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MR. SHEWMON: This is an open meeting of the
Advisory Committee on Reactor Safeguards Subcommittee on
Metal Components. I am Paul Shewmon, the subcommittee
chairman. The ACRS member present today is Harold
Etherington. Also present as consultants are Spence
Bush and Bob ¥cClung.

The purpose of the meeting is to review the
NRC research program on non-destructive examinations in
steam generators for FY-84 and 85. 1In addition, NDE
capability to detect surface flaws in pressure vessels
and stainless steel piping will be discussed.

The meeting is being conducted in accordance
vith the provisions of the Federal Advisory Committee
Act and the Goverbnment in the Sunshine Act. Nr. Al
Igne is the designated Federal employee for the
meeting.

Rules for participation have been announceé as
part of the notice of “he meeting in the Federal
Register.

A transcript of the meeting is being kep<.
The acoustics in this place are not the greatest, so if
you are back over in there, ve may yet you to try to go
to a microphone before you speake.

de have not received any written statements or
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requests for oral comments.

I guess, by wvay of introductory comments,
there has been a feeling over the last several years,
especially in pressure vessels but also probably in
stainless steel, ve hoped that there weren't cracks
there, and there probably weren't. That was the good
nevs. The bad news wvas, ve wveren't sure we could find
them if there were. This is a cause for discomfort or
some concern on the many people's part. I think more
recently there have been a series of events that have
gotten the industry's interest and a group of peorple
looking harder a: this subject.

So I am looking forwvard to hearing what we
have today. T lock upon this as a way to have a good
discussion of what progress ve have made with regard to
the reliability of finding significant flaws, if they
are there, as vell as getting a start on our statutory
requirements of looking into the NRC's research
program.

With that, unless there are some other
comments or questions by members at the table here, I
will ask Bob Baer to start out talking about IEE's
presentation on in-service inspection.

MR. BAER: Actually, I have provided Al Igne

with a revised agenda, which I would like to try and

ALDERSON REPORTING COMPANY, INC.
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follow this rorning.

Basically, I was going to try to give an
introduction and an cverview as to wvhat we are doing and
why, and then ask Gary Dau of EPRI to describe part of
the validation program we are doing, and then ask Joe
Collins of IE&E to talk about some of the results of the
validation program and some plant specific results that
we have obtained so far. Then Dr. Serpan is going to
talk about research activities. All of this is
connected with large diameter BWR piping.

One of the things that Al asked me to do wvas
to be sure to bring people up to date on Nine Mile Point
results. Actually, there is nothing new on Nine Mile
specifically. There was a briefing of either the
subcommittee or the full committee early in October on
Nine Mile, and the status has aot changed.

Basically, at Nine Mile Point, we found in
March of 1982 that the furnace sensitized safe ends were
leaking during a hydro. The safe ends are classified as
service sensitive, and they are checked, I think, with
each refueling with UT inspection, and nothing was found
nine months earlier. They then confirmed that it was
intergranular stress with corrosion cracking, and it was
decided to replace the safe ends.

The licensee then decided to check some of the

ALDERSON REPORTING COMPANY, INC.
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remaining large diameter pipes, and they checked an
elbow near the pump and found intergranular stress
corrosion cracking.

MR. BUSH: May I ask a facetious question.
Look at the top line, it doesn't seem to have changed
since 1969.

MR. BAER: As you know, Dr. Bush, I am not a
metallurgist or a UT expert, but I am starting to get
pretty good statistical data. The dripping water on a
hardhat was an effective way of finding cracks.

MR. BUSH: The reason I made that comment was,
ve saw exactly those same lines on Nine Mile Point on
the safe ends leaks ten years ago.

¥R. BAERs: The licensee went on to start
inspecting some of its other large diameter piping, and
he selected velds that were generally in low radiation
zones. He looked at about 40 percent of his welds, and
on every one of these he had indications of stress
corrosion cracking, and he decided that he would replace
all of the reactor cooling system piping.

Once he made that decision, except for some
samples provided to EPRI, as far as I know there has
been no more examination of that piping. He decided, as
I said, that he was oning to replace it. He had enough

evidence to show that he had significant problems.
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Certainly Nine Mile activity results were
enough to get us, both NRR and IEE, quite concerned with
this problem, and it has been a lingering concern for a
number of years, although pecople had thought that the
large diameter piping that was furnace sensitized wvas
not going to be a major problem.

Based on the Nine Mile results, wve had a
meeting with the BWR -- We actually had a meeting with
GE and later with a number of EWR licensees. At that
meeting, the staff expressed their concern with to both
the adequacy of the sampling plans, especially with
regard to large diameter piping, and UT methodology.

These vere largely licensees that wvere going
to be refueling this fall, and they presented their
current plans for inspection of large diamter piping,
and a discussion of the methodology they vere using.

The consensus reached was that the sampling
plans were generally adequate. These varied quite a bit
from utility to utility. PMonticello was going to
inspect all welds in large diameter piping, the one
extreme, and the othe extreme was that Millstone 1 was
going to inspect about seven welds, seven out of roughly
100.

The discussion gquickly focused on the

difficulty or the question of whether the existing

ALDERSON REPORTING COMPANY, INC.
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methodology was able to detect cracking if it existed.
The douots on the effectiveness of UT examinations were
not resolved at this meeting, and as a result the staff
decided that the most meaningful action, for a
short-term action, would be to proceed with the UT
methodology validation program, which will be discussed
in a littls mors detail, slightly more by me and a lot
more by Gary Dau and Joe Collins.

This meeting, by the way, with the owners
group was at the end of September of this year, and we
issued IE-Buleeting 82-03 on October 4. In the
bulletin and in our own staff discussion, ve made it
clear that the future actions vould depend a lot on the
results of the validation program and the plant
inspection results.

Let me say just a few words about what the
bulletin is doing. The bulletin, although it was sent
to all licensees for information, vas addressed for
action to nine BWR plants. These are the plants that
were refueling this fall through the end of January,
1983.

It vas just coincidental that these turn out
to be largely the older BWR Plants. There is some
concern or indication that the stress corrosion cracking

has an age aspect to it. So by having some of the older
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440 FIRST ST N.W.. WASHINGTON, D.C. 20001 (202) 828-3300




10
1"
12
13
14
156
16
17

18

& 2 B B

plants in here, ve thought we would be getting some good
data. Also, the obvious safety concern was to have each
plant inspected and make any necessary repairs before
returning to service after this fall's refueling.

The bulletin basically reguired four actions
on the part of these licensees. One was to demonstrate
the effectiveness of the UT methodology. Secondly, to
provide results of inspection, these would be plant
specific inspections. Thirdly, describe the corrective
action if cracks are detected. As part of this was to
submit their overall sampling plan. What I am merely
going to focus on is the first of these.

As I said, we will have some discussion of the
results of inspections to date. I am just going to try
to give an overview of the validation program before
turning this over to Gary to go through this in a lot
more detail. We worked closely with EPRI, and EPRI
really took the lead on this in arranging for a
demonstration program.

The bulletin required that the licensees have
the organization that vas going to perform the UT
examination demonstrate the validity of their technique
using the same basic equipment, instrumentation,
procedures, code and representative personnel.

EPRI obtained from Nine Mile Point various

ALDERSON REPORTING CUMPANY, INC.
440 FIRST ST, NW.. WASHINGTON, D.C. 20001 (202) 628-9300
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pipe tamples. These samples vere slightly radicactive,
so they set up an arrangement for a blind test at the
Battelle-Columbus facility. The individual utility UT
vendors came in and attempted to characterize the cracks
in these samples, or the lack of cracks in some

samples. As I said, they used essentially the same
technique that they were using and were going to use at
the plant site.

We had an arrangement where we had two NRR
staff members witnessing each of the demonstration
validation programs. Joe Collins from my branch and a
regional inspector were at, I believe, everyone of the
validations.

Did Warren Hazelton substitute for you once,
Joe?

MR. COLLINS: No.

MR. BAER: The idea was that Joe Collins would
observe the consistency or the variation between various
UT organizations. The regional inspector was there to,
one, observe how the organization was performing the
examination, and to make sure that that same
organization used the same procedures, equipment, et
cetera, when they vere performing plant specific tests.
In this wvay, wve felt that ve got a good check or

assurance that the organization wasn't doing a super=-job
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at Columbus, and then going back to their own plant and
doing a sloppy Jjob.

Then the adequacy of the demonstration was
sort of judged jointly by IEE, Joe Collins, and the
specific regional inspector who happened to be there at
the time. I guess about half of the people, at least on
the first run-through, passed and vere judged to be
acceptable, and the other half wvere not, but I will let
both Joe and Gary get into that in a lot more detail.

This completes my part of the presentation. I
vas just trying to present an overview as to what ve
have been doing. I was looking for the NRR types
because I am sure vwe are going to get into some
discussions, after you see the results to date, of where
we are going. It is certainly not absolutely clear at
this point.

MR. BUSH: May I ask a gquestion, and this is
more procedural. I could take one of the companies that
has a large number of teams, let's say, RET-XYZ
Corporation, and they may actually have plants that they
are currently examining in two or three regions at the
same time. How did you handle that?

MR. BAER: Hopefully they were going to be
using "representative teams."

MR. BUSH: That is the other thing I was going

ALDERSON REPORTING COMPANY, INC.
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to ask you. I would like a definition of
representative. My opinion is that the operator is one
of the major variables in this equation.

MR. BAERs I think that has turne: out to be
the case. Since 1 wvas not there observing the test, I
think maybe Gary and Joe could handle that.

¥y personal concern was that these
organizations would send their superstars for the
validation and then send "other people” to the actual
plant site. That may be the case, but if they were the
superstars, they veren't too great.

As you will see, there is a real difficulty
there because people get burned out, and you can't say,
"Here, I vant this team to do every plant,” because then
ve would be violating our regulations on dose. So it is
a problem, and there is no real resolution.

MR. BUSH: What about the procedural
question. As I said, without naming companies, I am
avare of some right now vho are in the process of
examining plants in Region I and in Region II and in
Region III in the same timeframe. You know, you were
talking about having essentially the regional inspector
there. Did that mean that you had three inspectors
there when XYZ was there?

MR. BAER: Joe.

ALDERSON REPORTING COMPANY, INC.
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MR+ COLLINS: We had representatives from each
region at this capability test, both to examine their
procedures, to assure ourselves that they were
consistent in their planning procedures. Now, there
were procedural problems, don't get me wrong, because
many of these procedures simply were following code, and
there were procedures. PBy actual review, it was readily
apparent that there was going to be some failures.

One of the reasons the regional people were
there wvas definitely to see that the outcome of this
performance capability test, when we critiqued their
procedures, that these procedures were chanyed in a
manner such that they vere azpplied at the site in a more
specific manner to what we were trying to detect. So wve
had some continuity there.

¥R. BUSH: Joce, I think you understand my
concern. Obviously, an inspector wvho is getting the
information second-hand or third-hand is not going to
approach it the same way as one who is actually
physically there during the examinations made by this
particular company. That is why I was asking the
Juestion.

MR. COLLINSs: That is true, and that is what
ve were trying to make sure, that if there were the

so-called super-level IIIs at the performance capability

ALDERSON REPORTING COMPANY, INC.
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test, that the information that they had gleaned from
this wvas actually transferred to the level IIs and the
level Is, that they vere actually doing that job.

We recognized this early on because we have
been forced into this confrontation before.

¥R. BAER: This might help a little bit. Do I
recall correctly, Joe, that in Region II the [T
organization wvas going to do Hatch and Brunswick, and
perhaps one other, and they are all fortuitously in one
region. I think the plants in Region I turned out to
be, at least initially, using different vendors.

¥R. COLLTNS: There have been some changes
since that performance capability program. Examination
has been on-going and it is still on-going. Maybe we
could get into those, and I could show you some of the
changes that have been made that we feel the performance
capability program is directly responsible for.

MR. SHEWMON: One of the reasons I
particularly wvanted you here or somebody at your level
from IELE is that I am interested in what the regulations
are. When Joe commented, he didn't say that they were
just following code, but that was the implication that
they wvere following code.

Later in the day, we will get into Reg Guide

1.150, and again there is a question of, indeed, what

ALDERSON REPORTING COMPANY, INC.
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will the NRC's position be and what is being done to
define what are accepted procedures or regulations and
vhat aren't.

Apparently there is some kind of a de facto
agreement that you can enforce by way of Bulletin 82-03,
but how you do that is not quite as clear to me. So I
would be interested in knowing what the regulatory
status of this exercise you have been going through at
West Jefferson is, and what the plans are for having it
be formal a year from now.

MR. BAER: I think maybe the appropriate time
would be at the end of at least the piping part.

MR. SHEWMON; All right.

MR. BAER: There is really not much in the wvay
of formal regulations other than results of the Pipe
Crack Study Group, NUREG-0313.

¥R. SHEWMON: That had nothing on procedures
in there. It is just frequency, how often they have to
do things on wvhat is sensitized, or whatever the wvord
is, or is not sensitized piping. .ou are evolving
different procedures now.

Does Joe say, if you don't do it my wvay, I
will hold my breath until I get red in the face, or what
sort of status is there here?

MR. BAERs I don't have a very good crystal

ALDERSON REPORTING COMPANY, INC.
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ball, but I guess I find it hard to believe that, in

terms of regulations, ve will ever get down to that
detailed requirements, other than perhaps to have people
demonstrate the validity of the methodology.

MR. SHEWMON: You mean that there is going to
be no regulation on what is an acceptable procedure for
inspecting stainless steel pipe; I find that
incredible.

MR. BAER: I am not in "the regulation
business,"™ but in the past, as an agency, when we have
tried to write very prescriptive regulations --

MR. SHEWMON: Nobody is talking about very
prescriptive regulations, that is a strawvman.

Are you going to wait until the Code Committee
gets around to doing something?

MR. BAER: NRR wvas supposed to be in
attendance here, and they are. This is the part that
they definitely have the lead on. I&E and the regions
are helping to gather information, but it will be NRR =--

MR. SHEWMON: We will get to him later.

One of the things you are doing now is
enforcing the rules. Where could I find a copy of those
rules that you are enforcing through your West Jefferson
exercises? Is this I&E Bulletin 82-03 as close as I

get?

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



10

11

12

13

14

18

18

17

18

MR. BAER: It is probably as close, other than
the regulations on in-service inspection with reference
to Section 11 of the code.

MR. BUSH: There are about three lines in
50.55(a).

MR. SHEWMON: So the regulations consist of
some ad hoc, unrecorded conversation between an IEE
inspector and an applicant, and that is the basis for
the regulations. Is that what you are telling me?

MR. BAER: The regualation, you know better
than I do, refers to Section 11 of the code and says,
"You are to do in-service inspection per a certain
plant.” There is a pipe study crack group result that
says, "If ve, NRR, declare something sensitive, you have
to do inspections on a more frequent basis or provide
justification for not doing it." This went out under
the cover of an NRR generic letter.

Beyond that, in terms of a regulation or
something that has the weight of a regulation, I am not
avare of anything else. Even a bulletin is a
rejuirement only in the sense -- The only part of a
bulletin that is legally enforceable is that we regquire
them to respond under ocath and affirmation. If they
say, "We are not going to do any of this. Go to hell,”

vhich has not happened, we will issue them an order. If

ALDERSON REPORTING COMPANY, INC.
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they do do something, they have to report truthfully
under oath and affirmation.

MR. SHEWMON: There are inspections and
inspections, and some are better than other inspections,
and that ‘s what you are trying to improve at West
Jefferson. It is the main purpose of the meeting, to
see both what technology is available, but also what
technology is being required?

I am getting nothing back from you. I realize
that it may not be your union to do it, out it certainly
is the NRC's responsibility to define what they think
are adequate inspection procedures. I am trying to
learn what is the device for that being done, and I anm
not getting very far.

MR. BAER: Could I suggest that we have Gary
Dau of EPRI and Joe Collins discuss what they have found
so far, because I don't think as et we, as an agency,
have tried to focus on the next step.

In our bulletin, wve make a commitment that by
January 15, we will at least inform the next group of
BWP licensees of what is required. I will be frank, it
is muddy to me in my mind, because of the problems thus
far, despite the efforts at West Jefferson, the results
don't show that the UT examinations all that effective

in finding problems, at least at Monticello and -- let

ALDERSON REPORTING COMPANY, INC.
440 FIRST ST, NW., WASHINGTON, D.C. 20001 (202) 828-9300



10
1
12
13
14
16
18
17

18

me limit it to Monticello.

So a regulation that wvould require more
frequent inspections from the Pipe Study Crack Group
doesn't seem to be at least the whole answver, and maybe
not much of the answer. Improving the technigue is
certainly part of the ansver. How one implements that,
I don't we have really come to grips with.

NRR really is anxious to say something.

MR. MUSCARA: Joe Muscara, NRC Research
Office, to try to answer your guestion for you.

You realize ve have work going on through
research with respect to inspection of piping, and
reliability of inspection. We are planning on producing
regulatory guides that address the problem of what are
acceptable procedures based on the results of Pipe Crack
Study Group, or requirements for qualification of
procedures, equipment and personnel, and criteria by
vhich one should conduct qualification and how to, in
effect, evaluate the qualification.

MR. SHEWNON: That is Research and Standard,
that is the name of your division now?

MR. MUSCARA: It is the Research Office.
There is no Standard.

MR. SERPAN: The Division of Engineering

Technology, Office of Research.

ALDERSON REPORTING COMPANY, INC.
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MR. SHEWMON: Okay. I guess if you had teld
me that before you reported to Minogue, I would have
said, Research and other people write regulations. Now
you will write regulations.

MR. SERPAN: Reg guides, and regulations.

MR. SHEWMON: 1res.

MR. CHANG: Si Chang from NBR,

I am pretty sure, from this Pattelle-Columbus
exercice, there will definitely evolve some improvement
in the procedures, but I don't know which vehicle they
will take to reach that improvement, either through the
code or through EPRI's proposal, or maybe through the
NRC. I am sure that this will result in an improvem=2nt
in the procedures.

MR. SHEWMON: In a sense, I am asking
questions that nobody can answer today, and I realize
that. What I would like to get ocut of the meeting,
though, is some type of agreement that indeed something
like that needs to be done, and a year from now there
will be at least a draft.

MR. MUSCARA: The regulatory guide I am
talking about has already been scheduled and planned.
It was put off for a wvhile because all of the technical
information was not in. That is being gathered, and we

are planning within a year to have all the information
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required to write a proper guide on the acceptable
procedures and on hos to gualify procedures, personnel
and equipment.

¥R. SHEWMON: That means that a draft will be
circulating in a year?

ER. MUSCARA: Yes.

MR. SERPAN: Chuck Serpan from the Research
Office.

In fact, vwe are going to take the results of
what ve are doing in the PNL program, and we are going
to try to get that into the upgrade of this Bulletin
82-03.

What is going to haypen, tomorrow, Joe Collins
has a meeting with Steve Doctor and fellows from NRR,
and ve are all going to get together and try to transfer
as much as we can from wvhat has been done at PEL right
now into a furthar order for the other BWR inspections.
This has to get out by the 15th of January.

So, ve are getting the results of our research
work into that right now, and ve are trying to upgrade
whatever requirements are going to come out for
follow-on inspections.

MR. BUSH: For the record, I was told earlier
this week that NUREG-0313 is being extensively revised

on the basis of what has has occurred. This was more
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hearsay than anything else, but I see Si Chang nodding
his head, so I presume that that indeed is the case.

MR. CHANG: Yes.

¥R. BUSH: They need one more piece of
information.

MR. SHEWMONs Thank you.

Whose turn is it now?

MR. BAER: I will now turn this over to Gary
Dau of EPRI.

MR. DAUs Thank you, M. Chairman.

I am Gary J. Dau from the Electric Power
Lesearch Institute. I wvant to thank the subcommittee
for the invitation to review our program on improved
stainless steel pipe inspection and pressure vessel
inspection to date.

The agenda that wve prepared was prepared
earlier than the one that we are vorking to today.
However, I think we can accommodate both your interests,
as expressed 'y the recen: agenda, as vell as our
presentation.

The items that we intend to cover today are
listed here, and they are in the handout that Bob Stone
is just passing out.

The pipe work will cover from this point. The

vessel work will be in the afternoon according to the
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current schedule, if there are no objecticns to
proceeding along that line.

The pipe work, and what ve intend to present
has a much broader overview than is indicated by the
present agenda, but I think we will address the
gquestions you have there. If there are no objections to
that type of operation, I would like to move ahead.

The NDE Center that EPRI has sponsored and is
now and is now being operated by J.A. Jones Applied
Research Company, is a unique operation. It is
dedicated to technology transfer and training of
personnel for the electric utility industry. It is in a
strong position in our overall RED program in attempt to
help move the research results into the field as quickly
and as efficiently as possible.

I would like to have the presentation start
out with an overview of what the center is, and what its
objectives are, because it will be referred to in many
of the presentations that follow. To do this, i would
like to introduce Mr. Bob Stone, who is Vice President
of J. AR. Jones, and also heads up the Inspection
Division. He will give an overview of the center.

¥R. SHEWMON: While you are waiting fer that,
vill you tell me how you af§ listed in the Charlotte

phonebook?
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MR. STONE: We are listed as the EPRI NDE
Center, and the J.A. Jones Applied Research Company.

¥R. SHEWMON: I am glad to hear that you are,
but the operator could not find it.

Please go on when you are ready, Bob.

MR. STONE: First of all, I would like to
thank you for the opportunity to tell you about the EPRI
NDE Center, and the program that we are developing
there.

The Electric Pover Research Institute
sponsorsmany projects to improve NDE methods for
in-service inspection Ln the electric utility industry.
In order to shorten the time that it takes t¢ place
these new developments into routine use, a contract was
placed with the J. A. Jones Applied Research Company in
1979 to organize, construct and operate the EPRI
Non-Destructive Evaluation Center.

Our purpose is to provide field qualified NDE
equipment, procedures and people to the utility
community, wvhile operating in a manner that is totally
dedicated to their wvork and to their interests.

I would like to emphasize that we at the
Center only work on problems related to the utility
industry, and at this particular point largely

concentrating on nuclear plant situations.
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The project's purpose is being accomplished by
vhat wve call technology transfer, and we call out all
actions that are required to move developing NDFE
technology into routine field use. This includes
training, very specifically because the NDE Center
charter precludes us from doing any inspection
activities in nuclear fossile plants.

A small fraction of our resources is also
dedicated to wvorking with the academic community in
developing programs for training of NDE personnel.

During the final stages of planning for the
center, EPRI expanded the scope of the activities to
include the boiling water reactor owvners group pipe
remedy demonstration and training facility. Both the
facility and the program were expanded at that time.

This particular program involves technology
transfer activities assoclated with the repair or the
replacement of recirculation piping which is either
considerd too vulnerable ts IGSCC or which has already
cracked.

Thus, there are two basic programs at the NDE
Center. One involves NDE technology, and the other BWR
pipe remedy and repair activities. I am responsible for
the NDE program, and I am going to confine the remainder

of my comments to this particular program.
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This is the center on a very pretty North
Carolina day. It wvas completed and dedicated on
February 26, 1981, The facility has 67,000 square feet
combining offices, open laboratories where wve evaluate
equipment without any restraints as to fuel
configuration or radiactive situations. Our bays, where
we demonstrate NDE technology under simulated field
conditions. Then adequate supporting facilities for
storage, machining, fabrication of mock-ups, and so
forth.

This is a view in our NDE bay. This shows cne
of our hybrid reactor vessel shell and some retired
steam turbine rotors.

This shot is looking at the end of our NDE
mock-ups of two recirculation steam generator tube
systems, these are on your left, one representative of
the C-E configuration and one representative of the
Westinghouse. In the back, you can see the edge of or
once-through steam generator mock-up.

The NDE Center programs are very strongly
based on the use of the most realistic samples that we
can lay our hands on. Whenever possible, we use actual
samples removed from service in our gqualification and
validation activities.

At present, our program is focused on the

ALDERSON REPORTING COMPANY, INC.
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nen-destructive examitaticn of steam generators,
primarily the tubing, the BWR stainless steel piping,
Steam turbines, anc heavy sections, such as reactor
vessels and reactor coolant pumps. These areas, of
course, all have great significance to the industry and
to the NRC, and the significance is affected very
greatly by the capability of non-destructive
examinations for each one of those areas.

In each area, we have a task master manager,
vho is very dedicated in the NDE community for his basic
background and capability. But also we have
concentrated a great deal on people with some degree of
real field experience, having moved technology from
research to field in past activities.

I will only touch in any detail on the BWR and
the heavy section program since that is the area we are
addressing today, but the programs in steam generators
and steam turbine inspection are also making major
contributions to the industry.

Technology transfer is a nice buzzword. We
have been through the process enough nowv that wve are
beginning to see some common elements in the process.
The center has to survey the status of industry problems
and the potential NDE solutions. These may be

commercially available solutions, or combinations
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thereof, or research NDE techniques that are coming down
the pike. So we basically have to stay in very close
touch with all elements of the equation, from the RED
vendor to the working level utility engineer, to the
regulatory individual.

The evaluation of potential solutions is a
next step that we finding iu the process. This is
normally a comparative exercise between candidate
technologies, and we are very careful and have very
carefully QARed activities to minimize the biases that wve
wvould have in these evaluations.

When wve determine that an NDE system is
valuable and viable through the determinatior process,
then it is demonstrated first in our simulated field
conditions in the high bay, and then in the field. This
phased validation of performance is a key part of field
qualifying equipment.

The final and necessary step that we are
seeing again and again is that the repetitive feedback,
and the lessons we have learned in the field
applications, provide continuing improvemenrt in the new
technologies.

The BWR stainless steel pipe inspection task
area involves the transfer to the industry of technology

for inspecting IGSCCs that we are very interested in
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and talking about today. It also includes support of
such exercises as that which occurred recently at
Battelle-Columbus Laboratory, the validation of
inspection agencies' techniques for the utility
industry.

Some of the new research and development and
equipment that wve have under evaluation at the center
will be discussed in more detail later. I will just
mention this as part of an evaluation process that is
going on with respect to an automatic pipe inspection
systenm,

The equipment on the left is a commercial
instrument that has been developed on the basis of EPRI
developed technology. The device is operator-trainable
and provides assistance to the manual inspector by
helping him to classify whether the UT indication is
either a crack or not a crack, one of the very key
problems in the inspection process of the IGSCC.

Note that there is a pipe sample by the
instrument, and also some documentation behind. There
are a number of pipe samples that EPRI has made that wve
have also been able to obtain access to from some of the
plants which provide a very valuable base for both
training and qualification of nev technigues.

AR typical ISI problem previously was that many
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inspectors had never seen the reflection of the signal
from IGSCC, and if they did, they didn't knov wvhat it
vas. We have in excess of 50 of these samples with
controlled IGSCC that people are using for training and
qualification.

This particular record is an indication of the
type of documentation we have on those samples. This is
a fluorescent penetrant record. Each boiling vater
reactor utility has recently received a sample, as well
as a documentation book containing the information on
all the available samples. Thus, they can swvap out
betwveen saaples that have axial cracks and
circumferential cracks, and so forth.

These are activities at one of our recent
vorkshops for the industry on IGSCC inspection. The
emphasis here is very much on hands-on wvork. In fact,
yesterday and the day before, ve had a similar vorkshop
involving NRC staff going through some of the sane
inspection processes.

The heavy section task, I think, provides a
very useful example of the NDE Center role on equipment
that has recently been developed by EPRI that wve
transfer to routine use in the industry.

This is a miniature lincar accelerator, anduit

is called the Minac. It is a highly portable, very
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powerful X-ray machire that allows radiographric
inspection to be performed inm radiocactive plant
situations, which hitlecvo was not feasible irom a
technical standpoint, because i% could not be don< with
a radio-isotopic scurce.

The equipmant «as evaluated and improved at
the center. Here the utility's designated in-service
ipspection vendor is b=ing trained in our ~adiography
booth. Note that we hcve anti-contamination clothing.
They are placing the Minec in a pump moc '~ap., which has
been positioned in our RT booth to be rep-eseatative of
the type of constraints and boundaries thar existed at
the particular plant they vere going to. Ve dotermine
these in a pre-inspection survey of the plant.

Here th2 Mirac is being used as part of a
system to perform the ASME code mandated inspection of
the circumferential welds of the reactor coolant pump.
The center evaluated and approved the ejuipsant. We
trained the necessary in-service inspecticn persocnnel
that were designated bty the utility in a formal #raining
course that we developed, as tWell as the utility
supervisory personnel, again in a formal ctraining
course, and supported three pump incgections xitnin
eight months after this equipment care to our plant.

MR. SHEWNON: That {s an tnspaction for what?

ALDERSON REPC »ING COMPANY, INC.
440 FIRST ST, N.W., WASH 'NGTON C C. 20001 (207 628-9300
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MR. STONE: It is an inspection for the
circumferential weld. There are typically three
circumferential welds in a cast stainless steel model 93
Westinghouse reactor coolant pump. These vary in
thickness from eight to 12 inches and they are
uninspectable by ultrasonics because cf their
me“allurgical characteristics. So before the Minac
existed, there was no viable technology to perform this
mandated inspection.

I vwill be frank with you, we are gquite proud
£ *he record in eight months of what vas accomplished
in the service of the industry.

We are nowv beginning a similar sequence of
activities on the development of inspection systems for
the reactor vessel. The first of these system is
schedvled for delivery in about a year, and Dr. Quinn
vill be providing specific details on these this
afternoon.

Two modes of training activities have been
illustrated. Thus far, the IGSCC inspection wvorkshops
are vorkshops that we have to give the industry,
regulatory individuals, and the RE&D community a snapshot
in time of wvhere technology stands at that point.

The Minac training that you saw, ve have

termed in-service inspection team training. When we
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have evaluated the technique, wve say that it is ready
for field application. Then we train the teams that are
designated by the utilities who actually do t
inspection.

In addition, we have developed other generic
types oftraining at utility request. The first such
course developed has been in visual examination. Three
training levels are offered in this course, and the
emphasis is on preparation of the utility personnel to
perform the required visual examinations in the ISIs.

This was an area where there wvas great
diversity and assumed requirements in practice, and we
have put together a course. We have had over 100 people
come to the center, utility people primarily, for this
course. The material has been put together and it is
now being used in initial draft form at the utilities
for training their people. When they choose to utilize
our documentation, we audit their course. So this
course has been highly successful.

¥R. BUSHs Bob, does that cover VT-1, VT-2,
and VT-3 history?

MR. STONE: Yes, three levels.

This is one of our classroom sessions. You
can see some of our training materials down here on the

desk. Similarly, our laboratory session. All training
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course work that we do at the center is very preciscly
documented and QAable by the utilities. Most of them
are choosing to use our qualification services, the
training that we provide, and the documentation as a
part of the documentation for certification.

I vould mention that we have had an
interesting situation on the visual training course. We
decided to be rather tough in the formatting of the
course and demanding. We are failing between 25 and 30
percent of the people vho come to our courses. We have
not gotten any bad feedback.

We have practical exams where if the
individuals do not find a certain percentage of items
that have been identified to us by the utility as of
concern to them, they fail regardless of what oth=r
passing score they have made on the routine
examinations.

MR. SHEWMON: Is this VT-1, 2 and 3 something
that the NDE Center has made out?

MR. BUSHs There is a specific ones that cover
the aspects vhere that type of thing such as missing
bolts or cracked bolts =--

MR. STONE: The condition of the snubbers, the
condition of hanger rods. What we saw was a very wide

divergence of practice in the utility groups that canme
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to us.

One visual examination might be walking the
line to see if a particular hanger is in place. Another
utility might have the individual go up a ladder with a
detailed checklist and see if the settings, the
condition of any shafts, and all sorts of things. So ve
have confijured the course to be very detailed, and the
utility can use that portion of it that they feel is
appropriate.

To summarize, we feel that we have gathered an
excellent staff and resources, and constructed a
facility, and ve are in place, and in business, and I
think functicning well. These allow us to operate
deaicated NDE pipe remedies for the service to the
utility industry.

I had ten minutes. I could talk for many
hours on my favorite subject, but I would like very much
to invite any of you to come to the center, either
individually or to have a meeting with us. We would be
honored, and we would very much appreciate the
opportunity to show more of our activities.

Thank you.

MR. SHEWMON: Thank you.

MR. STONE: Are there any questions?

MR. SHEWMON: One, and I don't know which one

of you people would want to answver it.

ALDERSON REPORTING COMPANY, INC.
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Ten or 15 years ago, I was asscciated with
Argonne, and one of the people there was developing
pumps anti-current techniques. One of the problems
if you had a better mousetrap, nobody particularly
vanted to develop it because the market was for not
many items. That has to be a clear cne.

I would be interested in your comments con that
kind of technology transfer, and how it handles then.
am almost tempted to say, let's talk about Bob McClung's
multi-frequency, but I will pick on him separately, I

guess.

It is a small market. There are develorment

costse. I don't know whether there is much overlap with

the Defense end of things. How would you approach
that?

MR. STONE: I maybe can comment on the Minac.

Gary can comment more philosophically.

The Minac was an exact situation such as
this. It vas proven to be a development that had usable
applications. The approach in that case, there were
really no takers in the ISI community to tuy one because
the applications market was fairly limited.

So the NDE Center Services Company of our
parent company bought the two instruments that are in

existence, and vwe essentially lease those to the
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utilities for these inspections. The utility selects
its ISTI vendor. We train the people in the utilization
of that equipment, and ve are supporting them in a
mechanical sense in the inspection.

Our role there is much like a Hertz Rental Car
Agency. We keep the car running well. We give driver
training course, and we put a couple of expert mechanics
in the backseat.

MR. SHEWMON: 1Is this Minac related to
something that a small college might buy, or did you
have to write your specs completely for it, and then go
out for bids?

