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UNITED STATES OF AMERICA
NUCLEAR REGQULATORY COMMISSION
.
ADVISORY COMMITTEE ON REACTOR SAFEGUARDS
e
ACRS METAL COMPONENTS SUBCOMMITTEE MEETING

.
Room 1046
1717 H Street, Northwest
Washingten, D C

Wednesday, September 4, (009

The ACRS Metal Components Subcommittees met!  pursuant
to notice, at # 3% o’'cloek, a m , Paul 0 Shewmon, chairman ot

the subocommittee, presiding

APPEARANCES
PAUL O SHEWMON, Chairman of the Subcommities,
Member, ACRS
DAVID A WARD,
Membher, ACRS
A 10ONE
ACRS Staff! member
R  BRUCE THOMPSON

ACRS Consultant
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APPEARANCES (continued)

PRESENTERS

R ODETTE

ACRS Consultant

R DILLON

ACRS Consultant

B D LIM

W JOHNNSTON

W HAZELTON

D SMITH

L E WILLERTZ

N RANDALL

€C SEERPAN

J MUBCARA
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PROCEEDINOGES

MR SHEWMON This 1% &4 meeting of the ACRS
Subcommittees on Metal Components I am Paul Shewmon,
Suboommittes Chailrman The other ACRS membher in attendance
is Dave Ward, on my lef: ACRS consultants are Thompson,
Odette, and Dillon Al lgne is the ACRS statf! member for this
meeting

The rules of participation have been announced as
part of the Notice in the Federal Regisnter on August 186

We request that you speak up, 1! you speak, s0 that
everybody can hear you

We have received no written comments nor regquests
for oral statements from members of the publie

Today we are here 10 go over & series of difterent
ohanges dealing primarily with the prsssure boundary corrosion
problems, ochanges in the Reg Ouide 199 for ehanges in mill
ductility with irradiation

Without further ado, | think we will begin, and |
will sall on Bill Johnston to start things oft

MR JOMNSTON Thank you very mueh, Dr  Shewmon

I am going to speak from here because | am just
going Lo says few woards of introdustion, and then Dr  Liasaw and
Warren Masslton will be making the main pressntiation

The first taple «« you san’t hear me yeot?' Oh

The first topie that we ||l be talking about and the
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one that |1 am most particularly personally interested in s
the firsl one It's the girth, shell girth weld cracks that
have been appearing in some PWRs This 15 an ares in which we
really would like advice from this group, from this committes,
beoause 1t s one that we itdentified several years ago when
the first crack was discovered through an sctual small leak in
the steam generator shell up at Indian Point

At that time, we pursued the matter and had some
boat samples taken and so forth, but weren’'t sure whether i1t
Was & generic problem of whether It was specifie to that one
particular plant

Now, subsequent to that time, suech things have
appeared at the Surry plant Also, 1t happened at an averseas
plant, nat in the same hind of pipe geometry, not in & steam
generator shell, but 1t happened in another piece of pipe
And we were quite interested in learning more about the
mechanisms invelved and approsched Researech to start some
woark in that areas

Butl we ran into some trouble, as you will hear
Iater, in getting & user' s need 1o our side of the house And
the Basie point being & certain smount af diffieulty in
proving ‘hrough the PRA process that this s an extremely
important safety iLasue B0 we're interested in your insights
on this as we present the technioal Information that we have

With this intreduction, | would like to ask B D e
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carry on

MR LIAW First I would ask Mr Hazelton to give
you & detailed presentation regarding worldwide experience,
history, phenomena for the mechanism of the cracking And
afterwards | would make a brief summary with regard to some
internal discussion on where we would like you to concentrate
and to give us advice, as Dr Johnston just mentioned

Mr Hazelton

MRE HAZELTON Good morning

(Slide)

There seems to be an extra viewgraph here that |
don‘t think | will need

I want to talk this morning -~ is this working all
right? I want to talk this morning about three main events,
and | am going to give you an overview on each of them,
stressing the details of the cccurrence and the conclusions
that were drawn by various and sundry people regarding them

The first 1 am going toe talk about is the ocase that
happened at the Garigliano plant in ltaly, where the primary
side of & steam generator in & dual-oyole BWR sprung a leak

