE CONTROL



PRESSURIZFD THERMAL SHOCK
EXPERIMENTAL INVESTIGATIONS:

1. NONDESTRUCTIVE EXAMINATION CAPABILITY

2, CHEMICAL COMPOSITION OF SUSPECT
MATERIALS

3. CLADDING BEHAVIORAL CONTRIBUTIONS
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Pacific Northwest Laboratones
P.O. Box 999

Richland, W ashingion USA. 99352
Telephone (509  375-2424

‘ttober 7, 1982 . Telex 15- 254

Dr. Roy H. W. Woods

Generic Issues Branch

Division of Safety Technology

Office of Muclear Reactor Regulation
Nuclear Regulatory Commission
Phillips Building, Mail Stop 268
Washington, D.C. 20555

Dear Dr. Woods: .8

The following brief conclusions and recommendations by the PNL team on PTS are
based on the draft NRC staff report on PTS dated September 13, 1982. We expect
to revise our draft Supplement 1 to NUREG/CR-2837 to substantiate these findings.

1) The 270°F generic screening criterion for longitudinal welds is acceptable.
. This conclusion is largely based on the following factors: .

: a. The plant specific assigned RTyp will be selected as described in

‘ section 5 of the NRC staff report. This conservatism provides approxi-
mately 600F to the mean RTygr used in constructing the staff's PRA
results. It should be understood that the material properties conser-
vatisms include mostly known uncertainties that reflect true variabilit
in_actual properties of vesseTs. Less than one-forth of the Total
conservatism can attributed to measurement procedures unique to
pressure vessel embrittlement that do not reflect variability in
actual vessels. This added conservatisa is 11kely more than compen- -
sated by unquantified uncertainties associated with added uncertainties
of (1) key plant welds having extreme characteristics (high Cu, high
Ni and high fluence), (2) extrapolation of surveillance characteristics
to the vessel wall and (3) the correlation of charpy Y-notch values to
fracture toughness values. E

b. Using the mre conservative methods described under 1.a., the probability
of crack extension without arrest would have a frequency probability
per reactor year of approxima‘ely 10-0 using the NRC staff PRA results,
Figure 8-30

¢. Currently the NRC staff PRA and operating history data analysis does
‘ not separately address each reactor type (W, BsM, CE). Therefore, the
magnitude of conservatism inherent in the screening criterion 1s not -
consistent amng plant types. The requirement for plant specific
analysis to be started within three years of reaching *“e screening
¢riteria should compensate for any specif ic unconservatism.



Dr. Roy H. W. Woods
October 7, 1982
Page 2

2) The predicted uncertainty of the PRA results reported as plus or minus two
orders of magnitude could result in a frequency of ff lure of 10-4. This
range is apparently consistent with the safety goal for core melt and

‘ significant release events. However, the vessel integrity prediction of
less than 1 x 10™° could be seriously compromised by PTS events. The
plant specific PTS evaluations should be required to demonstrate a Qrs-
dicted vessel failure frequency probability of no greater than 10-612),
methods for satisfying the NRC safety goals, or an effective increase in
the plant RT. of 509F by corrective actions before any adjustment is made
to the plant specific 1imiting RTygr. The 509F is approximately equiva-
lent to two orders of magnitude on the NRC staff PRA curve, Figure 8-3,

Factors which support this conservative approach include:

Uncertainty and probability appear throughout the evaluation of pressurized
thermal shock. These topics have been handled through a combination of statis-
tical methods and conservative judgment. Overall, uncertainty has been handled
about as well as available techniques, knowiedge, and data permit. Even so,
there are still enough imponderables so that identified conservatisms should
be]relaxed only with due caution. Some reasons for this caution are given
below.

Operating History

.lseful interpretation of the accumulated operating experience of PWRs is hampered -
by the facts that relatively few PTS events have occurred, and these events
are not well characterizec. To some extent ?ns can avoid these difficulties
by considering "distribution of exceedances” 3); that is, events that are more
severe than any that have occurred to date. If we assume that the history of
350 operating years is relevant to the present 47 plants, then there is a
probability of 0.118 that one of the plants will have a severe PTS event in

. its next operating year. Further, the basic datu suggests that there is approxi-

mately a 2% chance that 1 of the 8 sensitive plants will experience a severe
PTS event in its next operating year.