MR. DAU: It wvas the result of an RLD effort.
The first prototype, which is still in the prototype
stage, vas used in a pump inspection at Ginna. 1In fact,
you are asking about technology transfer, I think there
is a case where we found that the utility had written
into their inspection plan the use of Minac for pump
inspection.

We found out about it about six or nine months
later, and at that time the development of the program
vas for a general high energy radiographic sort. We
reconfigured our RED effort to converge on pump
inspection, and working with the utility we came up with

a prototype device and the necessary mechanical

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



10

1

12

13

14

15

16

17

18

19

24

manipulator for that. The utility invested almost as
much money as we did in providing the mechanical support
end of it.

In fact, in the conduct of that first
inspection, we got more running hours on that new unit
than vwe were ever able to get in the test lad because we
vere on th2 critical path with the utility.

We prefer to operate in that mode, but the
thino that occurred almost immediately was, many
utilities wanted it immediately and that then forced us
to look at how do ve deliver this capability to the
industry and maintain the best that we could the normal
customer/supplier type interaction.

The institute policy is that wve won't do
routine in-service inspection. So that regquired us to
look at different approaches of transferring ownership
of that prototype gear, and we worked out an arrangement
with a different division of J. A. Jones.

They bought the equipment and they leased it
to the utilities. The utility then makes a decision as
to who is going to use it, whether tieir own staff or an
ISI vendor would use ite. Pavt of the condition is that
that group will be trained by the KDE Center for proper
operation.

What has complicated the whole situation a we

ALDERSON REPORTING COMPANY, INC.
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see it, we still need access to at least one of those
units to complete our RED efforts. So we have parallel
paths here that really have divergent objectives in
mind. Because of the dedication of the people involved,
and their vanting to see this technology succeed, it is
working quite well so far, and I think it will succeed.

This is a real life situation that we are
facing, and we have licensed the company to manufacture,
but the total market is likely to be ten.

MR. BUSHs It comes up again on anti-current
or UT also, where there is a fair amount of evolution.

I can give a classic example. In 1963, wve
have had major problems with steam generators with
stress corrosion cracking, and ve took Hugo Levi's
breadboard dual parameter/dual frequency system, and it
pecrformed in certainly an outstanding fashion. We wvere
able to characterize unequivocally with regard to size,
depth, et cetera.

That was 20 years ago. That system has been
developed, but the number in the field in active use is
extremely limited. The technique and the technology,
you might say, exist, but the incentive for making that
next move does not exist to the degree that is
necessary.

MR. SHEWMON: Can I get a catalogue and buy

ALDERSON REPORTING COMPANY, INC.
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one, or do I have to go to somebody's breadboard.

MR. DAUs Today, you can obtain
multi-frequency instruments that will do that, but that
has only been possible in the past two years. One is
made in France..

MR. SHEWMON: Are there other questions?

MR. STONE: Thank you very much.

MR. BUSHs I think I would second Bob's last
comment. I believe that members of the ACRS would find
-- Maybe I am biased, but I think they would find a
day's visit there is quite interesting, particularly if
there were people there actually in the classroom type
sessions, because I think it is a very interesting
experience. I know, I have done it personally. I think
it is an excellent chance to see the way things are
going and vhat can go vronge.

MR. DAU: I would like to issue a standing
invitation to the committee to meet there any time they
vish. We would be happy to host it. We will put you on
the mailing list for all the course offerings also, if
you would like that.

MR. SHEWMON: Along with the telephone
number.

MR. DAUs I have that etched on my brain right

now. If you would like, I can give you that.
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I would like now to move to the discussion on
pipe inspection status.

First, I would like to go over an overview of
the agenda for this subject. I will start out by giving
a background on how we got to where we are. I have a
reviev of current practice which focuses on a lot of the
issues that vere addressed earlier on Nine Mile Point,
the response to ILE Bulletin 82-03, some workshops, and
pipe inventory.

We will talk about the status of some advanced
systems, and the surveillance pipe test facility, and
then a wveld crown contouring machine that is oriented
tovard pipe inspection, removin some of the burden of
pipe inspection.

By way of background, all of you will recall
in 1975 there was quite a concern raised by some of the
4-inch bypass lines leaking in BWRs and this was IGSCC.
EPRI at that time had been in existence about a
year-and-a-half or two years, and ve decided that ve
vould try to do something to identify the status of the
technology.

Some we obtained some service removal samples
and conducted a round robin using five teams that had
been involved in a series of inspections required by

January 1975 NEC action. We had a limited number of
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samples, so you should not read any statistical
significance here because we simply didn't that big a
data base.

We did notice some performance variables, and
those teams that did the detailed plotting and the ray
tracing did better, and that is something that we are
seeing reinforced today.

We synthesized an optimum procedure and
required all people to use that same procedure and the
same instrument, and ve could see no overall
improvement. What we did observe, at least froam the
bare numbers that we had, vas that it did not help the
better teams, but it did bring up the performance of the
lover teams.

The better teams turned ocut to be some of
those that were fresh to the problem. They really wvent
at it in a very, very conscieancious manner. I am not
saying that the others didn't, but they had a lot of
other experience that vas involved with inspecting
components other than those affected by IGSCC.

After-the~fact analysis shoved that many
cracks vere detected, that is to say, a UT signal was
present, but it was classified incorrectly. 1In other
vords, UT wvas viable and a return signal wvas noted, but

the operator decision was incorrect.
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Qur near-term response at that time was that

ve vere looking at ways to try to improve the field
performance. Th2 dual element transducer work came out
of that, and wvas performed by Southwest Research
Institute. A three to one signal to noise increase was
noted on that particular configuration of transducer.

It is nov available commercially by at least two firms
in the U.S. There is a report out, EPRI Report NP 1153,
August of 1979, that gives a lot of the details.

We did benchmarking against some thick wall
sections that vere obtained later from the KRP plant in
Germany.

MR. SHEWMON: Does dual element here mean that
== I have heard Whiting talk about something that
adjusts the film thickness and maybe the angle.

MR. DAUs We are talking abdbout a
transducer/receiver slightly angled tovard one another
about a common centerline. One axis is a transmitter
and the other is a receiver.

MR. SHEWMON: Tris is different.

Go ahead.

MR. DAUs It is a vay of increasing signal to
noise.

We also developed a recognition of the need

for IGSCC samples, both for evaluating the technology
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and for the benefit of training. Starting then, working
with the German utility, we obtained KRB plant samples.
Later, ve had IHI in Japan manufacture samples for us.
We a significant inventory of that. Still later, we had
a2 lot of the IHI methodology transferred to the PNL
facility at Battelle. So we have brought some of the
technology back from Japan and have it here in the U.S.

Another thing that came out of this exercise
is problem definition, the error source classification
concept that we have used to guide our work. I would
like to go over that briefly with you. MNr. Mel Pedes of
the EPRI staff did this work, and it is to indicate a
way to look at the problem. We don't have all of the
absolute numbers we would like here.

The problem on this axis is to measure the
probability of error versus crack depth. This is a
normalized flav size axis. There seem to be three
classes of errors that we could identify inr this earlier
round robin exercise.

The physical limit, which meant that you
simply didn't get a UT signal back, the flaw was too
small to reflect energy. Today's information, I think,
is shoving that that limit is somewvhere below 3 to 5
percent of wall thickness, and it is probably not a

controlling factor in the inspection problenm.

ALDERSON REPORTING COMPANY. INC.
440 FIRST ST, NW. WASHINGTON, D.C. 20001 (202) 828-9300



10

1

12

13

14

16

16

17

18

19

21

8

24

The procedural aspects of it are important. I
think our experience shows that there is an optimum
procedure that is needed, so ve have more
standardization, but that is not going to solve the
problem entirely.

It seems that the biggest problem is in this
area of signal identification. How do you separate an
IGSCC signal from all of the other reflectors that aight
be in the pipe, and these other reflectors may be from
jointness match, wveld stack-ups, drop-throughs, and
things of that nature from the fabrication process.

So in our long range effort three to five
years agou, ve started in trying to concentrate in this
activity, and I will reviewv wvhere we stand on that in
the advanced work that follows after wve review the
current practice.

At this time, I would like to move on to the
current practice, and I would like to introduce Dr.
Mohamed Behravesh, who is with J. A. Jones, and is also
the Deputy Director of the Inspection Division.

He will review the Nine Mile Point Inspection
results, the industry's and the Institute's response to
IEE 82-03, IGSCC workshops that we have put on, a swvell
as pipe inventory, our sample inventory.

MR. BEHRAVESH: After the Nine Mile Point

ALDERSON REPORTING COMPANY, INC.
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incident, there were several different stuiies trying to
find out why the inspection results in 1981 vere
different than in 1982, and why all of a sudden things
vere found in 1982, while the records of 1981 were not
showing anything.

We scheduled a meeting with the ISI agency
that performed the inspection at Nine Mile Point, as
vell as the utility. They brought all of their data to
us. We spent two days with them going over the data.
The people who were there wvere, as I said, people from
the utility, people from the inspection agency, from the
NDE Center, as well as EPRI.

What we decided to do was to look over the raw
data, what vork was available, and to see what
differences existed in the recorded data.

At the start, I should say that there wvere no
definite conclusions as to why the results wvere
different, so I will say some things, but there are
really no definite conclusions as to why the results are
different. There are some considerations, howvever.

MR. SHEWMON: Were the inspections done by the
same team?

MR. BEHRAVESH: By the same agency, and the
same individuals.

MR. SHEWMON: The agency is also what has been
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called the UT vendor.

MR. BEHRAVESH:s Correct. Nuclear Energy
Services wvas the inspection agency for both years.

There are some general considerations. One of
them is the problem of inspection of safe ends as well
as the balance of the plant which has been large
diameter recirculation pipes. Safe ends were examined
year tc year because they were part of an augmented
inspection, and the balance of the plant wvas not. So
the two have to be separated.

Furthermore, lots of inspection results in
1982 vere after the discovery of leak. You have to
recognize the psychology of ISI, after everybody knows
that there is something in there, so changes are ihat
everybody would be a little bit more consciencious.

With these two general considerations, there
are some observations that ve have made, and they are
the following:

When it comes to large diameter piping, there
are only two joints that are in common in the 1981 and
the 1982 inspections. So the data is limited only to
two welds.

The 1981 procodure was on the basis of 10
percent notch, and they also had a 50 percent recording

level, and that is well-known that that is not
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sufficient. So the procedure itself, at least, is not
sufficient for detection of IGSCCs because some of these
signals happen to have lower amplitude and we see thenm
at lover amplitude all the time.

MR. SHEWMON: 1Is that the code required
procedure?

MR. BEHRAVESH: That is the code required
procedure.

HR. SHEWMON: That is still the code required
procedure, and still the minimum that the NRC regquires,
except for vhatever Joe can get them to do vut west; is
that right?

MR. MUSCARA: There is a nev code case out
that includes the program. There are, for example, more
requirements.

MR. SHEWMON: For the recerd, do you know what
that is?

MR. MUSCARA: It is M-335,

MR. QUINN: That code case has also been
implemented and come through committee as a revision to
Appendix 3 of Section 11. It was first a code case, and
nov it has been slightly improved and revised.

MR. SHEWMON: So that is not set down in the
regulations, but maybe it can be referenced to be

required.
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MR. MUSCARA: It is not a requirement.

MR. SHEWMON: I am trying to find out what
vords the NRC could use and does use in its
regulations.

¥R. BUSHs In that respect, Paul, I am gquite
sure that the reg guide that cites the applicability of
the code case is behind times, because the last time I
looked at it there was six months, at least, lag. So it
wvouldn*'t be referenced in the reg guide either.

MR. SHEWMON: Bob, did you have something
else?

MR. STONE: I have no conment.

MR. SHEWMON: Go ahead.

MR. BEHRAVESH: Furthermore, the probe that
vas used in 1981 was a larger prope, and a probe of this
size, I know, will have a lover sensitivity to IGSCC.

Unground crown welds will inhibit the axial
crack, and that is always a probiem. The time spent
scanninjy and recording is considerably less and lower in
1981 than in 1982. 0Of course, there might be several
factors involved, but again the information is obtained
from the rawv data.

Then there is another thing. The difference
between 1981 2nd 1982, the inspection agency as well as

the utility people happened to take part in two
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vorkshops, IGSCC workshops at the Center. One time,
three of them came, and at another time, four of thenm
came. By September of 1981, or a little after that, we
provided them with an IGSCC sample. In early March,
March 7 and 8, 1982, they wvere again at the center. Of
course, this cannot be quite so substantiated, but it is
a factor.

These are people who took part in a workshop
and then vent back to the plant and the performance
happens to be better.

Now looking at numbers specifically for the
two wveld joints in the recirculation piping, these are
the tvo weld joints 10W and 36W, the results in 1981 and
the results in 1982. This table is in your harndout.

Indications wvere not found in 19874, and =mall
amplitude indications wvere found in 1982Z. The UT
instrument wvas pretty much the same, there are no
significant differences between these instruments.

The se2arch unit, as I mentioned, in 1981 was
slightly different. In 1982, they have gone to a
smaller search unit. The calibration box was the same.

The sensitivity of calibration and scanning is
the same, except that in 1982 the scanning had a higher
sensitivity level. That still does not mean that they

would record at a higher level, but at least they give
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themselves more chance of seeing something if it is
there.

The temperature difference between calibration
blocks and components remained the same. The level of
qualification or certification of inspectors is almost
the same lavel, level II and level I, level III and
level II, and level II and Level i.

One factor which stands out is the time that
is spent on inspection. I have a little footnote that I
would interpret for you here. In 1981, an hour and 49
minutes were spent on three joints, whereas in 1982,
three hcours and 20 minutes were spent on a single
joint. Considering that these joints are in welds of 28
inch diameter, which would correspend to something in
excess ¢f 90 inches of welds, half an hour for each veld
hardly seems to be sufficient time if there are things
te be seen.

Again, I would like to emphasize that the only
thing that may possibly standout here is the difference
in time, as well as the choice of the probe that vas
used. Recording levels are well-known. IGSCCs quite
often occur at lowver levels than are currently being
recorded.

With this in mind, I would like to conclude my

talk with respect to our review of Nine Mile Point
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results, vith th2 emphasis that there are no clear-cut

conclusions as to why they were found in 1982, and why
they vere not found in 1981, considering our approach,
vhich is looking at the raw data rather than
interpretation of statements of people.

The next item that . want to talk about is the
NDE Cen .er's response to IE&E Bulletin 82-03.

We took part in a meeting here in Bethesda on
September 27, 1982, where, as it vas mentioned earlier
this morning, NRC expressed a concern about the
capability of the ultrasonic inspecticn of IGSCC in
large diameter pipe, as well as the ability of these
various scaemes to perform a credible inspection.
Immediately at the end of that day, by ¢s30, we started
working toward doing something, knowing that NEC was
going to make ft a requirement.

The very first thing ve decided to do was to
find a place to conduct this performance gualification.
After tvo or three days, Battelle-Columbus was chosen
because it was centrally located and it had hot-cell
facilities.

Right at the same time, Nine Mile Point people
were at our place reviewing the results. We selected
specimens, and by a dedicated truck they went to

Battelle~-Columbus. Immediately, we started
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decontaminating these specimens, documenting them, doing
ultrasonic inspections, having them ready. By October
6, all of this was done.

On the morning of October 7, representatives
of NRC, srme number, about eight or nine people, showved
up at B. elle-Columbus. We shoved them everythiny that
ve done, and we showed them what we had in our hands,
what would they like to do with it.

A plan was devised, and the following morning
the very first teams arrived to go through this
performance qualification. The teams wvere from Northern
States and Commonwealth Edison. On October 12,
Northeast Utilities showved up. By October 14, utilities
represented by Southern Company Services, Georgia Power,
Philadelphia Electric, Carolina Power £ Light, Consumer
Pover, and Dairyland Pover Coop showed up.

By October 15, the bulletin, so-called, hit
the streets. By the time that the bulletin came out
saying wvhat vas needed to be done, almost half of the
activities vere completed.

By October 19, word came out that some of
these utilities failed the process of qualification and
help is needed for them. We immediately started having
vorkshops for them. On Octcber 22, Northeast Utilities

shoved up again. On October 25 and 26, we conducted a
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vorkshop at NDE Center for those utilities that failed.
On October 27, Southern Company Services, Carolina Power
& Light, and Georgia power, and on October 28, TVA, and
October 29, GPU.

From October 27 to October 29, all of those
nine utilities that wvere at risk in this bulletin had
gone through. There will be a lot more said with regard
to results in later discussiors, and I would not mention
any more with regard to that here.

MR. DAU: Mohamed, would you make a comment
about the samples.

MR. BEHRAVESH: One of our objectives 2all
along has been to keep the specimens pristine, to keep
the information about their ground state confidential.
As a result, I am not going to menticn here what was in
these samples.

I was under the assumption that this is a
public meeting, and in fact it is, and I will not
mention. I wou.d further like to request that those who
would discuss this do not mention about how many cracks,
or huw lon3y, how deep, what kind. That information can
be exchanged privately.

We have tried our best to keep these specimens
pristine, and in fact they are covered such that their

ID geometry and the location of flavs is not known to
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anybody except people at the NDE Center, as well as the
regional inspectors who have the responsibility of
giving a pass or fail grade to a team.

There are things thzt are involved with regard
to addressing the IGSCC in pipes, and I would like to
move slightly to some of the activities that we have.

The evaluation of a commercially available
micro-processor assisted manual instrument for manual
ISI. The instrument doces automatic signal
interpretation, that is, there is crack or no crack.

It is user-trainable in the sense that the
operator can show a collection of crack to noise to it,
and the instrument will learn the crack characteristics
of those and can move right next to ths table and be
tested on an unknown flaw.

It holds up to seven training sets. Tnhat is,
at a given time, the instrument has seven different
training sets in it that can be applied to different
problems. For example, take the problem of different
size piping and different schedules, as wvell as it s in
a single module that weighs no more than no more than 35
pounds. V= have had it in our hands for two or three
months, and wve are still continuing with its
evaluation.

People from 1EE and regional people did

ALDERSON REPORTING COMPANY, INC.
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observe this instrument in a sort of semi-private
session at Battelle-Columbus, and its performance with
the Nine Mile Point specimens, which I would not like to
discuss. If they wish, they can discuss it.

Part of the difficulty with the current
technique in ultrasonic inspection is acquisition of
data and having precise positional information. As Gary
mentioned a little while ago, the difference between
good teams and bad teams traditional has been the
accuracy and precision with which they record position
information.

We are looking toward a system that you can go
in the field, acquire datz, and bring that data outside
the field, and conduct an off-line analysis, that is,
assuming a mechanized pipe scanner, which we nowv have,
by the name of Amap, which Cary will get to later, a
signal digitizer and recorder which is also partly
available, and putting some code considerations in that
process -- by code consideration, I mean calibration and
percent DAC, and what threshold level to record. All of
this results in a cassette or a tape that you can bring
off-site. You can do data reduction, do automated
analysis, as well as replay that dats for a level III to
conduct conventional analysis by plotting.

The advantage of an approach like this is that
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he would have the capability of doing repeated analysis
without having to go inside the containment to take a
second look at the signal.

With all of these advanced technigues, and
signal detecting techniques, there is one concern that
has existed all along, and that is the sigu~1l processing
approaches that are currently being used. They are all
e€ither empirically based, or statistically based. In
order to get them accapted, one must establish their
physical principles, those physical principles that
underlie vhy the given item works or not.

This was a problem, and our approach to that
vas, in the last four or five months, ve gathered a
group of exparts in statistics, signal processing,
scattering theory, waive propagation, physics, and
various fields, and have them get together, go over the
data, 30 over the approach, and see if they find any
reason why thece things wvork, and, furthermore, explain
these areas where they don't work.

This activity just came to an interim
conclusicn at the beginning of November. An important
outcome of this activity has been the establishment of
the very first model of IGCSS that begins to explain
some of th2 experimental results that ve see. We

consider this as being a very imporcant accomplishment.
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It is a first stegp, but it is a first step that has been
long overdue.

Another activity that we have had, ve have
conducted a number of workshops --

MR. SHEWMON: Before you leave that, one of
the things that would concern me some would be the
probability that all IGSCCs aren't the same, even in
physical geometry. I could believe it is the rather
subtle things that would determine how a crack would
brancih in little different welds, or different kinds of
pipinge. They might branch, and thus be physically
different.

Have you done work on sort of the uniformity
of the sample you wish to identify?

Mk. BEHRAVESH: Let me make a couple of
comments about the characteristics of iIGSCC.
Physically, ¥ 1 you look at them, as much of them as
you can see, tuere are almost nc tvwo that are alike.
You have to take that just for granted, there are no two
that are alike.

However, strangely enough, there are some
characteristics of them as a class of reflectors that
appears to be shared in common by all of them, and this
is our saving grace. This is where the majority of

emphasis is currently being put, find those things that
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are common among them chat make them look alike,
realizing the fact that no two of them are cowmpletely
alide.

When discussion guite often between ixial! and
circumferential in terms of the ultrasonic response, if
they vere both oriented the same way, ve see little
difference. In fact, it is where they occur and what
orientation they have that ultimately affect whether
they can be detected or not datected.

I would like to mention a couple more points,
and stop.

We have a large inventory of cra:ks specimens,
IGSCC specimens. Bob mentioned 50, 2n¢ we wave 50 good
ones, but in fact ve have more than 100. Some of thenm
are not as good as the others. Every BWR utility in the
U.S. and abrocad, thcse that are members of the EWR
Owners Group, have been given a specimen and they
routinely 2xchange these samples and get others from
us.

Right now, the people at Oyster Creek have
four or five specimens from us to train their people.
This occurs routinely. We have had several IGSCC
vorkshops. We had onz in September of 1982, and some 35
pecple attended from BWR Owners, ISI vendors, and NRC

headquarters and regional people.
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We had one in a manner of quick response to
address the Nine Mile Point exercise. Furthermore, ve
had one yesterday for eight people from NRC, from the
regional office, as well as the headquarters. We found
that it wvas an excellent opportunity. We found that to
be verjy fruitful. I don't know what they thought of it,
but Warren is nodding his head back there.

Thank you very much for you kind attention.

MR. DAU: To bdbring you up to date on where we
stznd on the agenda. We have covered the items up to
there, and I am going to use a series of 35-millimeter
slides to go over the status of some of what we term the
integrated system for pipe inspection.

Before I do that, though, I would like to make
a couple of comments as to what composes an integrated
pipe system, the electronics, the control, the scanner,
the signal analysis equipment, I think that is in this
block, the instructions of what the electronics are to
do, the so-called software, another major portion of,
the pulser receiver, and UT transducer, and the scanner,
the device that moves the transducer about the pipe.
They all need to be put together in the system to work
vell.

Our initial emphasis was to just cover these

two because we were given som2 assurance that these
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activities, the scanner, the pulser and the transducer
vere adequate. As ve moved along, with the precision
that you can get in the micro-processor technology, ve
began to find weak spots in the conventional technology,
and wve had to go back and develop improved scanners.

We came up with a new transducer arranjement,
and ve had to make some modification of the pulser in
order to get the very stable signals that we needed for
signal analysis.

So what started out to be the two parts of the

problem, we had to finally address all five.
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(Slide.)

MR. DAU: On the screen, you see this diagran
again just to orient you. What we are really aiming at
in this case is to do something about the signal
classification activity, and also to address this 1s3sue
(indicating). The outcome of that, we believe, will
drive this detectability of physical limits down to a
much lower level as well.

(Slide.)

MR. DAU: If you take a normal pulse, this is
vhat you see on the screen. If you expand that and look
at the total information content, you see that there
should be a lot of information in here, and ve are
trying to deal with this additional information other
than the time amplitude to help make decisions about
flavs.

(Slide.)

MR. DAU: As an example, and this was taken
quite a while ago, but here is a raw signal, the
so-called RF signal. There is an IGSCC in here for a
tenth of a millimeter beat, which in that particular
case, I think, is around 5 or 7 percent of wall
thickness. By doing some time averaging, you can clean
this up and you eliminate a lot of the other signals

heree.

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



10

1"

12

13

14

15

16

17

18

19

21

24

25

62

So this is wvork that wvent on three or four
years ago, and it is the basis of a feasibility study to
continue. So, our effort is really oriented trying to
adopt technology that is quite well known in the sonar
and medical field to deal with the inspection problems
that we face.

Our first problem was IGSCC detection in
stainless pipe. I think if we had to pick a more
difficult one, we would find that very challenging and
difficult to do, but one of the reasons we did it was,
ve recognized from the start that that was about the
only component that we could deal with where there was
any hope of having a reasonably large base sample to
work with.

We are beginning to learn how to make IGSCC,
and ve couldn't predict, or we didn't vant to predict
all of the samples that ve nowvw have for service removal
as wvell, but certainly the cost factor of sample
preparation was important.

(Slide.)

MR. DAU: When you work with the computer
people, the first thing they do is learn how to write
checks on your account.

(Slide.)

MR. DAUs: This is the electronic hardware, the
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three boxes here. This is basically affordable
computation system where you put in the instructions
here and then you record the data output on another
magnetic set. You also have a paper tape printout from
the reader -- for the operator at that point. This is
an interface box that is used to match with any scanner
within certain characteristics.

You can use either a standard CRT terminal,
which is shown here --

(Slide.)

MR. DAU: ~-- or for field operations that can
be replaced with a hand-held scanner. In the softwear
development activity, there is a lot of work in
prompting and English language communications to a large
extent. So this reminds you, if you want to change the
scanner, if so, you press a button and go on. There are
a lot of flexibilities built into these systenms.

(Slide.)

MR. DAU: Again, the paper tape printout which
gives you position information, what the decision was
that the decision algorithim reached, and that is your
immediate feedout. You also contain all that
information on magnetic cartridges for further
analysis.

(Slide.)
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MR. DAU: It is portable. It wvas designed to
be air transportable, to meet a lot of the ISI
requirements. This is also part of our survivability
program. We ship it across country on commercial
airlines, and the baggage handlers do our tests for us.

(General laughter.)

(Slide.)

MR. DAU: We have gone : rough generations of
scanners. This was about ten years ago, a device that
vas origirally designed to inspect butt welds for a
specific configuration. We started working with this
system, recognizing that it had some limitations.
Notice it does have a hard shoe, and in this particular
case we are working on an elbeow and you cannot inspect
the entire circumferential elbow with this setup.

That served us well, but the limitations also
created some problems for us. fo, we go back maybe five
years ago, and this represents another improvement in
the technology. This wvas developed by EGEG at the Idaho
Nuclear Engineering Laboratory. RAgain, a track or a
gear type attachment to the pipe. The scanner moves
here, and the transducer head is included in here
(indicating).

(Slide.)

MR. DAU: This is an underside of that. In
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this case, we move from a hard shoe which is

non-formable or deformable to pipe roughness to a
membrane here that is filled with oil. The transducer
sits in here (indicating). It gives you a lot more
flexibility and dependability.

Now, recently, ve have reduced the volume of
this by a factor of eight by some good engineering
practice.

(Slide.)

MR. DAU; We came up with a new scanner. The
scanner is magnetic wheels attached to a piece of sheet
iron. It can be clamped down tight. The transducer
head sits in here, and this is the device that is a
factor of eight smaller than the previous side.

We have one being developed, an advanced model
of this that will be hopefully smaller yet, to give you
a factor of one and a half to two decrease in size.

MR. SHEWMON: That was an oil-filled roller
that rolled over the surface?

MR. DAU: It is not a roller. It is sort of a
sheeting. It moves along the pipe, and you use a
jelly-like coupling between that deformable membrane and
the piping.

MR. SHEWMON: So you still have to go in and

coat it with something.
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MR. DAUs Yes. The scanner dimensions here
have been reduced, as you can see here, with a hard
shoe, with about three and a half inches clearance
versus eight. Some are eight to twelve inches as in the
previous slide. With the transducer head, the lube
filled one is about four and a half inches. Just to
show you how it looks upside down, the design spec was
to be able to put this scanner mounted on a pipe and
have it alligned to the precision needed within three
minutes. So the ALARA factors wvere factored in in the
original specs.

(Slide.)

¥YR. DAUs It is also portable. Here is the
carrying case. And these sheet metal devices allowv for
the magnetic factors to attach and are very inexpensive
to manufacture. The gear for one of the previous
scanners vas about §$9,000 in expensive sheeting that,
that is gettina up to the total cost of this unit, upon
its introduction.

(Slide.)

MR. DAU: Another scanner that is under
development =-- Oh, T would say that this scanner with
both the hard transducer type and the newv transducer
have units of those, a2nd are now going through an

evaluation shakeout prior to taking them to the field.
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We hope to have that completed in 1983, and the earlier
the better, and we are looking for all ways to
accelerate that schedule. It does address some of the
needs in the field.

MR. ¥C CLUNG: Excuse me, Gary. Does the
ferrous scrap go completely around the pipe. The
illustrations seemed to imply that it was only part way
around the piping.

MR. DAUs: What we have here is only part way
around. We are looking at a way to make it go
completely around. We could certainly make it go 270 or
300 degrees if necessary, but we have drawings of how to
make it 360 degrees. We haven't worried about that too
much yet.

(Slide.)

MR. DAU:¢ Now, the scanner shown here is very
much in the prototype stage, and lags in development
behind the other one considerably, but it has some very
unique characteristics. We call it a self-ranging
scanner, SRS for short. It has the ability to be driven
to the area you want to inspect, do the inspection, and
then drive it on. It can even pass branch connections
like this (indicating).

There are three contact points. One is this

wheel (indicating). There is an abrasive cocated wheel

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



10

1"

12

13

14

16

16

17

18

19

21

8

24

68

on the back side of this area, two around on this side,
and you have an ice tong arrangement with compression
forces holding it against the pipe. It can move around
in the circumferential direction on command.

(Slide.)

MR. DAUs Then you can put it in this
configuration, change the wheel direction 90 degrees,
drive it by a branch connection, and if this was a wveld,
then you could move up and do the inspection here.

(Slide.)

¥R. BUSH: Gary, could that handle the welds
at the branch connection?

¥R. DAU: This cne? No, not at the present
time. Notice this is the same transducer that was on
the A-mass scanners that we were trying to build some
commonality into these.

(Slide.)

MRE. DAU: I am going to move on and show you a
fev slides, and ther I will go back. We have completed
the advanced 1nsbection portion of it. These slides
vill be on the surveillance test. I will showv those
now, and then go to the vu-graphs to save the trouble of
changing between the audi-visual medium.

This is a large surveillance pipe test, a

26-inch diameter pipe with a circumferential weld here,
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loading jacks at the four corners, and the graphite wool

technique was used as an artificial way to initiate
cracks on the IV of the weld. This is put on during
normal operation.

MR. SHEWMON: We are running over schedule a
bit.

MR. DAU: I will speed up.

This is another view of it.

(Slide.)

MR. DAU: Some of the equipment you saw before
in the electronic system. I show it here because it has
been in continuous operatiom to support this function
for over a year and a half since the shakeout.

(Slide.)

MR. DAU: We have a transducer that was
mounted on there at 300 degrees C for about a year's
time now, which is a very significant achievement in
itself. That means you could leave the transducer in
vlace to monitor a crack during operation.

(Slide.)

MR. DAU: We have continuous records as well
as periodic inspections.

(Slide.)

MR. DAU: Now I am moving into the weld crown

device. One configuration of the weld crown creates
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quite a problem for inspection. The device we have
under development, we machine this off so that this is a
smooth transition.

(Slide.)

MR. DAUs This is a prototype device which, if
you take it in terms of an external aid, this whole
arrangement then rotates around the pipe.

(Slide.)

MR. DAU: This is the unit being tested in
March at the NDE Center, a series of welds on this
pipe.

What is the time schedule? I could give you
some more details about that surveillance pipe test if
you would like. I can take about two vu-graphs.

MR. SHEWMON: I guess I would rather get to
your sum-up, I think.

MR. DAUs On piping or the entire
presentation?

MR. SHEWMON: What I am looking at is sort of
15 minutes beyond the schedule, and I want to have a
break in here, so I don't know quite what you have yet.

MR. DAUs I am ready to stop the discussion on
pipe inspection right now.

MR. SHEWMON: Okay, wvhy don't we do that?

Are there any guestions or comments on this?
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¥R. BAER: One question, Gary. WKhen would you
project these automated systems being available for
in-plant inspections? What is your crystal ball?

MR. DAUs First of all, 1983, and we are
trying to push that as far into the plant for evaluation
qualification in 1983. We are trying to push that date
tovards the earliest part of the year as possible, but
we are limited on resources like everybody else is. It
is just a guestion of time and money.

MR. MC CLUNG: A guestion, Gary, on the ALN.

I guess it is very much related to the gquestion that was
just asked about when would this be ready either on a
voluntary or perhaps a required basis. I have a
question about the improvement in results with such a
system. Is it better than the Superstar performer?

Does it bring everyone up to the level of the

Superstar? Just what does it do for inspection quality
versus the man now in the field?

MR. DAUs Well, hard data is what the NDE
Center is all about generating to ansver guestions like
that. We don't have all of those numbers yet. To back
up a step, the instrument that Mohammed mentioned for
the manual inspection is generating more data there, and
I think it will meet or exceed what Superstar is doing.

That is the preliminary look. I don't have the hard
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data, but wve will be generating that within the next
four to six months,

And the other system, the totally automatic
system, because the principles are very much the same,
should match that.

MR. SHEWMUN: Why don't we take a ten-minute
break here and come back?

(Whereupon, a brief recess was taken.)
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MR, SHEWMON: Let's see. Next we hear from
IEE., Joe, are you ready?

Joe is not sure he's big enough to take care
of himself, Bob. He wvants to have you here.