Now, this, for those of you who may not understand
1t, this s dual-cyecle BWR like Dresden-1 that has both steam
generators and makes steam directly in the reactor vessel So
this was on the primary side of the steam generator

Then we will discuss first the Indian Point.3
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incident in 1982, where we had thruwall leak in one steam

generator with extensive oracking in the other three, and this
required extensive weld repair, long outage, very extensive,
very high man-rem exposure

Then we will bring you up to date on what happened
at Surry 2, where there were no leaks but there was extensive
cracking in all three generators but shallow encough so the
cracks could be ground out

MR SHEWMON Warren’®

MR HAZELTON Yes

MR SHEWMON If a crack meets the surface, you can
grind 1t out, if it's an internal one, you can’t?

MR HAZELTON No

MR SHEWMON There was some talk in here about
internal cracks also

ME HAZELTON Oh Oh

MR SHEWMON Or subsurface

MR HAZELTON Subsurface

MR HAZELTON Well, I think I will get into that in
4 little bt

MR SHEWMON Fine Okay Go ahead

MR HAZELTON We 're talking mainly today about
cracks that occurred on the surface of the inside of the

vessel There were just normal fabrication ecracks subsurface,

and we 're not going to dwell too much on them
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MR SHEWMON Well, but my notes here say that there
were at Surry subsurface cracks that were unacceptable
indications And if there are code unacceptable 1ndicutiops.
! would like to talk about them even if they were subsurface

MR HAZELTON Fine That’'s no problem

MR SHEWMON Good Okay

MR HAZELTON What | am giving you here now are
some viewgraphs that were prepared at the time The main
reports on Garigliano are still labeled proprietary, so [ am
giving you stuff that is nonproprietary

(Slide)

When it first happened, EPRI was, of course, very
interested, and Carl Stanlkop! prepared a short presentation
to pressure vessel advisory group This is what I am going to
show right now

(Slide)

This was very early in the investigation, s0O we
just wanted to give the story 150-megawatt PWR designed by
GE, two-loop fuel cycle And power operation began in 1964
And this was, of course, 1978

But on August 8 they heard a loud whistling noise,
and the plant was shut down They took a look, and they saw a
thruwall leaker in the steam generator head well

Perhaps the best thing for we 1o do now is to show

you what we're talking about
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This is the steam generator I am pushing this up
SO you can see over this stuff Is that what you want?

MR SHEWMON That’'s fine

(Slide)

MR HAZELTON This 1s down here in what we would
call the channel head or water box It was this weld that
leaked This was a final closure weld because they didn’t
have a furrace large enough to get the whole thing into it
after making that weld S0 this was the final closure weld
And then they did a local post-weld heat treatment, and this
is the weld that leaked

The leaker kind of came through i1n sort of a funnel
shape if you look at it in this mode But then there were
extensive other cracks associated with it that we will go
into

I guess we 've covered that -- no, sorry

General Electric obviously went over there and took
a look and saw what the problem was They did a UT of the
leaking weld in the area around, but they found seven
additional cracks And 1t says here that within a few
millimeters of going through the wall, that all eight cracks
were transferred to the weld, they said at this time

But additionally, later, they found circumferential
cracks that were stated to be over half the ciroumference of

the generator and up to about halfway through the wall
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MR SHEWMON Presumably, those two were different,
or what’'s the difference in the detinition between --
transverse is transverse to the weld, is that right?

MR HAZELTON Right Right So there were cracks
both transverse to the weld and circumferentially

MR SHEWMON And then a little bit above that, the
additional cracks were presumably transverse if they weren’'t
labeled circumferential? Okay I will wait for that

(Slide)

MR HAZELTON Now, a little later, General Electrioc
made a presentation, and this information is from that
presentation

The steam generators were designed by General
Electric but they were manufactured by Stork in Holland,
ASTM-A 302B, manganese alloy steel, the same things that we
make reactor vessels out of and so forth

One difference was that instead of the cladding of
the water box being stainless, as is our present practice,
this was clad with Monel 140 The other things were similar
And the closure weld, local post-closure weld heat treatment
is done by induction And here they talk a little bit about
the extensive gcircumferential transverse cracking

