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PROCEEDINGS
(8:30 a.m.)

MR. SHEWMON: Good morning.

This is a meeting of the Advisory Committee on
Reactor Safeguards Subcommittee on Materials and Metallurgy.
I’'m Paul Shewmon, Subcommittee Chairman.

ACRS members in attendance, virtual and here and
something are Hal Lewis and Carl Michelson, who’s in the
building.

Consultants are Tom Kassner and John Bickford.

The purpose of this meeting is to review and
discuss the staff’s proposed rerolution of Generic Satety
Issue 29 on bolting degradation and hear a briefing on the
status of erosicen/corrosion and microbiological corrosion.

Elpidio Igne is the cognizant ACRS Staff Member
for this meeting.

Rules for participation in today’s meeting have
been announced in the notice of the meeting previously
published in the Federal Register December 21, 1990,

Transcript is being kept and will be made
available, as stated in the Federal Register Notice. It is
requested that each speaker first identify himself or
herself and speak with sufficient clarity and volume so that
they can be readily heard.

We have received no written comments »r reguests
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4
to make oral statements from members of the public.

In the absence of ary other preamble, I’ll
recognize Bob Baer, who will begin then.

MR. BAER* Tnank you, Dr. Shewmon.

f6lide.)

MR. BAER: As you said, we are here this morning
to discuss the proposed resolution of Generic Issue 29,
bolting degradation for failure in nuclear power plants.

1’'m going to present a little summary or overview,
and then Dr. Johnson is going to describe the icdustry~
recommended program an® then Dr. Chang will talk about the
past and ongoing NRC efforts in the area of bolting and then
Mr. Davis will discuss survey of bolting degradation and
failure and then 1’11 come up again and talk about the
preoposed resolution in the areas where we’re still seeking
some advice and guidance.

[Slide. ]

MR. BAER: As I said, I’'l]l just present a summary
or overview hefore the detailed presentations.

As a result of Generic Issue 29 being prioritized
back in, I think it was 1982, the industry organized an
effort under EPRI to develop a generic program for handling
bolting problems. EPRI -- there was broad participation by
many groups, I think almost all the owners’ groups

participated and they, in turn, hired most of the nuclear



10

11

12

13

14

16

17

18

19

20

21

22

23

24

25

steam supply system supplieis as consultants and I think

there 7ere architect/engineer participation. 8o, there was
a pretty broad industry effort over a number of years and

the output documents were EPRI NP-5769 2 volumes, entitled
Degradation and Failure of Bolting in Nuclear Power Plants.

‘‘hen EPRI has put out Good Bolting Practices
manuals, one for large bolts and one for small bolts, that
has just come out., Then they’ve put out a series of
training films or videotapes, 3 parte of those.

In summary, EPRI recommends the development and
implementation of a plant-specific bolting integrity
program, The staff has a few gualifications and exceptions,
which I woulu personally categorice as being in the
technical == hey guys, hey =-- give me a b.eak.

MR. SHEWMON: Hey, one session,

MR. BAER: Has some gqualifications and exceptions
which I would personally categorize as into the details of
some of the EPRI recommendations. But we basically agree
with the recommended program, but, as we’ll get into later,
are not absolutely assured that the industry -~ that the
licensees are -~ are implementing the program. Although,
we’ve had some ~- some reassurance along those lines =~
some, 1’11 emphasize.

(S8lide. )

MR, BAER: Let me summarize some of the ongoing
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Reactor Coolant Pressure Boundary of PWR Plants,"
. 2 Unlike most bulletins, which require only a one~-
3 time effort, this bulletin reguired a commitment from the
“ licensees to have a continual program, that they were to
5 develop and implement procedures on threaded fasteners, and
6 specifically, this was limited to the reactor coolant
7 system, bolts that comprise the boundary, pressure boundary
8 of the reactor coolant system, and each time they had to
9 open any of those bolted connections for maintenance or

10 other reasons, they are reguired to clean and inspect the

il bolts per the ASME code before reusing them.

12 As I said before, that is a continuing, ongoing
. 13 requirement.

14 Another bulletin published in 1987, 87-02,

15 entitled "Fastener Testing to Determine Conformance with

16 Applicable Material Specifications," had a combination of

a7 one~tire and continuing efforts.

18 Licensees were required to sample a -~ test a

19 sample of both safety-related and non-safety-related bolts

20 or threaded fasteners on hand, and those results have been

21 reported to the NRC, and a NUREG was written summarizing the

22 results, and that was a one-time action.

23 But they were also required to describe and

24 effectively commit to the additional actions or future

. 25 actions that they would take to assure that the threaded
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First that I was going to mention «~ and again,
T.Y. Chang, in his presentation, will a.scuss these in more
detail ~- was USI-A46, "Seismic Qualification of Equipment
in Operating Plants."

The licensees are -- well, the program hasn’t been
fully implemented, but as licensees are being required to
address the adeguacy of equipment anchorages for the safe
shutdown for earthqguake levels up to and including SSE, and
what we’ve found, in the course of A46, was that things
associated with emergency power and shutdown, if they are
anchored properly, tend to survive seismic events with a
very high confidence, and many of these anchorages are, of
course, bolted ¢ ne. ions,

Then, a similar program that will extend to events
beyond the SSE is the individual plant examination for
external events, and a generic letter getting that program
going, I think, has been issued fairly recently.

MR. MICHELSON: Bob, do any of these programs
cover == particularly cover the bolting required for
pressure boundary valves, for instance, on the bonnets,
Keeping in mind that now you’ve got a new and interesting
problem.

If your bolts start to waste, the loading on the
bolting is quite variable, depending on whether the valve is

opening or c¢losing, and some of these are vrry large
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I in the generl letters -
MR. MICHEI Ni Well, I think 1t‘g the rignt
» ] \ g a1
. juestion, because you do treat what hapj 1f a certalr

S

; But on the valves, these bolting lcads are
extremely higl
i ! MR. BAER: when Yy 1 1Y "we , " You mean the EPRI
1 program or ‘he EPRI-recommended progran
11 MR. MICHELSON: Talking only about the regulatory
12 analysis in your generic letter. That’s the two documents I
13 was pointed toward.
14 S0, maybe you i\n address 1t later.
R MR. BAER: ‘n nfused by the guestion.
] ¢ MR. HEWMON : 'he regulatory analysis == you
y ] ertainly are fan lar wilth that
| ME BAER: Yes, I wrote most B R, Yes, [ an
=
B 1 familliar with that.
q y . MICHEI I it 1n there
2l MR. SHEWMON: [t’s not in there, He did not find
2¢ 1t for bonnet,
y BAER: We didn’t 1 't flanges 1n tl.
- . )
24 letall ) f inalysi
MR. MICHEI N ¢ But thi L unigue
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problem, because now, every time you close that wedge gate
valve, you’'re putting a very high stress on the bolting, and
your analysis just didn’t seem to address that., It
addressed it as if the stress was a constant, and it’s not.
It’s a variable as you operate the valve.

MR. BAER: I guess you’ll have to show me in the
regulatory analysis what you’re referring to, Carl.

MR, MICHELSON: Well, I was asking you where it
is. I didn’t find it,

MR. SHEWMON: He says it’s not there.

MR, BAER: You’‘re zomparing it to a part that you
say is in there, that we analyzed.

MR. MICHELSON: EPRI analyzed the case of a flange
with == I forget == 16 or 20 bolts in it and what happens
when you lose 4 or 5 of them,

MR. BAER: That’s why 1 asked whether you’re
talking about our regulatory analysie or EPRI’'s document.

MR. MICHELSON: 1I’m talking about ycur regulatory
analysis. I’m simply asking one guestion. Did you consider
valve bonnet bolting?

MR. BAER: No. But we did not consider the other
case that you’re talking about in the EPRI analysis.

MR. MICHELSON: It is subject to corrosion.

MR. BAER: Certainly.

MR, MICHELSON: There have been cases already.
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MR. BAER: Yes,

There have been problems with bolting. No doubt
akout it.

MR. SHEWMON: Let me ask a different guestion. It
has been helpful in the past to find a definition of the
generic safety issue which the staff wishes to resolve.
Sometimes the problem gets changed over the years. I don’t
think this happened here. But I locked for a definition of
the problem, hoping that if I found a definition of the
problem, I’'d be better able to decide whether or not it was
closed. And I've heen unable to find anything better than
the title of it, which is "Bolting Degradation or Failure in
Nuclear Power Plants."

If I come back into other documents, I can find a
description that goes on for several pages, but I can’t find
a definition which sort of defines what the problem was.

Is the problem to sort of avoid failure of bolts
in nuclear power plants?

MR. BAER: As it'’g evolved, yes. The scope has
changed a number of times over the years, starting from a
very broad scope, narrowing at one point =-=- and correct me
if I'm wrong, Dick == but I «hink at one point in only dealt
with reactor coolant systen pressure boundary back four or
five years ago, until now where we’ve tried to consider all

the safety-related bolting 2f the plant.
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MR. SHEWMON: Someplace in the history I read that
it started out in support, so presumably it had to do with
the things that were in concrete and attaching things to
things primarily at that point.

MR. BAER: I believe it started out as support
bolting and then at one point evolved to where it was not
support bolting at all but only reactor coolant system
pressure boundary, and then re-evolved to now where we'’ve
tried to consider all the safety-related bolting in our
deliberations.

MR. BICKFORD: I was chairman of a working group
for the ASME O&M people, who, at the reguest of the NRC, was
set up to try to define the issue and then to try to see
what should be done about it.

And the reports that we received and so forth,
material from the NRC, suggested that it was not merely
failure of the bolts or wastage of the bolts that was
causing the problem. This was a fairly small percentage of
the incidents. Most of them were improperly-tightened
joints which leaked, and therefore led to other problems,
and this kind of thing =-- vibration, loosening perhaps, or
bolts missing, wrong materials being used, and so forth and
s0 on. So it was quite a broad spectrum of bolted joint
problems, I would say, as opposed to merely bolt failures

or inadequacies themselves.
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MR, SHEWMON: Thank you. Any other gquestion?

MR. LEWIS: No, but I can contribute. This is
raising some history in my mind. I remember 15 years ago
when we did the Physical Society study, there was an issue
of bolts. And it was a letter written by an individual to
the then AEC which had an analysis of the stress on the
threads. And this was pressure boundary bolting. It was an
elastic calculation, and it was simply wrong. But these
things start programs and become generic issues, and people
forget how they began. I also looked for the definition of
the problem and didn’t find it,

MR. SHEWMON: Yes.

MR. BAER: Let me turn this over to Dick Johnson
for his portion of the presentation,

MR. SHEWMON: Are you wearing a research hat these
days?

MR. JOHNSON: Dr. Shewmon, I always did.

MR. SHEWMON: Okay. I was just wondering when NKR
was going to speak.

($lide.)

MR. JOHNSON: Good morning. My name is Richard
Johnson, and I am on the staff in the Engineering Issues
Branch under Bob Baer. Ancd I had the pleasure for a number
of years of being the task manager on this generic issue

preceding Dr. Chang.



seemec

<

@




10

11

12

13

14

15

16

17

18

19

20

21

22

23

25

18
together.

MR, LEWIS: Does the denominator in the second
equation ever go to zero?

MR, JOHNSON: I said I’'m not going to discuss this
in any detail, and I’m going to stick to that resolve.

[Laughter, )

MR. LEWIS: I don’t think that integral converges.

MR, JOHNSON: You did hear a bit of the history of
the generic issue, and, indeed, back in the days before we
had the rather formal definition of unresclved safety issues
under which we now work, there was an issue on the integrity
of support structures which became Unresolved Safety Issue
A=12,

That was grappling with all the many support
problems, support integrity problems, and included finally
bolting and bolting integrity. When you ask for the details
of the program, the program itself, the definition of the
program itself is a bit piecemeal.

You’ll find some of it in the first NUREG that was
written on Unresolved Saf~ty Issue A~12. Then there were
some letters that were written in May of 1982, I believe,
which brought bolting and stress corrosion cracking into
that issue.

That motivated the Atomic Industrial Forum working

with the Materials Property Council to set up a task force,
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a committee. Meanwhile, the Nuclear Regulatory Commission
separated bolting as a separate issue from the unresolved
safety issue and identified it as a generic issue in May of
1981.

It was given its alpha-numeric of GSI-29 in April
of 1983, prioritized as a high priority issue in November of
1983, Meanwhile, the Atomic Industrial Forum, along with
the Materials Property Council, did charter a committee and
the sponsorship of that was found under the Electric Power
Research Institute,

That work began somewhere around 1982, and the
products of that effort are three, as I see them., First of
all, there is a research document in two volumes, EPRI-NP-
5768 Volumes I and II, published in April of 1988, entitled
Degradation and Failure in Bolting in Nuclear Power Plants.

If you find this title repetitious, it certainly
is. As a matter of fact, that committee told us that their
excuse for existence was to resolve this issue. That’s what
they felt they did with those two volumes and their research
document. They also provided training tapes, video training
tapes which Mr. Bickford had a large hand in.

As a matter of fact, I believe he appears on one
of them in an interview. 1 believe that you can’t find a
date on their title, but I think that they happened

somewhere around 1987, My reason for saying that is that
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they are cited in the EPRI-5769, so they were cited in 1988,
80 I think the preceded that document by about a year.

Then there are two bolting manuals which have been
published, The first one, Volume I, on large bolts in 1987,
The Volume II is entitled Small Bolts, although it has a lot
more than that in it, is just out of the printers. You can
probably get yourself a free copy by calling EPRI.

What I am going tec do next is to taik about the
research work that was funded by the Electric Power Research
Institute.

(Slide.)

MR. JOHNSON: On this slide, what you see is a
listing -- and that'’s all it is -- of the 19 stated tasks
that the committee set forth to address. According to the
document, the two-volume document, EPRI chose toc give them -
- put them in three different categories: general pressure
boundary and internals. Those that dealt with the general
subject of bolting were Tasks 1 through 9.

Those that dealt more specifically with pressure
boundary bolting were Tasks 10 through 17 and the last two,
18 and 19, had to do with reactor internals. Now, as far as
the funding is concerned, all of the funding for the first
17 tasks came from EPRI.

The owners groups, Babcock and Wilcox and I think

Combustion Engineering and definitely Westinghcuse and maybe
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fact, that’s where the idea of treating a bolted closure
with a leak-before-break approach can be found.

MR. MICHELSON: Are we going to discuss that now
or later, the leak-before-break approach? 1 have asked that
they come prepared to discuss it. 1Is it going to be now or
later?

I don’t want you to pass over it if this is all
you’‘re going to say. I’ve got a number of guestions.

MR, SHEWMON: He just happens to have a viewgraph
for you.

MR. MICHELSON: Good., Which we den’t happen to
have.

(Slide.)

MR. JOHNSON: When I come to a party, I don’t ask
the == I generally don’t expect to be asked to play, but I
usually bring my saxophone anyway.

MR. IGNE: Do we have this in our package?

MR. JOHNSCN: No, you do not.

MR. MICHELSON: Well, you knew we were interested
in it.

MR. JOHNSON: 1Irndeed I do.

MR. MICHELSON: We knew we were going to discuss
it. It should have been in the package so we could read it.
I can’t see it on here.

MR, MICHELSON: I brought, Mr. Michelson, as a
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MR. LEWIS: Eventually.