MR. BAER: Joe came back from that EPRI
vorkshop late last night and his car wasn't wvorking at
the airport.

MR. SHEWMON: It was a hard night.

MR. COLLINS: He didn't get too much sleep, I
guess.

MR. BUSH: While you're getting prepared
there, do you have any handouts, Joe? Are there any
handouts?

MR. COLLINS: No. I just finished preparing
this at 4:;00 o*clock, 4:30 this morning. So some of
this will be extemporaneous because of the way the
situation fell on me. There vasn't much I could do
about it.

MR. SHEWMON: We appreciate your being here.

MR. COLLINS: Well, to open the discussion,
you heard some of the work going on in the EPRI-NDE
center and their role in this whole program. They did
establish a sample availability.

(Slide.)

They did make a very detailed sample
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characterization. This was within the constraints of a
very short lead time, as Mohamed has discussed with

you. They did establish channels of interface for
capability testing between the utilities, the NRC Staff,
and the ISI vendors or ISI agencies, if you will.

Throughout this program, which is continuing,
bicause we are not through at Battelle with this work,
they are continuing to maintain objectivity throughout
the performance of the capability tests.

As Mohamed also pointed out, he did review
this characterization of the samples quite in detail,
and later on through my discussion I will ask Mohamed to
come back, because I vant him to discuss that a little
bit with you. I am afraid that I might disclose
something about the pristine conditions of the samples,
and that would be unfortunate. So I'm going to ask hinm
to come back in a few minutes to discuss this with you.

My bottom line here is that I think EPRI did a
commendable role, both consistent with their charter and
that part of the industry‘®s function.

(Slide.)

I think that should be really recognized.

Nov, I have one thing that I would like to
clarify here for you, if I will -- may. That is the

performance capability testing. I choose tc refer to
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this as th2 performance capability demonstration
concept, as opposed to a validation program. I hope to
develop some rationale for this, because there are some
essential ground truths on this issue.

First of all, there's no formal qualification
program established industry-wide. Number two, the
question of the generic implications raised by the Nine
Mile Point conditions is number two. Of course, there
are time constraints necessary to answver these twvo above
questions.

In summary, this performance capability
demonstration testing that we did wvas based on a matter
of judgments within the framework which wve had to work
with, and of course I must admit, you may formulate a
lot of criticisms and questions, and hopefully as I go
through this I can, through my own rational way, provide
you with some ansvers to thenm.

(Slide.)

Nov, to get these iu the proper order here.
They never come in the same order you would like thenm
to.

I vant to, in pursuit of my defense of what we
did, to revisit a little history on the problem in
itself. This brings to mind quickly, in 1965, is when

it all started, there was not much appreciated at that
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time. T am sure that experience here in the room will
immediately say that is Dresden 1.

Then in 1969-1570, of course, that recalls to
mind the Nine Mile Point core spray event. Ironically,
this is where it started back again around the wheel.
1974 to 1975, of course, was the problem with the bypass
valve line cracking in the BWR plants, and of course the
reactor vater cleanup lines vere starting to shov some
of the epidemic and the first pipe crack study group
vent to work to reviewv this whole issue.

In 1978 to 1979, there was a second pipe crack
study group formed, which essentially revieved the work
of the first pipe crack study group in this area of the
types of material that are believed to be sensitive to
the problem of IGSCC.

The first pipe crack study group issued their
vork in 1979 through NUREG-75/067. They come to this
conclusion, that the reactor coolant pressure boundary
is susceptible to stress corrosion, vhich may cause
cracks similar to those discovered in similar piping.

(Slide.)

The second pipe crack study group published
the results of their work in NUREG-0531 in 1979, Their
conclusion, based on their review of the first pipe

crack study group's work and their own work in
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revisiting the problem: They did concur with the
previous findings and decided there is little evidence
to indicate IGSCC will not occur to some degree in the
large diameter pipes in the U.S.

I think it is quite obvious that Nine Mile
Point demonstrated that this conclusion is absolutely
correct. As you will see, this conclusion here takes on
adied dimension when I start getting into the results of
the inspections that are nowv ongoing in the plants. Of
course, this information has already been addressed, so
I vill move right along into the other areas.

So that is one of the background history which
provides impetus to us to push on and provide some
demonstration capability, and that is one of the prime
decisions that entered into item one of 82-03, IE
Bulletin 82-03.

(Slide.)

With regard to the plants covered by this
bulletin, they are limited to the nine plants. I have
just indicated Nine Mile Point down here as being
repaired, but that has been covered previously. These
are the plants involved. These are the ones that are
shut down nowe. These are the schedules, Monticello and
Hatch. The reasons for those question marks will become

apparent when I discuss the findings of ghose two
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plants.

And here is the ISI organizations which we
have to contend with. You will note guickly that there
are IST agencies in direct relationship to the
licensees. That is really the matrix that was worked
vith at Battelle and the basis for the program, and to
look at each one of thes: individuals within this matrix
as they apply back to those plants (Indicating).

Here are some interesting things that I want
to discuss, and hopefully I will not overlook them. We
do have several here that have not been scheduled for
work. We have not completed our performance capability
demonstration work with Magnaflux, and GE has expressed
an interest, coming in under the sponsorship possibly of
CPL or others, to provide an overview in the event that
there are some other additional identifications of
defects that are found. So they want to feel confident
and competent in their efforts also.

I wvould make one point here, this note. The
ISI schedule has slipped to January here because the
people have reached the level of exposures for this
order, and of course some of these, particularly in this
group (Indicating), of the ISI agency will have a
problem here.

MR. SHEWMON; Toe, this is good, but to a
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interested in hearing from you. I would like you -- you

may wvant to continue over these quickly, but if you
could shift to what the procedures are that you are
insisting on or your group is insisting on for people
vho pass this test and get certified.

You bring up GE and I know GF has some
procedures which vere different from what the code was
and indeed different from what wvere used at Nine Mile
Point, I guess, the first time around. And I would
particularly like to hear your evaluation of these if T
could.

MR. COLLINS: I will delve into those as I go
along, Nr. Shewmon. And I wvanted to step right into the
program now as it wvas set up.

What I would like to do now is to call on Dr.
Baer to briefly dascribe two things: the collection of
the samples, the characterization of the samples. And
then T am going to come back and discuss some of the
ground rules. There was a consensus of the group, and I
vant to proceed right into some of the results.

BR. SHEWMON: Okay. Very briefly, I hope.

MR. BEHRAVESH: How briefly? How many
minutes?

MR. SHEWNMON: One, two.
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MR. BEHRAVESH: As we said, very briefly.

We had to work with what was available to us.
What was available to us at the time was five specimens,
three of them from safe end to elbow, two riser to
elbow, and this resulted in 100 inches of weld. 100
inches of weld wvas wvhat vas available to us.

The activity was performance qualification,
but prior to performance gqualification our interest was
in determining that whether these flaws in these
specimens vere detectable to begin with or not, that is
using different procedures, what made the procedures
different from each other in essence, aside from the
name of the vending agency, is what type of plot they
used, what type of calibration standards they had. And
these vere the major elements, and furthermore what kind
of a recording level they used.

So in order to do that, we had four teams of
us, EPRI, and some people from the vending agency. We
vent over the entire specimens.

(Slide.)

We collected ten sets of data on these
specimens, knovwing wvhere the flaws wvere. We documented
the flaws ahead of time. So we used variations of
frequencies, variations of transducers -- dual element,

single element -- variations of sizes from the different
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manufacturers. And furthermore, we characterized this,
calibrated on the slide rule, did the calibration.

The spectrum of results vere generated on
every single specimen. Now, this in itself could be
called validation in a sense, this preliminary effect,
that is, whether these flaws are detectable to begin
vith or not.

The entire spectrum of data collected on each
flaw was handed over to the NRC people, as well as the
regional inspector.

(Slide.)

Then furthermore, we decided to do other
things, to establish the differences between parameters
of calibrations: side-drill hole versus notch on those
calibration specimens that were provided by the Nine
Mile Point for these specimens. And the results are
nothing strange. For the side-drill hole you find that
the sensitivity appears to be higher by some 6 dB on one
calibration block but 80 on another calibration block.
It's known by everybody, it's confirmation.

After that you have these specimens, now.

What are you going to do with them? What are you going
to require? That's when the NRC people came. We had an
entire day of meetings with them at Battelle Columbus on

October 7, an entire day which went through the
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evening.

Finally, wvhat was decided is the following.

(Slide.)

For example, suppose we have a specimen and
this is its ground state. How are you going to say that
this was inspected and hov it was inspected? Well, one
vay to do it. was the followings Let's say that this
length of specimen represents a certain number of cells
of this material whose state must be assessed and
established with regard to having a crack or no crack.

(Slide.)

So let's put a grid on it. Let's require it
of those people. After all, these one-inch grids
represent the point of view of the transducer, and what
you inspect at one location has little bearing on what
you inspect at other locations. These could be required
as individual inspections, could be, provided that all
other things vere taken into account.

Then ask him to go and have a grid like this
and say, crack or no crack, with the result like this.

(Slide.)

If somebody came here and wrote down, crack,
crack, crack, crack, on these locations, that
constituted a correct call. If there was nc "C/NC"

here, that constituted a miss. If this was here a crack
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call and if there was no flav here, somebody had
recorded "CC", that constituted a false alarm.

Now, which is good, which is bad? In any
given flawv, again the NRC people, in consultation with
their consultant, decided vhat is major in this
specimen. If somebody misses that, that's bad. There
are some things that are there that are detectable, bdut
at very, extremely low amplitudes. Just because we have
seen it in establishing original data, that may no* pose
a requirement on any inspection agency to be able to do
the same.

So all of these considerations went into it,
vent into it and resulted in the pass/fail that wvas
given. And if I can have another 20 seconds to flip
through several slides, that would give you a better
feeling of what --

(Slide.)

This is the type of sample that arrived at
Battelle and we were literally with a hammer trying to
knock the contamination off of it. It was a very quick
activity.

(Slide.)

Every one of them was decontaminated, cleaned,
documented carefully.

(Slide.)
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Everything about them recorded, and the entire
result vas presented tco the NRC, and some of their faces
here are quite familiar here. We went over everything,
wvhat is doable, what is not doable, to what extent, and
then immediately the next morning there came the
inspection teams. There is Kevin Ward looking over the
inspection being performed by a Commonwealth Edison
team.

(Slide.)

They are observing the inspection being
pecrformed by the team on behalf of Northern States
Utilities. I see Warren Hazelton there.

(Slide.)

There is Martin Tom. Everything was observed
during those activities at Battelle and collectively the
group got together and made their decision. And our
role was simply the role of a provider, a facilitator of
the entire activity.

Thank you.

MR. SHEWFON: Let me bring up -- when you
talked about those surface flaws, and I will bring the
question up again, did you try to get into what wvas a
significant flaw? I guess by this I mean the depth or
the cross-sectional area or something of that sort,

which is in a sense the bottom line. Or when you came
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to the leaking ones, did you see the differences there
or did you get the leaking section into your sample?

MR. BEHRAVESH: Several points. We had no
specimens that ve were concerned about depth measurement
in. Again, at the risk of not expressing too much about
the data, the question of depth measurement was not of
concern. The ra2liability of the depth measurement is so
lov and so bad that our guess is considered to be as
good as anybody else's guess in coming up with the depth
of the specimen.

Nov, the length measurement we can do. LlLength
measurement we can do. And the question of significance
of a flaw, they decided -~ it vas like this, that in the
base line data if it is easily detectable then they have
to be able to detect it, too, unless the ones that vere
given avay were the ones that had very lov amplitude and
you could detect them if you knew they wvere there.

MR. SHEWMON: So we are bypassing the
significance for nowv, is that a fair summary?

MR. COLLINSs From the depth -=-

ME. SHEWMON: Any surface crack is
significant?

MR. COLLINS: From a depth standpoint, wve did
not go in that direction. We absolutely cannot discount

that from the experience that wve have had at Nine Mile
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Point and the experience that has been shown at
Monticello.

MR. SHEWMON: Okay, go ahead.

MR. COLLINS: We simply didn't take that into
acccunt in this particular prcgram. We were looking
for, can these be detected by the techriques that the
ISI agenciss are using in their procedurses.

(Slide.)
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MR. BAER: Maybe I can gualify one thing.
Correct me if I'm wcong, Joe or Mohamed, but the samples
that vere used at Columbus were the large bore piring,
and none of those at Nine Mile had 2xhibit through wall
cracke. The safe ends at Nine Mile did have the leakage,
and I don't think they vere a part of this program
because they were of smaller diameter pipe. Is that
correct, Joe?

MR. ETHERINGTON: Would any of these cracks be
detected by an old time boiler with this hammer?

MR. COLLINS: Noe.

MPR. SHEWMON: We could talk about the way they
used to use the hammer, but go ahead.

MR. BAER: 1It's a small diameter, but the safe
ends were not a part of this progranm.

MR. COLLINS: To continue where Mohamed left
off, the consensus then after review of this work that
EPRI had done to characterize the samples, it wvas
generally decided then that some groundrules should be
set up; very simple groundrules.

The first one was that the TSI agency use --
they perform the test just like they would on a
production weld and we would obtain copies of these
procedures for during this timeframe. The level T and

level Ils perform the inspection. That didn't pan out
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so well because as you already recognized, they sent a
lot of their Superstars to examine all five welds, and
Mohamed showed you any indications they identified. We
vanted a copy of the rav data before they leave the
plant and then, of course, the NRC will give the
licensees the result as the final data is submitted.

Eost of them chose to say this is our final
data at that moment, and then we could render a judgment
as to how well they did perform in their testing and the
rating. And I will get into that in a little bit.

Also, they complete the grid with the specific
requirement that they call out what they see as cracks
or no cracks as (C) and (N) designations, as Mohamed has
pointed out on the grid. Let me say this one thing and
I will move on. In the performance capability, cracking
vas understood because that was =-- out at the Nine Mile
Point plant they understood this. Howvever, there are
some surprising results even with foreknowvledge.

(Slide)

Some of the results -- the matrix we have
involved 11 licensee ISI agency test groups. There vere
nine groups of the original matrix completed with a 9/u
type rating. What this simply means is the fact that of
the nine groups, unsurprisingly there are four of those

groups subject to retraining because of the failure to
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identify a significant level of the defects that are

presently in the specimens, and it is based on the

Judgment of the group that these defects should have

been seen by well-planned and established p. ocedures.

We still have this program ongoing at Battelle
at the present time; we simply have not gotten throuaqh
all the ISI agencies involved. But the results to date
do infer that there is a need for establishing training
and qualification programs for the ISI efforts over the
long term.

To further elaborate on this somewhat
extemporaneously, in looking at procedures, some of the
procedures =-- and this has been identified in the region
== the procedures are based on code requirements. And,
of course, the sensitivity levels, the reporting levels,
the recording levels that are in t.ose procedures are
significantly different from the amplitude conditions
that you would normally see from these types of
defects. And that is a significant situation.

MR. BUSH: Joe, a question you may address
later, and if so, you can hold it until then. I
understand that at least some of the teams or the
companies not only use what I would call code
procedures, code frequencies, et cetera, but they have

additional ones that they may be using. They might use
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an L vave instead of an S wvave, for example. Did you -~
obviously, you accepted what they wvere doing, but did
you do an evaluation of such factors?

MR. COLLINS: Not entirely at that depth. In
fact, ve still have the data I'm presenting here which
is preliminary because I have tc bring in all of the
regional people back together, sit down and go through
these different things. Because, just citing an
example, in one instance of failure they did not
identify anything. No indications apparent at all from
their procedural approach.

This raises the guestion of what is the status
of that plant now with the conditions which I will
discuss with some of the others in terms of the generic
issues ve are nowv faced with. We have such things as
have been pointed out before by Dr. Dau; the variances
still persist, transducer sizes, plotting strictly metal
path distances on details, plotting some of the other
variances where ve felt it wvas apparent to us the
reasons they missed these defects.

One amplitude, as one sees it, using their
particular procedures, wvas lower. They didn't fall
vithin the bounds of code evaluation acceptance
criteria, although very definitely cracks. And there

are a whole host of these things that start to
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precipitate out of these approaches.

Another thing, there was less appreciation as
to location. If the experience factor was a total --
and, I believe there had been an effort at the NDE
Center -- the thin wall piping, the training and
sampling on that and the examples now available on the
thick wall piping, this should have become immediately
apparent to them and they would have done a much better
job and there would have been guite a bit of improvement
here.

The other thing is vhat is shown by procedure
is not necessarily wvhat they do. There is a sublevel of
effort that goes on thinking up here. We've noticed
this finite following of that procedure was not
accomplished in all cases.

MR. McCLUNG: Joe, could I raise a question?
You say that in some instances the procedure was not
folloved. Was it observed that they were exceeding the
requirements of the procedures, or perhaps not living up
to the requirements of the procedure?

¥R. COLLINS: 1In most cases, they were going
beyond the procedure. Some of the level IIIs that were
there recognized that there was an IGSCC problem in the
plant because experience has dictated that to them and

they have been involved.
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They looked at these in that regard, taking
things down on the 20 percent back level, changing
transducers, looking at different angles, looking at
other things that were within their repertoire of magic,
if you will, to come to the conclusions simply because
any thicker wall pipe, the defects have a different
location as compared to the thin wall pipe.

MR. BUSHs What you're really saying is that
if they rigorously followed the procedure the track
record would probably be even worse.

MR. COLLINS: Yes. And one of the people who stood
right there said do it like the procedure

non-deviation. In reviewing the procedure it was
predictable that they would not find the defects because
they had not done a detailed cross-section plot of metal
path conditions. And that is an absolute must in this
situation.

(Slide)

Another one. We'll ¢go on now -- how is my
time? This is some of the summary results of the
plant-specific inspections to date. Of course, as you
know, Nine Mile Point, the status has been discussed
with you. Monticello, we did 100 percent of the
recirculation system piping welds. They were

ultrasonically inspected.
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The reason for this particular part, as wvas
explained to us by the utility, they were changing their
lagging. They were seeking the opportunity to do all
the velds and to provide, recognizing what we were
seeking is does a generic issue, simply because in the
revievw of the Nine Mile Point there were no unigue
things presented by GE's discussion of their review of
the plant conditions. Namely, the wvater chemistry
conditions of the piping material, certification, all
these other unique factors that may lead to why Nine
Mile Point was unique didn‘'t precipitate out.

In Monticello, they find one 22-inch
recirculation header weld, which is an end cap to pipe,
vhich required repair due to the IGSCC. This was
confirmed by radiography, having both some
circumferential cracks and some actual cracks. There
vere 12-inch recirc riser pipe welds. These were elbow
to pipe welds. These required repair.

There is a story within this Monticello and it
vould certainly appear on the record.

In the first instance here, in the
recirculation lines, some of the crack indications
identified by the ISI organization, as I understand,
vere low level thickness, through wall, expressed at

some 10 percent of the wall thickness that could be
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estimated with the state-of-the-art approach.

The decision wvas made to repair those four by
the over-cladding technique, and the preparation of the
surface wveeped. They uncovered conditions which suggest
in some instances the intergranular attack may precede
the rupture mechanism in a step manner. That is my own
speculation because as it was explained to me, these
vere small drops, veep type condition.

They had these four finished (indicating);
this one was completed and proceeded to hydro to the
requirements of the code. And diligent examination,
visual examination, showed that there was another one
that occurred. This leaves open to question: in spite
of our efforts for performance capability, there is
still something escaping. And I think the factor is
reliability and certainly a need for establishment of a
formal qualification program to take all of these
conditions into account.

MR. BUSH: Joe, your one word was really on
the strong side. Did you mean rupture or that you will
certainly have through wall with substantial leakage?
There is a difference.

ME. COLLINSs I think you'll have through
vall, but these as they vere explained to me =-- there

vas a Jdrop that would form, they would wipe it off,
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another drop would form, they would wipe it off. This
brings into question the effectiveness of the leak
detection system.

I am personally avare -- and I do believe on a
personal basis that these will proceed through because
they vere in local conditions; these weren't continuous,
apparently.

¥R. BUSH: I have no argument with that. You
used the word “"rupture.” "Rupture" infers that the pipe
is going to break.

MR. COLLINS: I'm sorry if I said that.

MR. BUSH: I Jjust wanted to clarify for the
record what you meant.

MR. COLLINS: Should I say crack growth
condition.

MR. BUSH: No question about that.

MR. McCLUNG: Joe, vere the actual inspection
pers~rnel at Monticello the same individuals who
participatad in the qualification tests at Pattelle, or
is this the case wvhere there were representatives at
Battelle from the inspection agency?

MR. COLLINS: I asked that guestion directly
to the inspection agency. They had done about a 30
percent level themselves. Also, =-- but this is hearsay,

but discussing it with them, it was a level I that
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called out the end cap problem, identified the end cap
problem and caused them to take a second look. They did
conclude that it was cracked. It was re-radiographed
and confirmed to be cracked in the wveld.

MR. SHEWMON: I didn't understand the ansver
to the question. You said there were 30 percent =-- sort
of about one-third of the people who took part in the
Monticello inspection had gone through the West
Jefferson program? What was this 30 percent number?

MR. COLLINS: The inspection agency that
performed the work at Monticello, the people that
performed that work at Monticello were at our
performance capability test.

MR. SHEWMON: Thirty percent of them wvere?

MR. COLLINSs No, the two that vere involved
with Monticello. Tvo level IIIs. They did 30 percent
of the vork involved in this plant in inspection.

MR. SHEWMON: Okay.

(Slide)

MR. COLLINS: Hatch 1 -- .

MR. SHEWMON: How many more viewgraphs do you
have?

MR. COLLINS: Oh, just the results of the
plant findings to date.

MR. SHEWMON: Well, wve're running behind
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again. Thank you.

MR. COLLINSs 1I®1l1l try to hurry. The UT
inspection now in progress. They did select an original
sample to start 19 recirculation system welds, and there
are 11 RHR system welds. They do see linear
indications. It's a question of is it IGSCC or what are
these indications? They are found in the followings

There's one 20-inch elbow to pipe weld in the
RHR. One 28-inch one, again, in the elbow to pipe weld
in the reactor coolant piping. Four 22-inch manifold
cap welds on the reactor coolant, and one 22-inch branch
connection, which is the saddle type, on the reactor
coolant.

This vas performed with foreknowledge of the
findings at Monticello. Because of these findings, they
1id an additional 19 welds in which they find favorable
results. They are continuing -- the licensee is now
continuing to evaluate this problem with respect to that
plant. And, of course, some options, considerations for
further characterizations of these indications and
possibly further additional sampling examinations and
the repair methods, should they get into that
requirement.

MR. BUSHs Joe, you have no dates on those.

Can you kind of put us in perspective as to did that
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occur -- and I think I know the answver, but -- was it
two days, two weeks, two months ago, or what was the
situation?

MR. COLLINS: This data was handed to ma last
evening.

ME. BUSH: I suspected that was the case.

(Slide)

MR. COLLINS: Quad Cities for the present time
seems to have -- based on the sample seems to have
escaped the problem for the moment. This represents a
10 percent sampling level of effort.

(Slide)

Millstone, one of the vintage plants. The
systems, of course, are the recirculation system where
they examined some 12 wvelds. The low pressure coolant
injection is three, the reactor wvater cleanup was three,
isolation condenser vas seven, and there wvere two others
that I must come back and fully identify.

The IGSCC was identified in one of the
isolation condenser welds outside containment. I
believe you will recall that that isolation condenser
system was upgraded to a Class I, and this seems to be a
continuation of the original problem found inside
containment. There is nothing surprising there.

(Slide)
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Gentlemen, that concludes what I have to say
at the present time.

MR. SHEWMON: Do you have your first viewgraph
again, or at least, on that you said that you thought
there was a need for a formal training and qualification
program. And what e2lse? What other needs do you see or
-=- go ahead.

MR. COLLINS: I think Dr. Dau has covered a
lot of these situations in the background. I don°'t
think ve've seen anything different here.

MR. SHEWMON: What I'm trying to get at,
though, is what you think is needed to improve the
quality of the inspection. One of your recommendations
or comments has been there is a need for formal training
and qualification.

MR. COLLINS: Yes.

-MR. SHEWMON: What else, or what do you try --
okay. What else? Or is that the main need, as you see
it?

MR. COLLINS: At this particular time,
1iscussing the metallurgy, we go back in history and
look at the whole history of the problem which has been
discussed. I would make one comment at this point in
time; that back in 1970 when we did consider the problem

at Nine Mile, and looking at the situation of the
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chemistry controls in the plant, we recognized the
partitioning effect of oxygen in the radiology. There
was a potential for this to be a problem at that point
in time.

The materials themselves vere called into
question on a generic basis. That was the implication
at that point. We could go into that further if you
care to at this point in time.

MR. SHEWMON: Any other questions?

MR. BUSH:s Well, I don't expect an answver, but
I guess my evaluation would convince me that so long as
we have systems wvhere the operator is a major variable
== in other wvwords, he's the interpreter -- unless wve
could somehow or other -- and I'm not sure training is
the ansver =-- raise the level of correct interpretation,
ve are going to keep facing this problem. It is not an
IGSCC problem. T can cite it in several industries with
several types of cracks. The Air Force has the same
problem; they get 50 percent reliability detection, 95
percent confidence, about 90 percent of their teams and
10 percent or 95 percent confidence =-- obviously, the
individual is going to be a big factor, which I think is
beyond the scope of what IEE can do but I don't knowv how
ve solve it.

¥R. COLLINS: Well, my comment here on this
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training qualification was made within the context of
the state-of-the-art of the work that is now ongoing. I
think that can be improved.

I think that as new technology evolves, there
is a good reason for training those people into that
technology and transferring the technology through
various approaches.

MR. SHEWMON: I think another big positive
step has to be to have them indeed calibrate things. If
they are looking for a crack, they do it on a crack, not
on somebody's drilled hole.

MR. McCLUNGs I was going to raise the point
that the techniques are very operator-dependent. We all
recognize that. We look at validation studies at
Battelle for those people who are in attendance. But as
Spence pointed out earlier, there are probably gquite a
number of other people that will be actively scrubbing
the pipe.

Are there g¢going to be some steps taken to
assure some sort of on-site certification or something
to assure that the man doing the inspection has had the
proper training, such as perhaps EPRI is providing, and
as Dr. Shewmon indicated also, a variable within the
calibration standard, wvhether you drill a hole or not or

preferably, certification of the capability to find the
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And another thing that's a variable -- there
are many variables in ultrasonic examination that wve
recognize, of course, -- the validation should be
performed by reputable equipment. There are variations
in transducers and ultrasonic instruments even with the
same name tag. And perhaps some consideration should be
given to some on-site demonstration with the actual
equipment that is going to be used, the actual operators
and perhaps some realistic standards.

I wanted to raise the question with Mohamed.
I've got my own opinion of the ansver. There are some
extensive specimens of IGSCC in smaller pipes. You
don 't have this sluggage rate in the large diameter
pipes. FHow useful would the smaller pieces be in
training or in validating an inspection of the 28-inch

pipe?
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MR. BEHRAVESH: It is hard to prove that they
are the same. However, we have up to now no reason to
belijeve that they are drastically different in terms of
the characters of the reflectors.

Now, where IGSCC occurs in a large-diamater
pipe is different than when it occurs in a
small-diamater pipe. But the character and the
characteristics of the crack, we find them to be very
much alike on the basis of what we know today. What is
available today is much better than what was available 2
years ago.

MR. MC CLUNG: So training on those specimens
would give a big step up toward assurance that the man
doing -- the person doing the job would be gualified?

MR. BEHRAVESH: VYes.

MR. BUSH: Let me make one point if I may.
It*s a point that Joe made, and the point that Bob
inferred; that is, that there is a vwritten procedure and
the people who do well use the written procedure as a
starting point to do a lot of things beyond that.

Now, as soon as you move to other teams in the
same company that have that procedure but do not
necessarily have that same approach to the problem, I
think there is a very finite probability -- I wvould say

a very high probability -- that their track record will
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not be the same, which means that you have either to
modify the procedure to put in these little quirks of
how you rotate or how you shift from one set of
transducers to another.

And so any assumptions that are made that a
given team and a given company who has done very well,
that that will be on a one-to-one translation to another
team from another company I think is in error. That's
my personal point of view,

MR. COLLINS: Let me say something in defense
of that. We did recognize that particular problem and
made direct comments to the utility in this progran.
They willingly accepted it and recognized the fact wvas
that that procedure must deal specifically with IGSCC,
the techniques that they use must be corrected, and that
that procedure must be updated, that training must go
forth to their Level Is and lLevel IIs. And they didn‘'t
back down, they pushed ahead with it.

¥R. BUSH: I agree completely with that. That
has to be done because if you don't do it, I think you
are simply back where you can have no common basis. We
sav the same thing in the industrial cooperative program
under PVRC.

MR. COLLINS: Dr. Bush, to o one step

further, ve did go througt this monitoring program at
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that that transfer of information was actually duly
outlined, and that work did go forward, and it did.

MR. BUSH: Very good.

MR. SHEWMON: That's all then. Thank you very
much. You have my permission to go home and go to bed.

¥R. COLLINS: It has been a long day.

MR. SHEWMON: Mohamed, you said that there was
a move to get a cracked pipe in the hands of each
utility. Is it the implication of that that it would be
used for some of this on-site calibration and training
that Rob brought up?

MR. BEHRAVESH: Not only vas there a move,
it's a reality now. They have had it for the last year
or so. Now, what we have seen is that the people who
have had it, the representative people from the utility,
came, went through the wvorkshop, and when they went home
they took a specimen with them and they used that to
further train other people within the utility. And
although they own one specimen, they have access to a
far larger number.

One specimen is what they own, but wve give
them a specimen as they wvant, and the majority of our
specimens ~-- we are like a library -- the majority of

our specimens on a given day are outside the center.
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That is what they are using, and ve are seeing the
results of it. We are seeing the results of it, that
the people are much more in tune with he problem of
ultrasonic detection of IGSCC.

Now, there are good ultrasonic inspectors, but
what it takes to make him skilled in IGSCC detection is
vhat is now just becoming available.

MR. SHEWMON: Gary.

MR. DAU: I would like to make an additional
comment to that. These samples wvere provided to the
utilities as part of the BWR Owners Group. One of the
observations that I made is that a lot of the people who
have been at the workshops and who are working with
these samples are the utility personnel that are working
hard to upgrade their own skills. The majority of the
IST is still conducted by outside vendors. And I am not
sure that we have gotten through the process of getting
all that information to the vendors themselves.

MR. SHEWMON: Let me comment to the Staff.

One of the reasons that I beat on you, and [ guess will
continue to, from the regulations point of view is it
vas brought u at the break that the utilities are under
a lot of pressur. to keep costs down. So the beanm
counters say, yor Jo out and you get the cheapest

inspection team that you can.
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The cheapest inspection team is the one that
uses minimum procedures, and the minimum procedures are
defined by the code. So how we, in a sense, give the
utilities the ability to go out and get a better
procedure applied to their plant and pay for it is at
least part of why it would be nice to have it in the
form of regulations. Okay.

MR. BAER: If I could just add one comment.
It relates particularly to the recent findings on
Monticello. They observed =-- their terminology was
three types of cracks: ones they called axial; ones
they called circumferential; and the ones that gave thenm
the biggest problems that vwe know of, the ones that Joe
referred to where they really 4idn‘'t call, in some
cases, didn't call a crack at all, or in some cases a
very minor crack or the ones they called spiral. And I
don't think that's really the right term, but the crack
is very close to the wveld itself.

I don't think -- maybe procedures would help,
but I don't think it wvas a question of them trying to do
a sloppy job. Apparently, it vas really to get the
right angle and distinguish a crack from a veld is
really a skill that at least in most cases is not
available.

MR. SHEWMON: I suspect losing pipes, I will
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kid you when you come down he< e about you'll find more
by UT or by leaking, but it is still going to continue
to be an effective way to find them.

MR. BAER: Yes. As a matter of fact, I don't
even know if Joe is avare of this, we had the NRR/IF
interface Wednesday before Thanksgiving, what they were
using at Monticelloc on their latest hydro was a
moisture-sensitive penetrant into the weld, one that
they found -- this is beyond the ones that they
discussed here -- vas because the penetrant changes
color.

And there wvere several others that they were
evaluating then, and we didn't have any details. They
indicated there vas some indication of color change.

MR. BUSH: Just to comment, the gquestion about
significance came up. And about 2 years ago I persuaded
the ASME group that wvas concerned with flawv evaluation
to give serious evaluation to establishing how much you
can stand with regard to having a crack in an austenitic
pipe, because it was my assumption at that time that
sometime in the next 3 or 4 years we were going to be
faced with another large crack out at Duane Arnold and
it vould be very nice to have on the shelf the technique
to evaluate this and say, well, we can buy 6 months

before we have to make a repair.
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It vas really a question in the plant. I am
Sorry to say that ve missed it by about 2 months. We
had" the procedure in hand. It had been approved to
levels. It indicates you can afford to have a very
large flav in this material, but it really wasn't
available at the magic time for Nine Mile Point. So wve
vere about 6 months out of phase. I think it may help
octher utilities.

The idea is not to say, I can run this plant
forever, but it may say, I can buy 6 months® time to the
next long outage. And I think that is definitely a
value.

MR. MC CLUNG: I would like to offer another
comment relative to Dr. Shewmon's about the utility
buying the lowest bidder to perform the inspection.
Another point that wvas made in the comments data was the
amount of time allotted to an examination of the weld
and the variation in results. This also can be a factor
of how much time a utility will allowv an inspection team
to get in and get out. We sav it took a great deal more
time to do a valid job.

MR. BAER: It is partially economics, but
there is man-rem there also. Once the inspector has
gotten his quarterly dose, that is it for that quarter.