PRA

The techniques used in PRA provide the most sophisticated and reliable method

available for assessing risk in the face of uncertainty. Unfortunately, experience

cuggests that failures of a complex system are frequently due to a combination

of circumstances that were not, or would not have been, discovered using PRA.

Also, such failures are often of the “"common mode* or dependent type of failures

where the occurrence of a single unfound event engenders the occurrence of

several "unlikely” events which culminate in system failure. One such example
‘is the Rancho Seco PTS event; another is the Brown's Ferry fire.

Uncertainty on RTypy

The use of a "2¢" uncertainty term for RTygt probably does not provide as high
a level of confidence as was intended by tRe staff. An interval of the “"mean
*20" covers 95% of a population if (1) the population has a normal distribution



Or. Roy H. W. Woods
October 7, 1982

Page 3
. .

and (2) the mean and standard deviation are known exactly, not estimated from
data. Neither of these conditions are satisfied in the present case.

.VISA Analysis

The primary shortfall of the VISA code, and indeed, our present state of know=
ledge, 1s the lack of a definitive stochastic struciure for the system simu-
Jated by VISA. The present structure is the default that arises from assuming
that all errors or uncertainties are independent. The effect of this ass'mption
is to make unfavorable combinations appear infrequently in tie simulation.
However, if an unfavorable value of some variable tends to result more frequently
when some other variable is at an unfavor:ble value, then the estimated proba-
bilities may be much too low. : :

Material Properties

Uncertainties should be applied uniformly to all forms of metal and irradiation
conditions. Hence, the Reg. Guide 1.99 upper bound should not be used to
replace the statistical trend curves for the high Cu, high Ni and high fluence
welds. Also, an appropriate standard deviation for the initial RTypy of plate
and forging metals should be used as for welds.

References

1. NUREG-0880 (for comment), Safety Goals for Nuclear Power Plants: A Discussion
Paper, February 1982.

2. Report on the Integrity of Reactor Vessels for Light-Water Power Reactors,
The Advisory Committee on Reactor Safeguards, January 1974.

3. Letter, Donald L. Stevens, Jr., to Or. Roy H. M. Woods, dated June 22,
- 1982. ‘

Yours truly,
L en

L. T. Pedersen, Manager
Special Projects

LTP :mkw
. cc: S. H. Bush, PNL

S. H. Hanauer, NRC
F. B. Litton, NRC
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OUTLINE

0 GENERAL APPROACH

o EVALUATION OF EXPERIENCE

o SCREENING CRITERION

o APPLICATION TQ PLANTS

o PROBABILISTIC EVALUATION

o CONCLUSIONS AND RECOMMENDATIONS
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TEMPERATURE (T)

T =T + (T - T) exe - pt)

P (1) = CONSTANT

TIME (%)

(9)
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FREQUENCY BASED ON OPERATING HISTORY
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FIGURE 3-3 ‘
GEMERIC CALCULATION OF CRACK
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OPERATIONS CONSIDERATIONS

o OPERATOR ACTIONS AFFECT EVENT SEQUENCE
- INITIATING EVENT

- TAKE NEEDED ACTION

© = OMIT OR DELAY NEEDED ACTION -
- CREATIVE ACTION TO MITIGATE SEQUENCE
- BIZARRE ACTION TO AGGRAVATE SEQUENCE

® o QPERATORS NEEDS
- KNOWLEDGE AND UNDERSTANDING OF .PLANT
- PROCEDURES
- INFORMATION FROM INSTRUMENTS
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AUDIT OF PROCEDURES AND TRAINING

o SYMPTOM ORIENTED PROCEDURES PROGRAM
= HANDLE CONFLICTING REQUIREMENTS (SUCH AS
UNDER vs. OVERCOOLING)
- RESOLVE BEFORE OPERATOR IS IN MIDST OF
COMPLICATED EVENT
- INTEGRATED TMI - I.C.1 PROGRAM