MR, JOHNSON: That, of course, is one of the
critical items =--

MR, LEWIS: Yes, but that =-- how did ==~

MR, JOHNSON: == but if there’s no means for leak
detection, the leak before a break approach is futile.

MR, LEWIS: How does that give you any guidance on
how to do the closure of the bolt, how to tighten the bolt?

MR, JOHNSON: Sir, as a materials =--

MR. LEWIS: 1If you’‘re planning to ==

MR. JOHNSON: =~ engineer, I would not be the best
one to answer that. Perhaps your consultant, Mr, Bickford,
might have an answer to that.

MR. LEWIS: Thank you.

MR. JOHNSON: I think what we’re talking about is
that a == I think, in part, John correct me, but a properly
designed joint won’t leak in the first place.

MR. BICKFORD: That'’s not true.

MR. JOHNSON: 1It’s not true, so erase that,

MR. BICKFORD: They could leak because they’re not
put together properly =-- proper assembly.

MR. JOHNSON: Properly designed and assembly, and
then it shouldn’t leak.

MR. BICKFORD: The joint depends for its integrity

on the preload, which is established only by the mechanic
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with the wrench, it’s not established by the designer.

MR. JOHNSON: Yes. Fine.

MR. LEWIS: Does a leak-before-break approach mean
that you don’t worry about tightening the bolt because you
know it will leak?

MR, BICKFORD: No. I shouldn’t think so. No, not
at all,

MR, LEWIS: Then, I’m still trying to understand
number 1 on that viewgraph.

MR. JOHNSON: Well, there are so many reasons for
the joint ultimately leaking.

MR. LEWIS: I know that,

MR. JOHNSON: The material may relax in service.

MR. LEWIS: I know all those things. I’m just
trying to understand what it means as an approach to ensure
closure integrity. Does it mean you don’t worry about the
bolting because eventually, whatever the cause of the leak
is, you’ll see it because there’s a disaster? 1Is that what
it means?

MR. JOHNSON: I wouldn’t say that, no. 1I’d worry
about the =--

MR, LEWIS: I know you wouldn’t say that.

MR. JOHNSON: == the bolt ~-- no, well.

MR. LEWIS: But, I’m hoping that when you say

that’s wrong, then you’ll tell me what’s right.
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MR. SHEWMON: Why don’t we wait, and there is the
word "proposal," up there, and maybe we can learn what
EPR1’g proposal is if we listen for another ==

MR, MICHELSON: While you’re thinking of that,
though ==

MR, LEWIS: Maybe.

MR. MICHELSON: =+~ what bothered me a little bit,
in the regulatory analysis, is it states, on page 11, that
the staff believes leak before break criterion should be
applied to threaded faster reactor coolant pressure boundary
joints,

MR, JOHNSON: A1 ! we do.

MR. MICHELSON: 8o, they have already endorsed it.
It isn’t proposed, it’s endorsed by the staff, and I think
that it needs to be reviewed.

MR, JOHNSON: We’ve just stated limitations and,
as I said, one of the limitations -~ and it seems quite
obvious once you say it is that if one is going to rely on
leak detection, then leak detection has to be part of the
system,

MR, MICHELSON: How small a leak do you think you
¢can tolerate from the corrosion viewpoint and not have a
problem with boltage wastage? You can == I think some
relatively small leaks =--

MR, JOHNSON: Yes,
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MR. BAER: Yes, but I‘m not aware, going back to
both the everits at Maine Yankee that led to Bulletin 82-02,
of any situation where the reactor coolant pressure
boundary, where you have the boric acid, where there’s been
a catastrophic failure of a threaded flange.

MR, MICHELSON: No there hasn’t, but these are
hopefully very low probability events, hopefully.

MR. BAER: Well, yes, but ==~

MR. MICHELSON: 1I'’d also =-

MR. BAER: == you’re starting now to get enough ==
it’s one of the few cases where ycu're == you'’re starting to
get at least a point estimate that agrees with what’s being
done .ii the PRAs,

MR. MICHELSON: Well, I‘ve tried to take sonme
comfort in the fact that you would know about leakage ==
measurable leakage before the catastrophic failure occurred.
But then I said, well gee, where’s your analysis of the
loading on bolting asscociated with valve bonnets.

MR. BAER: Well, you keep talking about our
analysis, and you'’re really =--

MR. MICHELSON: Well, I’'m talking about your
regulatory analysis. That’s the analysis I’m talking about.

MR. BAER: == and you’re talking about the

analysis done by EPRI on the flange.
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MR, MICHELSON: No, no, no, I'm talking about your
regulatory analysis wherein you endorsed leak before break
with really == without much discussion.

MR. BAER: That I agree with,

MR. MICHELSON: 1I’m trying to get the discussion
sut now. Now, how did you treat bonnet bolting from this
viewpoint and where’s your analysis?

MR. JOHNSON: Sir, bonnet bolting is a specific -~
and specifice do, indeed, kind of get lost in the wash of a
yeneric issue. Generically, we agree with this. There may
be specifics. think your peint is well taken, that if one
has a ring of studs or bolts that are all equally degraded ~

MR. MICHELSON: I’m not saying they’re equally
degraded.

MR, JOHNSON: No, no, but if that -- if that would
be the case I’m saying, then an unzipping is possible, and
it’s what would == what one would have to say is should that
kind of a situation occur, then leak-before-break is not
applicable, as it is in the piping, where leak-before-break
is applied, when we know that there’s going to be 2 failure
mechanism that may give us break-before-leak, we don’t apply
it.

S0, therefore, there has to be point-by-point,

item~by~item, component-by=-component, a review on the plant=-
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specific basis before this can be applied. But generally,
generically, we‘re pretty much in favor of it,

MR, MICHELSON: Well, those =--

MR, JOHNSON: The reason we are is that this
takes us away from looking at =-- at the problem bolt-by-
bolt, to being able to look at it as closure as an entity.

MR, MICHELSON: Let’s look at it by component-by-
component, and I think the pressure boundary valves which do
have bolted bonnets on them are pretty important, and if
they were to fail, they are pretty large leaks.

MR. JOHNSON: Yes.

MR. MICHELSON: I just don’t find any discussion
of it even.

MR. JOHNSON: What I’'m saying is that when it
comes time to ask the question should a valve bonnet, should
one apply leak before break to a valve bonnet, perhaps thre
answer should be no, just as we would say to some of the
piping in systems, no, one cannot apply leak-before-.reak to
certain systems of piping.

MR. MICHELSON: I simply don’‘t find those kinds of
caveats in you regulatory analysis. You seem to be
blanketly endorsing leak-before-break., The criteric.. you
give don’t help me a bit,

Without some regulatory analysis of pressure

boundary valve bonnet bolting, I just wouldn’t want to buy
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off on this, and I found none.

MR. JOHNSON: What he is looking for, Bob Baer, I
think, is what one reads in the leak before break -- in the
EPRI document.

MR, MICHELSON: That was only for static closures.
I’m talking about dynamic closures, which valve bonnet
bolting constitutes.

Those are quite variable loadings, as that valve
closes,

MR. JOHNSON: The caveats and the restrictions and
the limitations could have, no doubt, been put in another
dociment.

I suppose, when we wrote it, we considered that
some of those things were repetitious, because they’re
already published.

MR. MICHELSON: Well, you seem to have been
interested in check valves, and they’re relatively static
loadings. But in motor-operated valves, those are dynamic
loadings on the bolting. That’s what’s holding the thing
together.

All the reaction force is taken on the bolting,
and I find no accounting of this.

MR. SHEWMON: Fine. We've made the point,

MR. MICHELSON: Yes, I think so.

MR, JOHNSON: I think we would agree that there



10

11

12

13

14

18

16

17

lu

19

20

21

e?

23

24

25

32

are places where leak befure break is inapplicable to bolted

conhections.

We would agree witi “hat,

Beyond that, I don’t have mu.» to say about it.

MR.

SHEWMON: You will or somebody else will get

to the caveats you have on the EPRI document ==

MR'

MR.

JOHNSON: Yes, sir.

SHEWMON: ==~ if we let you get there, someday?

Fine.

MR,
MR,
MR,
before break?
MR.

MR.

JOHNSON: Yes, sir.
SHEWMON: We’ll wait with anticipation.

JOHNSON: May I set aside, now, the leak

SHEWMON: Carl?

MICHELSON: Yes. If we’re going to hear it

later, hear the caveats later, iine.

MR.
MR,
anv, I don’t
MR.
Dr. Shewmon’s

document as a

SHEWMON: Fine.

MICHELSON: I just don’t think they’ve got
think you’re going to hear any.

BAER: I think Dick Johnson was responding to
gquestion about the caveats on the EPRI

whole, not on the leak before break.

MR. JOHNSON: That'’s correct.
(E€lide.)
MR, JOHNSON: There they are.

MR.

SHEWMON: These are the caveats?
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MR. SHEWMON: Okay.

MR, JOHNSON: What we’re dealing with now, what we
have in front of us, is & slide that is =~ 1 think I brought
some unwanted visitors with me in wy throat.

MR, SHEWMON: I hope you take them away with you.

MR. JOHNSON: That'’s . at my wife said, but it
didn’t save her,

what you see here is a brief summary of what is in
the NUREG that is part of the bolting resolution package.

The NUREG starts with ar introduction where the
bolting safety issue and the problem is stated, perhaps not
in the way that you might have wanted, Dr. Shewmon, but it’s
in that NUREG.

Then, it treats, in an executive-summary way, the
work that came out of the EPRI research effort.

That’s what I, essentially, just covered in the
previous slide. 8o, it’s also part of this NUREG.

We took except to a couple of things, and in our
conclusion, we said that we feel that the basis for the
resolution of the issue is at hand, and what we mean by that
is that the documents that wire produced by EPRI =~- to
repeat, that’s the researca document, the bolting manuals,
and the training tapes -- also, the work that’s been done by

INPO, the $2ERs, and Dr. Chang will talk a little bit more
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about that, all the documents that relate to bolting issues
either dir. tly or indirectly that have come out of the
Nuclear Regulatory Commission, the bull ° .s, the generic
letters, and such, and the existence of the Bolting
Technoloyy Council, when taken as a who -, we felt,
addressed the safety issue of bolting and belting =~
otential bolting failures.

S0, we said that we -- the staff’s attitude was
ttat the basis for the resolution was at hand.

We did take certain exceptions to chings that were
saje by the Committee in the EPRI documents.

The first item says expand Section 11 in Volume 2.
That’s not #o much a criticism as to say that they didn’t go
far enough.

That chapter ie entitled, if 1 can go back and
look at it correctly -~ it’s an evaluation procedure for
support bolting., It was prepared by cone of the EFR1
contractors.

Our attitude on that chapter is that it’s very
good, and it should be the basis for broader coverage. It
could form the basis for a plant-specific bolting integrity
program in the industry.

80, our criticism was it was good and wasn’t taken
far enough,

The second item -~ there is quite a bit in their
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document about how to avoid stress corrosion cracking in
high-strength belts, and it gets down being quite specitic,
and the people who wrote on that subject were recommending
several criteria which hovered around a yield strength of
150 K81, but you’ll find worde in that document that say
"the minimum specific for example.

Well, aside frum wne fact that it’s not
consistent, we don’t agree that the minimum specific yield
strength of 150 is a proper target.

One can specify, in the ordering information, a
minimum of 150 or less than 150, but heat treat to get above
150,

80, our attitude was it’®s the real yield strength
of the material that’s the criterion, and so, we suggested
that the limitation be set at the yield strength of the
material, no steels above 150 KSI actual vield, in orcder to
avoid stress corrosion cracking.

Now, one can do that, of course, in ordering
information for new » "4 incoming material. For those bolts,
studs, and fasteners that are already in place, then one has
to go to a hardness conversion,

That brings me to item 3.

There is a procedure that was proposed and worked
on to be able to do in situ hardness tests. It’s a device

that I, frankly, have never used. 1 don’t even think I have
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actually seen one. But we find that the nuclear industry,
in a few places, has used it.

There has to be some problem with what is in the
EPRI document, because conversions from hardness to ultimate
strength are in disagreement with the conversions that are
in the American Society for Testing Materials.

8o, that has to be cleaned up. It can be done by
audit,

That standard is in as a proposal, proposed new
test method, to the ASTM Committee on Hardness Testing, and
it’s my underst.nding that they are reviewing it.

I also understand they have a little bit of a
difficulty not with the test procedure itself but just in
the proprietary nature of it, which they have to get around.

MR, SHEWMON: Dick, out of curiosity, ies this
something like == there was something called a shore
scleroscope, 1 think, which bounced an Echotip, hardness
tip.

MR, JOHNSON: 1It’s a little bit more
sophisticated.

MR, SHEWMON: Or you can put it on with magnets
and actually do something else.

Is it the bounce type?

MR. P CKFORD: 1It’s the bounce type, but not

shore. It’s called Echotip, and you have to then correlate
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it to Rockville or any of the other correlations.

You can do it on the end of the bolt, wherear the
ASTM procedure, we have to cut off two threads’ v.rth of
bolt and check four points on mid-~radius a 4 stuff, which is
impossible in a beolt in site.

MR, MICHELSON: But you don’t do it on the head.

MR. JOHNSON: %“ou could.

MR. BICKFORD: Yes. I think you could do it on an
exposed end,

MR, MICHELSON: 18 there reason to believe the
head hardness ig the same as the shank hardness?

MR. BICKFORD: Yes. They go through the oven
together, 1 guess, in a lot of different dimensions and
thicknesses and all that sort of stuff.

MR, JOMNSON: 1t was used by one utility to find «
- when they discovered, on one of their steam generators,
that they had a mix of steam generator manway closure studs,
they checked them. 8o, they checked whatever was protruding
and were able to satisfy themselves that, indeed, they had
both heat-treated, low-alloy steel and carbon steel, a
mixture.

S0, it’s been used, and it’s worked, and it's
worked on just whatever protrudes.

MR. SHEWMON: Can it be used only on horizontal

surfaces, or can it be used on vertical surfaces?
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MR, BICKFORD: No. 1It’s my understanding it can
be used on vertical surfaces, as we.l as horizontal ones.

Midstone used it for checking -- Millstone. No.
The guy in Ohio.

MR. SHEWMON: Zimmer, Perry, Dresser.

MR. BICKFORD: Out of business now.

MR. JOHNSON: Zimmer.

MR. BICKFORD: They checked 160,000 bolts or
something.

MR. SHEWMON: Okay. Onward,

MR. JOHNSON: Item 4 is just that we were a little
dismayed at the -~ let’s say the lack of condemnation of
molybdenum disulfide as a lubricant.

A gentleman who has be:n Mr., 'uts and Bolts with
the Nuclear Regulatory Commission retired just this past
year, Mr., Sellers and I have had many conversations, and I
once asked him why don’t we just close the gate to moly
disulfide? And he said, w¢' |, because it’s useful
elsewhere; for example, on electric switch gear.

80, used properly, it’'s all right. But put on
high~strength bolts in an aggressive environment, it can be
instrumental in leading to stress corrosion cracking.

8o, we just felt that the words were not strong
enough in their document.

Finally, there is a much more up~-to-date fracture
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published form by Dr. Lee James, who is now at the Bettis
Atomic Pover Laboratory, we just felt that what was in
there, which was by Dr. Cipolla of Aptech, was good but was
a little dated.

That document has been given by a representative
to the ASME boiler pressure vessel code for consideration,
and the code committee is considering it. They have it as
an agenda item.