MR. SHEWMON: The last comment, Joe, and then
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we go on to Serpan.

MR, COLLINS: I just wanted to add something
to wvhat Dr. McClung said. There is a subtlety now
existing. We have got to face it somehow, and I want to
say this in support of the training qualification
program. We cannot overlook the situation with regard
to burnout of people. The slippage that occurred in
Brunswick, there is a direct relationship there.

Secondly, the lowest bidder is one item that
is pervasive in itself. The next one is that these
levels are exceeding their dose. Third, there are
younger people practically gun fodder nov being trained
to do this work, and wve don't know where we stand with
thenm,

MR. SHEWMON: On that cheerful note, we go on
to vhat Research will do for use.

(Laughter.)

MR. SERPAN: My name is Charles Serpan. I am
head of the Materials Branch in the Oft.<e of Fesearch.
I will be very brief at the outset today, and I expect
that I will not take the full hour this afternoon
describing our research programs.

What I wvant to do is simply start of. and let
you know that we are here, that we run research prograns

in nondestructive examination of materials, and wve will
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showvw you what those are.

(Slide.)

The important programs that we have got are a
large one ‘at Pacific Northwest Lab. It's called
Integration of Nondestructive Reliability and Fracture
Mechanics. That program is aimed primarily now at
piping inspection, but it also have verv important
pressure vessel components.

The principal investigator, Steve Doctor, is
here today, and he will have the majority of the
research presentation time. He is going to tell you
wvhat they've been doing in those progranms.

This is a utiliation of SAFT-UT. We have
transfered the work to the University of Michigan, and
now ve are attempting to get it in the field. This work
is oriented at a much better resolution of flaws by
ultrasonic testing, and we are working to make it a
real-time detection as well.

I would like to drop down here to this progranm
at Argonne. We have a large environmental-assisted
cracking program. That has a small component in it of
nondestructive examination, looking at ways to
discriminate between intergranular stress corrosion
cracks and geometrical reflectors. It is guite new, and

it is not mature yet.
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The rest of these programs, acoustic emission,
eddy current, and the large steam generator tube
integrity program, that is primarily eddy current, and I
will not go into that at all.

MR. SHEWMON: What does "AE"™ stand for?

MR. SERPAN: Acoustic emission.

(Slide.)

I would just like to quickly introduce what we
are up to in the research work related to Nine Mile
Point. Pacific Northwest Lab has developed for us under
that large program a lab characterization method and
piece of equipment that is now in use at the EPRI NDEC
Center for characterization of the actual transducers
and equipment. This already says that.

The information has been published in
NUREG/CR-2264, and those specific methods are being
adopted and being written up as ASTM standards. So the
work from the research standard is actually getting out
into use.

PNL is nowv working on developing procedures,
equipment, and personnel gualifications. 1It's the sort
of thing Joe Collins needs to lay on people when they do
this sort of work. We have already come up with the one
NUREG -- I should say PNL has -- NUREG-2468, which is

the state of practice review of ultrasonic in-service
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inspection of Class 1 piping.

They have also observed the trials at
Battelle-Columbus, and tomorrov they will be starting
making recommendations for update of IEE Bulletin 82-03.

Finally, I would just like to review again
completely the things that we have undiasrway that are
related to the code and reg guide activities.

(Slide.)

The PNL research vork was the basis for the
code case N-335, which you have already heard about this
morning, upgrading the rules for UT examination of
similar and dissimilar metal piping welds. Reg Guide
1.150 vas very generously upgraded. A revision of it at
least vas provided by the industry. We are now working
on turning that into Revision 1 of that reg guide. We
don't have a schediule on it yet, but we are working on
that.

MR. SHEWMON: Is that going to come up again
today?

¥R. SERPAN: Yes. Jack Lance is going to talk
about that. Put the status is the industry's efforts on
that have been transfered to us, and ve are now in the
process of rewvorking that to get that into the revision.

MR. SHEWMON: Jack Lance won't be here, but

Gary Dau's going to do that.

ALDERSON REPORTING COMPANY, INC.
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Let me mess up your schedule some anyvay.

That is out as a reg guide. You can now offer a
revision to that whenever ycu want ro. Tt has to go
through your internzl review. Jt then gces out €or
comment?

MR. SERPAN: Yes.

MR. SH:WMON: And that, if you had the reg
guide ready to send out for comments now, it would :
Rev. 1 on the street and in force a year from now or 6
months from now?

MR. SERFAN: T would guess about a year.

MR. SHEVMON: That is even after you had it
all vritten and internally approved?

MR. SERPAN: 1lt's on that crder lecause it has
to go through CRGR, it has t> come back thrccyh the
ACRS. We do have to get the comments back in. Sc it
has to go through all of that busirass.

MR. SHEWMON: I was thinking of that as
internal. Put you're saying after yocu have had it in
your division agproved, th2n it takes a vear?

MR. SERPIN:s Oh, yes. Or on the order of
that. It is a long time to get all these reople
scheduled.

MR. BAER: And in fairness, Pr. Shewmon, as

reg guide to then there has to be some implementing
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piece of paper that requires plants tc do it. A reg
guide per se is not a regquirement until somebody writes
a letter.

MR. SHEWMON: Spence told me yesterday that
it's possible that the ASME people could move faster,
but I was skeptical. But he is probably right.

MR. BUSH: I said possible, not probable.

(Laughter.)

MR. SERPAN: To finish up, wve have a reg guide
on the books thut we are attempting to wvork on
ultrasonic testing of austenitic piping and welds. This
reg guide is under development. What we are wvaiting for
is research wvork so that we knowv what in the wvorld to
write and have it accurate.

What is gecing on at PNL right now is what is
necessary to go into that reg guide, but again it's
going to take time to get it out.

MR. SHEWNMON: 1Is* it possible that PNL could
run a 1-day workshop for you or something to get
industry input before it goes out for comments? Or what
vould be the mechanism there?

¥R. SERPAN: NWe intend to get very intense
with PNL right nov in this area because I understand
Warren Hazelton is in the process of upgrading, what is

it, 0103-13, which is looking for stress corrosion
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cracks. And that certainly is looking at that
information as well.

We are going to get PNL in. They might not
even know that yet, but we are going to get you guvs in
very soon with Warren and the NRR staff and try to find
out what it is your have, wvhat you can transfer, and we
vill get the people from Argonne in as well. We will
try to get those people in. If we can do it this month,
I vould like to. But you may not want to come back to
Washington this month. But it's going to be very soon
because he's working on it.

MR. SHEWMON: Some holiday at the end of the
month may interfere with that.

¥R. SERPAN: I am sure.

Lastly, vithin this area of code and reg guide
activities, a lot of what we have to do is build up a
data base of information for the code acceptance. We
are wvorking on that in the area of the eddy current,
steam generators very much, and acoustic emission
detection, in addition to getting all of this base data.

That's all T wvant to say right now. I want to
turn it over to Steve.

MR. SHEWMON: The acoustic emission is the PNL?

MR. SERPAN: Yes. That's also PNL.

MR. SHEWMON: Llet me make one comment to PNL.

ALDERSON REPORTING COMPANY, INC.
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You are PNL?

MR. SERPAN: Yes. But they’'re not the
acoustic emissions people.

MR. SHEWMON: When Mohamed was talking this
morning about getting acceptance by giving a physical
basis for what he vas getting in the UT, I guess,
instead of just a statistical correlation, I hope that
vhen he gets that procedure worked out he sends a copy
up to the PNL people unless they have done better than
they vere a year ago.

MR. SERPAN: That's all I had, as I said, at
this point. Oh, I am sorry, Joe.

MR. MUSCARA: Joe Muscara, NRC Research
Office. Just a short comment in the acoustic emission
vork which wvas overlooked in the presentation. It is
aimed at acoustic leak detection using acoustic emission
tor the characterization.

MR. DOCTORs Since we are running behind, I
have got about a half-hour's vorth of presentation. I
am wondering do we want to delay that since I am on
right after lunch also, and tie those things together?

MR. SHEWMON; Why don't ve go on. We'll do a
half an hour nowe.

ME. DOCTOR: The vessel is scheduled for after

lunche.
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for lunch.

MR.

SHEWMON: With an hour hiatus in between
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(Slide.)

M¥R. DOCTOR: I dc have handouts. Greg and
Tom, can you pass those out, please?

My presentation today is in the handouts. I
would like to start off by first identifying the
program. It is referred to as the integration of NDE
reliability and fracture mechanics. I am the progranm
manager. At Battele. Dr. Joe Mascara is the progranm
manager here at the NRC. The program presentation will
focus on what the programmatic impact is on Nine Mile
Point and the near surface crack detection problen.

I will give a short reviev of early work, the
vork that went intc the N335 code case. I will talk
about the current work with regard to these twvo items,
and some of the future work that we are involved with.

(Slide.)

MR. DOCTOR: 1In order to give you an idea as
to what the overall objectives were of the program, to
see how that provides data that impacts the two issues
that are on the agenda today, the program objectives
vere to determine what current ISI reliability is in the
field today using probabilistic fracture mechanics to
determine what the impact of the NDE unreliability is,
-0 evaluate what kind of improvement we can achieve with

advanced improved NDE technigues, and finally, to take
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this information and wvork it into the appropriate
codes.

(Slide.)

MR. DOCTORs The scope of the work is
specifically dealing with the effectiveness,
reliability, and adeguacy of ISI as it pertains to
primary piping systems for service-induced cracks or
defects and the pressure vessel with heavy emphasis on
the near surface crack detection problen.

(Slide.)

¥R. DOCTOR: I have one vu-graph here with
regard to the early work that I wvanted to kind of
summarize, because I think it is extremely important.
Most of the wvork is a series of parametric studies that
are reported in the Phase 1 report, which is this
NUREG-1696, published in October of 1980.

At that same time, ve also incorporated these
recommendations into a rule vhich wvas sent out by the
NRC. Specific items that wvere addressed was calibration
sensitivity. The recommendation was that the recerding
level should be lowered from 50 percent to 20 percent
DAC, reporting from 100 percent to 50 percent. They
recommended that they use a semicircular notch of a
one-half aspect ratio depth allowed by the code.

In essence, these have been incorporated into
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the code case N335.

We recommended also that instead of a
US5-degree sheer to use 60-degree sheer. We felt this
made an improvement with regard to defects that vere
surface-connected but not normal to the surface. This
particular item did not make it into the code case. Ve
are still aivocatas, however, of it.

In the evaluation of the data with regard to
sizing, ve wvere unable to find a single technigue that
vould provide very accurate sizing for all
service-induced defects of interest. In terms of the
existing code, the scan overlap was only 10 percent. We
felt this should be substantially improved. Our
recommendation wvas that on two adjacent scans we should
get a recordable signal from a semicircular notch.

In essence, this is incorporated into the
code.

We also on a parametric study came up with
limitations on the size of the search unit. It became
very evident from that data that if you use too large 2
search unit, small defects would be missed. We also
made a recommeniation with regard to the austinitic and
dissimilar metal velds that the inspection of the
procedures, equipment, and personnel should be

qualified.
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MR. BUSE: Steve, before taking it off, I
think that wvas an unfortunate selection of words on
sizing, because I think what you really mean is that no
one procedure or technique will cover everything, but
perhaps by combinations one could do it. It sounds as
if nothing will vork, and I don't think that is your
intent.

MR. DOCTOR: That is true. Except in the case
of IGSCC, we have not been able to find anything that
has worked reliably with respect to IGSCC.

MR. MC CLUNG: On the recording levels of 20
percent and 50 percent which you indicate are in code
case X335, are those requirements consistent with what
ve are seeing on these recent Nine Mile Point validation
requirements? Will this find the IGSCC which is of
concern?

MR. BEHRAVESH: I really don't like to =-- by
ansvering your question, I would be giving data awvay,
and I can't ansver that.

MR. SHEWNON: Bob, the good part is, I think,
everybody agrees that it is a step in the right
direction.

MR. BUSH: Well, I can answer it on the basis
of the extensive British data. I still think it is

inadegquate. I think you really have to consider 20
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. 1 percent in the near surface region, and I apply this
2 across the board to almest all classes of defects.
3 MR. DOCTORs I think these are very positive
. 4 steps forvard with regard to improving the current
8§ code.
8 MR. MUSCARA: They require 20 percent, but it
7 also requires that if an inspector believes he is
8 looking at a crack regardless of the amplitude level, he
® needs to record that.
10 MR. DOCTOR: That is true. That is in the
11 code case. It, howvever, was not one of our
12 recommendations that ve made at that particular time.
13 Since then, we will agree with that and we most heartily
‘ 14 support ic.
15 MR. BUSH: For the record, since it hasn't
16 come up yet, the code actually regressed. For some
17 period of time, it required 30 percent stack reporting.
18 After a lot of arguments, it went to 50, 100 percent,
19 wvhich unfortunately I wvasn't able to fight
20 sufficiently. As I say, this is the first step, but it
21 is a necessary step.
ER. DOCTOR: I have some data showing the
performance of this with regard to the piping round

robin data. Let's move on to that piping round robin,

a ¥ B B

because this is the data that impacts the issue of Nine
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Mile Point.

(Slide.)

MR. DOCTOR: The objectives of the piping
round robin vere specifically to measure the current
level of inspection reliability as practiced in the
field, to determine wvhat the sources and the magnitude
of inspection errors are, and thirdly, to determine what
the information that is needed is in order to develop an
inspection reliability model.

With that, then, cne can extend the results to
other conditions, such as different pipe diameters,
different vall thicknesses, et cetera.

(Slide.)

MR. DOCTOR: The materials that were used in
this piping round robin consisted of ten-inch Schedule
80 containing thermal fatigue cracks, ten-inch Schedule
80 IGSCC, centrifugally cast stainless steel, and a
carbon steel that had a stainless steel ID cladding.
These are materials that are used in the primary piping
systems in all U.S. reactors.

(Slide.)

¥R. DOCTOR: The test matrix that wvas
developed is shown here. We vanted to evaluate not only
the current field practice that wvas being employed. We

also wanted to evaluate improved procedures that we
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developed there at PNL. The inspection conditions were
laboratory and difficult, laboratory meaning the
specimens laying on a bench; the difficult condition was
the specimen was in a very awkward position where the
inspector had a difficult time making measurements,
seeing both where his hand was located and the scope at
the same time.

The numbers shown here reflect the number of
trials that each of the inspection teams were subjected
to, numbering about 250. There wvere six inspection
teams, so ve are looking at roughly 1,500 measurements.

One condition that is shown here is near sight
and far sight access. Near sight would be like a
pipe-to-pipe wveld vhere you could see the defect without
going through the weld itself. Far sight access would
be similar to a pipe-to-component weld configuration
vhere, in order to see the defect that would lie on the
component side, the ultrasonic beam had to traverse
through the weld itself.

(Slide.)

MR. DOCTOR: Very quickly, this is an example
of one of the typical test specimens. This happens to
be a piece of the clad faritic. This is the cladding
shown here. The pieces are roughly 18 inches in length

and about eight inches in overall width.
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(Slide.)

MR. DOCTOEs What is shown in this next
vu-graph is the difficult inspection position, as you
can see. This is a ten-inch pipe located here. The
inspector is actually laying on the floor to perfecrm the
inspection.

This happens to be the level 2 making the
inspection. Level 1 is recording the information.
Typically, a level 3 does the evaluation, as shown
here. We have an observer that wvas present during all
inspections. The key thing here is that taie level 2 is
making the decision as to what is t¢ be recorded for
further evaluation by the level 3. That is an extremely
important point, because if he doesn't record something,
then the level 3 has nothing to evaluate.

(Slide.)

HR. DOCTOR: 1In order to address some of the
concerns about the team members that participated in
this round robin, there were a total of six teams, so ve
had six certified level 3's, level 2's, and level 1's,
We have got in a tabular form here the average
experience in years for each of the inspectors, ranging
from four to 23 with an average of 10.2 years.

The average number of PSI's and ISI's that the

level 3's participated in was 28. The range was fronm
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seven to 62. The level 2's vere quite experienced: as

you can see here, 7.4 years of experience; 16.7
inspections that they were involved in. And, of course,
the level 1's were very inexperienced.

Again, I point out that this is a very key
element right now in terms of if this gentleman does not
record something, it will not be evaluated.

(Slide.)

MR. DOCTOR: Now, I have got to establish two
definitions, because I am going to be presenting some
results that are really the heart of the work. These
are recording probability. The recording probability is
the probability that the signal from a defect will
exceed the recording threshold. Second, there is the
probability of detection. This is the probability that
the signal will be recorded and correctly interpreted as
a defect.

Those are the two parameters that you are
going to see plotted in the next seven vu-graphs showving
the results of the round robin.

(Slide.)

¥R. DOCTOR: Okay. This particular vu-graph
plots probability of detection. This is the probability
that you get a recordable signal and that it is

interpreted as a defect versus percent through wall for
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clad faritic near sight access condition, and this is
the field condition. We termed this code for these
plots. It is a condition for which the teams would
actually be employing while they are making a
conventional inspection.

This is an average performance for all six
teams that participate in the round robin. You can see
here that basically for something that is about 15
percent through wall, there is roughly 80 percent
probability of detection. That is quite good.

(Slide.)

MR. DOCTOR: The improved procedure is shown
here, again, for the same identical conditions. The
only difference between this and the previous plot is
that in this particular case ve have had them lowver
their recording threshold and also record anything that
they thought was a crack. In all the trials that were
conducted, they found every defect except for one.

In terms of false calls, that is what is shown
plotted right here (indicating). They had about a §
percent false call rate. That means five out of 100
specimens would be falsely identified as being defective
vhen in fact they wv:re not.

If you look at the comparison then between

vhat they have performed here with their field procedure
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and the amount of improvement that ve obtained simply by
making those two changes, namely, lovering the recording
threshold and calling anything that behaved like a
crack, this is the performance that they obtained. It
is a rather dramatic improvement, very nearly 100
percent, 96, as a matter of fact, for something that is
10 percent through wvall, extremely good performance.

(Slide.)

MR. DOCTOR: We also evaluated the far sight
access condition, wvhat happens if they have to look
through the weld and have the adverse properties of the
weld interact with the beam. We wvanted to try and
determine vhat that effect wvas so ve could look at the
pipe to component type of weld configuration.

What is plotted here is that performance for
far sight access, you see that they were roughly
operating at about an 80 percent level of detection.

(Slide.)

MR. DOCTOR:s Now, if wve go on to centrifugally
cast stainless steel, recognize that is not the Nine
Mile Point situation, but it was one of the materials
that we used. We want to have you observe that we have
got defects that range roughly up to 40 percent through
vall. This is the best performance of any team that

looked at the centrifugally cast. Two teams declared it
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a no test. They felt they could not ietect anything.
And after going through part of the examination, they
just said, ve are not going to look at any more, because
ve absolutely cannot find anything.

The other three teams that were in the round
robin ranged roughly here between 10 and 20 percent.
This particular team has the appearance of working
vell. The difficulty here is that their false call rate
is 50 percent. So they are essentially saying that S50
percent of the clean material is in fact defective.

So, wvhat that does is, that essentially gives
you an offset, a bias to this information. In effect,
their actual performance is really ranging at best at
about 30 percent, because if you look at the recording
probability, every time they recorded something, they
essentially called it a crack. So, in essence, you can
shift them down and they really didn't do any better
than any of the other teams. They just simply had a
high false call rate that biased the information
upward.

MR. SHEWMONs: Stainless steel castings come in
pump casings for Westinghouse plants. Is that right?

MR. DOCTOR: This is also primary piping for
Westinghouse.

MR. SHEWMON: Westinghouse centrifugally casts

ALCERSON REPORTING COMPANY, INC.
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their piping, too?

¥R. DOCTOR: That's correct. What we are
finding here is that in essence, you have got a very
poor probability of detection for any kind of defect out
to 40 percent through wall, a very lcwv probability of
detection for that aaterial.

¥R. SHEWMON: But the good news is that since
it is faritic and it is PWR, there is not a track record
of IGSCC. 1Is that right?

MR . DOCTOR: That is correct. To my
knowledge, they have never found any cracks in the
centrifugally cast stalnless steel primary piping.

MR. MC CLUFGs Excuse me. You probably said
this, but is this in the base metal, or are these flaws
in the welds?

MR. DOCTOR: These flaws are all located fronm
the edge of the weld root outwards. They are alsoc all
circumferential in nature. We have no axial welds in
the data base -~ erycuse me, axial oriented defects in
the data base.

MR. ¥C CLUNG: Coming from some who have
performed some of the examinations, they felt they could
get sound through the weld more easily than through the
base material.

MR. DOCTOR: That is correct. The grain
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structure within the veld is much smaller than the grain

structure from the other metal.

MR. STONE: I just wanted t- add a guestion.
Is vhat you are showing here what you would term vour
near sight access team?

MR. DOCTOR: VYes, that's correct.

MR. SHEWMON: Onward.

¥R. DOCTOR: Let's move on, then, to the
material that pertains to the Nine Mile Point.

(Slide.)

MR. DOCTOR: What I have plotted here is the
performance of the six teams, shown here by these
various symbols. The thick, solid line here is the
performance of the average of all six teams. We are
plotting probability of detection versus percent through
vall. The conditions are the IGSCC near sight access
and the code or field practice.

As you can see, there is a fairly large
variation here. The important thing to note is that in
essence all of these teams vere using an augmented
procedure. This team located down here, the lowest one
¥as using a1 code minimum procedure. So if one wvere to
look simply at this data and reflect on performing a
code minimum inspection at Nine Mile Point, your

probability of detection is essentially 10 percent. You
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veuldn't expect them to find anything.

Furthermore, the false call rate exhibited by
these teams in all cases -- I haven't plotted it to try
to keep the graph from getting clutrered up with some
additional samples, but they all range between 20 and 40
percent.

MR. MC CLUNG: Do you consider these to be the
superstars from the various inspection agencies?

MR. DOCTOR: No. What we did when ve set up
the round robin was, ve requested the teams provide us
vith a list of people that we could choose from. In two
cases vwe had to take teams that wvere available. In the
other cases, ve had personnel to select from. So, yes,
there vere some superstars in there, but once you have
some of those as well as some of the others, you could
see from those tables in the amount of experience, the
level 3, for example, had four years' experience up to
23 years of experience. So it spanned a rather large
range, the average being 10.4 years.

MR. SHEWMON: You say the mean false call rate
vas 207

MR. DOCTORs Between 20 and 40 percent for
these range.

MR. SHEWMON: On that last graph, that meant

you drewv your curve through there; now you draw it
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through zero. It is just howv you felt that day, or your
draftsman?

MR. DPOCTOR: We are doing twe different fits
here. For the centrifugally cast, we had so little datsa
that we simply connected the points together. In this
particular case, vhat we have done actually, these
points that are shown here are not the real data. What
ve have actually ione is to take the real data, and wve
have made a fit to that data. We have used essentially
vhat they called a probe it curve, which is the integral
of the normsal distribution.

The data is actually scattered around, and I
vill be showing you some graphs of what that kind of
scatter distribution locks like. If I put all that data
on here, it gets so confusing you won't be able to see
anything.

MR. SHEWMON: That is beside the point of
vhether the curve should go through the zero, because
that is where the probability interval goes to zero,
vhether it should go through 25 percent, because that's
the most probable value of zero percent through wall.
But go ahead.

(Slide.)

MR. POCTOR: The other type of defect in the

ten-inch pipe is shown here for again the same
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conditions as vere seen in the previous vu-graph, except

now these are thermal fatigue cracks. Thermal fatigue
cracks are different from the IGSCC in terms of, we can
place those wherever we w~.it. With regard to drawing
IGSCC, wvherever they grow, that is what you take. We
place defects from the edge of the root out to the break
on the counter hore. We can also control the aspect
ratio of them, and also these cracks tend to be very
conservative because they have a very large residual
compressive stress which reduces the amount of
ultrasonic reflectivity that one obtains from those
crackse.

We have again plotted the six teams here.
With regard to the thermal fatigue, there is a
correlation with the previous vu-graph in that this is
the team that wvas using a code minimum procedure. The

rest of these teams wvere using augmented procedures.
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(Slide.)

If ve sum together the performance for the
previous two vugraphs and lump them toge‘ner, this is
the type of response we get. Ve say all ten-inch; that
means both intergranular stress corrosion cracks and
thermal fatigue cracks. This is the code minimum down
here. These are the augmented procedures.

Okay. KNow, that's one of the things that I
think should be commented on with regard to the IE
Bulletin 82-03, that with regard to the type of
demonstration that they were performing you are goiag to
eliminate people using these types of procedures, from
using those in the field.

However, if you look at the overall
performance based on this data base, you are certainly
not going to be too happy about the performance here
vith regard to, oh, roughly 45 or 50 percent detection
for cracks that are substantially through-wvall. This is
the near-side access condition.

MR. SHEWMON: Do you have any idea of what
fraction of the cross-sectional area was flawed when ycu
vent through the wall in your test?

¥R. POCTOR: I don't follow your question.

MR. SHEWMON: I don't think it wvas very

coherently asked. What I'm trying to get at is the fact
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that a pipe may weep may not make it unsafe. That is in
a sense vhat Spence says they're not trying to

quantify. It's not something one wishes to encourage,
but you can imagine a very circuitous path through the
wall wvhich messes up an insignificant section of the
cross-sectional area, and if that was the kind of flaw
you had in there then I am not as bothered as if you
say, gee, ve had taken out what we generated, half of
the ligaments in the cross-sectional area, through that
pipe or ar>und the circumference.

HR. DOCTORs All right. 1In response to that,
with regard to the thermal fatigue cracks that we placed

MR. SHEWMON; ScCC.

MR. DOCTOR: With regard to intergranular
stress corrosion cracks, we have not been able to
analyze those defects. So I can't answer your question
as to -- there is intergranular attack to the curves
kind of wvhere the crack tip stops at, and wvhether or not
that goes all the way through wve don't know at this
particular point.

We are doing some advanced technigue
assessments to see if we can't achieve significant
improvements ia these particular plots. So I don't know

exactly wvhat that cross-sectional profile looks like at
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this time. We are hoping to have that available by the
end of the first guarter of the new calendar year,
because wve will be through with all of our advanced
technigue assessment at that time and I will be able to
answer your question then.

(Slide.)

The next vugraph that I wvanted to put up is a
vugraph that showvs essentially data that wvas collected
under the same conditions as the previous vugraph.
However, in this particular case they vere using
improved procedure. The improved procedure essentially
amounted to going to a small transducer, low fregquency
“ith a lovered recording level.

Now you can see that in general we have a
tighter clustering of the data. The average has
substantially improved. However, you can still see a
very large variability that exists even with this data,
vhere everyone was using the same procedure and the same
probhe.

What this indicates, I think, is the
variability that one has to contend with with regard to
variations from team to team. I think that is one of
the good justifications for why one needs, for very
operator-dependent systems, to qualify those particular

team members, so that you can at least establish a
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minimum level of performance for them that they all have
to meet to tighten this cluster up. ‘

This type of variation simply, I think, is too
large to have in any kind of a reliable inspection out
in the field.

(Slide.)

With regard to the far side access, with
regard to the ten-inch, this is the kind of performance
ve achieved. This shows the type of scattering of data
that ve have. This =shovws the fit to that data, and this
is the false call rate that the six teams obtained. 1If
you look at this, essentially their false call rate was
equal to their best call. So our conclusion is that
they really cannot see defects on the far side of the
veld.

We have decne experiments with regard to
mapping the energy trasferred across the veld and it
simply does not go to the regions where you are
anticipating it being located. Correspondingly, you are
not seeing defects that you need to find.

MR. SHEWMON:; You can hurry on towvards your
conclusions.

¥R. DOCTOR: The Nine Mile Point's three
comments are shown here.

(Slide.)
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I think that based on the results that I have
shovwn, ve can certainly say that the people at Nine Mile
Point, vhen they made their inspection in '81, wvere
certainly not using an optimized technigue, because the
probability for detection was substantially greater than
zero, If in fact there wvere a substantial number of
defects in the piping at that time, it would appear thet
they should have at least seen some of those.

If they vere performing, as Mohamed indicated
earlier, a minimum code type inspection, based on the
data that he showed, the results that I shoved, the
performance of a minimum code inspection would simply
not have found anything.

We feel that the piping round robin results
and also the Nine Mile Point demonstration establishes
the need for trying to reduce some of the variability
that exists in the data. We feel that the bulletin and
also the demonstration is a significant thrust in the
rizht direction to try to resolve some of these
variabilities.

(Slide.)

The conclusions of the round robin are in this
vugraph. We can simply say that for the clad ferritic
ve think you can have a highly effective examination,

essentially at 100 percent, by simply increasing the
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inspection sensitivity. Inspection from either the near
or the far side for that material is extremely good.

For centrifugally cast ultrasonic alloy, to
date we consider that material to be uninspectable. We
tried radiography vith regard to it and did not get
results any better than what we found with the UT. We
have done a little bit of work with SAFT UT and ve've
gotten some encouraging results from that wvork.

With regard to the rough stainless steel, the
feeling is that current field practice for inspection of
the far side is totally ineffective. We found that with
our improved procedure we had a modest improvement,
effectively 20 percent.

MR. SHEWMON: Is that on near or far side?

¥R. DOCTOR: That's on near side. If you look
at the matrix, we only tested that for the near side
inspections, Certainly you're going to miss code
rejectable defects. It is not as effective as 50 or 60
percent POD for something halfway through-vall.

MR. SHEWMON: What is code rejectable in
stainless steel piping?

MR. DOCTOR: The code asks you to calibrate on
a ten percent notch. That is your reporting level.
Anything that exce2eds that is what is considered code

rejectable. They don't tell you what a minimum kind of
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defect is, but anything that exceeds that reporting
level should be rejectad.

MR. SHEWMON: This is inderencent and ten
percenc ~f the wall thickness?

MR. DOCTOR: That's correct.

MR. CHENG: That's not gquite true.

I am C. Y. Cheng from NREK.

Actually, the code does provide a table for
different ratios, but the diftecent flawv sizes vary
around 10, 11, 12 percent. So it's not always 10
percent.

DOCTOR: Yes, but it's approximately

SHEWMON: Okay, thank you.
MR. DPOCTOR: The bottom line here is that

there is a large variation and wve feel that through

efforts of training and gualification of the personnel,

procedures and equipment, you —an reduce those. That is
the summary remarks that I rF-* for the piping rcund
robin wvork perfcimed at PNL.
MR. SHEWMON: Thank you. It's been an
interesting ©Or ram.
doan't we adjourn until 1430 --
<ed the wvrong word.

(Whereupon, at 12:35 p.n. the mneeting wvas
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recessed .

to reconvene at 1330 p.m. the same day.)

ALDERSON REPORTING COMPANY, INC.
440 FIRST ST, N.W., WASHINGTON, D.C. 20001 (202) 828-8300

143



10
1
12
13
14
15
16
17
18

19

21

24

AETERNOON SESSION
(1335 p.m,.)

ER. SHEWKON: Are wve about ready, aside from
the fact that there is nobody but me here from the
ACRS? Now wve have just doubled the number here.

MR. MC CLUNGs: Butch is here in spirit. He is
back.

MR. SHEWMON: That's so nobody will take his
chair, I guess.

Now, my agenda at least says this afternoon
for the first part wve concentrate on Reg Guide 1.150.
The actors are Serpan, Doctor, and Dau. Is that about
right?

MR. DOCTOR: Yes.

MR. SHEWMON: All right, go ahead.

MR. DOCTORs: Thank you, Paul.

(Slide.)

I am going to be talking this afternoon about
first near-surface crack work because that does
definitely impact the Reg Guide 1.150. I think there
are a couple of basic important points that should be
kept in mind. It is important to detect small
near-surface flaws because of their potential adverse
effect on vessel integrity that these may have during a

pressurizedi thermal shock evente.
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Field procedures that are currently in
practice typically gate out the near-surface region.
Current ASME Code procedures are not sensitive to the
near-surface defect=s. Regulatory Guide 1.150 tries to
address this particular problem but does not
specifically solve it. If we look at work that has been
performed elsewvhere, Europeans did have the problem of
under-clad cracking and have developed specific probes
to reliably detect these cracks.

TNL, at the direction of the NRC, was to
evaluate the European technigues for their applicability
to U.S. pressure vessels.

(Slide.)

Now, in terms of the technigues that one
should consider, these are shown here. There is a
near-transducer L-vave, a longitudinal or professional
air wvave that is used by the Europeans. It's by far the
most predominant technique used by them. ‘n the U.S.

people are using this technique as well as a single

transducer L-wave, shear wvave. The Europeans, primarily

the French, have utilized focused transducer. And the
other vay you can inspect is using a full V-type of
inspection mode.

I am going to present results, make a

comparison of these technigques here. We are going to be
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evaluating these two but not have done that as yet.

MR. SHEWMON: These two were the focused and
and the £full V?

MR. DOCTOR: They were focused and the full V.

(Slide.)

Obviously, the thing about the U.S. reactors
that make them unicue is the fact that they have
different surface roughness conditions on the IV clad.
The surface roughness impedes the inspection. What we
have taken =--

MR. SHEWMON: That's because the Furopeans
have machined theirs since year one and we never have?

MR. DOCTOR: That's correct. There has never
been a requirement on U.S. vessels as to the gquality of
that IV surface finish. The Europeans have a very
strict specification for that. Some of the real old
European plants didn't, but essentially the last 10-15
years all of those do have a very tight specification on
them.

We have evaluated several different technigues
with regard to coming up with an assessment of what that
surface roughness is and its impact on inspectability.

I will be talking about the use of an LVDT linear
voltage differential transformer for measuring surface

roughness.
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One of the things that wve have found to date
in terms of the surface roughness is that the clad block
must have the same surface roughness condition as the
areas that are to be inspected, which is really
restating what is already in the code.