o WOG PTS REVIEW OF NEW GUIDELINES
11 PROPOSED MODIFICATIONS

o AUDIT AT 7 PLANTS
REVIEW CRITERIA

(1) DO NOT VIOLATE NDT LIMITS
(2) DO NOT VIOLATE SATURATION LIMITS
(3) PROVIDE GUIDANCE TO RECOVER FROM PTS CONDITIONS
(4) PROVIDE SUPPORTING TECHNICAL BASES
(5) CONSIDER PTS IN OPERATION OF HPI AND
CHARGING SYSTEMS
(6) CONSIDER PTS IN FEEDWATER AND AFW OPERATIONS
(7) INCLUDE INSTRUCTION ON NTD VESSEL LIMITS
(8) EMPHASIZE TRAINING ON TRANSIENTS AND ACCIDENTS
REQUIRING OPERATOR ACTIONS TO MITIGATE PTS
(9) INCLUDE SIMULATOR TRAINING FOR PTS
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CUMMULAT IV

E FREQUENCY (PEB R-Y)

® FREQUENCY BASED & OPERATING 'HISTORY ® ¢
- CRITICAL RTNDT VALUE (OCA RESULTS) AND FINAL FLUID TEMPERATURE.
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SCREENING CRITERION

o LONGITUDINAL CRACK

o CIRCUMFERENTIAL CRACK

270%F

300°%F

(10)
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EVALUATING A SPECIFIC VESSELL

Riypr = RT, (BEST ESTIMATE)

+8 RT (BEST ESTIMATE - GUTHRIE)
+ .'2 VTOZ +“;2\

LIMITED BY RG 1.93 + 2T,
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DATE WHEN EXCEED

PLANT _RTypr_CRITERION
ROBINSON 1 1988
TURKEY POINT 3 1989
TURKEY FOINT 4 1989
CALVERT CLIFFS 1 1989
FORT CALHOUN 1990
RANCHC SECO 1993
MAINE YANKEE 1995
THREE MILE ISLAND 1 1995
OCONEE 2 1996
ZION 1 2000

ALL OTHER PLANTS ARE LATER THAN 2000
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SIGNIFICANT PTS EVENT SEQUENCES

o SECONDARY (STEAM SIDE) DEPRESSURIZATION
o MAIN STEAM LINE BREAK

0 SMALL STEAM LINE BREAK (OR STUCK OPEN STEAM
GENERATOR SAFETY/RELIEF VALVE)

0 SMALL BREAK LOSS-OF-COOLANT ACCIDENT
o STEAM GENERATOR TUBE RUPTURE
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FREQUENCY BASED ON PRA STUDIES
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Conditional Failure Probability for a Single Longftudinal Beltline Weld

10

an

Pressure = 1000 psig

FIGURE 7-1
CFP AS FUNCTION OF T.-MEAN VALUE OF RTy .
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SAFETY GOAL

F VESSEL CRACK
X _CORE MELT IF VESSEL CRACKS
Y SIGNIFICALT RELEASE IF CORE MELTS
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UNCERTAINTIES

o OPERATING EXPERIENCE
"0 OPERATION ACTIONS

o FLAWS AND CRACKS

o STRESSES

o MATERIAL PROPERTIES
o FRACTURE MECHANICS

o PROBABILISTIC CALCULATIONS
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5

SHORT TERM

NO NEED FOR IMMEDIATE MODIFICATIONS

NEED PLANT-SPECIFIC ANALYSIS OF SELECTED PLANTS

SCREENING CRITERION

PLANT-SPECIFIC ANALYSES

- WHO

- WHEN

- SCOPE

- ACCEPTANCE CRITERIA

REGULATION CHANGES MAY BE NEEDED

FLUX REDUCTION PROGRAMS CONSIDERED



ELUX REDUCTION PROGRAMS

(25a)