That brings me through old history, up te modern
history, and 1 am ready to step down.

Yes, sir,

MR. SHEWMON: What is your picture of how all
these good things are likely to get brought into this? You
expect them to reissue a document this like. and then you'’d
bless it, or how do we know that these don’‘t just sort of
disappear into the Publiz Document Room and never be heard
of again?

MR, JOHNSON: I could not ask a better question
and about awareness 1 guess is apout the only way == this is
going to be an issue as to whether we conclude this with
regard to the industry by virtue of an informatica notice or
a reguirement,

I think my Branch Chief wants to say something in

that regard.



L

10

11

12

13

14

16

16

17

18

19

20

21

22

23

24

25

40

MR. BAER: We’ll be getting to this in one sense
but when we get to the proposed resolution, the resolution
being preposed by the Office of Research is to publish a
information type generic letter which would have as an
attachment NUREG~1339 and the information type generic
letter which was a copy of the draft which was in the
package would suggest that licensens implement the EFRI
program but would not reguire that.

Attached to that letter would be our NUREG-1339,
which woul4 have these exceptions and qualifications to the
EPR]1 program,

That would be the Research-propcsed resolution,

NRR has some different ideas that we’ll be getting
to.

MR, SHEWMON: And the fcrce of this generic letter
you think would then be enough to bring it to everybody'’s
attention or the ubiquity of this after it‘s distributed?

MR. BAER: The more major guestion is are
licensees implementing the EPRI program? That’s where 1
think we don’t have any firm assurance of that case, of that
situation, and I think that'’s the broader guestion.

I think the details of the program, if they were,
guote, required to implement an EPRI pragram then the review
of the program or the audit it would pick this up.

If they're not required to implement a program,
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then the question of whether they -~ well, it’s not a
relevant guestion whether they are implementing it with or
without these points if it isn’t important enough for them
to be reguired to implement & program,

MR, SHEWMON: Fine, okay. We’ll return to that,
¢learly. Pardon? Go on?

MR, BAER: Go ahead,

MR. SHEWMON: One other guestion. On your NUREG~
1339, in the first paragraph it/you state "The ACRS
recommended that the NRC Staff expand its concern about
stress corrosion cracking of high streng*h, low allow steel
bolts."

Are there HSLA bolts? My memory of thiv is that
Harold Etherington was very concerned about very high
strength bolts like maraging steel and thought they had no
business beina used in this situation but 1 didn’t remember
that we’d ever singled out HSLA bolts,

MR. JOHNSON: Well, the point is that there has
been a history of stress corrosion cracking. 1If you go back
to the earlier documents relating to unresolved safety issue
Al12 you’ll find that there is a related NUREG that Dave
Sellers was responsible for a NUREG that came out of the
Lawrence Livermor2z National Laboratory where they did a very
comprehensive review of experience and failures regarding

strees corrosion cracking and I'm sure you'’ll find bolts in



10

11

12

14

15

16

17

18

19

20

el

22

23

25

42
there where the incidents are given in terms of the relative
strength level.

It is out of all that work that goes back to USI-
Al2 where the NRC when this -~

MR. SHEWMON: Okay, but those for example would be
wver 150 K817

MR, BICKFORD: May 1 say something? I think
perhaps the confusion comes from the fact that the ASTM has
a number of specifications calle: high strength bolting that
involved materiale that ece definitely not high strength.
They are well under 150 yield strength -~ for example, A490:
for example B? bolts in Al93 and so forth.

They refer to these in the title of their
specifications as high strength and they’re 414C and things
like that. They are not maraging steels,

MR, JOHNSON: But 4140 is a low strength, high =--
low alloy, olgh strength steel but what we found, what the
data told us is that stress corrogion cracking can be
expected fairly commonly for yield strengths of 170 and
above.

We didn’t have anything much below 160. The 150
was established to give us a little margin but whether you
call that high strength of not, I don’t Kknow.

MR. SHEWMON: Let me finish then. What really

bothers me le HSLA or the use of that because if you a:k
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anybody else, any metallurgist outside of this room what a
high strength, low allow steel is, it’s something where they
used microalloy to restrain grain size and get a structural
steel which has the yield strength around 60, 80, 90 KSI
instead of the 30 or 40 that the regular hot rolled stuff
that they were using before.

It just doesn’t come to this so I look at HSLA
steel, gee, that’s rolled structural plates. What are we
talking about that as a concern for?

MR. JOHNSON: No, that’s not what is implied. The
high strength really means of the order of 150 and above,
really.

MR. SHEWMON: Well, you’ll confuse at least many
metallurgists if you put HSLA behind it and use it as an
abbreviation for it.

MR, BICKFORD: In our work we‘re =-- I don’t
remember them using that term at all in ocur committee work.
We were using LAQT, low alloy quenched and tempered steels
generically for the ones that we were r ncerned about.

MR. SHEWMON: Carl?

MR. MICHELSON: Yes. In loocking at this whole
bolting question, it appeared that the Staff was looking at
both bolting inside of containment and bolting used outside
of containment.

MR, JOHNSON: Yes.
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detection,

Got to do any special analysis?

let’s say, for instance, that you have analyzed
the pipe =~

MR. BAER: We'’ve got a problom ==

MR. MICHELSON: Let me finish.

MR. BAER: You referred to page 11. Page 11 of
what? 1‘d like to follow.

MR, MICHELSO® Your regulatory analysis, 1I’'m
sorry. 1’11 keep rcferring to your regulatory analyeis,
page 11 then. 1It’s Enclosure 3 of whatever we got,.

It’s your regulatory analysis! 1It’s your
resolution, yes!

MR. BAER: Not the detailed design that you were
talking about, the analysis of 12 bolts?

MR. MICHELSON: Oh, no. That was in the EPRI
Report and of course it applies to any pressure boundary
bolting. They didn’t analyze the valve oonnet, which is

usually many fewer than that,

Now if 1 were to determine that I couldn’t qualify

a pipe for leak-before-break, can I still qualify the flange

that might be used in the piping system for leak-before-
break?

MR, JOHNSON: That is a good question., I don’t

know that 1 have ever even seen that guestion raised before.
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1 did have a little problem also because it wasn't
clear how you treat the corrosion guestion, as in the case

of piping.

If it is susceptible to stress corrosion cracking,

then you can’t gualify it, 1 thought for leak-before-break.

Ie that right?

MR, JOHNSON: Yes. That is correct.

MR, MICHELSON: Does that mean that if I’ve got a
borated water system and I use carbon steel bolting on the
bonnet flange that, you know, does it still qualify?

MR. JOHNSON: Well, let’s get back to what =~

MR. MICHELSON: You know, 1 don’t Kknow,

MR. BAER; 1If you care for me to answer any of the
guestions, pause long enough ar . I will,

MR. MICHELSON: Okay.

MR, BAER: I think vou’'re reading this completely
out of context., We’re talking about, reactor coolant
pressure boundary; we'’re talking about a cost-benefit
analysis done by PNL, and asking ourselves whether their
cost=benefit analyses warrant actions, and whether we
believe the risk and co2st numbers.

And we say we limit it to reactor coolant pressure
boundary joints. The sentence you're reading says the staff
believes the leak-before-break criteria.

MR. MICHELSON: I pointed that out, that it wasn't
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everywhere else or not, Because this analysis was only fo
reactor coolant pressure boundary.

MR. BAER: All that we were trying to do is
evaluate the possibility or the likelihood of catastrophic
failures of the bolting, and saying hey, we believe that in
the reactur ceoolant pressure boundary, that there is a good
likelihood that you would get leakage before catastrophic
break. And this reduces the probabllity of the catastrophic
break., 1 den’t think we were trying to ¢ y anything other
than that.

MR. MICHELSON: Bob, I asked you people earlier,
are you going to apply it outside of containment as well.
And I thought the answer that came back was yes. And that'’s
what bothers me, Inside of containment I don’t have a
problem. We‘re designing for large breaks inside of
containment already. 8o it the bonnet comes off the valve,
perhaps we can still handle it,

outside of containment, we don’t design for
ponnets coming off of valves, causing such large leakage.
It’s just not in the cards.

MR. SHEWMON: Carl?

MR. MICHELSON: Yes.

MR, SHEWMON: The history of this, as you know as

well as anybody i1 the room, at least for piping, was, is
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bolts were missing.

But now you look at abnormal bolting caused by
leakage or whatever., Well, if it’s bad enough ==~

MR. SHEWMON: Abnormal lcads on bolting or
¢ < sal bolting?

MR. MICHELSON: Abnormal bolting from degradation.

MR. SHEWMON: Okay.

MR. MICHELSON: And if you have variable loads,
particularly on motor-operated valves, which are very large
loads under certain circumstances =-- namely, closure of a
wedge -~ have they considered the possibility now that the
valve bolting may indeed fail?

MR. SHEWMON: Now these bolts presumably are
something which have a fair amount of toughness and are
operated below or have yield stress below 100,000 K817

MR. MICHELSON: But they're corroded.

MR. SHEWMON: Yes. But if they are ductile, then,
and you do get these stre¢sses which are of the magnitude you
are talking abcut, then *he bolts go plastic and the joint
leaks.

MR. MICHELSON: Well, & normal bolt goes plastic.
I'm not sure what happens to these corroded bolts under
these circumstances.

MR. BICKFORD: They leak.

MR. SHEWMON: They leak.
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MR, MICHELSON: How big a leak are we talking
about, is my guestion?

MR, SHEWMON: You've got enough elongation in
these bolts te open up the flange. They’re not subject to
stress-corrosion cracking, if they aren’t these high-
strength bolts, which would then be the catastrophic.

MR. JOHNSON: The failure mechanism is going to be
one of wastage, gradual thinning.

MR, SHEWMON: Okay. And if we overload it, we
plastically extend it.

MR. JOHNSON: You will indeed.

MR. MICHELSON: But you’ll never break it.

MR. SHEWMON: Never is not a long time.

MR, MICHELSON: We're talking about low~
probability events, now.

MR, SHEWMON: Well, I'm gaying that you’ll get
plastic extension and that, indeed, if the scenario you are
painting is as bad as you think it is, then there should be
out there a fair numper of plastically-extended bonnets that
leak fairly regularly. There is a test, we run test quite
regularly to see if that’s a problem,

MR. JOHNSON: You said the key word, "Tests."
And part of the application of the leak-before-break
philosoph  or design philosophy, in its application one of

the criteria is one must routinely inspect the joint. And
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some of the work that was sponsored and I think had very
outcome by EPRI was to develop a non-destructive method for
detecting wastage. 80 these bolts are to be examined. They
are a regular part of the in~service inspection routine,
Wastage ie detected even if leakage isn’t.

MR. MICHELSON: 1Is this every three years?

MR, JOHNSON: Well, there’'s a routine.

MR. MICHELSON: Yes. It’s three years, five
years, kind of routines. 1Is it three years?

MR, JOHNSON: Yes.

MR, MICHELSON: 1Is that any good for this kind of
corrosion?

MR. SHEWMON: Three, five, or 107

MR. CHENG: Three and once a year.

MR, SHEWMON: 1 don’t understand three and once a
year. Once an outage?

MR. CHENG: Dr., Cheng from NRR staff. The current
regquirement is every ten years three tines,

MR, MICHELSON: Are we talking about outside of
containment, Class 3, Code Class 237

MR. CHENG: Class 3 is every ten years too, visual
only.

MR. MICHELSON: About every ten years =--

MR. CHENG: Every ten years three times, but every

40 months you inspect, visually inspect ocutside of



containment, yes,

MR. MICHELSON: How many of them get inspected
every 40 months?

MR. CHENG: Every 40 months, yes.

MR. SHEWMON: How many of them? Every one has to

be looked at?

MR. CHENG: Every one, you have to visually look

MICHELSON: Now, every component Class 3.

10 MR. CHENG: Class 3 has to be looked at, yes.
11 MR, MICHELSON: So we’re looking at a 40-month
12 cycle.
. 13 MR. CHENG: VYes.

14 MR. SHEWMON: And this is out where we do not have
18 borated water, so you don’t build up crystals if there’'s a
16 leak?
17 MR. CHENG: That'’s right, ye-
18 MR. MICHELSON: Borated vatvr, depending on which
19 valve you’re talking about.
20 MR. CHENG: We cite Reg. Guide 145, to only
21 addresse inside of containment leakage. When we tried to

| 22 apply leak-before-break outside of containment, you don’t

| 23 have a means of detecting leakage.

i 24 MR. MICHELSON: That'’s true.

| . 25 MR. CHENG:

How are you going to do it? Unless
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the licensee is willing to detect the leakage outside of
containment.

MR, SHEWMCN: That’s my point, Carl thought I was
ignoring it, because you can’t see it, that there is no ‘
borated water.

MR. CHENG: And one important things in technology
in the leak-before-break is the leakage detection. Unless
you can detect the leakage, it can be outside of
containment.

MR. MICHELSON: Are you go'ng to have leak~
detection requirements outside of containment?

MR. CHENG: Well, unless the licensee is willing
to provide that one, right now the Reg. Guide only addresses
the RCPBE, inside of containment.

MR. MICHELSON: That’s the question I asked
earlier. You said no, it includes outside as well.

MR. BAER: Frank Cherny would like to say a few
words on the subject.

MR. CHERNY: I think we have gotten so embroiled
in the details of all this that the status of this whole
thing has gotten lost in the shuffle.

What we thought we were endorsing as far as leak-
before-break is concerned, and I think Dick had some stuff
in his NUREG-=1339 on this, which referenced the EPRI

document, in the EPRI document they talk about a leak-
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that approach on these bolted joints., All we thought we
were endorsing was the possibility of that kind of an
approach on bolted joints and endorsing the concept of
sending it to the ASME code committees {or an in-depth
detailed review and possible co-sideration for publication.
That’s what we thought we were doing.

MR, SHEWMON: When you say using that sort of
thing, what they would get by using this case would be a
relief from some other visual or disassembly inspection; is
that righu?

MR, CHERNY: Right,

MR, MICHELSON: 1Is it clear, from your referenced
letter and see entry documéent that people are not supposed
to be using leak~before-break considerations yet?

MR. CHERNY: Well, I thought it was. If it’'s not,
we’ll have to take another look at it,

MR. MICHELSON: 1f it were, then I would have no =
= I withdraw all my questions.

MR, JOHNSON: 1It'’s my belief that we have not
endorsed it. Therefore, if a licensee is using it he is
using it without telling us.

What Mr. Cherny said is exactly correct and right
to the point.

Mr. Michelson, 1 would only add that, when you ask

the guestion would w2 be willing to accept the application
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of leak-before~break outside a containment, and 1 say yes,
remember that that ie qualified by the fact that there must
be¢ leakage detection,

As Dr. Cheng said, if they don’t have leakage
detection, they can’t have a leak-before-break appr ‘ach., If
the licensee chooses not to do any leak detection outside
containment, clearly that is the precursor and obviates any
use of leak-before-~break application to his bolted joint.

g0 there is this seguence that must be followed.

MR, MICHELSON: Well, with the clarification given
me, I have no proeblem., However, 1 don’t get that out o.
reading the Regulatory analysis. But it’s in the record, at
least.,

MR, BAER: If we proceed with the generic letter,
as proposed, we will make sure it’s in there,

MR. JOHNSON: I am trying to step down. 1’m doing
my best to excuse myself from this position.