(Slide.)

In the LVDT approach as shown here, what ve
have plotted is surface amplitude in mils, which is ia
this case 1/1,000ths of an inch. It ranges from plus or
minus 50 mils for the vertical scale, and ve are just
showing you a representative scan across the weld clad
beads for a 4-inch length.

What ve would do is go in on the surface of
our specimen, make a number of scans, and then compute
an RMS average for that. What is shown in the lower
portion here -- I hope all of you can see this -- is the
as-clad condition. The estimate that wve came up with
for the RMS roughness of that surface vas 12.6 mils.

When we did a light grinding on that surface,
ve essentially knocked off the tops of these peaks here,
and it's shown here by the flattening that occurs. A
relatively minor amount of grinding produced a roughness
of about a factor of a half. I will show you the
results that wvere taken on specimens with this roughness

versus this rouzhness condition (indicating).
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You should note that if one is using a 1-inch
probe in terms of length, if we were to place it in
context, the surface, it would only be contacting it in
a fev places, whereas if you put it on this surface, you
can see that there is quite a bit of contact.

(Slide.)

The result of that is shown here. If one does
a simple analytical beam tracing approach, you take a
perfectly ideally smooth surface and map the rays coming
out, it should form a curve roughly like this.

The two surface conditions that I just showed
you in a previous vuegraph are shown here in these two
vuegraphs. This is the one for which the grinding has
been applied to the surface. You can note that there
are quite 1 few rays that are still coming through, and
most of them are still concentrating in this area. 1If
ve go to the as-welded condition, you can see that very
fev rays get through and the rays are literally
scattered all over. So your beam has been totally
broken up. It's like going through the fraction grading.

So when you try to perform an inspection on
this surface, the sound field that actually gets in to
vhere a defect micht be located is drastically different
from vhat you would like it to be.

(Slide.)
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Now, we have conducted measurements using a

number of different approaches. For the as-clad manual
metal arc using the stiff procedure, we went through and
we evaluated 70-degree shear single, 60-degree shear
single, and 70-4degree longitudiinal dual for the as-clad
condition. Using these two probes, we were not able to
detect any of the signals. They vere wvay dcown in the
noise, and they could not be recognized as clearly
originating from a defect.

- Using the 70-degree longitudinal, we were able
to detect all 24 of those particular defects. If wve
come up with an average response relative to DAC -- DAC
is simply our calibration, our reference level -- we
obtain a level of plus 1.1 dB. One thing you have to
keep in mind was this was at the optimal location for
that particular response. If one was just randomly
scanning, it is unlikely that you would hit that
particular point. With the roughness that was there,
this signal jumped around very dramatically from spatial
position to spatial position.

So even though we were able to detect these,
it took a very concentrated effort in order to pull out
those signals., It had essentially a small ratio.

MR. ETHERINCGTON: 1Is there a simple

explanation as to why such a small change from 60 to 70
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makes such a big difference?

MR. DOCTOR: For between here and here?

MR. SHEWMON: Single and dual.

MR. DOCTOR: Yes. And it's also the wvave
length. This is the shear mode; this is longitudinal.

¥R. ETHERINGTON: Oh, yes, yes. I was reading
the vrong column. I am sorrye.

MR. SHEWMON: The dual is inherently quieter
because it's not casting and receiving both?

MR. DOCTOR: 1It's zone-focused, sc it doesn't
see a lot of back-scattering of the curves. That's one
of the major things. The other thing is that it is
longitudinal and you have a longer wave length, which
means it tends not to get as much back-scattering.

MR. SHEWMON: I have heard something developed
at BANM that they call a schlong or a snake. BAMX has a
procedure which is a two-crystal which is separated. Is
that wvhat this is?

MR. DOCTOR: Yes. That is what this technigque
is. I Jjust never heard it referred to as a lang.

MR. SHEWMON: Pardeon me. I am probably wrong
then.

(Slide.)

MR. DOCTOR: If we go in and nowv look at the

ground condition, ground clad, wve smooth the surface up.,

ALDERSON REPORTING COMPANY, INC.
440 FIRST ST., N.W., WASHINGTON, D.C. 20001 (202) 628-9300

150



10

1

12

13

14

15

16

17

18

19

21

8

8

24

what is the effect? The number of cracks that were not
detected, as you can see, from the 70-degree shear,
seven were missed; 60-degree shear, six vere missed.
Using 45-, 60-, and 7C-degree longitudinal, none of the
defects were missed; all 24 wvere found.

What I mean by "defects,"” I should have stated
this earlier, there were 24 cracks that are roughly 1/2
of an inch deep with approximately a 1-to-3 aspect
ratic. They are grown by a variety of different
technigues. That's what wve're talking about imn matrix
1. We're using these to determine what are the best
crack-growing procedures, but they're all roughly a
half-inch in depth.

MR. QUINN: In the paren metal?

MR. DOCTOR: Yes. Thzt's going from the base
metal interface now. It does not extend through the
cladding.

¥R. QUINN: That's metal arc weld cladding
again?

MR. DOCTOR: Yes. All this is on manual metal
arc. The slide before this was the unground case. This
is the ground case with the 12- and the 6-mil RMS
roughness.

The thing of importance is to lcok at this

lover column with recard to the amplitude of the

ALDERSON REPORTING COMPANY, INC.
440 FIRST ST N.W.. WASHINGTON, D.C. 20001 (202) 828-8300



10

1

12

13

14

16

18

17

18

19

21

8

24

detected cracks relative to the DAC level. 1In the first
three techniques they were a negative below the
reference level. So if you were scanning with Just a
60-dB increase, on the average you would see about half
of these da2fects roming above that level and half would
be below that level.

Correspondingly, with these twvo technigues,
tha average vas plus 1.2 and plus 2.7. So all of these,
if you wvere scanning hot, would have been actually
detected. I think that's a very important point.

Based on this work, wve feel that the
relatively minor amount of grinding of the surface
toughness of like 6 mils is really a still rather rough
surface. If you look at pictures of it, it is rather
gross. You can see it frow that profile. And yet by
using these techniques we are finding that you getting a
very effective inspection for these half-inch depth
defects.

When you go to correspondingly smaller
defects, wve are 32ing to have to evaluate, and that is
one of the next things we will be doing is evaluate the
performance of these on the smaller defects.

We are also locking at how much grinding does
one really have to do before the surface is considered

inspectable. It is somewhere between the 12 and the 6.
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We don't know where that is right now, but wve feel that
by running some additional experiments, we can tie that
down.

(Slide.)

We have also been doing some work with regard
to depth of defects. We are showving here the response
for a number of notches that were placed into a block in
which ve actually know what the depth is. We go in and
measure the depth using the 60 longitudinal. You can
see this correlates very nicely. We have an extensive
amount of data for 40, 60, and 70 degrees on cracks.

We have not done the destructive assay, so we
don 't know the correlation is. But on a couple of
selected samples, it looks like it's going to be pretty
goode.

(Slide.)

I would 1like to conclude this discussion with
regard to the near-surface crack detection with this
summary vuegraph. Our conclusion is that the European
teciinique -- namely, 70-degree longitudinal dual -- is
very effective for very smooth surfaces. When we get to
the unground manual and the single-wire case, the
perfcrmance is marginal.

You have to do some grinding, ve feel, in

order to have a reliable inspection. Somewhere between
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that 12- and that 6-mil REMS roughness looks like the
numbers that are in the ballpark of the regquirement. We
comment here that we feel that is really a relatively
minor amount of surface preparation in order to get a
rather dramatic improvement in terms of inspectability.

We firmly feel that all the clad vessel
surfaces must be characterized prior to the inspection
in order to ensure adeguate inspection sensitivity
because if it varies from location to location, if
you're not making an appropriate adjustment in terms of
changes in the surface roughness, you may not be
performing a reliable inspection. So that has to be
verified.

We feel that we need to specify calibration
reflector criteria and flav recording levels. Right now
the 2 percent ASKE notch is wvhat is currently
recommended by code. We feel that that is not adegquate.

We also feel that with regard to near-surface
technigues, right now until we get through with all of
our analysis, those inspection technigues need to be
evaluated by a test, gualified by a test.

MR. SHEWMON: Go back to th2 next to the last
one again.

¥R. DOCTOR: What I say here, in looking at --

the Europeans use a flat-bottom hole. We have evaluated
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the flat-bottom hole by taking one block that was made
all at one time so things are pretty uniformly laid on
it in terms of the manual metal arc concept. We drill
in a wvhole series of flat-bottom holes according to the
best we can do with regard to getting them aligned.

We found a 12-dB variation from one to
another. That is the range of variability. That means
the sensitivity of the test varies by 12 dB depending
upon which one we select as our calibration reflector.
We do not feel that is adeqguate.

We also looked at the 2 percent notch in the
ASME code, and wve do not feel that that is adequate.
The thing that we have found that is the most
reproducable is a 1/16th-inch side-drill hole. We have
found variability of, at most, 5 dB on a series of those
Side-drill holes that ve have placed in place. So that
is wvhat our recommendation is.

Then, based on that calibration reflector,
that then says vhat the flav recording level should be.

MR. SHEWMON: I have also heard people talk
about the variation from one heat of steel or one plate
of steel to another. Have you done any work on that, or
40 you have any recommendations on whether you could
have a big difference between combustion circa 1968 and

something else?
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MR. DOCTORs That's base metal. The reflector
we are talking about, if this is the clad, let's say,
here, and this starts the base metal, you'd place your
calibration detector at this interface, so the only
thing you're actually seeing is the cladding effects.
The base metal properties have essentially very little
impact. The dominant effect that we have found has been
the surface roughness,

Now, once we get that down, there may be, you
know, some variations within the cladding that we have
to look at. We feel that there is going to have to be
some kind of a verification test with regard to the
amount of noise level that's produced on the A-scan
after you've calibrated and gone back cut on the reactor
to verify that there are not any unknown properties like
porosity that will possibly impact inspection.

MR. BUSHs Steve, a guick one. On the
round-bottom holes, the amplitude or the signal is going
to vary with the diameter of the holes. How many
millimeter diameter holes?

MR. DOCTOR: 3-millimeter flat-bottom hole.

MR. BUSH: The Europeans use two different
sizes pretty consistently.

MR. DOCTOR: It turns out that if you actually

plot out the amplitude response from that, the curve
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comes out and goes up on each side and gives you the
sensitivity of the test. The problem is that you've
got, you know, orientation effects from the flat-bottom
hole that are difficult to reproduce. You wvant them all
to be normal, and it is extremely difficult.

(Slide.)

With regard to Regulatory Guide 1.150, our
comnments are that the current guide, as it is written,
is not adequate. We feel that the implementation of the
guide would not necessaily change current inspection
practice. The reason for that is that it does not
demand that you have to inspect the interface for
under-clai cracks. It simply says you have to estimate
those areas where you cannot detect -- or, excuse me --
estimate those areas that you cannot inspect, but it
doesn't say that vyou have to inspect all of it.

Secondly, the reg guide contains what ve
consider technical requirements that really do not
provide any useful information. For example, the
unloaded pulsar output voltage, I being an electrical
engineer can find no useful use of that particular

information.
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In terms of the ad hoc committee which Gary
Dau will be talking about, wve are very definitely in
support of their recommendations. We think they are
necessary. We think they do provide a technically
better document, and that those changes should be
incorporated into the Reg. Guide.

We do, hovever, feel that there are some
additional areas for further improvement. Neither
document references a minimum size defect to be detected
at the clad base metal interface in terms of a minimunm.
We think that is something that is necessary, and
particularly if you are going to talk about
demonstrations as they are down here with regard to the
ad hoc committee recommendation.

As I indicated earlier, the 2 percent notch
based on the measurements that we have mad2 and the
correlation of those with regard to adequate sensitivity
and reproducibility of that sensitivity for the
examination, we feel that the ore-sixteenth inch side
drill hole is in fact better.

According to the wvay they have written the
demonstration in the ad hoc committee report, ve don't
feel it is vell enough defined for implementation. It
is fairly vague on what they mean by that.

Those are the only corments that I really have
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at this particular point with regard to the Reg. Guide.
What T would like to move on to is addressing wha* I
feel would be improvements with regard to the IEB
bulletin 82-903, that calls for demonstration.

MR. SHEWMON: Leave that on a bit. Let me
talk tc the group here. It seems to me one of the
things we ought to consider doing today, or whether we
vant to do it today, is to urge the NRC to go ahead and
put this ravised 1.150 ~-- sorry, put the industry
recomrendations out as soon as we can, or study it, or
vhat else should be put in it.

Let m2 lay that on you as a charge, if you
vill. So, as you look at these things, look at them
with particular concern or interest, because there will
be a short quiz at the end of the meeting. COkay?

MR. BUSH: I don't have any problem. I have a
strong opinion as to what I wvant.

MR. DOCTOR: I am sure Gary Dau is going to go
into this issue again when he makes his presentation,
and perhaps there will be more discussion that will
surface at that time.

(Slide.)

MR. DOCTOR: 1In regard to the guestion of the
IEB bulletin 82-03, we feel that there are things that

can be done to improve that. Ultimately, we feel that
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qualification is the end product of what they are
striving for because the bulletin as we see it, a
demonstration will eliminate very ineffective
techniques, but it does not do acything to guarantee
that in fact you are performing a very effective,
reliable inspection out in the field.

We think that the qualification with an
objective of providiug proof of detection reliability by
test is really vhat you are striving to achieve. The
scope of that really applies to all of the nuclear
components in the system, but specifically these are the
ones where the critical problem currently exists, and
these are the ones that are being highlighted and
addressed, although it should be easy to expand it to
include all the systenm.

(Slide.)

MR. DOCTOR: The critical elements that we see
in gualification are the following. One needs to
qualify independently equipment, procedure, and
personnel. With regard to equipment qualification, we
are talking about coming up, if you recall earlier when
I vas talking about the piping round robin results with
recording probability. That is the probability that you
get a response from an indication that will exceed the

recording threshold. That can be determined by
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laboratory tests.

The procedures in a like manner are determined
by laboratory tests. You can simply take the transducer
and set it in a location where there is a known flaw anc
simply observe wiiat the raspoanse is and come up with how
vell do these tvwo work together in order to get, one, a
large response with a good signal to noise ratio.

The third is personnel. Personnel is, given
that you've got this level of performance, how efficient
are they at usiug this, and hov well are they 2ble to
interpret the information in order to make a correct
call, a correct dacision that it 1s a crack when in fact
it is, and wvhen in fast it is a geometry, that it is a
geometry. That is a probability of detection curves,
and that is determined by blind tests.

(Slide.)

MR. DOCTOR: I have redrawn that in a
different form which I think may be a little clearer for
people to understand. If ve look at these critical
elements as I have designated them, equipment,
procedure, and personnel, one specifies performance
parameters for those. These performance parameters in
the case of equipment would be the transducers, the
pulsers, and the receivers.

One then wvants to ensure that for a reliable,
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reproducible measurement, that from one examination to
the next, the system has remained in variance or it has
changed only marginally. The way to do that is look at
vhat the impact is of that on the recording probability
curve. If it changes and deteriorates the curve, then
it would deteriorate below this.

Procedure in a like manner has performance
paremeters. In this case, the performance parameter
really is 1 recording probability curve. It is the
interaction, the ability of this (indicating) working
with this (indicating) to produce recording probability
curves.

We say that the procedure and equipment pass
if they exceed in this direction some reference curve
that has been established. It fails if it is below
that.

MR. SHEWMON: This is all very nice, and if I
wvas a professor teaching a course in this, I would love
to have curves like that. I have a good d2al more
difficulty with hov sort of on one of the outbuildings
at Nine Mile Pcint you are going to do, and especially
the last one, to somebody with any kind of
effectiveness. I mean, the first two, it seems to me ve
agree, and I can conceive of hov they are going to be

done. Will you tell me how the last one is going to beo

ALDERSON REFORTING COMPANY, INC.
440 FIRST ST N.W.. WASHINGTON, D.C. 20001 (202) 628-2300



10

1

12

13

14

15

18

17

18

163

done in th2 field?

MR. DOCTOR: This is not going to be done in
the field. The way ve envision it is, equipment,
procedures, and personnel need to be gqualified prior to
going to the field to make an inspection. In cther
vords, if the procedure and the equipment being used
does not provide one with a good response probability --

MR. SHEWMON: Let's assume the first two are
done. I would like to hear the last one.

MR. DOCTOR: Okay. There are two philosophies
with regard to this last one. One philosophy is that if
I use fracture mechanics and I come up with a minimum
POD curve that simply says the following, that if I am
using a particular sampling plan and I know the rate of
grovth of defects, I know that the severity or the risk
of missing a given size of defect leads to a through
vall failure before the next inspection, and I have to
have a very high POD for that particular crack size.

So, one can establish a POD curve based on
that. All right? The other philosophy is, if I can't
meet that, then T can find out what is the best and
ensure that everybody is performing at that level.

MR. SHEWMON: Are you saying that what the NRC
needs to do is come up with a certain set of flaws that

they are concerned about, that these have to be
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calculated as to what is critical, and then we go to
half of those and try to get a 95 percent probability
that these can be detected with 50 percent certainty or
something”

MR. DOCTOR: Riaht.

MR. SHEWFON: Duil *hen let's get back. You
send each 52f thes2 level 1's and 2's off to take a short
course administered by someone, and at the end they see
on a set of samples what they can do, and that crams
them for the next year, or what?

MR. DOCTOR: We think it is just like
velders. Welders on most jobs have to gualify before
they start vork on that job. Before a team can go in
and perform an inspecticn on the plant, we believe they
must be qualified, so they must be gqualified each tinme
they go in to perform an inspection on a plant if tie
equipment and procedures have in fact changed, but if
they have gualified on a given set of equipment and
procedures and can show that they still have that sanme
performance and are jualified, there will be sone
stretch of time where obviously they should be allowed
to use that.

If a procedure is changed, then they have to
regqualify.

MR. SHEWMON: Who would administer this?

ALDERSON REPORTING COMPANY, INC.
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MR. DOCTOR: That is an unknown at this
particular point. I think it is going to take a
combined effort of the industry, EPRI, NRC, people like
that to administer such a progranm.

MR. SHEWMON: The licensing of 1's, 2's, and
3's is done by ASNT?

¥R. MC CLUNG: The certification is done by
the employer.

MR. SHEWMON: So level 1 at Commonwealth might
be level 2 at TVA?

MR. DAU: Yes.

MR. SHEWNMON: That is interesting.

MR. BUSH: Well, there are certain criteria
but you can vary these criteria and make them more
rigorous, and if one employer "wants more rigorous
requirements,” ASNT doesn't care.

MR. SHEWMON: Does evervbody put out
guidelines on what constitutes 1's, 2's, and 3's?

MR. MC CLUNG: Yes, they have guidelines to be
used by the employer, but they are just that. They are
guidelines. The employer can select, make it more
stiingent Or less stringent as he chooses according to
the feeling for his own job requirements.

MR. BUSH: ASNT has deliberately avoided

moving into the standards area for obvicus reasons.
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MR. DAU: I would like to make a comment.
Later on in the agenda I have an item on -- there is an
ad hoc personnel jualification committee that has been
assembled by the industry to deal with this issue after
some discussions with the NRC. The whole guestion of
qualification certif.cation for inspection personnel.
There are some holes in it that need to be filled.

MR. SHEWMON: Go to vyour next slide then.

MR . DOCTOR: Yes. This is the last one.

(Slide.)

¥R. DOCTOR: The conclusions based on the work
that ve reviewed in terms of things that have occurred
have identified certain shortcomings that we feel that
qualification of the equipment, procedures, and
personnel effectively provide a vehicle for kind of
establishing a minimum performance level with regard to
those identified shortcomings, but they do not obviate
the need for research to improve them, so that you do
not have to use highly qualified personnel if in fact
you can make the techniques much more effective in terms
of their performance and reduce the constraints on the
skill of the operator to utilize it.

We believe that measurement methodology and
characterization technigues exist for gualifying

performance parameters. Those have been develcped
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measuring the POD curves, recording probability curves.
That type of measurement methodology exists. And for
characterization of the equipment. That currently
exists.

This is the area where our program has the
prime emphasis, which is coming up with what is the

acceptance criteria needed for giving a pass-fail to

these various components, the equipment, procedures, and

personnel.

That concludes my presentation.

¥R. SHEWMON: Okay. Thank you very much.

Gary, are you next?

MR. DRU: Yes. I would like to introduce Dr.
Jim Cuinn from the Electric Power Research Institute.
Jim is the project manager responsible for the heavy
section inspection program specifically for pressure
vessels, and he will cover this.

MR. SHEWMON: While he is getting ready for
that, will you tell me whether there is a requirement
now about ra2cerdiing all UT data and keeping it, or is
enouch of this done handheld such that a requirement is
impractical or silly?

MR. DAUs I think the field records, if there
is something regportable and recorded on those sheets,

then there is a requirement that that be stored for I
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don't knowvw the years.

MR. SHEWMON: Let me go back to Mohammed. You
vere saying this morning, I guess Joe Collins was, too,
that there are certain tests or results on a tape out at
West Jefferson vhich vere in that case recorded and
could be looked over by somebody else? I know I have
heard people talk of recording it.

MR. BEHRAVESH: These are typically in a plant
and recorded on data sheets, and the data sheets are the
property of the plant owner as well as the inspection
agancy. At Battelle Columbus, data sheets are also
recorded, and all the rav data exists on the work that
vas done on those specimens and the copies of that data
is both in the hands ¢f the NRC regional man as wvell as
the utility.

MR. SHEWMON: It is using 100 percent DAC, and
ve don't find anything recordable, and ve want to go
back and see what it would be with a 20 percent DAC a
year later, and there is absolutely no : ecord in most
cases.

4R . BEHRAVESHs That's correct. If it was not
so-called recordable, then that data sheet with that
data will say on it, no recordable indications.

MR. BECKER: There are a fewv organizations

which have a strip chart recorded. It is kind of a
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gross recording of amplitude for the purpose that you
Just mentioned, that you can't go back and review the
data. It is not as precise, but it does give you the
circumferential location, the time and amplitude, but it
is not -~ unless it comes over their recording
threshold, they don't go through the physical mechanisms
of 2nalyzing those flaws, but there is some record in
some cases.

¥MR. BUSH: Paul, you notice he said a few. It
is not 100 percent by any stretch.

MR. SHEWMON: Unfortunately, the penple ve get
in here probably tend to be at one end of the spectrunm,
and on their gosd behavior that day.

(General laughter.)

MR. SHEWMON: You are up.

¥R. QUINN: Thank you.

This is an outline of the presentation that we
vill be making on the EPRI pressure vessel inspection
program. I will cover the subjects down to the buried
flaw detection, subject number five, and I will then
turn the presentation over to Larry Becker. We hope to
keep it down to exactly one half of an hour.

(Slide.)

MR. QUINN: The objectives of our program are

many. We are conscious of all the problems of
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inspection in pressure vessels. Because of the
pressurized thermal shock issue, the underclad crack
detection has taken highest priority recently. We are
also looking at the problem of inspection for buried
flaws in heavy section veldments because of the growing
dissatisfaction vith performance under Section 11,
Historically, ve have been vorking on flaw
characterization, and a lot of that equipment is now
nearly field ready, and you will see some detail of that
flav characterization equipment today.

We are also looking at alternative
technologies, eddy current, and radiography technigues
for both underclad as vell as in-depth flaws.

(Slide.)

MR. QUINNs I hate to sound repetitive, but
basically ve are taking the viewpoint that both the
procedures, the instruments, and the personnel must
demonstrate capability rather than simply compliance to
the code. I hope that this will not put us into any
great conflict with codes at some future date, but ve
are lookiny very much at demonstrated capability.

(Slide.)

MR. QUINN: A quick cut at what wve hav: done
so far, and our approximate schedule on under clad crack

detection. This yea: we have spen:. a great aeal of
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effort evaluating existing technology, technology that
vas available say through the end of 1981. We are now
beginning the evaluation of new under clad crack
detection tools that are being used in the field that
resulted from the focusing of the industry's attention
on the pressurized thermal shock issue.

We hope to have that done by the middle of
1983, at which time we intend to commit to the design
and fabrication of a near surface inspection tool which
will be available through the NDE Center much along the
lines of the availability of a MINAC through the Center
for various ISI vendors working for utility companies on
a lease basis.

(Slide.)

MR. QUINN: A program for in-depth flaws is
phased approximately s’x months behind the near surface
inspection. We intend to commit a year from nowv to the
development also of a nev in depth flaw detection
capability and instrumentation, much of which, again,
vill be made available to the industry through the NDE.

(Slide.)

MR. QUINN: Historically, ve have been working
on characterization more particularly for buried flaws
for a longer time than ve have on the near surface

detection problem. As a result of that, the acoustic
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holography work that has been the focus of our progran
for the last four or five years is now nearly field
ready. We have had a demonstration of the acoustic
holography system in a full field configuration two
veeks ago at Combustion Engineering in Windsor,

Connec icut. We intend to turn that instrument over
after a few corrections of some minor problems which
vere discovered during that demonstration to the NDE
Center for evaluation beginning the first part of next
year, and wve hope to be able to take that system to a
preservice inspection some time in 1983.

We are also wvorking on a commercialized
version of a compact linear holography device that will
be used on nozzles and pipes. We hope to have that
commercially available by 1984, And ve are also qoina
to address the gquestion of depth resolution, which is
one of the criticisms of the holography tecruique, by
comparing it to the Holosaft technique as deveicped by
the Germans in Zaubruchen by mid-1983,

(Slide.)

MR. QUINN: If I can deal a little bit at
length with the instrument which is nov maturing, we
call it the pressure vessel imaging system, or PVIS, for
vant of a better name. Basically, ve see there are

three versions of PVIS which are going to emerge. The
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first version, model one, is essentially the acoustic

holography which piggybacks on a normal field useable
prassurizer vessel tool. Model 1A will incorporate our
first versious of under clad and in-depth improved
detection technology, so it will replace the
conventional pulsed echo techniques with equipment that
ve will develop as a result of our progranm.

In parallel with this, ve are going to
fabricate a number of test samples for thorough systenm
qualification. That creates a lot of problems which I
hope ve have time to 40 into today.

Finally, if the need is clearly evident, ve
vill have a sa2cond version, if the first version falls
short of our goals, of a much improved detection
capability. During this time period, approximately
four-year time period, the PVIS, whether it is Model 1,
1A, or 2, will be available on a lease basis through the
NDE Center to the industry.

(Slide.)

MR. QUINN: This is just for completeness of
the approximate schedule of the program. Now, to
demonstrate a little bit more about the pressure vessel
imaging systenm.

(Slide.)

MR. QUINNg I am sure you are all avare that
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pressure vessels on PWR's are normally inspected by
removing the contents of the containment vessel, the
pressure vessel, and a manipulator is put down inside.
There are two boom arms on this device. One is a
conventional UT inspection device, pulsed echo device,
and the other is an arm which is normally used for
examining the bottom dome wvelds. In the case of the
pressure vessel holography, ve essentially put the
holographic scanner on that arm. This is the
configuration which was demonstrated at Combustion.

(Slide.)

¥R. QUINN: Diagrammatically, we have the
conventional system which is available, and we have
integrated our system both with the Southwest design as
vell as the Combustion Engineering design, and ve simply
tack on the display system, the mini-computer driven
holographic raconstructer, as well as the electronics
and the scanner to apply to the holographic data.

(Slide.)

MR. QUINN: In more detail, we have here
essentially the conventional front-end RF holographic
interface and the display system. The nly portion of
this system which has not yet been demonstrated is this
vave form digitizer and recorder which is designed

essentially to record digitized data taken from any
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object found in the pressure vessel, so that ve have a
permanent record of the calibration runs on the pulsed
echo system and the holcgraphic system as well as an
archival record of all of the returned echoes from the
system.

So we have a1 far better record of a~y
indications found in the vessel,

(Slide.)

MR. QUINN: The holographic scanner consists
basically of a tripod which is pushed up against the
pressure vessel wall, an XY scanne~ with higher
precision speed than it normally cperates at, and a
transducer head that contains both a sheer wvave as wvell
as a longitudinal wave transducer to provié~ images in
both modes.

(Slide.)

MR. QUINN: This allows us, for example,
because the XY scanner frame can be rotatei around, it
allovs us to take sheer wvaves images from any position
around the object as well as the longitudinal wave image
from over the object. It also, because of the size of
the scanner, facilitates -- because the size of the
scanner exceeds the necessary aperture to take the
hologram =-- it provides us with the ability to field

near surface inspection and more advanced in-depth
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detection t2chnology on a very quick response basis as
those technologies are developed in the future.

I have in the handout several images of a
metal object similar to wvater, but it is much more
interesting to look at real objects underneath clad.

This is a side drilled hole taken at 45
degrees shear wvave at one megahertz. We have here the
uncorrected version. This is an uncorrected image of
the side drilled hole. This is a depth of about four
inches in steel. As you can see, the clad distorts the
side drilled hole. It doesn't look much like a side
drilled hole. 17This is a three-wire clad totally
unground.

We attempted various types of corrections, and
here is a correction which is done by a subtraction
holography technigque in which wve subtract the hologranm
vith the front surface from the hologram of the object
in depth and obtain a much better image of the object.
The longitudinal wave, the correction works better on
the longitudinal wave than it does on the sheer wave.
And unfortunately I don't have a longitudinal sheer wave
image to show you. I would prefer to do so.

(Slide.)

If ve look at these various clad surfaces, wve

can clearly see why this is. Here we have an example of
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all three, the strip, the mvlti-wvire, and the manual.
Notice not only the surface roughness inzreases when you
go to the manual cladding, but also notice the interface
betwveen the base metal and the cladding also is
considerably rougher with the manual arc.

(Slide.)

MR. QUINN: Here we have an example of some of
the under clad crack blocks which ve have built. I am
nov going to pass on to the discussion of underclad
crack detection which we have been working on for the
past year. This is a block which was built in Richland,
Washington, and his been used on several programs to
evaluate existing technigues.

(Slide.)

MR. QUINN: Since the dual probe has been a
subject of considerable discussion this is essentially a
schematic draving courtesy of Batte'le that shows the
acoustic energy distribution patterns in the dual

probe.
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This is the 70-degree lL-wave probe which has
been used by BAM, RTD, Framatome, and EDF to detect
underclad cracks in their pressure vessels in Europe.

(Slide.)

Once again, T would like to give full credit
for this data to the Battelle people. MNuch of this work
vas done by the Battelle people. In fact, it wvas all
done by the Battelle people. Our participation was to
supply some samples to them to test on.

Basically this shows the results which Steve
Doctor gquoted. It essentially shows that strip clad has
a fairly good signal to noise ratio for a crack which is
essentially the sjize of the minimum critical crack size
wvhich has been Zalculated as being relevant to the
pressurized thermal shock issue.

If you go down to the manual clad, to the
unground clad, the situation gets worse and the
probability of detection dies away.

¥R. SHEWMCN: What is the minimu. crack size
of relevance to the PTS issue?

¥R. QUINN: As far as I know from the
discussions I have had with the people, it's six
millimeters depth.

MR. SHEWMON: A guarter of an inch?

MR. QUINN: A quarter of an inch.

ALDERSON REPORTING COMPANY, INC.
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(Slide.)

If we now look at what the French have done,
as far as looking at the cracks that they have found in
their nozzles and also in their tube sheets, what they
have found, beginning in 1978 they found that their
cladding process was putting these cracks into the
nozzles and the tube sheets. And in order to respond to
the problem of how do we know that the nozzles of all
the reactors wve're building in fact have cracks, they
developed two technigues based upon the BAM/RTD
technique for manual inspection, preservice inspection,
and one for automatic focused probes for in-service
inspection.

They wvent through a process of destroying
inlet and outlet nozzles by first scanning the nozzles
and then removing one inch, one-half millimeter at a
time, the clad material and then the base material. And
after removing a half-millimeter, they did di-penetrant
and mag particle testing and then removed another half
millimeter until swept all the vay down to the base of
all the 1indications.

Then they compared the destructive analysis to
the NDE analysis and they found that the NDE technigues
which they had developed had found all cracks greater

than three millimeters.
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MR. BUSH: Jim, I've been looking for what I
call the probability of detection of these, because
obviously this has a significant impact on what you can
or cannot say vith regard to the pressurized thermal
shock issue of detection. I know the data exists. I've
seen bits and pieces of it, but I have never seen the
vhole package.

MB. QUINN: It's on my desk in English and it
will be out on the streets in two and a half months.

Please notice the number of cracks, 215 cracks
here (indicating), 131 cracks here (indicating). That
has something to do with the statistical relevance of
the qualification technigue later on.

That completes the slides. I have a few more
vu-foils I'd like to go through.

(Slide.)

I think the significance of the Framatome
results are interesting. One, they have been able to
demonstrate that when you have smoothe, double-layer
clad, vhether it's machined-smooth or ground-smooth,
that you can reliably detect to a very high reliability
cracks that are one-half the critical crack size that
are relevant to the pressurized thermal shock issue.

The second point iss Their situvation is a

little bit easier than ours because they do have the
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smooth clad. It's a little bit worse than ours because
they have double-layer clad, which is thicker clad in
many cases than ve have. It is interesting that they
found under-clad cracks both under the strip clad, which
I think there have been a lot of papers in the open
literature discussing that phenomena, but they also
found it underneath the manual arc clad.

They also found some =-- they don't have much
data really relevant to under-clad cracks beneath
cladding applied over weld metal. So that still remains
A guestion in the belt-line area for the pressurized
thermal shock issue.

It's also interesting that this evidence
clearly shows that there is a backup position. You can
ground the belt-line weld and do a very good
inspection.