All the cracks initiated on the inner surface The
Monel cladding was extensively cracked both intercolumnar and

intergranul ar It looked like stress corrosion cracking,
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although there was some argument about it It could just have

been shrinkage cracks

The base metal

cracks were transgranular, randomly

branched, and they came to the conclusion it was

environmentally assisted corrosion mechanisms -- whatever

those words mean -~

but i1t was not

What was

and that there was fatigue crack growth

the primary cause of the observed cracks

interesting,

stress intensity factor for -- and

words mean -~

crack penetrated the clad,

they calculated that the

1 don‘t know what these

for a crack penetrating the clad -- after the

factor was 40-45 KSI

SHEWMON

the calculated stress intensity

root inch That’'s important because -~

try to get the picture, will you?

Monel clad

MR HAZELTON Yes

SHEWMON -~ ferritic

Leave that on for a minute and let me

base, they feel that the

cracks started as corrosion-assisted cracks, they may have

been aided in their propagation by a fatigue mechanism?®

MR HAZELTON Correct

Now,

say, we have some

investigation

SHEWMON Is that it?

HAZELTON That was what was stated there

this was very early

The

later reports,

in the investigation As 1

later reports after about two years of

although they are much more
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voluminous, don’‘t really shed much additional information
They still waffle around about the causes

MR SHEWMON How did they repair this? Did they
cut the thing out and replace --

ME HAZELTON TRhey did not repair it They just
-- 1 don’t know whether they valved the mouth, but they just
took the two steam generacors out of the system and didn’'t use
them anymore They didn’t repair them

MR SHEWMON Okay

MR HAZELTON This gives another kind of a picture
of it The cracks are a bit confusing because the cracks were
circumferential, but in one location where it appeared there
might have been some weld repair Cracks were found that were
transverse tc the weld and went all the way through

This is the weld, and then the back cludding after
the weld was finally made is in this area, and i1t appears that
a good bit, or most, of the cracking occurred in the baock
cladding But of course, that’'s also right adjacent to the
wold And cracks were found -~ it doesn’'t really say that
here -~ in the weld, in the heat-affected 20ne, and some that
appeared to even outside the heat-affected z0ne

MR DILLON Warren, | gather that the issue of the
Garigliano steam generator isn’'t very important but only in
terms of how it might be related to the more modern steam

generators for PWRs And | guess my real question is that
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there will be no cladding on the shells of ordinary PWR

shells?

MR HAZELTON That’'s correct

MR  DILLON And 1 wonder what the relevance of
these Monel clad systems might be There’'s obviously going to

be a substantial perturbing effect

MR HAZELTON 1 wonder also

The other thing that I might mention is that General
Electric at that time was, of course, very concerned about the
relevance of this problem to the normal BWR pressure vesse!
The materials were the same with the exception of the
cladding 80 they took a look at the situation, and they
measured some residual stresses at least on the ocutside
surface, and then from that they calculated what the residual
stress would be on the inside surface where the cracks
started And their caleculations were about 45 KSI tensile
stress Operational stresses, they indicated, were very low

S0 they came to the conclusion that the main stress
that was of importance was the residual stress due to the
weldment And they also came to the conclusion that the local
post-weld heat treatment, which was done locally by induction
was right next to the heavy tube sheets, was done -- well, In
an inadequate fashion That is, they assumed that the

temperature was not as high as it should have been and

therefore you did not relieve the residual stresses from the
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welding AS we go on, you will see that that is an important
thing

Again, to point out what General Electric was
concerned about, thinking in terms of crack growth and
thinking in terms of their reactor vessel, they had some
information -- and | don’t know exactly where this came {rom
in 1978 -~ but that the KI1SCC would be approximately 20-30 KSI
at B8 ppm oxygenated water but it would be approximately 25-45
K81 root inech in 2 ppm oxygenated waler Then they said they
calculated the K! at Garigliano using the high residual
stresses They calculated this as 40-4%5 K8 root inch

80 theretfore, they feel that they can explain why in
that case, at least after the cracks got through the cladding,
they continued to progress through the wall And they also
then did some calculations ‘again to show how this related to
BWR reactor vessels