MR. BAER: The next section of the presentation
will be given by Mr. T. Y. Chang.

[Pause., )

MR. SHEWMON: Mr. Chang?

MR. CHANG: Yes?

MR. SHEWMON: Through no fault of yours, we’re
running somewhat behind schedule. 8o, if you’d shorten it

as you thirnk is appropriate?
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The closeout document, NUREG CR-5576, was issued
in 1990, last year. The conclusions are the following:

Up to 50 1i .ensee resporses were revealed and out
o7 those 50, ten plants were audited. For 7'.e ten audited
plants, wastage prevention programs do exist, even though
they are of somewhat varied programs.

All plants audited have wastage prevention program
and training program for the inspectors to locate those
leakages. All glants, except one, kept the plant relatively
¢lean and most plants cleaned leakaye gquickly »r they
drained and contained the leakage.

As we can see the wastage piroblem has been looked
at by the utilities to a pretty detailed extent and programs
are in place to locate ti. ieakages and to try to prevent
the wastage. The secoid category that is of scme importance
is under non-conforming, misrepresented, counterfeit and
fraudulent belting.

NRC Compliance Bulletin 87-~02 requested licensees
to test bolting to determine the compliance with the
material specs. I think this concern started arcund 1985,
but the Industrial Fastener Institute sample-tested quite a
few boltings supplied from various distributors all through
this country. That’s for all types of industri=zs, and they

found out that up to 70 percent of boltings tested were out
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of spec.

That raised the NRC concern. Therefore, this
bulletin was issued. Actione required: they are required
to report v : existing receipt inspection procedure and the
internal controls programs for each particula: plant., They
regquired to test 10 safety related and ten nor-safety
related bolting and nuts selected from the gtock in the
plant. The selection of those boltings were assisted by the
NRC peopl 2.

They were reguired to describe further actions
needed to meet requisite specs and the reguirements. This
testing is ¢ one-time action, but the other two elements are
considered to be a continuous program.

In 198¢ a closeout NUREG Report 1349 was issued
and the cenclusion from this report are the foluicwing: From
the test dieta submitted by tre lice:. -.., 8 percent of the
safety related boltings were found to bse out of spec, but
with further evaluation, it turned out that only two percent
of those testings of the safety-related boltings were off in
a sufficient -~ out of spcc.

For the non-safety related bolting, it was found
that 12 percent ~- it’s a higher percentage -~ were found to
be out of spec,

MR, SHEWMON: Now, the rest of the reports have

not had a closeout document written yet? There’s nothing in
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the last column.

MR, CHANG: That'’s correct, right.

MR, SHEWMON: Why don’t we just assume that we’re
read this and that we know about the information documents
and get on the to your next slide that has to do with
industrial reports. Would that be okay?

MR. CHANG: Do you want me to proceed.

MR. SHEWMON: I want you to proceed faster and 1
think a good way to do this would be to stop reading about
the information notices and to get on to the other things
you have to talk about,

MR. BAFR: Why don’t you go to your last slide,
Industry Efforts?

MR. CHANG: The next few slides are information
notices issued over t'.e years, concerning mainly non=-
conforming bolting. Stress corrosion cracking of component
internals bolting and miscellanesus bolting problems; okay,
the last slide is on tue industry efforts.

MR. BAER: The last sli.e is the one that I will
be giving.

[8lide.)

MR. CHANG: The first three bullets were already
described by Dr. Johnson. I just want to point out that
INPO issued a number of documents, Those were SERs, SENs

ani ONMRs. Notably, SOER 84-5, in that SOER, there were
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some recommended actions concerning bolting degradation and
failure,

At that time, 1 believe the EPRI report is already
in draft form and it was mentioned there that the EPRI work
should be used to address those problems,

MR. SHEWMON: Now, is that something th~t INPO
inspects against on their semiannual ==

MR, CHANG: Yes. I understand an audit was done,
but INPO was invited to this meeting, but they chose not to
come. I don’t think I can speak for them. I just want to
mention that tuls was done,

MR, SHEWMON: Well, you could perhaps ‘-~ or you
perhaps do know more about what I PO issuing a document to a
utility requires the utility to av or what the usual
reaction is. That’s nmy guestiorn.

Is it their practice that they wiil then audit on
thig each time they go out, which is every five years or
something, to a given plant? Or, do they issue it and never
thing about it again, or do you know?

MR. CHANG: I think they go out to the plants and
audit a number of things. They will stay in the plant for a
certain duration. They have inspectors, a group of
inspectors.

MR, SHEWMON: I’m familiar with that procedure,

yes. Okay, fine.
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1 MR. BAER: I don’t think there’s any problem with
. 2 you telling what you were told by INPO when you talked with

3 them,

4 MR. CHANG: Okay.

5 MR. BAER: They gave you some specific

6 information. We were hoping they would come here and

7 address it themselves,

8 MR. CHANG: Well, we got this information through
9 NUMARC. It’s not a direct response from INPO, but through
10 NUMARC, we got the information that the result of the audit
11 indicates that more than 90 percent of the plante, they have

12 done this. They have performed what’s recommerded in the
. 13 SOERA for =5.

14 Also, last year, NUMARC issued a letter to their

15 members informing them of the publication of the two volume

16 EPRI reports and the good bolting practice manuals. It was

17 stated in the letter that they were encouraged to refer to

18 those reports as a basis for -~ to those reports, and those

19 reports provide the industry’s technical basis for the

20 resolution of Technical Issue 29. That’s NUMARC’s position;

21 that they endorsed the EPRI reports,

22 MR. SHEWMON: They sent people a notice and said,

23 hey, this EPRI document is out. Maybe you should get it for

24 your library. Did they do something more than that?

. 25 MR. CHANG: That’s all they did, just to issue a
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letter informing them that those reports were issued.

MR. BAER: We were not given a copy of the letter
but T.Y. went down to the Numarc offices and I believe from
your notes =-- didn’t you say the words were that licensees
were encouraged?

MR. CHANG: Encouraged to refer to those reports.
They said the reports provided the industry basis for the
resolution of 29.

MR. SHEWMON: Fine.

MR. CHANG: Okay. That concludes my presentation.

MR. SHEWMON: Okay. Let’s talk a little bit about
what you were saying, Jim, earlier.

I went back ~nd asked Dick Johnson if the
discussion of programs and exceptions was something that was
finished and he said, no he wasn’t the only one that ‘-as
going to talk about that. So, could you tell me briefly
what is or isr’t coming yet from the agenda or that differs
from the agenda we have in front of us?

MR. BAER: I think == my understanding is that Jim
Davie will be talking about a survey of industry failures in
degradation, and then I plan to speak briefly about the
proposed resolutio» and reall, give that last slide.

MR. SHIWMON: Okay. What about this item that
says "discussion of prcyrams and exceptions taken by NRC

staff." Dick’s covered it?
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MR. BAER: Dick’s covered that, as part of his
presentation. Thuse were the exceptions to the ~- or
qualifications to the EPRI program that he was discussing.

MR, SHEWMON: Fine. Okay. Well, let’s take a 15~
minute break now and then we’ll come back to whatever.

[Brief recess. ]

MR. SHEWMON: Who's next, Jim Davis?

MR. BAER: Jim Davis,

MR, SHEWMON: Okay.

(Slide. )

MR. DAVIS: 1I'’m going to give the NRR staff
p.«sentation on this issue.

(Slide.)

MR, DAVIS: The outline == I’m going to just touch
briefly on 2 of th more common types of bolting failures;
boric acid corrosion, just very briefly, and stress
corrosion cracking of high hardness materials,

Then 1’11 give the safety significance of Generic
Issue 29 and then the NRR proposed action plan.

(Slide. )

MR, DAVIS: The first incidence of koric acid
corrosion occurred in 1968. The latest occurrence is in
1989, So, it is a problem t» t is continuing. Basically,
it’s corrosion of carbor ar® 'ow alloy steel caused by leaks

from the pressure bou.dary system. Those are containing
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borated water. But if you go to a stainless steel-type of
bolt, the corrosion doesn’t occur, but the strength isn’t
gufficient for the intended bolting purpose.

MR. SHEWMON: Now, there was a case down in
Fiorida a few years ago, where -~ I don’t know =~ an awful
lot of beric acid accumulated by the pressure vessel and
after that, people were supposed to come, go around and look
for such things more religiously than they had before. Does
this ‘89 event indicate that they’d bern doing that and
that’s why they found it or that they hadn’t been or do you
kiiow?

MR. DAVIS: I “hink they’ve been doing a better
job of looking at the problem. But it still does exist.
These are below code leak rates in many cases. and they are
trying to detect these leaks, but they’re not completely
successful.

MR. SHEWMON: Okay.

(8lide.)

MR. DAVIE: Stress corrosion and cracking of high
strength stainless steels. B8asically, the problem started
with 410 stainless steel valve stems and vaive internals
where the 410 was tempered at too low & temperature, it was
too high a strength.

17-4 PH stainiess steel shows s...ilar behavior.

This is also true in sea water in high-speed ships and
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well,

With proper tempering, temperatures are for 410
stainless steel 1125 to 1350; and for 17-4 PH stainless
stee.', above 1100. I think this is being followed pretty
religiously at this point.

Also, you need to avoid corntact with copper,
sulfides, chlorides, fluoride. and boric acid.

All the ancheor darlinj valves have been inspected
because that design of valve c¢ontained very high hardness
410 stainless steel.

MR, SHEWMUN: 410 stairless steel has also given
problems . . ‘ternal pi.4, hasn’t it?

NR. DAVIS: Yes, I believe so.

MR. SHEWMON: But that isn’t a bolt, and so, it
doesn’t ever come under this gquestion you’re talking about.

MR. DAVIS: It doesn’t come under this specific
one.

(Slide. )

Mi., DAVIS: The safety significance is that
bolting and structural applications can be very highly
-oaded under faulted and/or accident conditions.

Degraded, loose, or missing bolts may result in a
system failure. Bolting with manufacturing defects may

cause system failure.
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There’s a situation right now on broken ice
condenser U-bolts. They were defectively manufactured.
They had guench cracks in them.

They have been in service for guite a number of
years, and we're still seeing some failures of these bolts.
Some of it is weighing of the ice baskets.

They twist the baskets to break the ice away
before they weigh them, and cracks tend to propagate. They
look like they may be hydrogen cracks.

We’'re looking at some of this right now.

Each basket has two U-bolts, and if both bolts
would happen to fail on one unit during a steam accident,
the basket could become a missile and be ejected into the
containment.

MR. SHEWMON: Were the bolts tempered properly:’
The hardness was okay. It was just there were quench
crackings?

MR. DAVIS: VYes,

What happened was they substituted 1541 for 4140
when they manufactured the bolts originally, and if you
water-gquench those bolts, they will develop quench cracks,
and then they’re cadmium plated, and some of the spares have
been examined, and there was cadmium plating in the cracks.
S0, they were definitely cuench cracks.

There have &.so been some occa: ions of hydrogen
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MR, SHEWMON: Does anything in the new procedures
talk about a more freguent inspecticn of high-strength
boltse?

MR. DAVIS: I’m not sure abcut that. That’s one
of the things we would like to see, but it’s not resolved.

MR. SHEWMON: A hardness test would do it.

Okay. Go ahead.

MR. DAVIS: There’s no == prior to this point,
there is no receiving inspection on bolts, where you would =~
- like in aerospace, they get a little ridiculous and
inspect half of maybe the incoming material.

Here, there is no real incoming inspection. 1
think that’s part of the program,

MR, BAER: One of the generic letteis -- I have to
refresh my memory on the number =-- did require licensees to
establish a continuing program.

It isn’t a large =- I don’t think they’re required
to have a large sample, but I think they are now == I think
most of the licensees have committed t¢ doing some receipt
inspection.

MR. DAVIS: And our Recei ing Inspection Branch is
issuing a generic letter.

MR. SHEWMON: I was looking at sorething about =-
in the specs in some of this information you sent us, it was

80 many -~ once or twice =-- 8o many per heat; that a heat,
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as I understand it, is sort of whatever came out of the
furnace as a liquid metal all at the same time and has
nothing to do with the heat treatment,

MR. DAVIS: That'’s correct.

MR. BICKFORD: The ASTM is, I believe, changing
the regquirements to increase the numbers that have to be
tested, but still probably not enough to catch them if
they’re only heated 12 at a time.

MR. SHEWMON: Yes. Okay. Thanks.

MR. DAVIS: That’s a problem in industry, in
general., If you're makirng 80,000-pound heats, then you do
one chemistry check, one hardness check.

You know, that’s really not enough.

MR, SHEWMON: Yes. Okay.

Onward.

[8lide. )

MR. DAVIS: A given type of bolting may even be
used on a number of components, and this is in relationship
to the Anchor Darling valves, where a very largs number of
valves wera constructed with overly~hard 410 stainless
steel, and when one failure is found, then it’s important to
look at all similar equipment,

MR. MICHELSON: Why were they using 4107

MR. DAVIS: 1Internally.

MR. MICHELSON: O©Oh, these were the internal bolts.
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MR. DAVIS: 1Internal bolts.

MR. MICHELSON: Okay., Thank you,

MR. BAER: Now, a bulletin wers issued on that, and
all the l.icensees were required to look at not only Anchor
Darling but some other va.ves, also,

MR. DAVIS: Any similar valves.

The Anchor Darling seemed to be the only ones that
had the high hardness 410 stainless steel.

Then just a general comment: Severe general
corrosion of bolts caused by a leak could result in
unzippering., As far as I know, this has never occurred.

MR, MICHELSON: Now, vou looked at the EPRI
analysis of unzippering, I assume, in this EPRI Repcrt 5769,

MR. DAVIS: I haven’t in detail.

MR. MICHELSON: Beg pardon?

MR. DAVIS: T haven’t,

MR. MICHELSON: Well, I just wondered, because it
didn’t seem to me that they concluded unzippering was
credible, and I just wonder why =-=- where 1 missed the boat,
Or did I wisinterpret their conclusion?

MR. BAER: I think their conclusion was that it
wasn't credible. That’s why they were proposing this leak
before -~

MR, MICHELSON: Yes, because it wasn’t credible to
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unzipper. You could get a few breaks and get some leaks,
but you wouldn’t unzipper.

MR. BAER: 1 believe that’s what their position
was.

MR. MICHELSON: So, that’s why I was a little
confused about this bottom bullet here. Somebody else
thinks unzippering is credible, I guess,

MR. DAVIS8: Dave Sellers, the fellow that retired

MR, MICHELSON: I would sure like to hear that
argument, because it’s extremaly important to the whole
busine- s, whether it’s credible or incredible.

MK. LEWIS: Well, I wonder whether s mebody could
tell me what’s meant by the words "credi“le" .nd
"incredible," because I notice that this says safety
significant, says thinue czuld happen, and you know, is 10
to the minus 9 credible?

MR. MICHELSON: We’re using it in a little more of
a simplistic sense.

MR. LEWIS: Well, you know, 15 or 20 years aJo,
the NRC did use the terms "credible" and "incredible" to
distinguish and sort of got out of that habit, and we got
into the probabilistic world.

MR. MICHELSON: Well, it’s whether it’s a design

basis new or nut.
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indeed do receiving inspections or whose receiving
inspections were these that you'’re ==

MR. DAVIS: This is a generic letter asking what -
- suggesting what a receiving inspection everything they
should be doing, and that includes bolting.