(Slide.)

The vork that we are doing for the next year
in under-clad crack detection: As I said, wve've had a
very good cooperative relationship with Battelle,
Pacific Northwest Labs, where we've shared data and
samples, leveraging both budgets. We have degun the
evaluation of existing new technigues which are being
used in the field for the inspection of belt-line areas

of pressure vessels for near-surface flawse.
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We got through a very rapid evaluation of the
Combustion Engineering tool which was used at Maine
Yankee. We found that it worked fairly well on the
three-vire clad. The manaal clad remains a problem.
It's interesting that Maine Yankee essentially has all
ground cladding. None of the cladding is as-velded.

We are planning next year three major projects
for signal processing work. I think wve are relatively
enthusiastic about signal processing, because it-:does
offer a standardization of test guality and a position
essentially of the juality of the examination and the
interpretation of the data upon all test crews. It also
offers the opportunity to exactly record specifically
the ultrasonic signals obtained from any reflector found
in the vessel during the inspection.

We have three programs. One is a systematic
study to try to determine detection probability, as well
as characterization. One of the things we would like to
do is be able to separate inclusions at the interface
betveen the clad metal and the base metal from cracks.
That's an important problem from the standpoint of the
utility industry, because they don't want to be worried
about inclusions that are not in the under-clad cracks.

We also are very enthusiastic about the ADI,

the Adaptronics-u060 system which Mohamed talked about
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earlier this morning. We would like to evaluate it as
to its effectiveness on classifying under-clad cracks.

Finally, there is a nev system which has been
developed by Pacific Gas £ Electric Company, built by a
small company, Dynacon Systems in California, which is
essentially a thicrd generation signal processinc unit,
which does a great deal of signal processing, tirme
averaging, spatial averaging, and requires a trajectory
of objects as a function of detector motion, et cetera,
wvhich looks very attractive and has shown in very
preliminary data some surprising sensitivity to
under-clad cracks using very large transducers that you
wvould not expect to be sensitive to those cracks.

So ve intend to do evaluation of that very
soon, in the January-February time frame.

(Slide.)

Before I turn it over to Larry -- I'm running
a little bit long -- I would like to talk about
qualification sets of samples. What we would like to do
is to build a permanent set of samples, both for
under-clad cracks and in-depth cracks, in which we have
a known distribution of the flaws of known types, in
known locations, to provide essentially a blind testing
of equipment and crews in order tc act as a

gqualification for their use in the field.
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To provide a statistically significant
distribation of such flaved samples is unfortunately a
very difficult problem, and the reason is very simple.
Such blocks, and particularly the heavy section blocks,
are expensive. If you look at simple binary statistics,
you end up having to have thousands of flaws and
hundreds of blocks.

In addition, if ve are in fact going to
implement such a program it would be cost effective to
come to some agreement with the interested parties upon
vhat are simplifying assumptions in order to reduce the
number of blocks and the number of flaws before ve
commit to metal.

(Slide.)

Let me illustrate what I mean. Binary
statistics tell me that if I want a 90 percent
confidence level but my detection reiiability, for
example, is 99 percent, then I have to have a minimum of
230 flavs of a given type.

Now that could be a given size at a given
orientstion relative to the clad lay direction
underneath a given clad type finished to a given surface
finish. 1If I wvant to change the surface finish, T have
to build another 230 flaws. That very quickly adds up

to a lot of money, particularly if I end up with a
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technique that misses a couple.

You can see as I go down here the number of
failures to detect, the numbers build up rather
rapidly.

It's interesting to note that the French clainm
to be in an area on this zero line at the 215 co 121
flaws, “hat they are 98 to 99 percent effective. So the
French demonstration I think is a model of the kind of
demonstration wve would like to do.

MR. BUSH: Of course, you don't have to use
binary statistics. And I do not think you every would,
to tell you the thruth.

MR. QUINN: No, I don't have to use binary
statistics. And getting into the details of which
statistics you'd like to use in order to reduce those
numbers is of course something that is a topic which
should be discussed to a great extent over the next
month or two, not only within EFRI and the utility
industry but also within the NRC I should hope.

(Slide.)

ER. BUSHs By the way, do you knowv that the
NRC has a rather high-level ad hoc committee on this
very thing that is available?

MR. QUINN: Yes, I'm awvare that they do. I

think we need to have more commur‘cation with them.
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MR. SHEWMON: When you say "that is
available.” what do you mean?

MR. BUSH:s I mean that on request, if there's
a specific kind of problem, they're quite willing to
look at it. T am a member of that committee, so I know,
and that's what has happened. Twvo or three things have
come in and the statisticians or the probability people
will ac 1ally prepare a report and indicate where they
think the veaknesses and strengths are. And I think
that's really vhat you're asking for here, is the
direction that would optimize the output and minimize
vhat I call the input.

MR. QUINN: Yees, I think so, I think so,
essentially an agreement upon wvhat is the intelligent
thing to do in ordier to provide a qualification to a
given level of acceptance.

¥R. BUSH: I would say if you would call Carl
Bennett I would give you a 90-10 probability that he
would be happy to have a good look at it.

MR. QUINN: He'll get a call next week.

At the present time, we have z number of
evaluation blocks. We have some foreign stick blocks,
which you saw an example of in some of these slides.
These are used for under-clad crack detection. They

contain various types of notches and mechanical fatigue
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cracks.

We are going to complete three more of those
r+ the end of January. We have one seven-inch block
vhich ve really don't know vhat is in it. There are a
lot of flaws in the weld, but wve have to cut it up
before ve can determine what that is, and of course that
is an expensive process and a process ve would like to
avoid in the future by having program flaws placed in
these velds.

Finally, ve've equipped the NDE Center to have
a cladding capability so that ve can do our own cladding
and control exactly what kind of cladding is put on the
blocks.

(Slide.)

These blocks at the present time, by January
ve shall have an inventory then containing more than 150
surface flavs vhich are really representative of flaws
down to three millimeters and are oriented towvards
evaluating the effectiveness of detection technigques for
pressurized thermal shocke.

At that point, rather than -- well, there is
on2 more slide I®°d like to showv you, then, before I get
out of here. I'm taking a little bit too much time
here.

(Slide.)
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I would like to just show you some estimated
costs of what these blocks are. Those four-inch blocks
are 18K a piece. We built an 11-inch thick
qualification block to gualify the technigue for
implanting fatigue cracks of known sizes in
heavy-section wvelds two years ago in 1980. That wvas
$100,000 in 1980, and I know because I paid the bill.

I have been told that some of the blocks for
the nine-inch block for the UKAEA exercise with regard
to DDT trials vas $250,000. Westinghouse has bduilt a
nozzle to shell weld with a bunch of fatigue cracks in
it using the same technigue that we had developed
together in 1980, and that block cost $400,000 and it
did so because Westinghouse claims to have taken a loss
ani because ve gave them the nozzle. Its present
replacement cost is estimated at 36~ tc $700,000, and
Serge Crutzen estimates the pisk nozzle at the shell
weid at $750,000, as vell.

MR. BUSH: Yes. That Ansalvo block really
must have cost a mint.

¥R. QUINN: That represents a significant
fraction of our budget. So at that, I think I will
trunca:e my presentation and turn the discussion now
over to larry for discussion of the NDE trial results,

as vell as -~
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MR. BUSH: While you still have the mike on,
let me make a comment that is kind of a question. I
think what you've indicated in vour initial statement
there about common grounds indicates that it's extremely
expensive in time, money, et cetera, to do things in
parallel. It seems to me that the efforts funded by
Regulatory, funded by EPRI, funded by other sources, has
to be seriously in parallel, because I don't think
anybody can do a really good job doing it on their own.
That is my personal opinion.

MR. QUINN: Yes, I agree.
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MR. BECKER: Thank you. My name is Larry
Becker, nov with the NDE Center in Charlotte. I would
like to take the opportunity to briefly discuss our
evaluation of the DDT trials that wvere recently held in
England. Dr. Bush has provided you with a detailed
summary, which you may appreciate. I think it's a very
good summary. I would like to quickly go over the
program.

The defect-detection trials, DDT, were
conducted in support of the U.K. PWR proposal. Their
charge at the time they started was:¢ If you can't meet
certain minimum standards, you are more than likely not
going to have a PWR in the United Kingdom. So they had
a big objective; that was, to demonstrate the NDE
effectivenss for all of the reactor pressure vessel
inspections.

The trials vere conducted over a 1-year
peciod. They consisted of plates 1 and 2, which vere
flat plates. They contain subsurface as well as
near-surface but not necessarily under-clad. They were
vwithin 10 millimeters or so of the surface.

(Slide.)

These wvere primarily fatigue cracks. Hovever,
they did have several welding defects also. Plate

number 3 was an under-clad crack block with a nozzle
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dropout which had fabricated under-clad cracks. And the
fourth was an inner corner nozzle. Both the plate and
the strip clad vere of a fairly high-quality, a very
high quality, which they would expect toc have on any PHR
that they would order for delivery within the next 4 or
S years.

Six teams participated. There were two French
teams employing a focused-probe technigque, one German
team vhich vas augmented by a couple of other teams, and
three English organizations who participated in the
trial.

MR. SHEWFMON: Was that the Olympic team fronm
each country?

¥R. BECKER: Yes, indeed, it was. Well, let
me correct that. The two French teams wvere exactly the
same people that test in the field. They do both
base-line and pre-service -- pre-service and in-service
inspection, the French teanm.

The German team, the conventional people were
field people from KWU, and they wvere augmented by BAM
and IZFP in some of the sizing exercises.

The English team, you would have to call them
pretty much all-star teams. They were the best people
available, and there were guite a few high-povered

scientists actually doing the worke.
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MR. SHEWNON: I hope that turns out to be an
advantage.

MR. BECKER: Actually, Morris d4idn’* do it,
but he taught 2verybody how to do it.

A summary of the results.

(Slide.)

All six teams detected all 45 defects in
plates 1 and 2. That is a very significent finding.
They vere not all necessarily sized correctly, but most
of them were pretty close. There vere a few errors
vhich woull have accepted unacceptable flaws, but there
vere very few of those.

Plate number 3, there are actually only three
teams that participated in this test. All under-clad
defects vere detected. There vere some in-clad defects
that vere missed by a fev people, but the significant
under-clad defects wvere detected, and sizing in that
case was not a parameter.

In the nozzle inner corner radius, all defects
vere detected, and these wvere S-millimeter or large-type
defects in the inner corner radius of a -- basically
something that looked like a PWR inlet nozzle. And
sizing was excellent. I put dovn 2 millimeters, that is
probably the maximum orn the range. I will show you some

brief examples. I don't want to take too long, hut I
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1id4 vant t> impress you with the guality of the output.

(Slide.)

These vere the very best. Some of them are
not quite this good. But the sizing accuracy in this
case turned out to have a mean error of about 1
millimeter and a standard deviation of 2 mil'imeters.
That was plate 1.

Plate 2 is similar. This is the one that
contains welding-type defects, a little more difficult
to loock at. In general, all of the major defects are
correctly sized.

MR. SHEWMON: These are slots?

ME. BECKER: 1It's a fatigue crack. You take a
fatigue tensile bar, make it in the shop, and then they
veld it into a coupon, the actual fatigue crack, and
then that is implanted in the weld. So in this case
these up here are fatigue cracks, and these down here
are carbon cracks or different types of welding defects.

NR. STONE: Larry, I vonder if you wculd
mention about the color coding there.

MR. BECKER: Oh, excuse me. The vertical
linesd are the reported results, the dark color; and the
green is the axial. In other words, the destructive
analysis is the green, and the red is the reported

results.
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(Slide.)

This is the under-clad crack block. This is a
slag entrapment in this one. These are very tiny reheat
cracks, a wvhole line of them here. The small cracks are
under-clad cracks. And the squares are various types of
in-clad crack clad rather than under-clad type defects.

(Slide.)

This is the nozzle example. I would like to
dravw your attention to the very accurate sizing. The
iittle green dots are the reported, and the red is the
actual profile. And even on very circular flaws they
vere able to size it fairly well.

(Slide.)

To go over some of the conclusions that we
might draw, we believe that they were very successful in
demonstrating that a gquality exam can be made on their
quality of material. The best results were achieved by
using a multiplicity of detection and sizing
technigques. As a matter of interest, there was nobody
that selected ASME or even the reg guide as a best
choice of technigue, although one team did use an ASNE
technigue but it was highly augmented by other probes
and a 10 percent recording level.

MR. SHEWMON: 10 percent DACs?

MR. BECKER: VYes. If you evaluate the
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techniques, there is nc real technological breakthrough
rejuired to do this. It is more an application of good
engineering. I would like to comment that most of this
data wvas permanently recorded and is available for
analysis. And PNL, I believe, is going to record it to
provide us an evaluatiogn of how good our ASME technigues
vould have done on these blocks.

MR. SHEWMON: Wait a minute, let me ask a
quesiion I asked a little while ago again. If you were
going to record what was done, you need something to
give the coordinates of where the crystal is and you
need a tape deck on the signal. 1Is that it? And these
pecple had both, most people doing things in the U.S.
plant don't? Ts it that simple?

MR. BUSH: This is more like a vessel member.

MR. BECKER: Yes. This is where they did do
it that wvay.

MR. BUSH: So this doesn't differ that much
from U.S. techniques, to my knowledge; for the vessel
only I am talking about.

MR. BECKER: The degree of recording is a
little bit different. Maybe Wayne Flack could ansver
that a little bit better.

MR. FLACK: Would you repeat the guestion,

please?
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MR. SHEWMON: How the level of recordine here,
I guess -~ if you are familiar with it -- corresponds
with the la2vel of recording usually done in this
country? Is that the guestion?

MR. BUSH: This would be the automated
systems, Wayne, in the vessels.

MR. FLACK: Yes, sir. On the mechanized
systems that we use at Southwest Research -- and I think
I can speak for at least several of the other ISI
vendors -- the analogue records of the signals go down
essentially to the grass level. You can't extract 10
percent data or whatever you would like. Typically, the
data is analyzed in accordance with the requirements of
th2 code, but additional data and more detailed analysis
should be desired.

¥R. SHEWFON: Okay. Thank you.

Gary.

¥R. DAU: What he said is true, but it's not
true universally. I think that is the key point. There
are still people doinc inspections that are not
reporting it to the extent that Wayne just describded.

MR. SHEWMON: And they're recording on vessels
which meet all the regulations and codes applicable to
ISI vessel inspections. Is that true?

MR. DAUs: Yes, but it could be a data sheet
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and hand notes are written down on position maximum

amplitude and that amount of limited data only.

MR. SHEWNON: Okay. Let me come back to
another question. Now with your newv hat and newv boss,
you have some association with wvhat wve are going to hear
about next on the agenda, and this is the recommended
changes to Reg Guide 1.150. Howv close would you say
that is tc vhat any of these teams used?

MR. BECKER: The basic difference is the
recording level. They used a more sensitive test than
20 percent DAC,

HR. SHEWMON: A more sensitive threshold?

MR. BECKERs Correct. They recorded down to a
lover level. It wvas highly augmented by near-surface
techniques.

MR. SHEWNMON: What does that mean?

MR. BECKER: Well, they used two or three
different probes just to interrogate the first gquarter T.

MR. SHEWMON: Quarter T is not cladding but
the whole thing?

¥R. BECKER: Yes. The first 3 or 4 inches of
the vessel. Then the sizing technigues were not the
simple DAC sizing, they were either -- well, it's a
little difficult to go into, but they wvere considerably

more sophisticated than the DAC sizing technigues that

ALDERSON REPORTING COMPANY, INC.
440 FIRST ST N.W., WASHINGTON, D.C. 20001 (202) 828-9300



10

1

12

13

14

15

16

17

18

19

21

8

24

198

we have in the code. I think those are the basic
differences.

MR. SHEWMON: When you say code *his time,
you're talking abovt what the industry‘'s recommended
procedure was, not the ASME code? Becruse my guestion
had te do --

MB. BECKER: There is very little difference.

MR. SHEWMON: Okay. Thank you.

MR. BECKERs I would like to make cne more
commeit on the area of reliability.

(Slide.)

This 1s a comment on the rejy guide. I would
like to describe our calibration faciiity. The impetus
vas stpplied by Reg Guide 1.150. The basic cbjective,
or a bisic objective, of that reg guide was to achieve
test repeatability. That is, if ve tested it two times
and ve got 1ifferences in signals, we wanted to know
why. You cannot do that. That requires a very good
repeatability. You also have to know what you are
actually using, and that is characterization. You have
to know the parameters of the transamitter, i%*:
transducer, and any other equipment that was used.

So, in response to the reg guide, EPRI
estabtlished a calibration and characterization

laboratory which has the capability of pe-forming these
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characterizations, and those services are now available
to the industry.

(Slide.)

In vyour handout there is a technical brief
describing the capability of the Center's facility. I
might mention that most of the techniques that are used
there vere developed by NRC at Battelle-Northwest. And

in fact, Battelle assembled the system for us.

ALDERSON REPORTING COMPANY, INC.
440 FIRST ST, NW.. WASHINGTON, D.C. 20001 (202) 628-9300




10

1"

12

13

14

15

16

17

18

19

21

24

200

Are there any further questions?

MR. SHEWMON: Questions?

(No response,)

ER. SHEWMON: Okay, thank you very much.

Now, you come to speak for Nr. lance; is that
right?

MR. DAUs Yes.

MR. SHEWMON: Come on up. What I would like
to do, gentlemen, is to hear this presentation, take a
break amongst the NRC presentations again. We will
scratch the budget overview that Seipan had. We will
talk about the steam generator and we will have the
subcommittee discussion and ve'll probably come close to
that 4:00 p.m. scheduled quitting time.

MR. BUSH: Just a quick one. We had some
stuff, I don't know if it was part of the package today
or just for your information on, for example, -- I'm
assuming the North Ana information is not really
relevant t> this meeting? I couldn't tell. It wvas
attached to the packet.

MR. SHEWMON: Is that something only he got?

MR. IGNE: Yes, only he got it. We aren't
still on it.

MR. BUSH: I assumed it might be part of the

package.
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MR. SHEWMON: Go ahead, Gary.

MR. DAU: My name is Gary Dau, I'm
substituting for Jack Lance on the item dealing with the
ad hoc committee.

First, I would like to give a brief rundown of
the chronology of the events leading up to where we are
today on this issue. About 1979 a draft of the document
vas put together for a draft reg guide for ultrasonic
inspection of pressure vessels. I thick one of the
initial emphases at that time was primarily the belt
line in the PWR systems. That was sent out for comment
in this time interval between 79 and July 15th, when the
final version was issued.

In July and August I was approached by several
different people representing ISI vendors, as wvell as
utilities raising quite a bit of concern about the rec
guide and its impact in terms of how it could be
implemented and would it be implemented in a repeatable
fashion across the nation. There wvere some ambiguities
in it based on the input that was received by EPRI.

Then wve assembled a wvorkshop which took place
September 9, 19817. We wanted to determine the intent,
limitations and remedies, if needed, to the comments
that ve were receiving informally. The presentations

involved people from the NRC, ISI vendors, £PRI staff
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and NSSS vendors.

MR. SHEWMON: Any NRC representatives?

MR. DAU: Yes. Definitely. Warren Hazelton
made one of the lead-off presentations on this, and the
participation I think must have been about six or eight
people throughout the meeting.

In the afternoon, Bob Zong began to try to
winnov out possible actions that the utility industry
could take. Through a series of straw votes, it became
a consensus that with input from some of the NRC staff
that vas there, perhaps the best way to move forwvard was
to form an ad hoc committee to draft recommendations and
to submit these to the NRC.

So, that vas the conclusion of that meeting.
And Mr. Zong and myself then were given the charge to
identify a chairman to lead that group. By mid-October
ve had convinced Jack Lance to chair that group.

We also met with vhat is termed the NDE
Subcommittee. This is part of the EPRI utility advisory
structure. We meet with them periodically, at least
three times a year to reviewv our research efforts and to
get advice from them on hov we could be most effective.

We did this for several reasons. First, this
vas the pioneering effort. Second, we wanted to get a

broader base of support within the utility industry to
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carry forwvard on this. And ve were received
overvhelmingly with the advisory structure.

On November Sth wve adopted a charter. In the
handout there's a copy of the charter and the members.
At that time, ve resolved a couple of issues on how to
approach this. Because it was a nev effort and ve vere
not gquite sure how far you could push things, the
committee decided to try to clear up the rag guide in
terms of ambiguity, strengthen it where possible, but
didn't feel that they could push it too far in terms of
mandating new techniques that really had not been
demonstrated adegqguately.

Also, it was recognized at that time that it
had to deal with all LWRs. The reg guide was intended
for that, so we had to be concerned about both the
pressurized and boiling wvater inspections.

Through this timeframe, Deceamber, January,
Februry, March, April, wve had committee meetings. I
highlight the April 15-16 meeting because we met with
the NRC and the consultants to review the process to
date. It turned out to be an extremely useful session.
I think at the eni of the day ve had achieved more than
vhat our objectives were for two days, and if any future
activity like this goes on I would say get this type of

interaction way up here on the calendar. It is needed
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very quickly and it makes it much more efficient.

In May, vwe reviewed by mail the comments, and
we mailed a draft to the industry in guneral for
revievw. Appendix B in the ad hoc committee report,
vhich I only have one cop, of here and I will leave it
with Mr. Igne, but there's about 125 people on that
list. We mailed it out with instructions on how to
comment on that and gave them a month for return
comments. At least 90 people on that list were utility
people.

The committee met then on July 27th to review
and resolve the comments that hd been returned by the
people, and we received some well thought out comments.
These revisions were then incorporated into the final
draft, and ve had a general meeting the next day here in
Washington to present the outcome of that work back to
the utility and the ISI vendor community. Dr. Muscara
and Mr. Serpan attended that meeting.

Then in mid-August ve formally submitted the
document to the NRC.,

(Slide)

The cover letter and some of the introductory
material is included in the handout. You can get more
detail from that. I think there are several significant

items that came out of that. One is the ambiqguities
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were removed froa the intent of 1.150, and I think this
really gelled at the meeting with the NRC people. It is
something that the industiy feels is implementable.

Technically, I believe it is somewhat more
demanding than the original one. It recognizes the ID
surface; most important, it recommends a greater
sensitivity for the inspection of the inner 25 percent
< the wvall, and it uses the fracture mechanics to
Justify two levels of sensitivity. There was a
diccussion about whether 20 percent DAC is adeguate
sensitivity, and T think it is appropriate to have those
type of discussions.

The key thing here is to recognize that
perhaps two levels of sensitivity are appropriate.

ER. SHEWMON: Where and what would those be?

MR. DAU: What is stated in the guide is that
the inner 25 percent should be 20 percent of DAC; the
other 75 percent should be at the 50 percent level. And
it is in this document that the concept of inspection
performance demonstration wvas first put forward. I
think that, tied with the fact that this is the
utility's initiative, is very significant.

I am somevhat amused by some of the comments
here today that this whole concept seems very much

accepted today. When the committee was doing this, they
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had a lot of trepidation about this as to whether or not
this would be acceptable. Today, it is an accomplished
fact, or at least --

MR. SHEWMON: Tell me a little bit about how
that demonstration works. 1Is it just a concept there,
or does it talk about how it would be implemented?

MR. DAU: Well, the committee didn‘'t really
come to grips with the issue of the specific procedures,
but they vere very keen about having it there for
several reasons. One of them is that it's a good way to
get actual performance data prior to going in and doing
the inspection. From this you can begin to work with
the vendor or your own crews if the utility is doing it,
and have a much better understanding of the reliability
of the inspection that is being performed.

At that particular time, a lot of the blocks
that Jim Quinn described were in the concept stage, and
being budgat-limited, ve really couldn't commit to
saying the blocks would be available at any given time.
But it was in a conceptual format that there would be
blocks available and a procedure could be set upe.

This could be between the utility, the
regional NRC people and the ISI vendor. When it really
comes down tc it, those are the people that are making a

lot of these decisions.
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I would like to keynote that last one again.
It vas the atility initiative, and that demonstrates a
great deal of interest and commitment on their part to
having a quality examination.

(Slide)

I am speaking here for Mr. Lance. I am going
to offer some personal observations and identify them as
my own and allow him the opportunity to not associate
himself vith them if he so chooses. But the committee
members and, I believe, the industry as a whole is
really dedicated to having the highest quality vessel
examination possible, and we are willing to put out
quite a bit of effort to help achieve this.

I have made a quick estimate about the amount
of money -- and this is the lower bound of, say,
$300,000 with the kind of funds to put this
recommendation together. This doesn't count a lot of
support wvork from subcommittee groups that worked with
us.

It's a precedent-setting operation. I believe
there wvas wide industry participation; the utilities
vere acting in concert, and there was very excellent NRC
staff and their consultants and interaction and
agreement on the key points. I think in the future if

wve should form such committees they will operate much
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more efficiently and, hopefully, less costly.

The process was completed from the committee's
vievpoint with a very upbeat outlook toward efficient
resolution of similar issues if they are required.
However, I think it is appropriate to say that the
long-term benefits -- I'm talking about attitude now =--
is really joing to be dependent on the NRC response to
these recommendations. I think the industry is locking
for a signal as to wvhat is going to happen.

That really reviews the progress to date on
this issue.

MR. SHEWMON: Okay, thank you. Any questions?

MR. BUSHs Just a quick one, Gary. Of course,
I was happy to see the 20 percent DAC to the 25 percent
vall, but I'm wondering did they ever do an analysis? I
came up with the same figures a couple of vears ago. I
used kind of pseudo-fracture mechanics. Did you have
someone actually 4o an analysis that would Jjustify that
value?

MR. DAU: Yes. In the report, ve used the
information that Ted Marston and his people have
generated, and there are a couple of graphs in there
that show the critical flaw size as a function through
the wall. That plot is in the document and it is in

Chapter 4, I believe.
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MR. BUSH: I wvas looking at it but I guess I
missed it. I was looking at it also in terms of the
piping. We did not look at piping deliberately.

MR. STONE: Gary, were you going to mention
the level III certification activities as a follow-on,
or would that be later?

ME. DAU: Yes, I was, as soon as the questions
vere finished here.

MR. SHEWMON: Go on with that.

MR. DAU: The last item on the agenda and the
last item in the handout deals with the pc sonnel
jualifications issue. Based on some discussions with
the NRC staff and the Quality Assurance Branch last May
vhere they raised serious questions and concerns about
the certification process of inspection personnel being
used in plants today, the utility industry decided to
form a similar ad hoc committee, only this time they are
acting before there's any official position from the NRC
to grapple with this issue and come up with an industry
position on the certification and gqualification of the
inspection personnel.

That committee has been formed, a charter has
been developed and it is included in the handout. The
next scheduled meeting is next week on Tuesday and

Wednesday, and at that time we'll set the specific
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course of action. And ve are hoping to wind that up in
a fairly short timeframe.

¥R. SHEWMON: Thank you. A short time is six
months, one year?

MR. DAU: I would hope it's less than six
months. The people that wve want on that and are on the
committee are also highly involved with ISI outages
right now. Several of them have also been involved with
the exercise at Battelle Columbus on the pipe
demonstration. The key people that you really want have
the background and experience, but they also have a lot
of other commitments.

Our original goal was to try to come up with
this in, say, a four to six-month timespan. Hopefully,
ve can still keep to this, although we have slipped a
lot.

MR. SHEWMON: Okay. Thanks. Having heard
about what industry has done for us lately on this
1.150, could somebody please describe, from the staff,
vhat th:2 schedule and options are likely to be? And
vhat happans to it now?

MR. SERPAN: Chuck Serpan from the Office of
Research. We have the industry revision in our shop
Light now. We have sent it to PNL, we have asked tl.em

to look at it. We are in the process of deciding
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whather we are going to issue it right now or wvhether we
are going to try to upgrade it very quickly.

MR. SHEWMON: Issue it?

MR. SERPAN: 1I'm sorry, not issue it but take
it in that form and turn it into a document and start it
through the appropriate approval process, which gces
through CRGR, the Commission and all of that, as an
appropriate Revision 1 to take it as is and run it
through or to put some additions on ic.

We are negotiating right now with the regs

staff on how ve want to proceed with that.
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MR. SHEWMON: Let me back up for a minute.
This was something that went out for comment, or it was
issued as a regulation? I am a little bit confused
about where we are legally. Reg. Guide 1.150. 1Is it
issued?

MR. SERPAN: Yes.

¥R. BUSH: It wvent through the comment stage.
It had all the approvals.

MR. SERPAN: It is issued. It is on the
street. It is in use. What ve are talking about is
Revision 1.

MR. SHEWMON: Okay.

¥R. SERPAN: Does that answver the question?

MR. SHEWMON: Yes. It says we are meditating
on it. We don't know what we are going to do.

ME. SERPAN: That's correct, and I intend to
get that resolved within a wveek as to whether ve are
going to move with it or whether wvwe 3re going to try to
upgrade it a little bit, but wve are going to move it out
as soon as ve can.

MR. SHEWMON: If we wvere going to try to
upgrade it a little bit, what areas do you think we
vould try to upgride or do you know?

MR. SERPAN: I am not sure.

MR. SHEWMON: Do you feel it is an improvement
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over what was thare before?

MR. SERPAN: It is clearly a distinct
improvement over what was there before, sure.

MR. ETHERINGTON: It has the same format, I
suppose.

MR. SERPAN: Yes, it was done exactly in the
same format. If one really wvanted to take it now and
type it and get it into the approval process, they did
it exactly in that format.

MR. SHEWMON: Spence, did you have 2 comment?

MR. BUSK: Well, obviously, there are some
areas vhere you would improve it. I think what one has
to balance nov is the time element versus that. If your
incremental gain is 10 percent and the delay is three or
four months to get it in the process, it is probably
marginal. If it is 50 percent, and I think that you
might have to iterate back at least to touch base pro
forma with the initial body, at least to see tRat you
are not going in different directions, and it could be
done in a short time, then I think it would be of major
value, but obviously that is a decision Chuck is faced
with now.

MR. SERPAN: That is exactly where we are
right now.

MR. ETHERINGTON: I suppose you would be
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sympathetic to any utility that wanted to take
exception, wouldn't you?

MR. SERPAN: I didn't understand that.

MR. ETHERINGTON: You have alwvays insisted it
wvas a legal guide.

“R. SERPAN: You have to ask those fellows if
they are going to set that out.

MR. HAZELTON: Warren Hazelton.

Regulatory Guides are funny things.

MR. ETHERINGTON: That is why I asked the
question.

(General laughter.)

MR. HAZELTON: It is just a guide. Basically,
it gives information to the utility on what kinds of
things we will accept. If you do it this way, we would
like that. However, if you are going to do it some
other way that you think is just as good, why, we will
listen. And we d> that all the time.

MB. ETHERINGTON: So my question to you is, it
isn®t harder than ucsval this time?

MR. HA

~N

ELTON: What we have essentially tried
to do, and part of the problem that we have is, Serpan
and 1 are trying to find out vhere some of the paper

work is. de tried to put out a letter to the utilities

telling them that a Regulatory Guide was issued and
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carried the implementation date of a couple of months,
and the industry has come in with some suggested
revisions to it to be put in the document, and ve said
ve feel that these are acceptable alternatives to the
procedures given in the guide.

Those are the regulatory words that we would
use, acceptable alternative procedures, et cetera.

MR. ETHERINGTON: And you could do that fairly
promptly? 1Is that right?

MR. HAZELTON: I :ust found out that it didn°'t
look like that letter went out to the utilities.

MR. ETHERINGTON: Oh, you already had such a
letter.

MR. SHEWMON: The NRC didn‘'t.

(General laughter.)

MR. HAZELTON: I think the division of
engineering di“, but it didn't get out, according to the
information v at I have.

¥R. ETHERINGTON: Thank you.

MR. SHEWMON: Yes?

MR. DAUs I would like to offer a comment. I
don't disagree with Warren's interpretation of the Reg.
Guide, but the committee members, and meeting with the
regional people and the consultants, really feel that

when a guide gets out, that it is really what has to be
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done, and it isn't advisory at all at that point. That
vas a lot of the initial concern about the ambiguities
in the issued guijance now on the streets, and in force.

That is where some of the confusion and
concern amongst the utility members comes from. It is
considered advisory at one level, but when the utility
man is sitting across the desk from the regional person,
a lot of that discretion goes away, and they want to
know that it is going to be the same in Region 1 as
Region 2, Region 3, and Region 4.

MR. SHEWMON: Let me ask one question of the
people at the table. Would anybody have any complaints
with my going to the ‘ull committee and urging a letter
that =-- or urging vhoever we need to urge that the
division of licensing send out the recommendation that
Hazelton's group has sent forward, and that the NRC then
indeed approve this or write a letter saying they
approve of this as an alternative. Would that bother
you, Harold?

MR. ETHERINGTON: No, as long as -- I thought
the industry recommendations weres still under review.

MR. SHEWMON: There are two levels. One, are
they an acceptable alternative to the procedures of
1.150, which is the Ra2g. Guide that has already been

issued. The other is the role they would play in the
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revision, in Revision 1 of Reg. Guide 1.150, which is
under consideration by research.

MR. ETHERINGTON: It is only the latter that
is under consideration?

MR. SHEWMON: It is only Revision 1 that is
under consideration.

MR. ETHERINGTON: If the principles are
acceptable to the Staff, I think that course of action
is gcod.

MR. BUSH: I think so. I think what it says
is, it puts the good housekeeping stamp of approval on
that document and says, if you use this in lieu of the
existing 1.150, it doesn't stop the reanalysis and
expanded 1.150 at some time in the future, but it
certainly offers a very viable and a much more
acceptable alternative to the existing guide.

MR. SHEWMON: Do you have any complaints with
that, Don?