FLUX REDUCTION DERATE IF RELIEF FROM
FACTOR REQUIRED DERATING
1
~ 0.5
e Ool X
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ELANT-SPECIFIC PTS EVALUATION
o EVALUATION OF OVERCOOLING EVENT SEQUENCES
o VESSEL MATERIALS PROPERTIES
o DETERMINISTIC FRACTURE MECHANICS EVALUATIONS
o FLUX REDUCTION PROGRAM

o INSERVICE INSPECTION AND NONDESTRUCTIVE EVALUATION PROGRAM

o PLANT MODIFICATIONS
- INSTRUMENTATION AND CONTROLS
- AUTOMATIC DEPRESSURIZATION LOGIC
- INCREASED EMERGENCY CORE COOLING WATER AND
EMERGENCY FEEDWATER TEMPERATURES

o OPERATING PROCEDURES AND TRAINING PROGRAM [MPROVEMENTS
0 IN-SITU ANNEALING
o BASIS FOR CONTINUED OPERATION
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LONG TERM

iMPROVE PROCEDUKES AND TRAINING FOR
ALL EVENTS INCLUDING PTS (SUMPTOM
ORIENTED PROCEDURES)

IMPROVE AND EXTEND GENERIC ANALYSIS

o INDUSTRY AND NRC

o BETTER EVALUATION OF EXPERIENCE

o BETTER PROBABILISTIC ANALYSIS EXTEND
TO BgwW, CE

IMPROVE ISI OF HIGH RTypr VESSELS
DECREASE LEAKAGE NEUTRON FLUX

RESEARCH PROGRAM

- MATERIAL PROPERTIES AND FRACTURE MECHANICS
- ANNEALING

- SYSTEMS



® 1, CONDITION OF CLAUDING SURFACE AND EFFECT ON EXAMINATION

2, CAPABILITY OF ULTRASONIC INSPECTION PROCEDURE TO DETECT
UNDER CLAD CRACKS,
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H. B, POBINSON

TURKEY POINT 3

TURKEY POINT 4

NCONEE 1

INSPECTION BY WESTINGHOUSE - MARCH-APRIL 1982

2.5 H'IZ - IMERSION

60° REFRACTED LONGITUDINAL HAVE

DUAL ELEMENT (TRANSMIT - RECEIVE)

FOCUSED 0.75 INCHES DEEP FROM CLAD SURFACE OF
CALIBRATION BLOCK

INSPECTION BY SOUTHWEST RESEARCH - JUNE 1981

2.5 I‘HZ - CONTACT

45° SHEAR WAVE

SINGLE ELEMENT

A'LL V-PATH (FIRST 3/4 OF V-PATH GATED OUT - IRSPECTED

T0 CLADDING SIRNAD

[NSPECTIOM BY SOUTHYEST RESEARCH SCHEDULED AR
NOV. 3, 1982

INSPECTION BY BABCOCK AND MWILCOX - JULY-AURUST 1981

2,25 4, - IMERSION
70° SHEAR WAVE
SINGLE ELETENT
SCAN TO A DEPTH OF APPROXIMATELY 2-INCHES



WESTINGHOUSE INSPECTIGJ METHOD 2.25 fH, - IMERSION DUAL
ELEVENT (TRANSMIT - RECEIVE) 60° LONGITUDINAL HAVE



SOUTHWEST RESEARCH NEAR SURFACE INSPECTION METHOD
225 ', - CONTACT SINGLE ELE'ENT (PULSE-ECH))

70° SHEAR VIAVE
W TEN— P -
\ /
N\
45° \
\ /
\ /
\ /
\ /
\ /
\ /
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BABCOCK AMD YILOOX NEAR SURFACE INSPECTION METHOD