MR. SHEWMON: Let me back up. The LER search is
something which Oak Ridge is geing to do for you.

MR. DAVIS: They have done for me.

MR. SHEWMON: Okay. Now, what about McIntyre?

Has he done something on receiviny inspection for your

MR. DAVIS: He has the generic letter an final
drafts about to be sent out., It nasn’t been finalized yet.
I’ve seen a copy of the draft -- I haven’t seen the final
generic letter, and it may be -~

MR. SHEWMON: ?-. cuat would require people to do
a safety inspection or to send you information, if they
happen to have one or what?

MR. DAVIS: 1It’s for receiving any =-- any purchase
that the licensees do. They have to describe what type of
income inspection they do.

MR. SHEWMON For bolts only?

MR. DAVIS: For evarything, including bolts.

MR. SHEWMON: We’ie done a cost benefit analysis
and we're sure we’re going to send that one out as a gener.)c

-= Or ag a requirement?
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1 MR. DAVIS: 1I’m not sure.

2 MR. SHEWMON: Okay.

3 MR, LEWIS: Am I allowed -- am I allowed to ask a
4 really stupid guestion? 1 discovered the hard way last

5 week, in my American-made car, that one of the bolts in it
6 was a metric thread. I wondered to what extent mixtures »f
7 different disciplines exist in nuclear power planrt “hat
8 ls, do we have, as we have ni the rest of the world, a

9 mixture of metric and English threads floating around?
10 MR, DAVIS: 1It is my undirstanding we nave all
11 English threads.

12 MR, LEWIS: All English?

13 MR, BICKFORD: I think you would find that the
14 only industry in the U.S. that uses metric threads is the
15 AUTG.. bave S-2izrry. and they’'ve gone to them across the
16 board.

17 MR, LEWIS: Not in my car.

18 MR. BICKFORD: Really?

19 MR, LEWIS: VYes, my car is all English threads
208 except for this one =~
21 MR. BICKFORD: 1Is that right?
22 MR, LEWIS: =~ God damn bolt.
23 MR. SHEWMON: Just to prolong the aiscussion, I
24 have a neighbor who is responsible for the stockroom in a

25 large Chevy dealer in Columbus and he has said that General
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bite 3 ise they have to have both sets of wrenches, or
depending on which year it was they had for that car.

MR. BICKFORD: That can’t be true because all
wrenchese are English systems, even metric wrenches are in
English units surprisingly enough == you'’ve got a one~inch
socket set and so forth and so orn., Then they have, of
course, different nuts and stuff, But the ~- we == we do a
lot of work with the automotive and *they certainly =~ they
heavily use metric. Maybe they don’t use them across the
board, but I wouldn’t think you would find that to be a
concern at all in a nuclear plant environment.

MR, LEWIS: Well, the -- I asked for a reason
other than my car, because there was an accident in Ohio, I
think, in which some tritium got released because somebody
pulled the wrong thread bolt out of a box and jammed it onto
something. That happened last year. 8o, the potential for
that kind of ==~

MR. BICKFORD: But, the wrong thread was metric as
opposed to English?

MR. LEWIS: Well +the thing I had -- I seem to
remember that, I won’t swear 1» it. In my car, 1 can tell
you that a 10 millimeter nut can “e jammed onto a 3/16th’s~-
inch bolt,

MR. BICKFORD: Oh sure, yes. The reverse is not
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necessarily true. Course versus fine pitch in things can ~--
in Enclieh systems, you know, there are other things to mis-
match threads and things.

MR. LEWIS: 3/8th’s 16 is an approximate match to
10 millimeters, 1&1/2 millimeter pitch, I can tell you.

MR. BICKFORD: Large millimeter bolts are really
not available in this country set. 8o, I wouldn’t think it
would be a problem. There are some, let me see.

MR, SHEWMON: Onward.

MR. DAVIS: The next step then would be the
generic letter to assess the industry implementation of the
EPRI bolting manuals, what would be the purpose =-- the
proposed NRR action., Final , =assess the need for future
action,

(Slide. )

MR. DAVIS: We had previously done a search to =--
of LERs up to 1984, so this one was 1984 to September of
1990, There were 349 incidents reported. The most common
ones were stress corrosion cracking, boric acid corrosion,
vibration and loosening of the nuts, loose nuts due to
improper or no torqueing instructions, missing bolts as a
cause, improper, no installation or wear inspection
reguiremeiii., {=nroper design of material and counterfeit
bolts.

MR. MICHELSON: Now, in the 1984 to ‘90 time
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frame, how many events do you think would have to have been
reported under the LER reporting rule?

MR. DAVIS: Well =~

MR. MICHELSON: In other words, what fraction of
all the failures and all he screw-ups and so forth are you
looking at? Do you think you’re looking at 100 percent? Do
you think you are looking at 5 percent?

MR. DAVIS: 1It’s hard to judge.

MR. MICHELSON: Because the LER rule didn’t any
longer zero in on individual little events like a broken
bolt, it had to have a lot mecre criteria to be met before a
report was issued.

MR. DAVIS: Yes, Most = in most cases, there was

MR. MICHELSON: A lot more associated.

MR. DAViIL: == something else that occurred to ==~

MR, MICHELSON: But on the day somebody iwund 2
corroded bolt, there wasn’t an LER necessarily written?

MR. DAVIS: That’s right.

MR. MICHELSON: I just wonder what fracticn <f the
incidents -- how many more incidents were there of corroded
bolts that didn’t meet the LER reporting criteria?

MR, DAVIS: Werer t you saying something like 30
percent of all LERs have some type of a bolting issue?

MR. MICHELSON: Yes, but how many more bolting
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don’t meet Section 11 reporting requirements either, do

they? Because I wasn’t doing a Section 11 inspection at the
time, I just had some water release and I went there and
found what the problem was and fixed them,

So I don‘t think even Section 11 reporting will
show y»u what the picture is. But, it may be that these are
very good indicators, I just don’t know.

MR, JOHNSON: They’ll report it if that leakage
results in some degradation of something, even if it is a
degradation of one of the studs or bolts, it will get
reported, 1’m reasonably sure.

MR. MICHELSON: You mean the LER reporting
requirements prescribed?

MR. JOHNSON: I don’t know that it will be
reported as a LER, it may only be reported to a resident
inspector.

MR. MICHELSON: Oh, yes. Everything is
documented. If they find a degraded bolt, I hope they
document it somewhere in the plant records.

But, I’m just wondering what these kinds of
studies really tell me.

MR. JOHNSON: All right. Somebody has got to pass
a judgment as to how bad it is, whether it gets into an LER
or not.

MR. DA [S: I agree with you, I think there are
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more than what come up here.

MR. SHEWMON: 1 think the critical question is =~
what you'’ve got is types of incidents here and whether we
have missed any types of incidents. I think that'’s
different than whether you’ve got a reflect on of the total
number.

(8lide. )

MR. DAVIS: Here is the trend that 1 saw. And
remember, for 1990, it’s only three guarters of the year, in
the reported incidents. 8o it seems to be fairly constant.
8light variation year-to~year, but not all that much.

(8lide.)

MR, DAVIS: The NRR proposed schedule then would
be to prepare the draft generic letter by the start of
February; do a° internal management review to see if we' ‘e
going to issue it, and that would be in March; meet with
CRGR in ‘ebruary:; and issue the generic letter in May; and
then in September review the responses; and then determine
future action in mid-September.

MR, SHEWMON: 1I’ve got something in my notes which
doesn’t quite fit with that, but I got the impression from
what I read == would you comment on it? -~ we could resolve
the issue now or nine months from now, NRR would like to
watch things for nine months and then declare victory if

they think it’s appropriate. .s that the resolution?
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MR. DAVIS: I think wh.t we would like to do is
issue this generic letter and see what people are doing, not
necessarily the EPRI program. Just find out what the plants
are doing on bolting, that they have some plan for
inspection for the whole bit.

MR. SHEWMON: Okay. So the positive action would
be to write a letter which they would have to respond to.

MR. DAVIS: That’s right.

MR. SHEWMON: And then see wha%t their response
was,

MR, DAVIS: VYes. See what they are doing, if
they’re looking at the EPRI manual or scme similar program.

MR. MICHELSON: That'’s a different generic letter
than proposed by Research.

MR. DAVIS: Right.

MR. MICHELSON: But both generic letters would not
go out. Research’s would be canned in favor of this NRR;
that would be your proposal?

MR. DAVIS: Yes,

MR, MICHELSON: 1Is that right?

MR. DAVIS: Yes.

MR. MICHELSON: Only one generic letter goes out,.

MR. BAER: It would be either/or.

MR. DAVIS: Right,

MR. MICHELSON: Okay.
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MR. DAVIS: That’s all I have.

MR. SHEWMON: Thank you.

(Slide.)

MR. BAER: I have one final slide that talks about
the proposed resolution and the choices. Some of this we’ve
already gotten into,

When we evaluated this isz 2 in Research, our
regulatory analysis proved to be inconclusive regarding
justifying a mandatory requirement or program on safety-
related bolting in operating plants., And that is, our
analysis did not indicate that the risk and cost-benefit met
both of the tests of the backfit rule. We discussed in our
reg. analysis that we looked both at the reactor coolant
system pressure boundary bolting and then we looked at the
risks associated with bolting outside of the reactor coolant
pressure boundary. AnJ the results were rather
inconclusive.,

MR. SHEWMON: The basis for this is that there’s a
fair amount of redundancy and reasonably good experience; is
that the basis?

YMR. BAER: VYes. 1In paralle! Dick Tonnson has
kept all the applicable LERs over the years, and I know for
the last four years since I’ve headed the branch, I’ve been
on the distribution list for LERs and I get them all and I

pass them on to Frank and Dick and T.Y., if they are
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melt probability.

We looked, in a separate cost-benefit analysis, at
bolts ovtsid~a, beyond the reactor coolant rressure boundary.
And the conclusion was that the risk wa. associated with
seismic events and the emergency power supply.

In other words, a seismic event had a fairly high
probability, approaching one, for a severe seismic event, or
knocking out offsite power, and that the failures then of
anything associated with the onsite power system would then
have a significant risk. And that was a fairly quick look
at this problem. And it did show a risk of onsite emergency
power,

But when we looked at what was being done already
on A=-46, which treats pretty much the same set of concerns,
it didn’t seem like there was much else that we could define
that we could require licensees to do.

My boss, Warren Minners, kept asking us what
exactly would you want licensees to do, beyond what is
covered in generic letters and what is covered in A-467?7 And
we were having trouble identifying anything that would be
risk-significant.

MR, MICHELSON: 1Is A-46 requiring that they look
at the bolting on flanges that might release water?

MR. BAER: No.

MR. MICHELSON: I didn’t think so. S0 what'’s A-46
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water outside of containment. You’ve seen plenty of LERs of
what happens to electrical equipment and so forth. And 1
don’t have to have a catastrophic failure of the flange. A
good, big break might do it very well.

MR, BAER: Yes.

MR, MICHELSON: And these aren’t included, these
are not included in pipe breaks outside of containment.

They only look at pipes and not at the flanges and not at
the bolted closures. They don’t even look 2% bellows,

MR. BAER: The resolutiu- of A-17 asks licensees
as part of the IPE progrim -- more than asks, I guess
requires them -~ to explicitly look at water intrusion into

MR, MICHELSON: A-17 hasn’t done anything yet.

All you’re trying to do now is to prioritize whether it is a
problem or not.

MR. BAER: No, no, no. A=-17 is done.

MR. MICHELSON: Well, yes, it’s done. It moved it
over to a prioritization process.

MR. BAER: No, but all licensees are required to
perform this individual plant examination. And one of the
things specified in that is water intrusion problems from
internal sources.

MR. MICHELSON: From failure of bolted closures?

MR. BAER: No, just in general.
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MR. MICHELSON: Okay.

MR. BAER: But the sources we’ve seen aren’t so
far from bolted sources, failures., We’ve seen them from
overflowing johns, and other places.

MR. MICHELSON: You seen them from a lot more
serious things than overflowing johns.

MR. BAER: No, that one was a fairly, I thought,
significant one. It shows how subtle the paths can be. An
that is a worry.

But all I can say is we started off, frankly, with
a prejudice that we ought to be able to take some action.
And we could no. convince ourselv=ss and our management that
we had a basis for, quote, "requiring" some actions.

Both Research and NRR agree that with some
gualifications and exceptions that Dick Johnson spoke to
that the EPRI recommended program would be an appropriate
resolution,

The guestion or the major concern is really not
with the, in our minds with the technical aspects of their
proposed program, but whether or not licensees are
implementing this across the board. 1 think that is where
we and NRR have =-

MR, SHEWMON: What’s NRR’s basis? They have a
different set of rules or =-=-

THE REPORTER: I’m sorry, could you please speak
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into the mike?

MR, SHEWMON: Well, Baer would kind of like to
know what they are doing too but he doesn’t see a basis for
regquiring that they tell him,

MR, CHENG: Our proposal is not general == you
know, general is just =~

MR, SHEWMON: You know, velume is not our problem
in understanding you =~ 80, thanks.

MR. CHENG: C.Y. Cheng from NRR staff., The
proposed draft, you know, general data, is just -- we want
to know how the licensee is implementing the EPRI
guidelines. We want to know that before we decide to cross
out the generic issue 29. That'’s the whole focus,

MR. SHEWMON: And you don’t see a problem with
getting CRGR to approve that?

MK. CHENG: We don’t know yet. We haven’t come to
the management., Right now the management’s thinking is
that, yes, we are going to issue a generic =-- draft letter,
general data, to find out whether the licensee is following
the EPRI guidelines or not.

MR. SHEWMON: Fine, okay.

MR. BAER: Research zertainly wouldn’t object to
finding that out, whether a letter can be written that'’s
information gathering and get through the process or not I

guess remains to be seen,
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1 do want to point out that regardless of what
action we take on GI-29, that the licensees are committed or
will continue to be committed to the actions necessary in
response to the bulletins and generic letters that have been
issued., That also is another factor, as I said in my
introduction as to why we found this a tough, tough issue
is that as each of the concerns have come up, actions have
been taken by generic letter or bulletin so the residual
problem seems to constantly being reduced.

Jim Davis talked about the Anchor Darling check
valve problem. You know, that’s a very recent example of
where a problem was identified and immediately an action was
taken and so the residual problem, as I sav, it’s hard to
find much of a residual problem that one could point to with
any specifics.

We are proposing in research and have sent this
over to NRR as part of our package some ideas on a SRP
section to be developed for future plants. This would be
largely to codify existing requirements and assure good
design and installation in the review of future plants on
bolted connections,

The proposed generic letter that Research has
developed and put in a draft in the package we sent to you,
and I think this is already clear from the discussion,

informs industry of the EPRI efforts. It would have our



10

11

e

13

14

16

17

18

19

20

22

23

24

25

926

NUREG=1339 as an attachrment with a discussion of the
exceptions and gqualifications that we think ought to be
included in a bolting integrity program, suggests that
industry, that individual licensees, develop and implement
such a program but does not require a specific answer or an
action,

As we’ve discussed, NRR is proposing to develop a
5054 (f) type generic letter for issuance to the licensees
and in the last bullet ~- slide it up high enough for
everyone to see -- we’'re seeking some advice and guidance
from this committee on this matter.

That concludes my presentation.

Are there some questions?

MR. SHEWMON: Any questions?

[Nc response.)

MR. SHEWMON: Could you go ahead before lunch,
John, instead of right after lunch?