The caluclations indicated that they could justity,
they could predict the failure at Garigliano using the same
mode ] They said that they would have no problem with their
reactor vessels for the full lifetime of the plant, primarily
because they said their reactor vessels, of course, were given
goond post-weld h at treatment, s0 they didn’'t have the
extremely high residual stresses caused by the welds

MR SHEWMON Warren, GE has replaced some of the

piping in their primary system with unclad ferritioc material
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MR HAZELTON Yes

MR SHEWMON Can you remind me where that stuff
1s8? s it in valved-off areas only, or is it in the --

MR HAZELTON No No In the core spray systems,
which is not vilved off And I am not sure, it seems to me
that the RHR system, where they have the carbon steel, it may
be valved off, but there may be areas that are not I really
can‘t remember

MR SHEWMON Well, the core spray line is what
diameter?

MR HAZELTON Generally, ten inch, | believe

MR SHEWMON And if that goes, it just douses the
core?

MR HAZELTON What do you mean, if it goes?

MR. SHEWMON If it ruptured, would it be a DPA or
is it just an awkward afternoon?

MR HAZELTON 1f it ruptured, steam would come out
of it, yes

MR SHEWMON But is it inside the core?

MR HAZELTON No, no, no I’'m talking about the
core spray piping to the vessel

MR SHEWMON So it‘’s a ten-inch rupture, ten-inch
pipe rupture in the primary system outside of the pressure
vessel?

MR HAZELTON That’'s what it would be. 1f{ you had
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it, that’s what it would be

MR . SHEWMON Now, those get post-weld heat
treatment in the field?

MR HAZELTON No No Those are made of different
alloys, lower-strength mater‘al It‘’s basically, what,
ASME-106 . And that 's low carbon, low alloy, essentially no
additional alloy So the yield strength is about 35,000, and
you just don’t get as high residual stresses or as high
hardness, and the code says that material does not need
post-weld heat treatment

Now, this could be a somewhat controversial
subject We could argue But the point is, the 302E that
we’'re talking about here is higher alloy and therefore builds
up higher residual stresses during welding and harder
microstructure. Sc the code does require post-weld heat
treatment .

MR SHEWMON Fine

ME. HAZELTON Okay

MR WAED: Warren, let me ask you, the Monel
cladding is unqiue and apparently that did crack a lot Are
the explanations for the cracking there? 1 mean is it
necessary to have cracks initiated there? I guess it is, to
have the cracking in the vessel wall But is there -=- what's
the explanation for that?

MR HAZELTON Obviously, 1f the cladding maintained
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its complete integrity, you’d never get water to the vessel
wall. Because it was assumed that the cracking was stress
corrosion or corrosion fatigue, therefore i1t was
environmentally induced and you had to get the water to the
vessel And if the cladding hadn’t cracked, why, they might
have been all right

Of course, we never take credit for the cladding
completely protecting the metal That has never been the
purpose of the cladding or anything else

But the problem is that if you get a crack in the
cladding, then you have a crack in the component and the
fracture mechanics stress intensity factor can be pretty
high If you don’t have any crack, you don‘t have any stress
intensity factor, essentially

So with this type of analysis, you can assume that
for any significant cracking of the alloy steel, you need to
have some kind of a crack present And the crack in the
cladding would do it We could go into a lot more detail
with it later

MR DILLON Well, are cracks prevalent in
stainless-stee]l clad on the reactor vessels?

MR HAZELTON We don’t really kXxnow how prevalent
they are. They try to avoid them

The conclusion -- well, shall we say the position

that has been taken is that the cladding on the reactor vessel
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is only there just to keep down corrosion product, 1t is not
there to protect the vessel from the environment, and it is
assumed that it is cracked or has defects in it, thruwall
defects It 1s not assumed that i1t is perfectly intact That
has been their position that both the reactor vendors and the
NRC has taken since the beginning It is assumed to be
subject to cracking

I have -~ oh, maybe --

MR LIAW Warren, before you start Indian Point,
can | make a statement here?

MR HAZELTON Yes Sure

MR LIAW Although we are talking about the steam
generator shell cracking, the subject is really broader As
you can see why we spend so much time on Garigliano

What we are saying is once you have a combination of
environment and stresc conditions to even the low-alloy steel,
yet there is a potential for cracking, either stress corrosion
cracking or corrosion fatigue, the difference being the stress
in cycles natural, there is strong implication to even BWR
vessels where having rust removed for some repair or even
steam generator shell or even steam generator PWR secondary
side in general So it’s not just limited to the steam
generator shell cracking pezr se.