2,25 'ty - [MERSION SINGLE ELEENT (PULSE ECHO)
70° SHEAR HAVE



RECOMMENDATINNS
- [MPLEMENT REG, GUIDE 1.150

- REQUIRE INSPECTION AGENCIES TO DEMONSTRATE CAPABILITY OF DETECTION
OF UNDERCLAD CRACKING

- INSTITUTE RESEAPCH PROJECT T DETEPMINE CONFIDENCE LEVELS OF
PROBABILITY OF DETECTION OF UMNDERCLAD CRACKING



SIZING OF NMEAR-SURFACE PATIGUE CRACKS IN CLADDED PRESSURE VESSELS
BY THE MULTIPLE BEAM-SATELLITE PULSE TECHNIQUE*

George J. Gruber
Southwest Research Institute
San Antonio, Texas 78284

ABSTRACT

The stainless steel cladding of the inside surface
of a reactor pressure vessel makes ultrasonic inspec~
tion for detecticn and sizing of cracks i{mmediately
under the cladding significantly harder. One solu~
tion to the inspection difficulty has been found in
the suitiple beam-satellite pulse technique. (While
this technique both detects and sizes, only sizing
is addressad (n chis paper.) The technique employs
& sultiple~bean transducer, which produces boch
lonsitudinal and shear waves. Novel waveform
processing and pattern~recognition methods are used
in conjunction with this transducer design. The
longitudinal-vave component is diffrscted meinly by
the upper extremity of the crack at or near the
clad-base material interface, and {ts shear-vave
components are diffracted mcinly by the lover extrew
ity of the crack in the base saterial. Proof-of-
‘ principle sizing results, based on the observance of
& pair of satellite pulses from the diffracted
beams, were obtained for three sets of planar flaws.
They were (1) six side-milled underclad notches rang~
ing in throughwall dimension from 3.1 to 12.9 mm,
(2) fatigue cracks implanted in three cladded pres-
sure vessel bdlocks and ranging in depth frow 3.7 to
27.9 mm, and (}) six underclad fatigie cracks {n the
2.7 to 8.5 mm depth rauge.

1. INTRODUCTION

A requirecent placed on an ultrasonic technique cap~
able of fatlure prediction (s that reliable informa-
tion about the type, shape, size, and orientation of
& detected flaw be contained in the waveform received
from a regiom of the material containing the flaw.
Additionally, vaveforw-processing and pattern=
recognition methods readily cspable of extracting
unambiguous, interpretable signal parameters must be
available. The challenge for ultrasonics is tuv pro=
vide quantitative {nformation needed to distinguish
between those small, nonpropagating dclects that are
benign and those propagating, crack~like defects
that are malignant or critical with respect to
fatlare.

Table 1 lists three ultrasonic techniques that do
not require special transducers, {nstrumentation, or
training for the characterization of cracks as to
orientation, depth, and length. The effectiveness
of these and other characterizaticn techniques may
be rated on the basis of quantiative criteria such

as sizing range, signal-to~interference ratio, etc.
and qualitative criteria such as cost, training
requirements, etc; & complete list i given in
Table 2. Reported herein are sizing results for the
sultiple beaw-satellite puise technique compared to
counventional decibei~drop and amplitude sizing
methods. Resulcs were obtained for three sets of
cladded test specimens with near-surface cracks and
crack=like flaws.

2. SIDE~MILLED UNDERCLAD NOTCHES

Four notches were milled lato two edges +f a carbon
steel block that had an d~mm thick stainless steel

cladding. These notches vere designed to simulate

underclad fatigue cracks perpendicular to and just

beneath the cladding. Notch depth ranged from 3.1

to 12.9 mm.

The 6-dB decibel-drop technique was used to estimate
the depths of the underclad notches. The results
obtained with challow (i.e., nearly lateral) lomgi~
tudinal wvaves are plotted {n Figure !. Small crecks
are oversized and large cracks are undersized. The
overestimates can be understood in terms of the
fioite beam width of the pulse~echc transducer, and
the underestimates are due to the lasensitivity of
the shallov longitudinal waves to the lower extres—
ities of the large cracks. Also, vith increasing
depth the notches become sore directional, and
Snell's lav of specular reflection dominates the
ultrasonic backscattering phenomenmon. The average
sizing error of the decibel-drop technique fe 31
percent (see Table 3). Table & shows t)ie measure~
ments on the same specimens using the sulriple
beam-satellite pulse technique; the average sizing
error is 8 percent (1,2). Shear and losgitudinal
waves appear to be equally effective in producing
diffracted vaves from the upper ana lower extrew
ities or edges of the underclad notches.