MR, BICKFORD: FlIne.

MR. SHEWMON: Fine.

MR. BICKFORD: Okay, you can hear me? I am turned
on?

MR. SHEWMON: Yes, I think so.

MR. BICKFORD: Okay.

MR, SHEWMON: Whatever turns you on, John!

MR. BICKFORD: Whatever turns me on. Well, let me
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just start, since I haven’t met most of you yet, let me just
start by giving you something very quickly of my background
in the nuclear bolting issue so that you’ll know where 1 am
coming from here.

My background is definitely not the nuclear
industry. I have been involved for a number of years in
bolting in general with an emphasis on the assembly, control
of the assembly process, why you want good assembly, what
happens if you don’t get it, so forth and so on, belted
joint failure modes, if you will, and so forth.

I am active with the -~ have been for many years
active with the pressure vessel research committee, am
Chairman of their task group on elevated temperature
behavior bolted joints.

I am Vice Chairman of the Research Council on
Structural Connections and a member of the Industrial
Fastener Institute,

I was involved as a consultant with the AIF/MPC
EPRI business that’s been talked about so much here and at
the conclusion of the AIF/MPC thing I was asked by Ed
Merrick and others to set up 2 ~r-up that would perpetuate
this activity, if you will, and so I founded and until ‘ast
year was Chairman of this Bolting Technology Cour.il thing
which has been mentioned.

1 wrote about 75 percent of this Goocd Bolting
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Practices Manual you have seen and I defined the content of
the three videotapes that have been discussed.

I think my most significant involvement however in
this issue was that I was recruited by the ASME Operation
and Maintenance people in response to a pressure I believe
from Mr. Jordan and others at the NRC to become chairman of
a working group on bolting to define, if you will, the bolt
-- generic bolting problem and to suggest what else should
be done about it,

I chaired that group for its entire existence,
which was as I remember two, two and a half years sort of a
thing.

I would like to start by telling you what the
conclusions of that group were and showing you some slides
that I prepared for presentations to the ASME because I
think there is some discussion here at least as to what the
problem is.

I think you could define the problem as we saw it
as being the failure or potential failure of safety-related
bolted joints of all kinds to perform their intended
functions in a nuclear power plant.

This involved joints in the pressure boundary or
component supports which is what the AIF/MPC has focused on.
It could also involve electrical connections, valve

actuators, and so forth and so on, so that the problem as we
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defined it went beyond that which the AIF/MPC had done.

Things like changes in bolting materials to avoid
stress corrosion cracking, avoidance of moly and other types
of lubricants which led to stress corrosion cracking ==
these things had already been taken care of and so that the
remaining work it you will for the working group was really
to deal with the whole issue of miscellaneous bolting
problems and assembly practices.

(8lide. )

MR, BICKFORD: Now in the pass-outs that I have
given you, you have in the first two pages a flow chart that
I developed for presentation to the Operation/Maintenance
people which attempted to define the problem and the cause
and effect, if you will.

The thing that we were concerned about it seemed
to us was radiation released which might be caused by a
large or small LOCA or to damage to components which would
prevent a smooth shutdown in case of an emergency or just in
genera.,

None of those things had been actually reported.
We started incidentally with a two inch deep thick pile of
computer printouts on safety-velated bolting incidents that
had been given to me I believe by Richard Anderson -- yes,
Richard Anderson, so anyway, we were generating this

information from safety-related reports from the operating



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

plants.

These things as far as our committee work was
concerned, LOCAs and so forth, might have been caused by
either simultaneous failure of several bolts == in other
words a joint failure, unzipping as has been talked about,
or loose parts in the system and those things might be
preceded by the rupture of individual bolts or the loss of
individual bolts,

Now loose parts in the system had been observed
and were reported. Rupture of individual bolts had been
observed and reported. Loss of individuai bolts had been
reported. Simultanecus joint failure had not been reported.

I think it might be pertinent to say that some
time after this work I was approached by Tampa Electric
Company to be an expert witness in a trial. I refused
this. I was a Vice President of a company and they didn’t
want me to get involved in this kind of thing =-- we weren’t
consultants == but this involved the total failure of a
joint. I believe it was in a heat exchanger in a
conventional power plant.

The problem was that the joint had been sealed
with Fermanite, which had trapped corrosive materials and
so forth inside this thing and the joint just suddenly
exploded and cne person I believe was killed and so forth

and so on. That is the only incident that I am aware of in
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20 years of bolting where a pressure vessel joint has failed
catastrophically like that.

Many times leaks, many times partial failures but
never =~ that’s the only incident I know of, of that kind.

So the rupture of individual belts might be caused
by any of the normal rechanisms of failure that we see for
bolts and all of these were reported. The locations in
which they were reported are listed underneath them.

Corrosion wastage, boric acid and so forth and the
reactor closure pressure, steam generator manways and so
forth and so on, stress corrosion cracking, hydrogen
embrittlement, fatigue, mechanical failure and self-
loosening; so all those things were reported.

These were the essential conditions for those
kinds of failures. There are only three or four essential
conditions for each one. More important, as far as the
safety related reports were concerned, a whole number of
things were listed as being possible contributors to that
problem.

For example, as far as stress corrosion is
concerned, they felt -- some operators felt that the
material was not as specified or it was a poor choice of
material or wet or humid environment, use of mely or joint
sealants, unnecessarily high preload and so on and so forth.

Thoce were some of the things that were fingered for the
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MR. MINNERS: On the previous slide were hydrogen,
embrittlement and self-loosening of fasteners reported?

MR. BICKFORD: I don’t remember any single
incident of hydrogen embrittlement being reported. I weould,
I believe, have put down the location if they. Nor do I
remember any self-loosening in that pile of safety related
reports,

I noticed that they were both listed on this more
recent summary of =-=- mcre recent, 1984 to 1990 events.

(Slide.)

MR. BICKFORD: This was & tabulation, again, I did
for them on the location of problems, number of reported
incidents. Perhaps it’s more meaningfvl to put it sideways
like that,.

The most common source was in valves.
Incidentally, I’m talking here about approximately 180
incidents, I believe, if I’m not mistaken, over about a
three year period. Valves, anchors and supports, diesel
generators, pumps and so forth and so on, including
instrumente and switches, manways where the s:ress corrosion
thing was big, was a relatively small percentage of these
things.

MR. SHEWMON: Before you leave that one, I'm

interested in loose bolts.
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MR. BICKFORD: 1I’ll go on to the next one. I may
have done these in reverse order. Sorry.

The reasons for failure were these, and these are
not necessarily mutually exclusive, If you count the number
of incidents and look at the reascns for failure, you’ll
find more reasons for failure because some people may say,
vell, I had loose bolts and that led to stress corrosion
cracking, in my opinion.

What these were were the opinions of the operators
as to what had caused the concern or the failure of the
individual bolt or the leakage or what have you. We have
loose bolts, improper installation, joint leak, fastener
self-loosened and corrosion involved. All those things may
mean that we had a leaky joint and we think that why it
leaked was that the mechanic hadn’t done his job or we had
vibration loosening or something.

I‘'m sure, from the reports as I remember them,
that this was pretty much of a guess. Nevertheless, there
very defin .ely were loose bolts in the system. As to why
they were loose, that would probably take a more stringent
analysis than I think was probably made.

Improper design was blamed, broken bolts
unexplained, stress corrosion cracking and so forth and so
on, 80 again, you’re looking at pretty much the whole gamut

of bolting problems that the world faces in general.
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MR, SHEWMON: What I wanted to ask about was, in
answer to the earlier question, you said you knew of no
cases of self-loosening, yet you come here and say the
biggest single event was loose bolts. Are you postulating
that these fell out of a mechanic’s pocket in every case, or
were they put on and did loosen in some way?

MR, BICKFORD: My guess would be that when you
tighten a group of bolts, you have a very intricate
gsituation going on that involves ~- we can easily identify
several hundred variables. 1It‘s a mathematically chaotic
situation.

Many of the -- let me also say that the bolted
joint, unlike welded or bonded joints, is an energy storage
device. It will provide a clamping force only as long as
potential energy, in effect, is stored in the bolts.
Something there is that doesn’t like energy, it tends to
dissipate and leak over time or with use or, I think, more
very significantly, as you tighten the joint, those bolts
which were first tightened, lose some of their preload,
their potential energy, when their neighbors are tightened
and the joint is further pulled together at that point.

We commonly see in pressure vessel work, ranges in
residual preload of 10:1, 20:1, 4:1 and this kind of thing
between maximum and minimum. My guess is that the large

number of locose bolts that were discovered here were for
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that kind of simplistic or practical, every day reason,

MR, JOHNSON: Mr. Bickford, if I may interrupt. I
recall at least one licensee event report which came through
which reported that studs or bolts were loose because cf
relaxation of the gasket where the licensee had changed from
one kind of gasket in the original design to another and the
gasket is what relaxed and let the bolts be loose.

MR, BICKFORD: Again, the PBRC has done a lot of
work on gasket relaxation and it’s our general opinien that
this usually constitutes a relatively small percentage,
unless you’re using a Teflon gasket or something, which are
not in this situation,

Again, people mistakenly say when they encounter a
loose bolt in a pressure vessel joint, gee, the gasket must
have crept because we know that’s an elastoplastic thing,
whereas, what really happened is that they had these elastic
interactions between bolts or things like thermal cycles on
a joint will pump some of this energy out of the joint
progressively. You'’ve got embedment relaxation and so forth
and so0 on.

There are a large number of phenomena that will
give you relaxation and loosen the bolts both during
assembly and afterwards. 8o, I think when you say loose
bolts, it’s not likely, in my opinion, that many of them

were vibration loosening.
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MR. MICHELSON: Are these restricted to pressure
retaining beolting?

MR. BICKFORD: No, no, sir, these are =--

MR. MICHELSON: There are a lot of loose bolts
showing up, of course, inside of valve works.

MR. BICKFORD: Yes., Valves were the most common
source of the failures, as I said earlier.

MR, MICHELSON: They’re loosening, too. Loose
bolts have been found.

MR, BICKFORD: And loose bolts on instruments and
switch and valve actuators and electrical connections in the
line that were going to tell the valve to close or cpen and
so forth and so on. This is the whole gamut of things.

Back to self-loosening, there is not a great deal
of vibration in these systems, in my experience, which is, I
admit, very limited, but there are thermal cycles and
things. Thermal cycles can encourage self-loosening over a
period of time, so that is certainly another possibility.

MR. MICHELSON: There’s load cycling, of course.
In the motor operated valves, there’s a lot of load cycling.

MR. BICKFORD: Pressure loads as well as therma’
loads,

MR. MICHELSON: No, no, the mechanical loads are
cycling.

MR. BICKFORD: Anything of that sort will tend to
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bolts to leak out, Okay, so it was decided that since we

were dealing with a wide variety of bolting problems, that

what was needed was an improvement in the assembly practices

in these plants.

As 1 say, changes in material and so forth had
already been addressed. Considerations such as leak-before-
break, which I am certainly not prepared to discuss, were
design issues and that had been addressed by the AFMPC and
EPRI and so forth. Therefore, our mission, my mission was
to do something about the assembly practices.

It was already known at this point that older
plants had significantly less trouble with bolted joints
because of improved experience. Bolting is very much an
empirical art and experience matters more than anything else
you can do. This gave us confidence that if we could
improve the assembly practices, supervision and training of
workers and so forth in the other plants, we could probably
make a significant difference.

This was also confirmed, if you will, by my
company’. work. At one point we did fuel bolting services
using ultrasonic measurement of bolt tension and so forth,
and it had been our general experience in petrochemical and
other industries, that supervision and operator training

made more difference towards reducing bolted joint problems
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in that kind of an environment than did petter tools, for
exampie, or fancier practices or changes in materials and
changes in preload.

You just wanted those guys to know that what they
were doing was important and how to go about it.

So, we prepared these Good Bolting Practicing
manuals. The large bolt one came out first and it is
virtually identical with the small bolt manual.

The reason for 2 manuals was that EPRI decided
that people who were dealing with things electrical
connections would never get to see the manuals being used by
people who were dealing with reactor pressure vessels, and
therefore, they needed 2 manuals.

There were also issues like set screws, bolting,
smaisl boltings, little screws and that sort of thing, and
again, electrical connections, different materials and so
forth, which made some differences between the 2 manuals.

MR. MICHELSON: What’s the difference between =--
where’s the break point between small and large.

MR. BICKFORD: Yes, generally speaking, about an
inch I think.

MR, MICHELSON: 1Inch diameter of the bolting?

MR. BICKFORD: Yes,

MR. MICHELSON: O©One inch and up is large?

MR. BICKFORD: I think, pardon -~ is large.
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MR. MICHELSON: One inch and up is large?

MR. BICKFORD: Right.

MR, MICHELSON: OKkay.

MR, BICKFORD: I would think you might say that
anything over half an inch is large. 1 think that the large
bolt manual has been used pretty much across the boards.

We also did the videos. There are 3 videos, one
for engineers and mechanics, one for mechanics and one for
engineers. These were made available to their people by
EPRI and as 1 say, we founded the Bolting Technology
Council,

It was recommended that plants -- each plant
designate a bolting specialist to -- for example, to
implement the video and the manual.

Now, the vic:0 and the manual, incidentally, are
supposed to be complementary. The video sort _f gives it to
you in words and show and tell and then the manual is a
reference manual to which you can turn when you have a
specific problems, it’s in an encyclopedic format. If you
have a problem with vibration loosening, you go to vibration
and see what is recommended to do about it.

Now, as far as the question, did the industry
respond properly to our recommendations, I can state very
little, because I really haven’t been involved since the

working group was closed.
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Certainly they did not respend to the Bolting

Technology Council. This Council, again, was formed at the
urging of the AIF/MPC and the MPC became the sponsoring body
for the Bolting Technology Counci) and remain. so today.
Martin Praeger took that under his wing and provided us with
legal assistance and a safe bank and all the rest of the
things that you use to set up a professional society.

But of the many people who were involved in the
AIF/MPC task group, and there were, as I remember, 30 or 40
different institutions involved, only TVA and Westinghouse
ever sent anybody to the Bolting Technology Council
meetings. As a result, the Bolting Technology Council was
sort of taken over by aercospace and automotive and other
interests, Had a hell of a time raising money in the first
few years, We’'’re finally doing some research now.

but it has no == certainly no real ties =-- it’s
general research on how to assemble things, but I don’t
think it had an specifics dealing with the nuclear industry.
The nuclear industry, in effect, did not participate.

MR. SHEWMON: How much do you have contact with
either fossil plants or petroleum people who would have
comparable kinds of joints and vessels?

MR. BICKFORD: A fairly substantial amount with
petrochemical plants and this sort of thing, and very

little, I think, with fossil plants,
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I don’t know what else 1 can add, but I'll be
happy to answer any questicns you may have,

MR. SHE'MON: 1 guess one of the messages that
comes through from your part would =-- or is that assembly is
an important part of this, which gets back to a broader
question of maintenance, which we won’t get you involved
with right here because it’s sort of a disagreement between
the Commissior and the Committee sometimes.

But let me particularize it. If you look through
these EPRI documents, do you feel that they satisfactorily
address the assembly worker training aspects that you feel
or you found were important?