MR SHEWMON: Now, the oxygen content of the steam

generator secondary side can be relatively high or relatively
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low depending on how tight they keep their condensors, is tha
ALY

MR LIAW That’s right That’s right Also, you
know, conductivity and all kinds of contaminants

MR SHEWMON Okay

MR. DILLON You‘re talking about Garigliano?

MR SHEWMON I was talking about PWRs

MR DILLON Okay All right

MR LIAW Bob, what | was saying was the subject
really is low-alloy stress corrosion cracking, not just
limited to the steam generator shell

MR HAZELTON Most of the good pictures that I have
from Garigliano are in the proprietary thing But as a matter
of fact, 1 did have an opportunity to stop in at the site
while they were doing the investigation, and they had taken
out four-inch plug samples and they kindly let me photograph
them. So here are the pictures, two of the pictures, of those
plug samples showing the cracks in the cladding and then
extending down the side of the plug into the 302B material.

(Slide)

Okay Now, we can talk about Indian Pc nt-3. The
leak was discovered Again, a very similar situation to
Garigliano, although I don’t think there was a whistling
noise But they discovered a leak in the sheil of the steam

generator
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MR. SHEWMON How did they discover i1t?
MR. HAZELTON Well, I can‘t remember the details,
except they discovered it by seeing water dripping out of
it They knew they had some kind of a leak, but they thought

it was in some seal somewhere else or something Then when

they were shut down, they saw water coming out of it, and then

they decided it must be leaking

This is just a quick overview

(Slide )

A boat sample was removed from the inside, and then
they did ultrasonic magnetic particle inspection of the weld
And they found many cracks, something like over 100 in each
steam generator. They removed a six-inch plug, which was
sent to Lucius Pitkin by the utility to do some studies on,
and then later we got it or the remains of 1t and had
Brookhaven National Laboratory do some investigations

The cracks essentially were ground and
rerpair-welded, and post-weld heat treatment was given,
obviously at the local --

MR . SHEWMON You didn’t talk about whether these
were transverse or circumferential.

MR. HAZELTON Oh, I will This 1s just an
overview

MR SHEWMON Okay

MR HAZELTON Okay They ‘'re all circumferential
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Now, the recent inspection, they thought had some
cracks, but they finally determiend that they don’t have any
surface cracks The thing that they have are some fabrication
defects

Just to orient you, now we’'re talking about a PWR
steam generator, and we're talking about this weld here It’s
a transition from the upper oylinder to the lower shell, so
there’'s sort of a stress concentration there, the change in
section

This is also the final closure weld as made. Some
of the early Westinghouse steam generators were shipped in two
pieces to the field, and this weld was made in the field with
the local post-weld heat treatment

Later versions, including Indian Point-3, were --
the final closure weld was made at Tampa, where they had the
facilities to handle the whole thing And of course, it
depends on shipping problems also But the resulting
compmonent was too big to put in the furnace, so a local
post-weld heat treatment was done

MR SHEWMON Now, were all the steam generators at
'ndian Point -- you said this -- you‘re talking about two
now?

MR HAZELTON No They have four They all
cracked

MR SHEWMON The cracking occurred at Indian
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Point-3 1 am confused on which Indian Point plant it was

MR. HAZELTON Indian Point-3 I am sorry Did 1
misspeak?

MR SHEWMON Okay You said Indian Point-3 was
done at Tampa for heat treatment

MR HAZELTON Yes

MR SHEWMON And now you’‘re saying you should have
said Indian Point-3 was welded in the field?

ME. HAZELTON No

MR SHEWMON Tadian Point-2 was welded in the

field?

ME HAZELTON Yes

MR SHEWMON But *‘he cracking is at Indian Point-3?