3. IMPLANTED PATIGUE CRACKS

The rasults for the characterization of near-surface
fatigue cracks in three cladded test bdlocks (A, B,
and C) are .ummarized i{u Table 5. The ultrasontic
results obtained by using the sultiple beam-satellite
pulse technique are compared to the crack dimensions
and orisntations obtained from the design drawings.
With the exceprionm of the orientation of crack B and
the throughwall dimension of crack C, the test
results along with their probable error range agree
wi' the nominal crack characteristics (3).
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4. NDERCLAD FATIGUE CRACKS*

Six underclad futigue cracks were produced in & pro~
gram designed tc evaluate the accuracy and precision
of the three characterization techniques listed in
Table 1. The amplitude comparison technique under-
estimates the crack depths by a factor of J or 4
(see Figure 2). The decibel-drop technique results
obtained with longitudinal waves do not correlate
with nominal crack depth (see Figure J). The shear~
vave, full-vee examination results, on the other
hond, are related to the nowinal crack deptis. The
corner effect of Lhe clad~base material iaterface <t
the upper edges of the underclad fatigue cracks
appear to explain the observed correlation.

Sigunificant improvements {n the accuracy and preci~
#ion of the depth estimates can be obtained by the
application of the multiple beasrsate.lite pulse
techaique (Table 6, Figures & and 5).

5. CONCLUSIONS
The rasults i{ndicate that the multiple beassatellite
pulse cechnique is applicable to cladded pressure

*The resuit- reported in this section were not
obtained with 'blinded' excainers.
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vessels. A successful further development of the
sultiple beam-satellite pulse technique {nspection
procedure with & proper resote sanipulating systes
would make it possible to detect, confirm, and
subsequently size omar-surface fatigua cracks ana
reliably sonitor their growth.
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TABLE 3. DEPTHS OF UNDERCLAD NOTCHES I
BLOCKS ESTIMATED BY THE DECIBLE-DROP
TECHNIQUE
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TABLE 4. DEPTHS OF UNDERCLAD NOTCHES IN
BLOCKE ESTIMATED BY USING THE MULTIPLE
BEAM~SATELLITE FULSE TECHNIQUE
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5. CHARACTERISTICS OF IMPLANTED 74iIGUE
IN CLADDED PRESSURE VESSEL BLOCKS
ESTIMATED BY VARIOUS ULTRASONIC

TECHNIQUES
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TABLE 6. DEPTHS OF UNDERCLAD PATIGUE CRACKS IN
BLOCKS ESTIMATED BY THE MULTIPLE BEAM~SATELLITE
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{ l. CORREIATLUN BETWEEN (NDERCLAD NOTCH
J OBTAINED BY THE DECTBEL-DROP TECHNIQUE
AND ACTUAL NOTCA DRPTHS

FIGURE 2. CORRELATION BETWEEN UNDERCLAD CRACK
FATIGUE DEPTHS OBTAINED BY THE AMPLITUDE-
COMPARISON TECHNIQUE WITH 45-DEGREE SHEAR

WAVES AND NOMINAL CRACK DEPTHS
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FPIGURE 3. CORRELATION BETWEEN UNDERCLAD PATIGUE
CRACK DEPTHS OBIAINED BY THE DECIBEL-DROP
TECHNIQUE AND NOMINAL CRACK DEPTH
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FIGURE 4. CORRELATION BETWEEN UNDERCLAD CRACK FIGURE 5. CORRELATION BETWEEN UNDERCLAD CRACK
DEPTHS OBTAINED BY THE MULTIPLE BEAN-SATELLITE DEPTHS OBTAINED BY THE MULTIPLE BEAM-SATELLITE
PULSE TECHNIQUE WITH 35-, 45- AND S53-DEGREE PULSE TECHNIQUE WITH 55=, 72~ AND 77-DEGREE
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