MR, BICKFORD: VY28, we certainly feel that the
Good Bolting Practices Manual, accompanied by the videotapes
do that, and we have some ~-- my company has some customers
operating plants who have used these things and report on
them very favorably and so forth and so on. It’s not a
complicated thing to do. It’s not something you have to get
a Ph.D for.

We think that those have been addressed in the
EPRI work.

MR. SHEWMON: A Ph.D might well be a disadvantage,
but we won’t get into that either.

[ Laughter. ]

MR. SHEWMON: Let me come back though.
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1 You answered a good question., I’m not sure you
. 2 answered mine,
3 MR, BICKFORD: Okay, let me try again.
4 MR, SHEWMON: You said the Good Bolting Practice
5 would be a help?
S MR. BICKFORD: The only thing =-- the only EPRI
7 work == sorry.
8 MR. SHEWMON: Now, my question had to do with
9 these fat EPRI documents, which it’s my impression is what
10 everybody has sai< *ie industry should use, I’m not sure
11 that this is part of the package which the staff has urged
12 and would like to check on being used.
‘ 13 MR, BICKFORD: It was listed on their slides as
14 being something they are suggesting. Those things in your
15 right hand have nothing in my memory to do with assembly
16 problem.
17 MR. SHEWMON: Okay. So, we'’ll get rid of them.
18 MR. BICKFORD: The only EPRI-sponsored work that
1¢ deals with assembly is that book and the videotapes.
20 MR. SHEWMON: And this is part of the staff-
21 recommended program, whether it is mentioned ==
22 MR. BICKFORD: I believe it’s mentioned in Mr.
E 23 Baer’s final slide there.
24 MR. SHEWMON: Well =-- Mr. Baer’s final slide is

| ' 25 very good but it’s not deathless, whereas =--
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like now for example in some plants. I'm really concerned
about the documentation that might be available to people to
expedite these operations -- things that probably could
occur maybe in several hours, would probably take weeks or a
week to accomplish.

I just wondered if you know about this or did the
videotapes address this problem?

MR. BICKFORD: No. Many of these bolting problems
do take several days, especially if, as you suggest, the
lubricants have migrated and dried up, and so forth and so
on. Galling is very common, especially with stainless
steels, as you take them out after a long exposure tc time
and thermal and so forth and so on.

The closest that I can think to something, to
anyvody addressing that issue, was with the Pressure Vessel
Research Committee a few years ago. The suggestion was made
that in the work being done on life extension, that they
address the bolting issue, And the general response from
the people that were chairing that, and I can’t even
remember their names was that, oh, well, bolted joints, the
bolte get replaced periodically anyway as they are found to
be corroded and so forth, so we’'re not going to complicate
our lives by worrying specifically about bolts when it comes
to life extension. But that’s th2 only thing, and that'’s

not really getting at what your exposure would be why you do
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these jobs,

MR, SHEWMON: Are stud bolts removed for
inspection any time during the 40-year life of the plant, or
is it all done in-situ?

MR. BICKFORD: Oh, no. 1In manways, for example,
they are always removed,

MR, SHEWMON: AnJd by "removed," it means they are
taken, not only is the manway taken off, but the studs are
taken out and put back in?

MR. BICKFORD: VYes. Westinghouse had, I think
they probably still heve, a procedure where the studs have
to be taken out, cleaned, lubricated, installed; the cover
has *o be installed: the thing has to be torgued to a
portion of ite finsl tension; then the whole system has to
be taken apart; the studs have to be removed again,
relubricated, reinstalled, and so forth. §o there can be
some very elaborate procedures.

On couplings and turbine shafts and so forth they
are sort of forced to replace the studs because they usually
gall when the take chem apart and so forth. There may be
studs that aren’t so removed, but most of them, or many of
them are.

For example, we were involved in some studs that
had failed for stress corrosion at Midland -~ which is the

plant I was trying to remember the name of, not Zimmer =«
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« and these were studs several inches in diameter that had ‘
failed, after very shorts periods. These were foundation
bolts.

MR, SHEWMON: Yes, I'm familiar with them.

MR. BICKFORD: Okay. Heavily loaded, and so forth
and s0 on, And so EPRI sponsored an effort to find ways to
detect, ultrasonically, corrosion wastage in large studs.

MR, SHEWMON: 1In that case, they were too strong,
weren’t they, and then torgued up heavily, too hard?

MR, BICKFORD: Well, no, they were 4140 studs, so
they needn’t have been torqued as far as they were. They
were loaded to something like 90 percent of yield, which was
unnecessary for a foundation bolt.

MR, SHEWMON: Was the yield higher than normal?
Some of these plants they did in-situ hardness and found
that they were out of spec.

MR, BICKFORD: Midland is where they did 160,000
tests and found only 40 percent were absolutely within spec
and the rest were either too hard or too soft.

But I don’t specifically remember on the
foundation studs. I think the general conclusion was that
they had just plain been prelovaded more than was necessary
and if they could reduce the stress in the bolts, then they
would not have failed; and that’s how they did it. They put

them back in place and retightened them. And we were
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involved in that effort. We measured the tension
ultrasonically.

But EPRI did develop a procedure, rather
complicated I'm afraid, for looking at detecting corrosion
wastage in large studs, including those several feet in
length, because they felt that leakage, modest amounts of
leakage, could not be detected, but corrosion wastage could
be.

MR. KASSNER: I guesg my point was that we will
probably see more exposure to people removing these large,
four-inch diameter, three-feet long studs than we will from
the consequences of catastrophic-type failures, LOCAs and so
forth. 1In EPRI and the industry, I think it would be well~
spent if they would put some more effort into documenting
how you get these apart, not just degraded fasteners, but if
you are removing a large component. Things like that are
going on nov. and they are having great difficulties with
that type of maintenance.

MR. BICKFORD: Yes. There are no really good
magic bullets for a large-diameter stud that’s galling.
That'’es a tough one. You have to remove it by EDM or
something. 1It’s really bad. Takes a long time.

MR. SHEWMON: Okay. Interesting.

Any other guestions?

[No response.)
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morning.

80 I think this needs to be highlighted, though,
And the staff has assured us that they are going to clarify
their position on this at the appropriate time, which is a
time when either NRR’s generic letter goes out or Research’s
generic letter goes out, because it’'s not presently in tne
generic letter. The generic letter appours to endorse the
EPRI document, with a few caveats, but dovsn’t seem to
include this caveat. But maybe I'm unjustifiably
interpreting the generic letter.

MR, SHEWMON: VYes., It would seem to me that what
we clearly want to get is what Research would feel is an
adeguate or justifiable resclution of the problem, what NRR
sees as an alternate resolution. And the guestion comes,
then, how much do we want to talk about what the problem was
that drove this?

Do you want half an hour on that or just do you
think the committee’s level of interest would be that yes,
there’s been a problem?

MR, MICHELSON: I think one of the things the
committee has heard from time to time and may very well
raise, and ought to be covered, and that’s this unzippering
guestion,

What the committee worries about is catastrophic

failure of a bolted closure in a location where we had never
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that, I'm sure they’d be pleased to. But if it doesn’t
exist, it’s not going to come into existence. 8o I think
some we're talking abeut things that will happen tomorrow
morning, and others maybe sometime later.

MR, MICHELSON: On: other area that I think wasn’t
adeguately covered, in fact, I couldn’t find any words that
told me they even considered it, and that is this gquestion
of the mechanical loading of the bolting when you’re using
it on motor-operated valves. There are significant
ms~hanical loadings of the bolting., 1In fact, there have
been some failures of bolting. But generally, the failures
were on the motor operator bolting instead of on the bonnet
bolting,

MR. SHEWMON: That tells you something.

MR, MICHELSON: Yes. It tells you that’s the weak
peint. What do they do? They come in and put some more
bolts on the motor operator, and then 1 wonder, well, have
they rechecked the flanges now to see if that has become the
weak point next time?

MR, SHEWMON: The gquestion is, have they ever done
an analysis or has anybody done an analysis of the stress,
in deoing no more than the fact that they don’t generally go
into yield when it operates?

MR, MICHELSON: I’m pretty sure they must have

done some kind of an analysis on it. But see, we'’re finding
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now friction factors are far higher, therefore loadings are
far higher. Have they considered those new loadings in
terms of what effect it has on the bolting? I assume they
have.

MR. SHEWMON: To come back to my point, I guess
1'd be more comfortable if they went out and measured them,
than if they calculated them.

MR, MICHELSON: Some people have. That’s one of
the techniques for measuring the motor loading in fact, is
to put a stress washer under the bolt, the bolting on the
bonrnet. Some of them put it under the bolting on the motor
operator.

MR, SHEWMON: To digress slightly, John, one of
the things I was intrigued by as you went through was you
said you actually measured the stress In these bolts., 1Is
that a matter of having a long bolt and ultrasonically
seeing how much the length changes with and without load?

MR. BICKFORD: Well, there are two effects that
happen when you tighten a bolt. The path length changes,
because the bolt stretches .02 percent, or something like
that; but then the velocity, acoustic velocity is also a
function of the average stress level, and it goes down as
stress goes up, and gives you an effect that’s about double
that of the path length change.

S0 then all you can measure is the change in
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transit time, and then you have to have a m._ roprocessor or
computer to sort out what that means in terms of a change in
stress in the threaded region of the bolt, or tension in the
bolt, if you will, or the change in length, whichever you’re
interested in.

MR, SHEWMON: Which one prciduces the larger
effect?

MR. BICKFORD: Well, the change in the velocity
produces the larger effect. And it's of course affected by
thinge like changes in the temperature of the bolt and so
forth and 80 on, and there are different velocities f.r
different materials. 8o it’s quite a technology that’s been
developing now for 2% years or so, and my company is pre-
eminent in the development of this and selling of the
equipment, and so forth and o on. But it is widely used in
petrochemical work, aerospace, automotive, and so forth.

MR. SHEWMON: And you can do this down to what
length in boltse?

MR. BICKFORD: Well, we don’t like it, but we have
gone to guarter 20 screws that are maybe 3/8ths of an inch
long and we’ve gone up to tie rods that are 10 inches in
diameter and 40 feet long. So it’s guite a wide range. We
can’t deal with small socket-head screws and things. But
most of the bolts that you'’re concerned about in your

industry are certainly big enough.
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length and the slowing, the sound speed are additives, and
that’s what you measure?

MR, BICKFORD: Yes. And they are both linears, a
function of avera¢e stress.

MR. LEWIS: And they are in the same direction?

MR. BICKFORD: And they are in the same direction,
right,

MR. MICHELSON: How much degradation does it take
to be detectable?

MR. BICKFORD: You mean wastage?

MR, MICHELSON: Yes.

MR. ®ICKFORD: This system is designed to ignore
things like threads and cracks and so forth, We're just
looking for change. in length. 1 can measure change in
length to the nearest hundredth of a thousandth of an inch.

MR. SHEWMON: Let me come back and ask the
guestion we both thought he was asking the first time. And
that is, relaxation or change in length. What sort of
sensitivity?

MR. BICKFORD: Hundredth of a thousandth of an
inch, generally speaking, which usually comes out to,
something like a couple of hundred psi in a bolt, As a rule
»f thumb, you get, if you take these kinds of bolts, these
low=alloy quenched and tempered bolts, we’re talking about

the yield, you’re getting something like three mils of
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stre” *h at yield for each inch of grip length. That varies
with material and so forth, 1It’s that kind of a number.

And we can measure those. And in your case, you're dealing
with several inches, usually, 80 you're looking at maybe ten
miles of stretch and we can measure that easily to a tenth
of a mil] and we can measure it to a hundredth of a mil, if
you need to. And you normally don’t bother to do that. But
these kinds of accuracies are possible.

MR, LEWIS: It lends itself to having portable
tension measures.

MR. BICKFORD: These are battery powered things
that hang around your neck. We’ve developed a bolting
service which was based on this. We then sold the license
to that to Westinghouse who has since sold it to Fermanite.

But that’s all based on ultrasonic measurement of
bolts. Most of their work is nuclear. They do manways and
things a lot. Eguipment can be used remotely so that the
operators of the equipment are not exposed to the radiation
as these bolts are being struggled with by the mechanics and
80 forth.

There is a fair amount of nuclear us: of this
stuff.

MR. LEWIS: There is in all these deals some Piezo
Magnetiem isn’t there? Isn’t there some magnetic way to

measure the stress?
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hysterisis and eddy current losses to measure stress level,
There’s a guy in Japan -~

MR, LEWIS: I was just thinking of ferromagnetism.

MR, BICKFORD: The Navy uses changes in
permeability, for example, to locok at tension in Dropeller
shafts and this has been tried on mine roof bolts, but it
requires very close gap control and you have to have your
pickups adjacent to a very uniformly stressed region.

There'’s nothing practically available on the
market, but the other magnetic things, like 1 say, like
hysterisis and eddy current losses have been tried and we
have some of this egquipment, but the ultrasonic has been
taken -~

MR. LEWIS: _.hat kind of activity, that’s harder.

MR, BICKFORD: The permeability thing, or the
magnetic property thing is really the only true stress
related changes that were not, so0 it will come some day, 1
think.

MR. LEWIS: That'’s very interesting.

MR. SHEWMON: I think 7 have enough guidance to
talk with the staff then.

MR. LEWIS: 1've got to say one thing: I got a
report that this wonderiul long eguation that Richard was

kind enough to pase out to us, 1 recognize as a dispersion
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relation calculation of an elastic scattering amplitude in
terms of the matrix elements for the inelastic branches and
the denominators do go through zero so it will diverge
unless you'’re careful along the branch points. I had to
put that on the record.

MR, JOHNSON: I'm glad we have that down for
posterity.

MR. SHEWMON: Thank you. Unless you can find
nothing else to do, I want only the erosion/corrosion and
anybody else who is interested for general interest, but
we’'re through with this issue for the day.

(Whereupon, at 12:05 p.m., the meeting was

recessed for lunch, to be reconvened at 1:05 p.m.)
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AFTERNOON SEESSI1ON
(11086 p.m.)

MR, SHEWMON: First, we hear about
erosion/corrosion,

(8lide.)

MR, KOSCIELNY: Good afternoon. My name is Steven
Koscielny with the Materiales and Chemical Engineering Branch
and this is a presentution on the erosion/corrosion aspects.
A brief overview of what erosion/corrosion is: it’s really
a flow assis® 2d damage nechanism where the oxide layer is
washed away from carbon steel components and piping sys.iems
in both single phase and two phase systems,

In two phaso systems, it also includes an
impingement portion of the aspect where the metal is
actually fatigued away from the surface. The effects of
temperature are described in this diagram here.

As the temperature increases, the effect drops
off. At about 250 degrees Centigrade, it’s very nominal and
not a very predominant temperature effect. Looking at the
effects of pH on =~

MR, MICHELSON: Let me ask you this: you're
talking about erosion/corrosion., Erosion alone, of course,
can occur at any temperature,

MR. KOSCIELNY: That'’s correct.

MR, MICHELSON: Okay.
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MR, LEWIS: 1Is there a simple way for me to
understand why it goes down at higher temperatures?

MR, KOSCIELNY: if there is, I don’t have a good
answer for you.

MR. LEWIS: Fine.

MR, SHEWMON: Why does .t go down at low
temperatures.

MR. LEWIS: Because =~

MR. SHEWMON: Hush.

MR, KOSCIELNY: My understanding is that it has to
do with the dissolution rate of the oxide layer back into
the liquid phase, into the liquid that‘s passing through it
or across it., As the temperature drops, the reaction rate
drops also.j

MR. SHEWMON: So something makes the oxide more
stable at high temperatures?