MR HAZELTON Yes I might have misspoke 1 don’t
know

MR SHEWMON Okay

MR  HAZELTON Some steam generators, this weld was
made in the field, others were made at Tampa In the case of

Indian Point-2, the one that had the bad cracking and the
leak, that weld was made at Tampa

MR SHEWMON Interesting

MR HAZELTON In the shell

MR SHEWMON Because apparently the Number 2 gave
them a lot of trouble, asccording tc Glen Reed, who remembers

back to some of those
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MR HAZELTON Yes

(Slide)

To give you a quick orientation of what we're

talking about, this 1s a nasty weld to make, in the first

place They had a lot of repair welds associated with it

Now, the welder is inside this metal component

It’s very difficult to keep things cool and dry in there The

humidity is high It'’s difficult for him to work And ycu

have a final closure weld where you have toc take care of the

mismatch of the two cylinders They 're not, you know,
perfectly round So they have a problem with that particular
weld

In this case, this i1s a cross-section through that
plug sample where the leak occurred This is the original
weld here This is the upper shell and the transition, and
yeu can note the massive repair weld on the IV at the location
where this crack went through the wall

MR SHEWMON Were there any cracks in that?

MR HAZELTON Yes At this point in the section,
here is one crack here Okay

MR SHEWMON Yes

MR HAZELTON This particular plug sample was
riddled with cracks going a lot of different directions

MR SHEWMON And that crack then is not in the

weld?
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MR HAZELTON No That crack is not in the weld

MR WARD But this repair weld you’'re talking about
is where all the cracks were and they --

MR HAZELTON No, no No

MR WARD Or is in the original --

MR HAZELTON The cracks were sort of generally --
there were a lot of cracks inthe weld, but there were cracks
in the bace metal in the heat-affected zo0ne The important
thing -- one of the important things that we’'re going to keep
harping on, the residual stresses caused by things such things
as massive repair welds and --

MR WARD When you say “repair welds," you mean
done in the fabrication of the vessel?

MR  HAZELTON Yes ] was going to get into that a
little later

MR . WARD All right I will wait That’s all
right

MR. HAZELTON Part of the problem when making that
weld, as | said, there’'s high humidity in there They had
a little trouble keeping their electrodes dry And they had a
problem with hydrogen cracking associated with the welding
So they had a lot of repair welds associated with this
particular final closure weld caused by the difficulty of
making the weld in the inside of the component after it’s all

done
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(Slide)

This shows a slightly different cross-section of
that same plug sample, but this shows -- well, I hope that it
would show this dark-looking mass of junk here is actually the
hole where the leak occurred So it had a crack -- now, you
see the crack is here and it’s -- well, partly in the weld,
partly in the heat-affected zone and so forth And then there
were other -- porosity and so forth all through this section
So the water just found a path through here and continued to
crack or corrode or push, erode its way through

So this 1s a cross-section of the leaker

MR WARD Which is the inside one?

MR HAZELTON This is the inside So it came from
this way, out there

MR. SHEWMON That hole was there from fabrication?

MR HAZELTON No, no, no, no We 're not saying
that

MR. SHEWMON The crack grew as it got outside You
know, it got fatter as it went outside

ME HAZELTON Oh, of course Yes

MR. SMITH It eroded Yes, steam erosion caused
that.

MR HAZELTON Yes Yes

Now, it’s very difficult for us to go into a lot of

detail, but a lot of the detail on this i1s written up in
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reports that, well, 1 am sure you have and can get more detail

on But we can discuss 1t

Dave Smith is familiar with this He was the mai
reviewer on this subject He 1s here, and we can go into a
lot of that detail

(Slide)

But this particular plug had a mess of
interconnected and unconnected cracks in it, and i1t’'s
significantly different from the rest of the place One ca

say that we were lucky that they made a massive weld repair

n

n

1

one spot and screwed the stresses up so bad that we could get

a thruwall leak there and therefore recognize that we had a

problem all the way around

Anyway, early in the investigation we called

Westinghouse and said, "Hey, what’s the situation here?
What’'s the generic aspects and so forth?" And they gave us
-- 1 was going to say "song and dance," but that’s not nice

they gave us a presentation to the best of their knowledge

They really didn’t know

They said possible causes were hydrogen cracking

Again they discussed their problems with the fabrication

Pop-in

-

from thermal shock. They really didn’t think that was

n

right Fatigue from design transients or fatigue from thermal
transients They really didnt know what the problem was Of
course, this was before much was done
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But Westinghouse did send a letter to the owners of