MR. MC CLUNG: No, I agree that accepting this
as an alternate at this time would be very timely and
very useful, I think.

MR. SHEWMON: The ACRS may be useful or
useless. I won't get into that, but it s ems to me that
ve do have the authority and influence to sort of

inguire, gee, wvhiz, what happened to that, and do we

ALDERSON REPORTING COMPANY, INC.
440 FIRST ST, N.W., WASHINGTON, D.C. 20001 (202) 828-9300



10

1"

12

13

14

15

16

17

18

19

24

218

need to write a letter to the Commission to ga:t you to
act on it, and that does have a lubricating effect on
occasion. Yes?

MR. BUSHs After all, and it is in the
Christmas spirit, too.

MR. STONE: I would just like to ask a
question about the possibility of, instead of
considering it as an alternate document, to consider it
as in fact an interim replacement document if it is
generally agreed to be an improvement and would possibly
result in more uniform inspections and approaches across
the region. That was just something I wanted to ask as
a question.

MR. SHEWMON: It is my impression, and I would
like to have Warren correct me, but the Reg. Guide that
comes out says, has in it the usuval caveat that you can
alvays try to convince us that some other procedure is
adequate, and wvhat they send up as a letter to the NRC
wvould say, this is an acceptable alternate. Now, that
falls under thz other.

Now, to say that it is a replacement for it is
the same thing as Revision 1, and that would have to go
through all these reviewvs.

MR. BUSH: And the lawvyers would have all

kinds of trouble with it.
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MR. SHEWMON: So we can accomplish the same
thing by saying this is an acceptable alternate, and if
we can get that lutter out from the NRC, then the
utility can use whichever one they prefer, and from all
we have heard, it is reasonably clear which one they
wvould prefer. Does that sound -- Did any of the federal
employees here to keep us from running amok care to
change that?

MR. HAZELTON: That is the wvay I see it.

MR. SHEWMON: Okay. Let's take a3 ten-minute
break, and then we will come back for the steanm
generatorse.

(Whereupon, a brief recess was taken.)

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



10

"

12

13

14

16

16

17

18

MR. SHEWMONs A couple of us now have 4300
o0°'clock flights. If I could move -- I'm sorry, 5:00
o'clock flights; 4:00 o'clock adjourning time.

Why don't you go ahead.

MR. SERPAN: Then I can really keep it short,
can't I?

Chuck Serpan again, from Research.

The programs that we have in steam generator
and environmental degradation are shown hec¢re. I have an
indication of the budget. 1It's worth pointing out on
the steam generator tube integrity program, this uses
the Surry generator at Battelle Northwest. The NRC puts
about a million dcilars a year into that program. We
get $1 million a year from outside contributors. The
French and Italians have signed up already at $200,000 a
year. The Japanese are about to sign up, the Japanese
have signed up. EPRI is about to sign up, and ve hope
to get $200,000 a year either from the owners group or
from Taiwvan.

The other program I <ill talk about in
sequence, the steam generator tube integrity program. I
hate to read you all of this stuff. The objective is to
determine the integrity of service-degrated stean
generator tubiny and developing an independent basis for

NRC evaluation of tube cracking inspection and plugging

ALDERSON REPORTING COMPANY, INC.
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criteria.

(Slide.)

The scope you can read. Let me tell you what
we've done. The most important one so far up through
‘82 isn't even on there. Tube burst tests have been
conducted and with laboratory and -- laboratory machine
and laboratory stess corrosion-induced cracking there.
The tube burst tests are being used now as the basis for
tube plugging criteria evaluation in NRC.

We have also up through this year come up with
predictive equations for predicted integrity of degraded
tubes, and ve're running eddy current test detection
trials on laboratory crack tubes.

Now, through '85-'86 un the program what we
intend to do is validate those predictive equations for
tube integrity, so that based on NDE results we can
indeed tell you whether the tube is going to fail or
vhether it will be integral.

We have devaloped -- this is a big one in this
program from the NDE standpoint. We will develop and
evaluate state of the art and improved eddy current
techniques in all the tubes in that steam generatore.

The results from that will be toc develop and validate
the in-service inspection plans, the frequancy and

criteria for updating of the reg guide and licensing
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basis.

MR. SHEWMON: This is a summary of what you
are doing at several labs or what you are doing at PNL?

MR. SERPAN: This is only the steam generator
tube integrity program at PNL.

MR. SHEWMON: That's all at Pacific
Northwest?

MR. SERPAN: That's correcte.

MR. SHEWMON: When you talk about the state of
the art improved techniques, there certainly are
improvements ovver the old single fregquency procedure.

MR. SERPAN: The multi-frequency, for
example.

MR. SHEWMON: Are many of those being uced?

Is that to evaluate?

ME. SERPAN: We've used the steam generator
and round robin trials with the current techniques that
are being used, as wvell as new and advanced, for example
multi-frequency type, eddy current techniques. Any and
all of those will be used to find out wvhether they are
reliable and how well they work.

MR. SHEWMON: So wvhen we look at that bullet
you emphasized there, the two from the bottom, that will
be done by a group of facilities through the facility at

PNL?

ALDERSON REPORTING COMPANY, INC.
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MR. SERPAN: That's correct.

MR. SHEWMON: Using that data base to make a
decision or do this developament?

MR. SERPAN: That's right. It would be very
similar to what Steve Doctor has used with pipe tests.
These are the samples, these are the tubes. The teanms
vill be coming through and trying out their technigues
as vell as the current ASME code techniques to validate
hovw wvell it's being done and wvhat is the best way to do
it, and that vay we will come up with a recommendation
as to the best way to do it.

MR. SHEWMON: After that you'll take those
pipes out and nondestructively examine them, or what?

MR. SERPAN: They will be nondestructively
examined in the generator itseif.

MR. SHEWMON: Did you mean destructively
examined?

MR. SERPAN: That's right. They will be
removed, the flav verified, and they will be
destructively verified.

(Slide.)

The next is a program at Brookhaven on stress
corrosion cracking of PWR steam generator tubes. The
purpose here is to develop a model to predict the

service life of Inconel steam generator tubes under

ALDERSON REPORTING COMPANY, INC.
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normal and abnormal conditions. The program's been
running for a number of years. It's come to a number of
conclusions.

(Slide.)

The results are that wve have established the
feasibility of protecting the stress corrosion cracking
service life of Inconel 600 steam generator tubino.
We've developed some initial data, and here in '85 we
will get to the bottom line. We will define the
predictive model for the proper constants and we will
validate all of those constants using data from the
retired steam gen=2ratore.

This will be input to regulatory information
to then make predictions on the life of the steam
generator tubes based on the wvater, environmental and
stess conditions, as well as the metalurgy of the
system.

MR. SHEWMON: How many constants are we
talking about?

MR. MUSCARAs Three or four.

MR. SERPAN: How many constants? At least a
half a dozen constants.

MR. MUSCARA: Joe Muscara from NRC Research.

I think the guestion relates to how many

constants are there in predictive equations. There are
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three or four constants. There are essentially two
equations. One would predict crack rates and the other
would predict initiation times. There are two constants
that will be determined.

MR. SHEWMON: And you hope to get those
constants out of looking at that steam generator?

MR. MUSCARAs The constants are being
developed in laboratory tests under various conditions.
You would hope then to take a look at tubes from the
Steam generator, that we know the service life, and see
if ve can predict what egquations will develop.

MR. SHEWMON: Okay, thank you.

MR. SERPAN: To validate it using that Surry
generator data.

(Slide.)

The next program is the environmentally
assisted cracking in light wvater systems, done at
Argonne. The obj2ctive is to develop an independent
capability for the prediction, detection and control of
pipe cracking in light wvater systems. This program is
relatively newv, so it's vorth looking at the scope: To
develop ani evaluate advanced NDE technigues for leak
detection and also inspection of stainless steel
piping.

Here we are trying to use UT to discriminate
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betwveen stress corrosion cracks and geometry, and there
is limited success with that but it looks promising. We
vill be looking at evaluating potential deleterious
effects of lov temperature sensitization, evaluate
vendor and EPRI-proposed corrective actions fcr generic
cTacking problems using alternate environments,
materials, or altered fabrication technigues, and to
develop a mechanistic understanding of stress corrosioan
cracking.

(Slide.)

Ve don't really have any results at this point
in the program. T could give you a list of what wve
exgect to get in *85, but I think you can read those.
It's a relatively new program.

(Slide.)

The next is aging of cast stainiess rteel.

The objective is to provide an independent asss#ssrant of
cast stainless steel. The objective is tc provide an
independent assessment of the effect of long~time
service at operating temperature on Cast anstenitic
stainless steel components for nuclear service.

For this wve are looking at companentis that
have been removed from service, aad we have material
from the Gundrumian reactor in Germ2ny, and we're also

trying to 410 some long-term studies. Wnat we hope to

LDERSON REPORTING COMPANY, INC.
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~ome out with by about *'85 is to establish the
metalurgical phenomenon and factors responsible for the
toughiess loss, to evaluate the degree and importance of
toughness loss and correlate to time, temperature,
material chemistry and so forth, and then to develop and
evaluate solutions to the problem both for existing and
for newv plants.

(Slide.)

The second to the last one is on welding and
repair of stainless steel. The objective is to develop
a methodology for evaluating the acceptability of welded
and/or repair welded stainless steel piping for light
vater service. The impetus for this program comes from
incidents that have happened in the field where pipes
have been repair welded many, many, many times, and you
know that they are sensitized.

The objective of this whole program is to come
up vith a background of criteria so that you can write
129 guides and procedures for the appropriate wvelding or
repair welding of pipe in the field.

(Slide.)

PWR secondary side corrosion is *%e last
topic. It's a very new program. In fact, 4asn't
even started. We're proposing it for this year. It is

to develop a data base on distribution of secondary side
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vater ingredients between bulk and localized areas as a
function of normal and upset operating conditions, and
to perform corrosion testing under corresponding
conditions to develop a basis for evaluating secondary
side vater chemistry optimization control and limits.

This program has been put up and proposed to
get started this year in direct response to comments
that have come from this Committee for the need for that
kind of work, and I don't think there's any point in
going through what wve're goiny to have, especially in
view of the time.

Are there any comments? I'm sorry it wvas
quick.

MR. SHEWMON: Gary?

¥R. DAU: Chuck, the program on weld repair
you're talking about, is that dealing vith wveld repairs
during fabrication or repairs made in service or both?

MR. SERPAN: I think it's both.

MR. SHEWMON: I have one question, not even
related to what you had. That is, one of the large
programs that wve aren't going over this year is the HSST
program, and you have 4dn the past had a shov and tell or
review down there on an annual or something like that
basis. Do you plan one of those in *83?

MR. SERPAN¢ ©We clearly will have one in '83,

ALDERSON REPORTING COMPANY, INC.
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1 but I don't know when.
2 MR. SHEWMON: As you learn of that, would you

3 keep us informed as soon as you can?

4 MR. SERPAN: VYes, sir, I certainly will.

5 MR. SHEWMON: Any other questions on this?
L (No response.)

7 KR. SHEWMON: Okay. Thank you very much.
8 I guess at this point I'll adjourn the

® meeting, then, if there are no other comments.
10 (Whereupon, at 3;40 p.m., the meeting was
{1 adjourned.)
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NINE MILE POINT, UNIT 1

o FURNACE SENSITIZED SAFE ENDS LEAKED
DURING HYORO IN MARCH 1982
== W0 CRACKS FOUND IN UT EXAM
NINE MONTHS EARLIER
-= 1GSCC CONFIRMED
-- BEING REPLACED
o INSPECTION OF PUNMP ELECW FOLLOWED -
| GSCC CONFiRVED
o INSPECTION EXTENDED TO 28 INCH
CIAMETER RECIKRC PIPE

-- ~407 OF WELDS INSPECTED BY UT
-- “ALL HAVE UT INDICATIONS

--  REPORTED TO NRC 8/82

--  BEING REPLACED



OVE=VIEW OF NRC APPROACH

INITIAL CONCERNS WITH BOTH SAMPLING PLANS AND UT METHODOLOGY

MEETING WITH BWR LICENSEES
SAMPLING PLANS GENEZRALLY ADEQUATE

DOUBTS ON EFFECTIVENESS OF UT EXAMINATIONS NOT RESOLVED

DECIDED TO PROCEED WITH UT METHODOLOGY VALIDATION PROGRAM

IE BULLETIN 82-03 ISSUED ON OCTOBER 14, 1982

FUTURE ACTIONS DEPEND ON PLANT INSPECTION RESULTS




OVERVIEW OF VALIDATION PROGRAM

DEMONSTRATION BY UT VENDORS
-~ PERFORMED ON NMP-1 SAMPLES
-- BLIND TEST
-- SAME TECHNIQUES AS USED AT PLANT SITE

DEMONSTRATION WITNESSED BY IE (BETHESDA) AND REGIONAL INSPECTOR
-= CONSISTENCY BETWEEN VARIOUS UT ORGANIZATIONS (IE)
== TECHNIQUE SAME AS USED AT PLANT SITE (REGIONAL INSPECTOR)
-- ADEQUACY OF DEMONSTRATION JUDGED JOINTLY BY IE AND REGION




" 1E BULLETIN 82-03

ADDRESSED FOR ACTION TO:

MONTICELLO
BROWNS FERRY 2
QUAD CITIES 1
DRESDEN 2
MILLSTONE 1
HATCH 1
BRUNSWICK 1
OYSTER CREEK
DUANE ARNOLD

ACTIONS REQUIRED BY BULLETIN
-- DEMONSTRATE EFFECTIVENESS OF UT METHODOLOGY
-- PROVIDE RESULTS OF INSPECTIONS
-- DESCRIBE CORRECTIVE ACTIONS IF CRACKS DETECTED
== SUBMIT SAMPLING PLAN
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NDE CENTER’S ROLE
(SLIDE PRESENTATION)
R.M. STONE

EPRI SPONSORS RESEARCH IN NDE FOR ISI

EPRI LETS CONTRACT TO ORGANIZE, CONSTRUCT, AND OPERATE NDE
CENTER

PURPOSE OF NDE CENTER PROJECT

FUNCTIONS USED TO ACCOMPLISH NDE CENTER PROJECT PURPOSE
BOILING WATER REACTORS OWNERS GROUP ADDITION TO CENTER
TWO CENTER PROGRAMS, NDE AND BWR PIPE REMEDY

PICTURE OF NDE CENTER

FACILITY INFORMATION

REACTOR VESSEL AND STEAM TURBINE SAMPLES

STEAM GENERATOR SAMPLES

AREAS OF FOCUS FOR CENTER’S NDE PROGRAM

STEPS IN TECHNOLOGY TRANSFER PROCESS

BWR STAINLESS STEEL PIPE INSPECTION TASK

AUTOMATIC PIPE INSPECTION EQUIPMENT EVALUATION
EQUIPMENT TO AID MANUAL IGSCC INSPECTION ACTIVITY
TYPICAL DOCUMENTATION ON BWR IGSCC PIPE SAMPLES

IGSCC INSPECTION WORKSHOP ACTIVITIES

HEAVY SECTION INSPECTION TASK

MINAC, MINIATURE LINEAR ACCELERATOR

TRAINING OF ISI CONTRACTOR FOR MINAC FIELD APPLICATION
MINAC IN FIELD USE

MODES OF NDE CENTER TRAINIRG, TECHNOLOGY AND GENERIC
VISUAL EXAMINATION, FIRST GENERIC COURSE SEQUENCE
VISUAL EXAMINATION CLASS ROOM SESSION

VISUAL EXAMINATION LABORATORY SESSION

NDE CENTER HAS FACILITY, STAFF, AND RESOURCES

CENTER PROVIDES DEDICATED NDE SERVICE TO UTILITIES
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LARGE SYSTEMS

Power/energy

Finding the flaws
in nuclear power plants

Nondestructive, remote testing techniques are necessary—and are being Q
devised—to improve the operational safety of nuclear plants

NDE

f

ne pumj

Conventional X rays too cumbersome

Troubles were built in at the start

Evan Herbert




Containment building

Condenser cooling
waler pump

{ithough nuclear power plants [top dlustration] are subject to periodic inspec
non, hidden problems have been popping up, apparently undetected by conven
tional rechniques of nondestructive evaluation. Leaks have appeared in the
eam-generator tubing [left], and stainless-steel piping has cracked after
experiencing mtergranular-stress corrosion. New NDE technology is now being

field-qualified Jabove] to probe these vital areas more accuratel




Engineering the technology transfer

When problems began showing up in nuclear power plants in
the early 1970s after the installations had passed prevailing in
spection requirements, utilities in the United States became
concerned that the techniques needed to inspect plant equip
ment were marxedly different from what was commercially
available. But the expense of developing specialized nonde
structive-evaluation (NDE) technology was a problem in a
nuclear power industry that has largely stopped growing
partly because of the troubles that better evaluation might
have spotted in the first place

To extract the industry from this chicken-and-eqg dilemma,
the utility-supported Electric Power Research Institute (EPRI)
in Pak Alto, Calif., stepped up its R&D on NDE techniques
EPRI has been operating such a program almost since it was
fcunded 10 years ago, so it had a leg up on solving the
prc blems

For the alling U S. nuclear power industry, there was need
for a quick fix. After the Three-Mile Island accident in 1979
there were wholesale postponements and total cancellations
of nuclear power projects. Today major designer-constructors
of nuclear plants are shifting their activities to service and
repair. Inspections of the 74 existing U.S. plants now are more
frequent, and when the plants are down, the cost of replace-
ment power can be in the neighborhood of $1 million per day,
a cost legally passed on to consumers. A public unpredict
ably hit in the pocketbook or threatened by technology gone
awry is unlikely to support nuclear power. Plant availability
and safety have become leading issues, and significantly im
proved NDE could be one part of the response today.

But in 1979 it did not look as if the response could be quick
NDE techniques were slow, cumbersome, and highly depen
dent on expert interpretation. Field experts were scarce, and
their inspection careers were 'imited by cumulative exposure
to radiation. EPRI's attempt to improve NDE for the nuclear
power u.ilities centered on these strategies
* Ensuring sufficient numbers of adequately trained inspec
tion personnel
* Devising more portable inspection systems that required
less set-up time, so teams could enter a work site, do their
jobs quickly, and leave with less exposure to radiation than
formerly
* Developing automatic analysis technigques to reduce
reliance on human interpretation of inspection system
readouis

None of these strategies were susceptible to quick-fix ac
tivities in the face of a genuine shortage of NDE research and
engineering talent The same people couldn’t be called upon
to do everything, nor were they always the pest for everything
needed. When EPRI analyzed attempts to form contractor
teams to transform R&D into field-qualified equipment and
procedures, it found that the available people had either a
strong research or a strong applications orientation. Few
researchers make good field engineers, and field engineers
often are 100 busy with producticn requirements to arg
preciate the ripening fruits of research

Certainly, EPRI reasoned, there was very little capability
between these two poles to concentrate on effective transfer
of technology from the laboratory to the field. And an industry
group called the Nuclear Systems and Materials Task Force
had stressed the need for rapid technology transier

When EPRI looked at foreign efforts in NDE research and
transfer, it found two British operations that were pressing
the development of field products. These were the Non
destructive Testing Applications Center, operated by the Cen
tral Electricity Generating Board, and the British Gas Corg
On-Line Inspection Center. In part. they became modeis for
EPRI's Nondestructive Evaluation Center in Chariotte, N

Quick start on faster fixes

Technology transfer is a fuzzy buzzword—easy to toss off

but hard to accomplish. EPRI was not set up to do it because

policy required that it opera ntract R&D mode, which
is fine for long-ierm activities but sluggish for fast response
to new generic problems. Moreover, EPRI did not want to
become involived in a situation in which it might be accused of
bias in promoting the commercial outcome of its own
research

What the institute did was put out a coimpetitive request for
a proposal for an independent contractor to run the NDE
center. The center would establish the general applicability of
a given R&D approach, whether by EPRI-funded projects or
other research sources. It would quantify performance char
acteristics of inspection systems. The center would then do
engineering development to optimize prototype in-service in
spection systems. It would develop and document proce
dures for use of field-qualified equipment and wouid serve as
an independent body of expertise in providing utili: a8 with
technical answers to inspection questions related ‘o opera
tional or reguiatory situations

A major hurdle for any development and adaptation of NDE
technology is the need to work on actual power-plant com
ponents—steam-generator tubing, turbines, reactor-coolant
pumps, stainless-steel piping—with a variety of flaws the in-
spection equipment should be able to detect reliably. Most
such components are huge, hard to acquire, and often too
contaminated to be handied safely by personnel in the or
dinary laboratory

So EPRI sought to establish a center where realigtic
samples ar.é mockups could be used for equipment develop
ment and qualitication and for refinement of nspection
techniques and the training of personnel under simulated
field conditions. The J.A. Jones Applied Research Co. in
Charlotte was selected to design and manage the $4 million
center, which Jpene in February 1981, a little more than a
year after the :..ntract was awarded

The parent company, J.A. Jones Construction Co., had long
been involved in energy-related projects. The center's
manager is Thomas Nemzek, piesident of the applied
research affiliate and formerly the director for the Division of
Reactor R[esearch and Development for the U.S. Atomic
Research Commission/Energy Research and Development
Administration. Mr. Nemzek established the center on a
9-acre site in the University Research Park in Charlotte and
selected the technice 3taff

The charters and res;ionsibilities of the various divisions
are carefully defined. "ne Inspection Applications and
Technology Division is responsiti= for NDE technology
evaluation, inspection systems evaluation, systems improve
ment and qualification, participation in initial field applica
tions, and NDE training programs. The Repair Applications
Division has identical responsibilit’as and is aimed at
remedies for the problem of crackins *.: boiling-water reactor
recirculation piping systems. A Field Applications Division
consists of people with field experience who are charged with
continuing field aspects of technology transfer and
demonstration

EPRI funneis the projects of its R&D contractors into the
center for evaluation. EPRI's program manager for NDE, Gary
J. Dau, is responsible for developing improved in-service in
spection technology for commercial nuclear power reactors
A program related to the NDE activities but funded separately
by the Boiling Water Reactors Owners Group is also being
conducted at the center.

A carefully engineered program of technology transfer in
volves some field use for the intended inspection purpose
followed by modification or refinement as required, and ther
more field qualification by utility personnel—trained in its use
at the center—to satisty code, regulatary, insurance, or utility
informational requirements. Qualification using adaquately
trained utility personnel enhances the probability of suc
cessful technology transfer and diffusion of the
developments into industry -EH




and its manipulator, plus a mock-up of a reactor coolant pump
were installed at EPRI's Nondestrucuive Evaluation Center in

Charlotte, N.C., for traiming of inspection and utility super

ry personnel. The modifications indicated that not
thing could be anticipated in the development laboratory,
ance of field qualification as

ac needed improvements in

readouts, and revision of the

ensure stable operation regardless of

I'he manipulator was modified so that its

ould be handled as a single subassembly,

time the inspection team is exposed to

had been conducted by the

there were demonstratio by

personnel from the Southw

|
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Automation may reduce
inspection and repair time
in the hostile environment
of a nuclear power plant
Workers replacing piping
in a boiling-water reactor
recirculation oop are
slowed by heat, humidity,
and restricted view in
their cumbersome anti
coniamination clothing
Time at the task is strictly
limited to minimize radia
tion exposure, so their
progress is monitored on
T'V by the supervisor and
the next team to take
over. Repair team pro
ductivity will be enhanced
by automatic lathes and
welders now under tesr at

the EPRI NDE center.

Plate Gap Measurement, NP-2285 Final Report (RPSI42-1), $12
Field Experiences With Mu C) \’14..'./‘14"\1” ter Eddy
Current Technology are describe NP-2299 Final Report

(RPS115-1), $13.50. Significant improvements in flaw detectics

and characterization have been ¢ i a combination of

ivanced signal processing

network (ANL) patterr

, detailed in Auromatic Ultrasonic Im
INL Signal-Processing Techriiques, NP-2336
(RP606, RP1125), $13.50. These EPRI reports
ym Research Reports Center, P.O. Box 50490,
94303 (phone 415-965-4081). Prices include sur
jested by EPR

wganization

s, bibliograp
reports YUr
proceedings. The
broadest search of NDE features 2 4 s from the Ene
Data Base: Nondestructiv sting, March 1976-May 1980,
1s PBRO-BS6842. Other he carches are Nondestructive
Testing [ Pipes and Tube I’ 1976-July 1980,
PBB80O-851487; and Nondestructiy sting o tructural Welds,
PBS8I-8S1R18. Each Published Searc sts $30 and is available
! National *CNNIKCE mat ervice, U.S “'\;‘.(!‘

034874650




STAINLESS STEEL PIPE INSPECTION



STAINLESS STEEL PIPE INSPECTION STATUS

G. J. DAU AND M. BEHRAVESH

BACKGROUND DAU

CURRENT PRACTICE BEHRAVESH
® NINE MILE POINT REVIEW
® RESPONSE TO I&E BULLETIN 82-3
® 1GSCC WORKSHOPS (ISI TEAMS, NRC)
® IGSCC PIPE INVENTORY

ADVANCED SYSTEMS

¢ ALN 4060 (MICRO PROCESSOR BEHRAVESH
ASSISTED MANUAL 1SI)

® AUTOMATED UT DATA ACQUISITION BEHRAVESH
AND OFFLINE ANALYSIS

® SIGNAL PROCESSING PHYSICS BEHRAVESH
REVIEW PANEL

® INTEGRATED SYSTEM FOR PIPE DAU

INSPECTION

-~=ALN 4000
-==3CANNER

---BOOTED TRANSDUCER
---PULSER

---SOF TWARE

SURVEILLANCE PIPE TEST (26"@) DAU

WELD CROWN CONTOURING MACHINE DAU



BACKGROUND



BACKGROUND (G, J. DAU)

e 1975-76 EPRI ROUND ROBIN OF IGSCC SAMPLES
o WIDE VARIATION IN PERFORMANCE OF 5 EXPERIENCED TEAMS

e PERFORMANCE VARIABLES NOTED:
--=THOSE WHO DID DETAILED PLOTTING,
RAY TRACING DID BETTER
--="0PTIMUM" PROCEDUPF SYNTHESIZED
BY EPRI PRODUCED NO SIGNIFICANT

IMPROVEMENTS

==~AFTER-THE-FACT ANALYSIS SHOWED
MANY CRACKS WERE DETECTED; I.E.
UT SIGNAL PRESENT, BUT CLASSIFIED
iNCORRECTLY.,

o RESULTANT EPRI RESPONSE

--=DUAL ELEMENT TRANSDUCER DEVELOPMENT
3:1 s/N INCREASE ON THICK WALL PIPE
(NP 1153, Aucust 1979)

---RECOGNITION OF NEED FOR I1GSCC SAMPLES

--=KRB PLANT SAMPLES, IHI MANUFACTURED
1GSCC SAMPLES,
TRANSFER OF IHI METHOD TO PNL

---PROBLEM DEFINITION-ERROR SOURCE
CLASSIFICATION TO DIRECT FUTURE WORK



INSPECTION ERROR CLASSIFICATION

ERRORS CAUSED BY IMPROPER OR INCORRECT APPLICATION

OF METHOD. (OPTIMUM PROCEDURE 1S NEEDED, BUT WILL

NOT SOLVE PROBLEM)

PROCEDURAL

SIGNAL
CLASSIFICATION

PROBABILITY OF ERROR

ERROR CAUSED BY INCORRECT INTERPRETATION OF
ULTRASONIC SIGNAL. LARGEST ERROR SOURCE

<3-5%

PHYSICAL

I 9/ Tw FLAW SIZE

ERRORS CAUSED BY RETURNED UT SICNAL BEING TOO WEAK TO DETECT.
GROWING BODY OF EVIDENCE INDICATES THIS IS NOT OF CONCERN FOR WROUGHT S.S.




CURRENT PRACTICE



REVIEW CF NINE MILE POINT ISI
1981 VS, 1982

GENERAL CONSIDERATIONS

SAFE ENDS WERE PART OF THE AUGMENTED INSPECTION PROGRAM
(NUREG 0313). BALANCE OF RECIRC, SYSTEM WERE NOT,

PSYCHOLOGY OF ISI AFTER LEAK

RECIRC. PIPING, OBSERVATIONS

THERE ARE ONLY TWO COMMON JOINTS IN ‘81 AND ‘82 DATA

THE ‘81 PROCEDURE (10% NOTCH) REQUIRED A 50% DAC REPORTING
LEVEL. 1GSCC SIGNALS CAN BE LOWER.

THE PROBE USED IN 81 (1/2" x 1", 2,25 MHz) WILL HAVE A
LOWER SENSITIVITY TO SMALL DEFECTS

UNGROUND CROWN MAY INTERFERE (OFTEN DOES) WITH DETECTION
OF AXIAL CRACKS

THE TIME SPENT ON SCANNING AND RECORDING IS CONSIDERABLY
LOWER FOR "81 THAN ’'82,

[GSCC EXPERIENCE OF INSPECTION PERSONNEL HIGHER IN 82
THAN 81 (AVAILABILITY OF IGSCC SAMPLES AND PARTICIPATION
IN EPRI NDE CENTER WORKSHOPS)



NW-1 RECIRC PIPE WELDS

COMPARISON BETWEEN 1981 AND 1982 RECORDS ON WELDS

P32-FW-10W AND F32-FuW-364

D 1981 1982
P32-FW-10W P32-FW-364 P32-FW-10W P32-FW-36W
Indications None one 5-10% DAC 208 DAC 4 50% DAC
found (100% DAC at ) at +10dB
+ 10 @B) |
1
|
U7 Instrument M-I M-I USL-38 M-I
|
Search Unit Aerotech Aerotech Aerotech Aerotech | Aerotech
IQ"XI" h:tc WNXIM kct. 1/21! ¢ 1/2" ¢ \ 1/2" o
2.25 M1z 2.25 MHz 1.5 Mz 2-25 Mz | 1.5 M1z
'
Cal. Block P8R-1.050-1 P8R-1.050-1 P8R-1.050-1 m-IEOSO-l
1}
|
Sensitivity (dB) 72/78 72/78 42/62 31/41 38/58
Cal./Scan !
)
Tenperature (°F) 67/72 67/72 68/76 62/80 : 62/70
Cal. Blk./Component :
Scan & Record 1.49 1.49: 3.202 830 1.2
Time (Hr.Min.) |
.
UT Personnel 1,1 1,1 11,11 i Vo
(Level) :
orT - Wy

TTime for scanning 3 ciraum. welds (one side only)

and 4 - 12" lTongi.
2 tim: for 1 circum.
' Time *or 4 circum,
* Time for 1 circum,

welds (both sides).

weld (one side only).

welds (one side only).

weld (one side only).




SEPT, 27, 1982
SEPT. 29, 1982
0CT. 3, 1982
OCT 6, 1982
OCT. 7, 1982
0CT. 8, 1982
CCT, 12, 1982
OCT. 14, 1982
0CT. 15, 1982
0CT. 19, 1982
0CT. 22, 1982
0CT. 25-26, 1982
0CT. 27, 1982
0CT, 28, 1982

0CT. 29, 1982

EPRI NDE CENTER
RESPONSE TO I&E BULLETIN 82-03

NRC EXPRESSES CONCERN

BCL CHOScN AS VALIDATION SITE
NMP-1 SPECIMENS ARRIVE BCL
DECON, PT & UT DOCUMENTATIONS COMPLETED
NRC REVIEW AT BCL

NORTHERN STATES/CECO
NORTHEAST UTILITIES

SCS, GP, PECO, CPsL, CP, DPC
NRC BULLETIN 82-03 IS ISSUED
HELP !!, WORKSHOP NEEDED
NORTHEAST UTILITIES

WORKSHOP AT NDE CENTER

SCS, CPeL, GP

TVA

GPU



EPRI NDE CENTER
IGSCC SPECIMENS AND WORKSHOPS

SPECIMENS

AN INVENTORY OF MORE THAN 100 FLAW SAMPLES IN VARIOUS PIPE
DIAMETERS AND THICKNESSES. BWR UTILITIES ROUTINELY BORROW
AND/OR EXCHANGE SPECIMENS FOR THEIR PROCEDURE AND PERSONNEL
QUALIFICATION NEEDS. =

IGSCC_WOR PS

TYPICALLY 2 - 3 DAYS IN LENGTH, COMBINING A MIX OF LECTURES,
DEMONSTRATIONS, AND MOSTLY HANDS-ON,

DATES PARTICIPANTS

SEPT, 17-18, 1981 BWR UTILITIES, ISI VENDORS, AND
NRC

MARCH 8-10, 1982 BWR UTILITIES AND ISI VENDORS

0CT. 25-26, 1982 BWR UTILITIES AND ISI VENDORS

NOvV. 30-DEC.1, 1982 NRC



ADVANCED SYSTEMS



ALN 4060
MICRO PROCESSOR ASSISTED MANUAL ISI

AUTOMATIC SIGNAL INTERPRETATION (CRACK/NO CRACK)

USER TRAINABLE

HOLDS UP TO 7 TRAINING SETS

SINGLE MODULE, 35 LB,



automaren ufBTA acaursiTion &
AND OFFLINE ANALYSIS
ON SITE
MECHANIZED PIPE SIGNAL DIGITIZER SEC. XI CODE POSITIONALLY ENCODED
SCANNER + AND RECORDER =} CONSIDERATIONS =5>>  DIGITAL UT SIGNALS
(AMAPS) (ALN 4000) (CALIBRATION, % DAC)  ON MAGNETIC TAPE
QFE SITE,

DATA REDUCTION

AUTOMATED ANALYSIS
(Z DAC, POSITION)

LEVEL I7i REVIEW
2 (SIGNAL PROCESSING) e (PLOTTING/

DISCRIMINATION)

NOTE THE CAPABILITY FOR REPEATED REPLAYS AND ANALYSES AT DIFFERENT DAC LEVELS,



SIGNAL PROCESSING
PHYSICS REVIEW PANEL

PROBLEM

THE SIGNAL PROCESSING/PATTERN RECOGNITION SCHEMES THAT
ARE CURRENTLY APPLIED TO ULTRASONIC FLAW CHARACTERIZATION ARE
MOSTLY BASED ON STATISTICAL AND/OR EMPIRICAL CONSIDERATIONS.
TO SPEED THE ACCEPTANCE OF THESE NEW TECHNOLOGIES, THEIR
UNDERLYING PHYSICAL PRINCIPLES MUST BE IDENTIFIED AND
DEMONSTRATED.