MR. KOSCIELNY: Yes, that’s my understanding.

($lide.)

MR. KOSCIELNY: The higher the pH, the better the
oxide layer tends to stay in place and there’s less effect
of erosion/corrosion because of pH as pH increases. If you
increase the amount of == if you change the pH control
agent, you alsoc have an effect on the erosion/corrosion
rate.

If you use morpholine versus all volatile
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for the piping components and the fittings are normally
manufactured out of APV2-334 and those two materials have
very small or negligible amounts of chromium.

The only chromium that is normally in those two
alloys or those two materials is residual amounts.

MR. LEWIS: These two are two different
Investigators measuring the same thing?

MR, KOSCIECLNY: VYes.

MR. LEWIS: At the upper levels, they differ by
more than a factor of ten from each other?

MR. KOSCIELNY: Yes, according to this graph which
I pulled out of a previous presentation.

MR. LEWIS: Does that impair one’s willingness to
believe either of them?

MR, KOSCIELNY: 1 would have to find out more
information about these two specific investigators.

MR. LEWIS: Well, the fact that they agree at zero
chromium doesn’t mean anything because that'’s the
normalization, but out where they’re doing measurements,
they differ from each other by a factor of ten., I normally
don’t put a lot of credence in such things. Maybe I’m
wrong.

MR. SHEWMON: Everyone knows that physicist do
precise measurements, so go ahead.

MR. LEWIS: 1If they measure at all.
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(Blide.)

MR, KOSCIELNY: Now I wou)ld like to discuss scme
of the regulatory efforts that hrve been taken in order to
address the erosion/corrosion issue., Back in 1982, failure
occurred at the steam extraction line at Oconee. That
resulted in Information Notice 82-22.

In 1%86 in December, the failure at Surrey Unit 2
occurred and that resulted in a feedwater line break and
Supplements 1, 2, and 3. The significant unexpected erosion
of feedwater lines at Trojan resulted in 87«36 and those
were summarized =~ the response of Bulletin 87-01, thinning
of pipe walls in nuclear power plants, was summarized in 87-
17.

One bulletin was issued which is 87-01, which
reguested licensees to provide information about
ercsion/corrosion programs and the issue was further
discussed in the Generic Letter 89-08 which required
licensees to establish a long term erosion/corrosion
program,

MR, SHEWMON: Now, the 87-01 result of these
couple of deaths that occurred just south of here?

MR, KOSCIELNY: Yee, that'’s correct,

MR. SHEWMON: Okay.

MR. KOSCIELNY: As part of Generic Letter 89-01,

NUREG 1344 was an attachment to that generic letter. That
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MR. KOSCIELNY: As far as the computer codes that
are available, the EPRI CHECMATE computer code handles two
phase erosion=corrosion.

MR. SHEWMON: Fine, That doesn’t ==

MR. KOSCIELNY: 8o there really isn’‘t a
distinction, It can be utilized from both single phase and
two phase because the one factor for the two phase
portion ==

MR. SHEWMON: The way ! can tell two phase
erosion~-corrosion is you use those words and what people
call single or two phase ercsion?

MR. KOSCIELNY: No.

MR. SHEWMON: That'’s an impact problem whereas the
erosion~corrosion problem single phase is not an impact
problem.

MR. KOSCIELNY: 1It’s a dissolution problem, yes.

(Slide.)

MR. KOSCIELNY: Scme of the plants that have
exhibited erosion~corrosion problems in feedwater and
condensate lines are listed in this handout and the
locations and when the plant was put in service.

MR. SHEWMON: Are those == they’re all single

nase?

MR. FOSCIELNY: Feedwater and condensate, yes.

MR. SHEWMON: How does the NRC learn of these or



10

11

12

13

14

&2

16

1%

18

19

20

21

22

23

24

25

145
who generated this list?

MR. KOSCIELNY: This list came out of the 1344
NUREG.

MR. SHEWMON: Fine. Who generated that?

MR, KOSCIELNY: The author was Paul Wu.

MR, SHEWMON: And he works for the NRC?

MR. KOSCIELNY: He no longer works for the NRC.

He worked for the NRC,

MR. SHEWMON: Who did he work for when he put this
together? The NRC?

MR. CHENG: Yes.

MR. SHEWMON: So my question again is how does the
NRC learn about these things? There is not a reporting
requirement, is there?

I understand EPRI collects this data regularly or
somebody does but the NRC does not require that failures of
this part be submitted to them?

MR. KOSCIELNY: That'’s true.

MR. SHEWMON: So the NRC learns about this by word
of mouth or does this come from EPRI or where does this
table that’s up there ~= do you know?

MR. KOSCIELNY: Do I know where specifically this
table came from?

MR, SHEWMON: VYes,

MR. KOSCIELNY: I do not, other than it came from
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that NUREG.

MR. LEWI&: What is the date?

MR. SHEWMON: How did he get it and do we have any
indication that it is complete?

If you only hear from people who happen to send
you the information then it’s not as complete as if you got
it from EPRI where indeed apparently there is a requirement
or at least a tradition that failures of this sort will be
handed in there.

MR, KOSCIELNY: That'’s true.

MR. SHEWMON: One of the things I am interested in
is what fraction of what is going on out there do we know
a'out? How large a problem is it?

If you can’t tell me how this data was assembled
then there is no way of telling whether this is 10 percent
of it or this is 99.5 percent of it,

MR. CHENG: I understand, yes.

MR. WITT: Thie is Frank Witt., There arec no LERs
required but a lot of this information comes from morning
reports on pipe failures which cause a shutdown of a plant
and that is how Millstone III was picked up from that and
AIT was formed to investigate.

A lot of these are picked up on the daily morning
reports,

MR. SHEWMON: 8o somebody in your division at
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CHECMATE computer code which can be utilized to accurately
monitor the pressure dropped through that line that you’ve
modeled from the extraction =~

MR, MICHELSON: Of course, I’m sure you
understanding that local cavitation, local flashing occurs
because of velocity changes, pressure changes, which are
highly localized. Flashing occurs and the bubble
recondenses as it goes on downstream. 8o, it’s a very
localized phenomenon ==

MR, KOSCIELNY: True.

MR. MICHELSON: == and you have to use a very
localized code to predict whether that phenomenon is
occurring or not,

MR. KCSCIELNY: The CHECMATE computer code takes
into account not only the geometry of each piping component,
but it also takes information from the valve itself. You’ll
have to input the size of the valve, CV of the valve and
that will give you an indication of whether you’‘re having
flashing at that valve. Because it will show you == as one
of the outputs of the code. it shows you the void fraction,

MR. MICHELSON: It does the same on elbows and &0
forth?

MR. KOSCIELNY: Elbows, teeth, it goes through
each particular component in that piping stream that you’ve

modeled.
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or mils per year.

MR. SHEWMON: No. What you’ve got up there is
it’s a temperature factor times a mass transfer factor times
an alloy content, 8So I guess the =-- every one of those
factors would have to be one, unless there was a reason to
make it different from 1. Because if any one of them is
zero, then the effect is zero.

MR. KOSCIELNY: This isn’t == the computer code
generates the erosion/corrosion rate, and this is an
explanation as to hew it does that.

MR. LEWIS: But somebcdy generates the computer
code?

MR, KOSCIELNY: Yes,

MR. SHEWMON: It is the function of those, it'’s
not the product.

MR. LEWIS: Oh, it’s written as a product. You
mean, I shouldn’t believe that formula?

MR. MICHELSON: Yes, that’s the idea. I don’t
think that formula is right.

MR, LEWIS: Where did that formula come from?

MR. KOSCIELNY: That’s from an EPRI hand-out.

MR. LEWIS: Well, they’re the ones who wrote the
code.

MR. SHEWMON: But they consider the code

proprietary?
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MR. LEWIS: You must be joking. Surely you’re

joking?

MR. SHEWMON: No.

MR, KOSCIELNY: No, it is considered a proprietary
code.

MR. LEWIS: It makes it kind of hard to
understand,

MR. SHEWMON: I assume the staff was aware of the
true formulation.

MR. KOSCIELNY: To my knowledge, that is still
considered proprietary and the staff has not got the
internals of the code.

MR. MICHELSON: Do you use any of this in making
regulatory judgments?

MR. KOSCIELNY: No,

MR. MICHELSON: You don’t?

MR. LEWIS: Oh, I'm sorry, you showed one a minute
ago in which you said that people have to show that they
have something which is == did I misunderstand it?

MR. KOSCIELNY: Meets the intent of the NUMARC
guidelines, or meets the NUMARC guidelines. Now, within
those NUMARC guidelines, they recommend use of the CHEC
computer code.

MR. LEWIS: Right. But then you have a regulation
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which says you’ve got to follow those guidelines or
gomething equally effective.

MR. KOSCIELNY: Yes.

MR. LEWIS: How can you judge whether something is
egually effective if you don’t even xnow what this is? It
does have a regulatory impact?

MR. MiCHELSON: Yes. 1 had assumed that they
really knew what the true formulation was.

MR, KASSNER: 1t was my understanding that NRC or
regulatory does have this code that they ask that =- EFPRI
made it available. They couldn’t show it to us, for
example. We wanted to use it and see it ourselves.

MR. MICHELSON: But they have the document, the
code?

MR. KASSNER: They have the whole code. They can
run test cases.

MR. MICHELSON: Well, the documentation of the
code is what's important, not =-- not a tape that you run.
Understanding the formulation, the models and all that that
is the important part.

MR. KASSNER: Well, there’s an awful lot of data
that went into developing the code and this just reflects
the == pulling together a very large data base and ~=-

MR. WITT: Yes, that’s what I wanted to say =--

that this program has been verified from plant data and loop
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line answer is,

MR, SHEWMON: 1 understand, from having attended a
Section XI meeting and actually sitting in for a while with
the sub=group there, which is putting together something for
Section XI on how people will do erosion/corrosion
inspections, that at least one utility, and I think it was
Wisconsin Electric, does not pay the tab for a check, but
has some other way of deciding what they’ll look at. Are
you familiar with that?

MR. CHENG: They have not submitted their program
to us,

MR. SHEWMON: They have or have not?

MR. CHENG: They have not. 1Isn’t that right?

MR, KOSCIELNY: That'’s correct.

MR. CHENG: Yes.

MR, KOSCIELNY: Fine,.

(Slide. )

MR. KOSCIELNY: With regard to the examination of
components this is a sample grid type inspection recommended
in the NUMARC guidelines where the data is taken at the
intersections and a scan of the wall thickness is conducted
within the area bounded by the four corners of a rectangle
in this example.

That is then recorded and the data is evaluated

for the amount of wall loss or wall thinning that has or has
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not occurred.

Now I would like to discuss some of the re ent
pipe failures that have occurred.

(8lide.)

MR. KOSCIELNY: Surry Unit 1 lost a pipe in the
low pressure heater drain system in March, 1990,

Lovisa, a finished power plant, had a feedwater
line break in May.

Recently Millstone Unit 3 in its moisture
separator drains had a failure on Naw Year’s Eve.

MR, SHEWMON: Pardon me. As a metallurgist I am a
lousy plumber but a drain to me is a hole in the floor where
the shower water runs out,

(Laughter. )

MR. SHEWMON: 1It’s tev 4 to see how you could get
erosion-corrosion there.

Could you enlighten me on what a drain really is?

MR. KOSCIFINY: Certainly. 1If I could have a pen
to write on this drawing I would be more than happy to do
that.

MR. MICHELSON: There’s a board up there, a white
board.

MR. KOSCIELNY: Can I use the white board?

MR. SHEWMON: White board behind the recordar =--

no, no, on your left.
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MR. MICHELSON: That's a white board. That’s it.
You got it.

MR, KOSCIELNY: Okay. 1In your heat balance
diagram you have a moisture separator. It also has a
reheater associated with it, The first part is called the
moisture separator and that will come off your main steam
line.

Some of the main steam will be routed through the
moisture separator to provide the heat and drive off the
steam -- pardon me, drive off the moisture, which is then
collected in the bottom of the moisture separator.

In the case of Millstone, that drained into what
is called the moisture separator drain tank.

The moisture separator drain tank had a pump
associated with it which then took a suction on the drain
tank and pumped that to the suction of the steam generator
feed pump.

MR, MICHELSON: Are you going to put the valves in
there?

MR, KOSCIELNY: 8ure.

MR. MICHELSON: To break down the pressure.

MR. KOSCIELNY: There is a pressure control valve
here, an isolation valve there and an isolation valve there,

as 1 recall.
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There was also one associated with the suction
side of the pump.

MR, MICHELSON: No breakdown to the drain tank
from the separator?

MR. KOSCIELNY: Breakdown?

MR. MICHELSON: 1s there a breakdown valve between

the separator and the drain tank?

MR. KOSCIELNY: 1I believe there was.

MR. MICHELSON: Okay.

MR. KOSCIELNY: 1In the case of Millstone 3 the
failure occurred downstream of the level or the pressure
control valve there.

MR. SHEWMON: So the drain refers to the whole
line?

MR, KOSCIELNY: VYes, that is correct. It’s the
moisture separator drain.

MR. SHEWMON: Turbulence below the pressure
contrel line that made that more prone than other parts,
presumably?

MR. KOSCIELNY: Yes,

MR. MICHELSON: Was that thought to be two phase

then, erosion-corrosion?

MR. KOSCIELNY: It is thought to be single phase.
MR, MICHELSCN: Well, now, how can you have single

phase out of a high pressure steam system into a drain line?
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bulk will be single phase further on down probably.

MR. SHEWMON: Well, if it was two phase, I suspect
it would more properly be called cavitation than erosion
because it would be collapsing.

MR. MICHELSON: Yes, that’s what I -- and I always
try to figure out which phenomenon is occurring.

MR. SHEWMON: 1If you shoot BB’s against something,
that’s ercsion. If you collapse bubbles on it, that’s
cavitation,

MR. MICHELSON: But collapsing bubbles is just
like shooting BB’s locally.

MR. SHEWMON: No.

MR, MICHELSON: I think you‘’ll find in implosions
of steam bubbles they are very erosive.

MR. SHEWMON: That’s true but that doesn’t mean
the mechanism is the same as shooting BB’s.

MR. MICHELSON: No, no. No, no. I didn’t mean to
infer that,

MR. SHEWMON: Okay. Onward.

Now if I look at your earlier table, I could come
to the erroneous conclusion that we have the problem well
under control because nobody’s reported hardly anything in
the last three or four years and if I look at this it says
that indeed we have had at least three events in the last

year.
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the low pressure drain pump and then it ties back into the
main feed heater,

Again the failure was downstream of a level
control valve in a short section of pipe less than one foot
long.

The pipe went from four inches through a six by
four expanding elbow through an isolation through a flow
venturi and that level control valve controlled the level in
the drain in this fourth point feedwater heater and the
oscillations essentially through the throttling effects were
what gave you the turbulence causing properties downsteam of
that level control valve.

MR, MICHELSON: Which direction was the expanding
elbow m ‘~ted?

MR, KOSCIELNY: This is the four inch end here.

MR, MICHELSON: OKkay.

MR, KOSCIELNY: 1It’s expanding to a six inch pipe.

when this was analyzed by Virginia Power that
gsmall section of pipe was not analyzed.

This particular stream of feedwater heater drains
was analyzed but that pipe was not included in the mod<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>