15 units, and they recommended that inspection be performed

And the, said then we’'ll see what to do

At the time, NRC sent out an information bulletin

telling people about it and suggesting that they might like to

take a look We never, of course, have gotten any answer We

don‘t know how many people really looked and how much looking

they did or what the results were We assume that if they
found some cracks, they’d tell us But more about that later
(Slide)

Westinghouse conclusions were there is insufficient
information to rigorously explain the origin of the cracks;
fabrication appears to play only a minor role Of course, as
fabricators they feel that way

(Laughter)

MR FHAZELTON The best estim~te of the cause is
corrosion fatigue resulting from abnormal thermal cycles in
environments . That leaves it kind of wide open

(Slide)

The utility, of course, was much more interested in

getting the thing back on line, but they did have an analysis

done by Lucius Pitkin And this is sort of a summary of their
conclusions as to comments on the cause One, design --
whatever that means It probably had some arrangement of weld

cracks Residual welding stresses Heavy subarc welds
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And this is important, they felt there was
inadequate preheat and interpass temperatures Obviously,
when you’ve got a welder inside this thing, you want to keep
it as cool as you can get away with So it’s clear they
weren’t going overboard on preheat and interpass temperature
More on that later

Then they had high and heavy major weld repairs
Inadequate post-weld heat treatment They came to the
conclusion that the post-weld heat treatwment was probably
inadequate Then thermal cysling

Now, at this time we have Brookhaven doing analysis
for us, and we did get some samples We did get eventually
the plug sample And there is a report, a NUREG report on the
subject that I am sure you have that goes into detail on what
Brookhaven found

What we feel is probably the most important thing
that they found as a result of this was the fact that when
you take the material out of the plant and then give it a
post-weld heat treatment, another one now, after giving it --
1 forget how many hours it was -- but at a thousand
Fahrenheit, it perhaps dropped a little on average, not much,
but after giving it 1125 Fahrenheit, the hardness dropped
significantly, and that happened with the heat-affected zone.

The weld metal is particularly significant So

this, of course, tells the metallurgist that, in the case of
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the weld metal,
Fahrenheit in the post-weld heat treatment

MR SHEWMON What was the welds

samples they had -- sorry, the hardnesses?

MR. HAZELTON: Hardness 1s on here

MR SHEWMON As received --
MR. HAZELTON That’‘s right
MR SHEWMON -~ as when 1t
MR HAZELTON Yes

MR SMITH From the boat sample
MR HAZELTON Yes

MR WARD

Warren, would you put

there, the heat-affected zone?

they found

28

it probably didn‘t even get up to a thousand

in the

Is that on?

came to the lab?

up the previous one

Are those little dots?

MR HAZELTON These little dots are test points
You’ve got a big range into --

MR WARD And what do the lines mean?

MR HAZELTON This is the average, this i1s the
average, and we just put lines in here to --

MR WARD Oh

MR HAZELTON -=- just for --

MR . WARD Okay

MR HAZELTON -- to help you analyze the situation

MR WARD Okay

MR HAZELTON

obviously, if you ran a test

What you would normally do is,

to find out how the hardness was
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aifected by heat treatment, you’d run a series of heat
treatments and you’'d draw a curve and say there’s that’'s --

MR . WARD The best you could do i1s draw an envelope
or socmething

MR HAZELTON That is about what he has He’'s got
his envelope there

MR WARD Is that the best metallurgists can do,
Paul?

MR SHEWMON Pardon?

(Laughter)

MR  SMITH I1f you take a look on the left side,
you’ll see these are new hardnesses, which i1s a very small
diamond penetrator hardness So you have a very localized
hardness reading And so there tends to be a wide scatter
And that’'s why if you look there on the extreme right on the
left side, you can see it’'s quite a wide range, and that’'s why
you have to go to an average on these things

The heat-affected zone is a very narrow ione in a
weld, and you have tremendous metallurgical changes And this
is how we approached trying to show that there was some
response, and you could almost say that at the thousand
degrees S from as received, there was no real change The
line is almost level in the heat-affected 30ne

MR. DILLON This profile, this is the heat-affected

sone of the weld, and then you’'ve got -- oh, [‘ve got it
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MR SMITH It’s not a profile

MR DILLO<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>