APPROACH

A PANEL OF EXPERTS IN PHYSICS, ULTRASONICS, SCATTERING
THEORY, STATISTICS, INSTRUMENTATIONS, AND SIGNAL PROCESSING
WAS FORMED TO REVIEW THE CURRENT STATE-OF-PRACTICE AND ESTABLISH
THE PHYSICAL PRINCIPLES BEHIND THOSE SIGNAL FEATURES THAT SHOW
SIGNIFICANT POWER FOR FLAW DISCRIMINATION. THE PANEL CONCLUDED
ITS ACTIVITIES IN NOVEMBER, 1982, AN IMPORTANT OUTCOME HAS
BEEN THE GENERATION OF THE FIRST SIMPLE THEORETICAL MODEL OF
IGSCC THAT BEGINS TO PREDICT THE OBSERVED EXPERIMENTAL RESULTS.



INTEGRATED SYSTEM FOR PIPE INSPECTION

(1) ELECTRONICS

® CONTROL
® ANALYSIS

(2) SOFTWARE
(5) SCANNER

® INSTRUCTIONS
® LIMITS ® MOVES
TRANSDUCER
® FIELD
COMPATIBLE
(3) PULSER ) UT
RECEIVER
—_— TRANSDUCER
& STABLE AND
KNOWN PULSE ® RELIABLE COUPLING
SHAPE
® COPE WITH FIELD
CONDITIONS

ORIGINAL EPRI INTENT WAS To DEVELOP ITEMS (1) AnD (2) oNLY,
HOWEVER, STATE-OF-TECHNOLOGY REQUIRED IMPROVEMENTS IN OTHER

AREAS TO ACHIEVE RELIABLE SYSTEM.




AUTOMATIC SCANNING

AUTOMATIC FLAW DETECTION
AND CHARACTERIZATION

ADAPTRONICS ALN 4000
MULTI PURPOSE PROCESSING SYSTEM

~p  FULSER —
RECEIVER
SCANNER  |¢—
CONTROLLER
BOOTED
TRANSDUCER
ASSEMBLY —
PIPE -

WELD CROWN

EPRT DEVELOPED INTEGRATED SYSTEM FOR PIPE INSPECTION (ISPI)

L]

OPERATOR
CONTROL
TERMINAL

SCANNER TRACK

ALN 4040
CONTROLLER
PROCESSOR
UNIT

OSCILLOSCOPE DISPLAY

CONTINUOUS
DISPLAY

ALN 4080

STORAGE

DISPLAY
UNIT

.

GBCC MAP

{,f.. Lo

- - 0l

wsce Lsr

A X LOCATION (DEG)
Y LOCATION (™)
LENGTH (Me)

DEPTH (Mn)
g S

PERMANENT
DOCUMENTATION

(SYSTEM WILL BE ILLUSTRATED WITH 35MM, SLIDES OF ACTUAL HARDWARE)



SURVEILLANCE PIPE TEST



SURVEILLANCE PIPE TEST (SPT)

26"0; 1.2" WALL THICKNESS

REALISTIC TEST BED FOR EVALUATING ULTRASONIC INSPECTION
AND SURVEILLANCE DEVICES

SIMULATES BWR OPERATION (P, T, 202, LOAD)
REVEALS CRACK GROWTH PATTERN

STATUS:
CRACKS INITIATED BY GRAPHITE-WOOL METHOD

WELD OF
INTEREST

TEAR DOWN AND INSPECTION EVERY 3 MONTHS

~8000 HOURS OPERATION
v]15% OF TOTAL POSSIBLE LENGTH CRACKED (SEE FOLLOWING PLOTS)

ONE BOAT SAMPLE REMOVED, DEPTH = 0.150”; LeneTH = 0.73";

wipth = 0,01"

QP e —

LOAD JACKS



TOTAL CRACK LENGTH (INCHES)

CRACK GROWTH RATE (LINEAR) FOR SPT

” rs A

1.5 3 4.5 6 7.5 9 10.5
HOURS AT OPERATING TEMPERATURE (X1000)



NUMBER OF CRACKS

TOTAL MUMBER OF CRACKS FOR SPT

A A H

1.5 3 4.5 6 7.5 9 10,5
HOURS AT OPERATING TEMPERATURE (X1000)



NUMBER OF NEW CRACKS

DIFFERENTIAL CRACK GROWTH RATE (NUMBER) FOR SPT

L I A 1

1.5 3 4.5 b 7.5 9 10,5
HOURS AT OPERATING TEMPERATURE (X1G00)



WELD CROWN CONTOURING MACHINE



WELD CROWN CONTOURING MACHINE

OBJECTIVE: RAPID, AUTOMATIC REMOVAL OF PIPE WELD CROWNS TO
PERMIT MORE RELIABLE INSPECTION OF WELD AND HAZ

APPROACH: MICRO-PROCESSOR CONTROLLED EXTERNAL LATHE
===-ACCCMMODATES, OVALITY, MISMATCH, ETC.
--=EXPECT >5X REDUCTION IN TIME VS GRINDING,
BETTER SURFACE

STATUS: ---PROTOTYPE EVALUATED ON 12" P1IPE
--=FINAL DEBUGGING UNDERWAY FOR 28" MODEL
--~SCHEDULED FOR USE AT NINE MILE PT.

RADIAL
DRIVE

ROTATING
SHELL



EPRI PRESSURE VESSEL R&D

- W ————— ———



EPRI PRESSURE VESSEL PROGRAM



OUTLINE OF PRESENTATION

1,

EPRI PRESSURE VESSEL PROGRAM = J. R. QUINN

OBJECTIVES
METHODOLOGY
CURRENT MAJOR GOALS

PRESSURE VESSEL IMAGING SYSTEM (pvIsS)
SYSTEM DESCRIPTION

SCHEDULE

DEMONSTRATION RESULTS

UNDERCLAD CRACK DETECTION ACTIVITIES
SUMMARY OF STATE OF THE ART
CURRENT ACTIVITIES
EVALUATION OF FIELD EQUIPMENT
EVALUATION OF NEW EQUIPMENT
TECHNOLOGY DEVELOPMENT
RELEVANCE TO PTS ISSUE

SAMPLE DESIGN AND FABRICATION

EVALUATION TEST BLOCKS
BLOCK DESIGN CRITERIA
COST ESTIMATES

BURIED FLAW DETECTION AND SIZING
CURRENT ACTIVITIES
SCHEDULE

SUMMARY OF DDT RESULTS--F. L. BECKER

TRANSDUCER CALIBRATION FACILITY

REG., GUIDE 1.150 REVISION



OBJECTIVES:

A, UNDERCLAD CRACK DETECTION

8. BURIED FLAW DETECTION

C. FLAW CHARACTERIZATION

D. ALTERNATIVE TECHNOLOGIES



METHODOLOGY :

ALL TECHNIQUES, INSTRUMENTS & PERSONNEL
ARE MEASURED BY DEMONSTRATED PERFORMANCE,

NOT COMPLIANCE TO THE CODE



CURRENT MAJOR GOALS

UNDERCLAD CRACKS
COMPLETED EVALUATION OF TECHNoOLOGY To 1981 in 1982
EVALUATING NEW OR EMERGING TECHNOLOGY 1982--1983

DEFINE BEST APPROACH BY MID 1983, commIT TO
FABRICATION



B. INDEPTH FLAWS

vai DATE EXISTING TECHNOLOGY To 1982 By mip 1983

DEF iNE BEST APPROACH AND COMMIT TO FABRICATION BY
enp 1983



&, CHARACTERIZATION
ACOUSTIC HOLOGRAPHY IS NOW NEAR FIELD READY (12/82)
ACOUSTIC HOLOGRAPHY FOR FIRST PSI IN 1983

LINEAR HOLOGRAPHY FOR NOZZLES AND PIPES READY BY
1984 (coMMERCIALIZED)

COMPARISON OF HOLOGRAPHY ‘ND HOLOSAFT BY MID 1983



PRESSI'RE VESSEL IMAGING SYSTEM

—————— e ———— ——————— —— - -



PVIS*

APPROACH:

DEVELOP ACOUSTIC HOLOGRAPHY CAPABILITY FOR FLAW
CHARACTERIZATION

INTEGRATE HOLOGRAPHY INTO EXISTING PWR RPV
INSPECTION SYSTEM, FORMING "Pvis” mMoDEL 1

NDEVELOP IMPROVED DETECTION FOR UNCERCLAD AND
DEEP FLAWS AND INTEGRATE INTO “pvis” moDeL 1A

FABRICATE TEST SAMPLES FOR THOROUGH SYSTEM
QUALIFICATION

DEVELOP SECOND VERSION FOR ENHANCED DETECTION
AND INTEGRATE INTO "PvIS” MODEL 2

“Pvis” AVAILABLE FOR INDUSTRY USE, VIA TRAINING
AND LEASE PROGRAM

*PRESSURE VESSEL IMAGING SYSTEM



SCHEDULE 1,82 1/83 1/84 1/85  1/86

ACOUSTIC HOLOGRAPHY

“pvis” MoODEL 1

“pvis” mopeL 1A

. FABRICATE QUAL, SAMPLES =====eme-cecccca-- -
“PVIS” MODEL 2 @~ = mmeeeeecccceecceccccceeeee -

"pvis” AT TMI-2 = emeeeeeeeemeeeeees -

“PVIS” READY FOR INDUSTRY USE =====w====ccceece e cccccaaeae -
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UNDERCLAD CRACK DETECTION

- ———————— ————— - ————— -



CLAD
STRIP
STRIP

SINGLE
WIRE

STRIP

SINGLE
WiRE

STRIP
MANUAL

SINGLE
WIRE

MANUAL

ESTIMATE OF RELATIVE DETECTABILITY
OF UNDER CLAD CRACKS GREATER THAN
6mm - OPTIMIZED SYSTEM

FINISH
SMOCTH
SMOOTH
SMOOTH

UNGROUND
SMOOTH

UNGROUND
GROUND
UNGROUND

UNGROUND

FLAW
ORIENTATION

X
]

: 2

1
Il

1
L-1l
1-11

1-1l

S/N RATIO dB
6mm_CRACK

18-24
16-24
16-22

18-20
16-20

14-18
10-16
10-14

6-10

DETECTABILITY
CONFIDENCE

VERY HIGH

Y

HIGH
MODERATE

LOW



FRENCH CONNECTION

Contact - BAM/RTD
inlet nozzles (13) 126 cracks
outlet nozzles (5) 89 cracks
ALL CRACKS OF DEPTH > 3 MM. DETECTED

Automatic Focussed Probe
inlet nozzles (2) 65 cracks
outlet nozzle (1) 66 cracks
ALL CRACKS OF DEPTH » 3 MM. DETECTED



SIGNIFICANCE OF FRAMATOME RESULTS

UNDERCLAD CRACKS OF 1/2 CRITICAL CRACK SIZE
IN PTS ISSUE CAN BE RELIABLY DETECTED
BENEATH SMOOTH, DOUBLE LAYER STRIP CLAD
AND GROUND MANUAL CLAD

FRAMATOME NOZZLE CLAD SURFACE WAS OPTIMUM
FOR DETECTION, NOT SO FOR US BELTLINE
WELDS

FRAMATOME NOZZLE CLAD IS DOUBLE LAYER,
MANY US BELTLINES ARE SINGLE LAYER

UNDERCLAD CRACKS WERE FOUND UNDER MANUAL
AS WELL AS STRIP, OVER BASE METAL,
VERY LITTLE OVER WELD METAL

GRINDING OF US BELTLINE CLAD WOULD REPRODUCE
FRENCH NOZZLE CONDITIONS



NEAR SURFACE PROJECT

1, EVALUATION OF SURFACE CAPABILITY IN COOPERATION
WITH PNL/NRC
SHARING OF DATA/SAMPLES, LEVERAGING OF BOTH
BUDGETS

‘ 2. EVALUATION OF NEW TECHNOLOGIES--CE & W TOOLS

[ 3, SIGNAL PROCESSING WORK

SYSTEMATIC STUDY OF POTENTIAL FOR
DETECTION AND CHARACTERIZATION

EVALUATION OF LATEST SYSTEM--DYNACON

APPLICATION OF ADI 4060 FOR EVALUATION
PURPOSES



SAMPLE DESIGN AND FABRICATION

—————— —————— - —————————— -



QUALIFICATION SET OF SAMPLES

GOALS:

PERMANENT SET OF HEAVY SECTION SAMPLES WITH
KNOWN FILAWS FOR BLIND TESTING OF EQUIPMENT
AND CREWS

PROVIDE STATISTICALLY SIGNIFICANT DEMONSTRATION
OF INSPECTION PERFORMANCE IN SIMULATED ISI
CONDITIONS

PROBLEMS :
BLOCKS, FLAWS ARE EXPENSIVE TO FABRICATE

STATISTICS AND NUMEROUS FLAW PARAMETER3 REQUIRE
THOUSANDS OF FLAWS, IN HUNDREDS OF BLOCKS

NEED TO ACHIEVE CONSENSUS WITH NRC AND TECHNICAL
COMMUNITY BEFORE FABRICATION, ON “REASONABLE”
SIMPLIFYING ASSUMPTIONS TO REDUCE COSTS



NUMBER OF TESTS REQUIRED TO ATTAIN A GIVEN RELIABILITY
(CONFIDENCE LEVEL =90%) FOR A GIVEN NUMBER OF FAILURES

Number Percent Reliability
of Failures 99.9 99 98 95 90 80 60
0 2300 230 1186 46 22 1 5
1 3900 389 1956 78 38 18 9
2 530 265 106 53 25 12
3 670 335 134 67 33 15
® - . L L
L ] o - - -
- . L J L L] ®
10 1540 770 308 154 75 36



SAMPLE DESIGN AND FABRICATION

EVALUATION TEST BLOCKS

A. b BLOCKS 4" THICK FOR NEAR SURFACE MANUAL,
STRIP, AND MULTIWIRE CLAD GROUND AND AS
WELDED NOTCHES AND MECHANICAL FATIGUE
CRACKS

B, 3 MORE SUCH BLOCKS TO BE FINISHED BY 1/30/83

¢, 17" BLock WITH 50" WELD CONTAINING MANY FLAWS
MULTIWIRE CLAD, UNGROUND

D. NDE CENTER HAS CLADDING CAPABILITY

NOTE
A. & B, ARE PERMANENT TEST PIECES WITH KNOWN FLAWS
C. MUST BE DESTRUCTIVELY EVALUATED TO DETERMINE
FLAWS PRECISELY



NDE SCREENING BLOCK OPTIONS

9 BLOCKS APPROXIMATELY 20 x 24 IN,

MANUAL, 3 WIRE AND STRIP CLAD

RANGE OF SURFACE CONDITIONS FROM AS CLAD TO SHOP
PRACTICE

RANGE OF CLAD THICKNESS TO REPRESENT OLDER REACTURS

MORE THAN 150 FLAWS

AT LEAST 25% OF THE FLAWS ARE FATIGUE CRACKS OF SHORT
ASPECT RATIO >4

FLAW SIZE IN THE RANGE OF INTEREST FOR PT’S 3mm AND
GREATER



FLAW SAMPLE COSTS

ITEM

4" THicK, cLaD WITH ~10 FLAWS (FATIGUE AND
NoTcHES) (2 x 2 freeT) (EPRI)

11" THICK, CLAD WITH PROGRAMMED AND CONTROLLED
FATIGUE CRACKS (5) -- 3 x 3 FT. IN 1980
(EPRI)

9” THICK, CLAD WITH 60" WELD AND PROGRAMMED
AND CONTROLLED FATIGUE CRACKS -- 5 x 5 FT,
IN 1982 (ukaEA)

NOZZLE TO SHELL WELD WITH PROGRAMMED AND
CONTROLLED FATIGUE CRACKS IN 1981-82
(UKAEA) :

BUILT BY WESTINGHOUSE AT A REPORTED LOSS
WITH NOZZLES DONATED BY EPRI
ESTIMATED REPLACEMENT cosT (600 to 700K)

NOZZLE TO SHELL WELD FOR PISC I!I
(s, CRUTZEN)

COST
EACH

18K

100K

250K

400K

750K



BURIED FLAW DETECTION



BURIED FLAWS
CURRENTLY HAVE THREE ACTIVE PROJECTS

RP 1570-3 -- CE

RP 2165-2 -- W

RP 2165-3 -- DSI

r &

CE HAs USED SECTION XI TECHNIQUES oN EPRI 7" BLock

W HAS PERFORMED PARALLEL TESTS ON 4 PARTY BLOCKS
W WILL REPEAT TESTS AT NDE CENTER
(EPRI wiLL PuBLISH W PRIOR RESULTS)

CE & W AGREE THAT INSPECTICNS TO MINIMUM SECTION
X1 STANDARDS WILL NOT RELIABLY FIND OR SIZE CRACKS
AT OR ABOVE CRITICAL CRACK SIZE BURIED AT 1/8T To
1/27

W HAS SHOWN AN IMPROVED TECHNIQUE WHICH IS REPEAT-
ABLE, REPRODUCIBLE AND HIGHLY RELIABLE. W RESULTS
WILL BE VERIFIED BY NDE CENTER PROCTORED EVALUATION
TEST

DYNACON SYSTEM PRELIMINARY DATA SHOWS POTENTIAL
EVALUATION TO BE COMPLETED 3/30/83



ALTERNATIVE APPROACHES

FOR UNDERCLAD CRACKS
EDDY CURRENT TECHNIQUES

CONFIRMATION OF UT
CHARACTERIZATION

FOR BURIED FLAWS

MINAC RADIOGRAPHY WITH IMAGE ENHANCEMENT
AND FILMLESS TECHNIQUES

CURRENTLY IN FEASIBILITY PHASE



SUMMARY CF DDT RESULTS



DEFECT LETECTION TRIALS
(DDT)

- CONDUCTED IN SUPPQORT OF SAFETY CASE FOR UK PWR
PROPOSAL

Ll OBJECTIVE: 7O DEMONSTRATE ADE EFFECTIVENESS FOR
RPV INSPECTION
B FOUR TEST PIECES

- 1 & 2 FLAT PLATES - SUBSURFACE AND NEAR SURFACE
DEFECTS

3 FLAT PLATE - CLAD AND UNDERCLAD DEFECTS
- 4 NOZZLE - INNER CORNER DEFECTS

(PLATE, AND STRIP CLAD OF HIGH QUALITY AND SMOOTH)

. SIX TEAMS PARTICIPATED
- 2 FRENCH
1 GER¥AN

- 3 ENGLISH



DEFECT DETECTION TRIALS
(DDT)
RESULTS

PLATES 1 & 2

- ALL 6 TEMAS DETECTED ALL 45 DEFECTS

- SIZING BY THE THREE ENGLISH TEAMS WAS EXTREMELY GOOD

- HOWEVER A SMALL NUMBER OF ASME UNACCEPTABLE FLAWS

WERE SIZED AS ACCEPTABLE

PLATE 3 CLAD ANL UNDERCLAD DEFECTS

- ALL UNDERCLAD DEFECTS DETECTED

- SIZING WAS NOT A FACTOR

PLATE 4 NOZZLE INNER RADIUS
- ALL DEFECTS DETECTED 5mm CR LARGER

- SIZING VERY GOOD 2mm
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DEFECT DETECTION TRIALS
(DDT)
CONCLUSIONS

AN ADEQUATE INSPECTION CAN BE PERFORMED ON A RPV
OF THE QUALITY EXPECTED IN THE UK PROGRAM

BEST RESULTS WERE ACHIEVED BY USING A MULTIPLICITY OF
DETECTION AND SIZING APPROACHES

NO TEAM SELECTED ASME OR REG. GUIDE 1.150 DETECTION AND
SIZING RULES

NO TECHNOLOGICAL BREAKTHROUGH WAS REQUIRED
(APPLICATION OF GOOD ENGINEERING)

FURTHER ANALYSIS OF RECORDED DATA CAN SHOW PERFORMANCE
LEVEL OF ASME - REG. GUIDE 1.150 TECHNIQUES



TRANSDUCER CALIBRATION FACILITY



ULTRASONIC
TRANSDUCER - INSTRUMENT
. CALIBRATION (CHARACTERiZATION)

0 A BASIC OBJECTIVE OF REG. GUIDE 1.150 IS TEST
REPEATABILITY

0 CHARACTERIZATION IS NECESSARY TO ACHIEVE REPEATABILITY

0 EPRI HAS ESTABLISHED A CALIBRATION AND CHARACTERIZATION
FACILITY

SERVICES ARE AVAILABLE TO ALL UTILITIES AND

' ISI VENDORS



NUCLEAR
POWER
D1 71SION

RP1570-2

In response to the growing need for
calibration and characterization of
ultrasonic systems used in the nuclear
industry, the EPRI NDE Center has
established an ultrasonic calibration
laboratory. The laboratory is capable of
performing routine calibration services
(within the tolerances of the National
Bureau of Standards) and of charac-
terizing individual ultrasonic element
and ultrasonic system performance
parameters

Nuclear Regulatory Commission
Regulaiory Guide 1.150, “Ultrasonic
Testing of Reactor Vessel Welds During
Preservice and Inservice Examinations,”
and several independent invesiigations
indicate the need for characterization
and documentation of systems used for
ultrasonic inspection. In several in-
stances it has been shown that ultra-
sonic systems of the same nominal
specifications do not provide equivalent
performance. A major objective of
fRequlatory Guide 1.150 is a demonstra-
tion of reproducibility of test results. It is
doubtful that this objective can be
achieved without documentation of
component and system performance
| characteristics

Approach

An ultrasonic system has three major
components: a pulser or transmitter, the

| transducer and cable, and the receiver

l Each component may interact with the

other components as weil as with the

test ref'actor to yield a characteristic

system output. Thece interactions are

not necessarily inear. !n order to achieve

1
|
L

New NDE Center Laboratory for
Calibration and Characterization of
Ultrasonic Systems

the goal of reproducibility, it is necessary
to document the performance charac-
teristics of the component parts as well
as the overall system response

Pulser. The pulser is the most nonlinear
component in the system. However, its
major characteristics—output imped-
ance, spectral content, peak voltage,
and pulse shape—can be measured
These output parameters are measured
with 10Q and 100Q resistive loads

the most variable component and the
one most likely to change with use.
Transducer characteristics tha: are
measured include

e Peak frequency

e Upper frequency (-6dB from peak)
e Lower frequenc;, (-6dB from peak)
e Bandwidth center frequency

e Percent bandwidth

e Radio frequency waveform

Transducer and Cable. Transducers are e Impedance
) System
Transmitter Receiver °
e Qutput
Transducer | and Cable
—_—
\____//
a \__/
\____/
L Reflector

ke

Ultrasonic system component interaction




Characterizatic

oy

stern
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 J

features of an

Jitrasonic test

nt to charactenze uitrasonic systems as a

y f
f y and xpected part of the U.S. participation in the Pro-
) ndividual component gram for Inspection of Steel Components
C ind-robin tests completed at the NDE
J nping Center during mer of 1982
) juency, reject, and The NDE Center prepared to offer
v ! 1librat n of uitra-
f 30NIC € to utility
T f ervice contractors involved in NDE of
valuated ! commercial nuclear re tors and other
f yst power plants, and to NDE resea
jeve ment ,.;:, yat ’ Tk
Services will be offered ) t recovery |
[ N { £ furthe nfrrrer contact
za v V 8. Knip hield PRI NDE Center
[ T ] i1 ¢ 704) 597-6199. or Gary Jau at
i f v i FR 5 -2051
= - t ¥ A > - " . T T ) T F



RECOMMENDED REVISIONS TO



REG, GUIDE 1,150 HISTORY

~ 1979 - DRAFT INITIATED
7/15/81 - FINAL VERSION ISSUED
9/10/81 - WORKSHOP TO DETERMINE INTENT, LIMITATIONS

AND REMEDIES

AD HOC UTILITY COMMITTEE APPROACH
RECOMMENDED

10/15-16/81 - JACK LANCE AGREED TO CHAIR

- APPROACH REVIEWED WITH NDE SUBCOMMITTEE
(EPRI UTILITY ADVISORY STRUCTURE)

11/5/81 - AD HOC COMMITTEE ORGANIZED, CHARTER ADOPTED

DEC., JAN.,
MARCH, APRIL

- COMMITTEE MEETINGS

4/15-16/82 - MEETING WITH NRC AND CONSULTANTS
(VERY USEFUL - PRODUCTIVE SESSION)
MAY - REVIEW OF 4/15-16/82 RESULTS (BY MAIL)
6/24/82 - DRAFT MAILED TO INDUSTRY FOR REVIEW
(APPENDIX B LIST) WITHIN ONE MONTH
7/27/82 - COMMITTEE REVIEWED AND RESOLVED COMMENTS
7/28/82 - FINAL DRAFT REVIEWED WITH INDUSTRY

(APPENDIX B INVITED)

8/10/82 - COMPLETED DOCUMENT TRANSMITTED TO NRC



o

SIGNIFICANCE OR RECOMMENDATIONS

AMBIGUITIES REMOVED FROM 1..50

IMPLEMENTABLE

TECHNICALLY, MORE DEMANDING

RECOGNIZES ID NEAR SURFACE AS MOST IMPORTANT; RECOMMENDS
GREATER SENSITIVITY INSPECTION FOR INNER 25% WALL

STRUCTURAL MECHANICS USED TO JUSTIFY 2 LEVELS OF SENSITIVITY

INTRODUCES INSPECTION PERFORMANCE DEMONSTRATION CONCEPT

UTILITY INITIATIVE



PERSONAL OBSERVATIONS OF COMMITTEE PROCESS
G.J. DAU

COMMITTEE MEMBERS (AND INDUSTRY AS A WHOLE) DEDICATED TO
HAVING HIGHEST QUALITY POSSIBLE VESSEL EXAMINATION

INDUSTRY COMMITTED MUCH TIME AND FUNDS TO DEVELOPMENT OF
RECOMMENDATIONS

ESTIMATE ; Travel, Lodging, etc. $ 90,000
Salaries 180,000

Support 25,000

$295,000

PRECEDENT SETTING

- WIDE INDUSTRY PARTICIPATION

- UTILITIES ACTING IN CONCERT

- EXCELLENT NRC STAFF, CONSULTANTS AND UTILITY INTERACTION
AND AGREEMENT ON KEY POINTS

FUTURE COMMITTEES WILL OPERATE MORE EFFICIENTLY, LESS COSTLY

PROCESS COMPLETED WITH UPBEAT OUTLOOK TOWARD EFFICIENT
RESOLUTION OF FUTURE SIMILAR ISSUES (IF NEEDED)

LCNG TERM BENEFITS (ATTITUDES) DTUPENDENT ON NRC RESPONSE
TO RECOMMENDATIONS



EFRI

August 15, 1982

Mr. Charles Z. Serpan

Chief of the Materials Branch

U. S. Nuclear Regulatory Commissiun
Mail Station 1130SS

Washington, D.C. 20555

Dear Mr. Serpan:

Enclosed are 10 copies of the Recommended Changes to Regulatory Guide
1.150, "“Ultrasonic Testing of Reactor Vessel Welds During Preservice and
Inservice Examinations," proposed by the Ad Hyc Committee of the Electric
Utility Industry. These Recommended Changes are the result of the work
outlined in our letter of December 11, 1981. They represent a significant
contribution of time and research effort on the part of the Committee mem-
bers and their task force resource groups listed in Appendix A.

The Committee's efforts since December have focused on clarifying some sec-
tions of the Regulatory Guide and suggesting changes to other sections to
place emphasis on demonstration of inspection capabilities rather than man-
dating specific techniques.

The Committee contacted ISI vendors as well as utility personnel and NRC
staff and consultants for guidance while preparing this document. The NRC
consultants and staff who attended our April meeting contributed a great
deal to our work with their candid, objective comments on the draft docu-
ment in progress at that time,.

Although it is unrealistic to expect complete consensus on the resolution
of complex questions such as those addressed in the Requlatory Guide and in
our Recommended Chan¢ ', the Committee has received widespread industry
support for the recomwendations presented hare,

We realize that the Committee's work represents an unprecedented response
from the industry. We appreciated having you with us at our meeting in
Washington, D.C., on July 28, acknowledging to the group the significance
of this effort. We also appreciated your assurance that the document would
receive careful consideration in the possible preparation of a revised
Regulatory Guide 1.150.



As mentioned several times in the document and at the July 28 meeting, the
Committee's goal is high-quality inspections of reactor pressure vessels,
the same goal held by the NRC in preparing the Guide. ONur Recommended
Changes are intended to promote industry accountability in meeting that
goal! to the benefit of all concerned.

[f you have any questions or comments, please direct them to either Mr. J.
J. Lance or Dr. Gary Dau.

Sincerely,

J. J. Lance, Chairman Gary J. Dau
AD HOC COMMITTEE ON REGULATORY GUIDE 1.150 Senior Program Manager
Nondestructive Evaluation

Robert F, Brandt
Frank Carr

C. David Cowfer
Mike Gothard

Harry R, Hesidence
Tony F. Lentz
Thurman Smith
Peter D. Watson
David E. Whitaker

cc: Committee members
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1. INTRODUCTION

Background

United States Nuclear Regulatory Commission (NRC) Regulatory Guide 1.150,
“Ultrasonic Testing of Reactor Vessel Welds During Preservice and Inservice
Examinations," was issued on July 15, 1981, and generated considerable concern
_ among affected utilities and their inservice inspection (ISI) vendors. In
response to this concern, the Electric Power Research Institute conducted a
' workshop to focus discussion on the subject, to identify specific problems and
to develop plans to eliminate these problems.

The workshop was held on September 10, 1981, with 91 people participating.
Representatives of the USNRC, various utilities, and major ISI vendors offered
comments and perspectives on the Regulatory Guide.

—~Participants agreed that the Regulatory Guide's goal of assuring improved
pressure vessel inspection was worthy and that guidelines for such inspections
were needed. However, participants expressed significant doubt that the docu-
ment as issued would achieve that goal. Participants not only questioned tech-
nical aspects of the document, but also expressed concern that the language of
the document was unclear and subject to different interpretations by the utili-

. ties and various parties within the NRC. These concerns were amplified during
the workshop by the apparent difference of opinion among members of the NRC
regarding focus of the document.




At the conclusion of the workshop, a majority of utility members present favored
the formation of an industry committee to deveiop recommended changes to the
Guide which would meet the intended goal (i.e., improved pressure vessel
inspection), but avoid the ambiguities in the present document. The Committee
was formally organized on November 5, 193i. A Commititee charter was developed
and specific responsibilities assigned to the members. The charter, membership
11st and task group assignments are included here as Appendix A.

To elicit industry-wide participation in this project, the Committee mailed
copies of the draft document to all member utilities and requested review and
comment. A 1ist of individuals who received the draft document is included here
as Appendix B.

On July 28, 1982, the Committee met with industry participants in Washington
D. C. to report on their work and to present and discuss the final draft of

recommended changes contained in this document.

Organization of Report

This report documents the results of the Committee's efforts.

Chapter 2 summarizes the objections and concerns and the Committee's recommended
changes to Regulatory Guide 1.150.

Chapter 3 presents the recommended changes, and Chapter 4 presents the technical
justification for these recommendations.

Chapter 5 presents a summary of ongoing EPRI-sponsored research on inspection
and structural mechanics pertaining to pressure vessel integrity and is included
to inform the reader of the considerable investment the industry is making to
improve both inspaction and analytical techniques to assure the integrity of
nuclear reactor pressure vessels.

Appendix A outlines the Committee charter, membership and assignments, and
Appendix 8 lists industry participants in the review of the draft document.

1-2



2. SUMMARY

Objections and Concerns

The Committee, representing a major portion of the electric utility industry,
concurs with the intent of Regulatory Guide 1.150, but the Committee has objec-
tions to it based on the following concerns:

' 0 The Guide as written is ambiguous anc therefore subject to misin-
terpretation which could lead to unnecessary, potentially costly
and time-consuming disagreements between the NRC and utilities.

0 The Guide is in some cases unimplementable,

0 The Guide is in some cases too specific and could encourage mini-
mum compliance rather than best compliance, thus defeating its own
intent. .

0 The Guide does not allow enough flexibility for use of alternative
or developing technologies to meet its goals.

’ The specific objections of the Coomittee are reflected in the language of its
Recommended Changes, Chapter 3 and in its Technical Justification for these

changes, Chapter 4.

2-1



Recommended Changes

In its Recommended Changes, the Committee has atiempted to place responsibility
for meeting the intent of the Guide on utility owners through basic qualifying
criteria with guidelines for compliance rather than specific or absolute
requirements for compliance.

In most cases, the ASME Code is quite specific in areas covered by Regulatory
Guide 1.150 and can be applied as basic qualifying criteria. Owners would be
allowed to use alternative methods to comply with these criteria provided they
could demonstrate equzl or more effective results.

The Committee believes this change will better meet the intent of the Guide,
will allow more flexibility in compliance, and will encourage more accoun-
tability on the part of owners and their service contractors. The change may
also stimulate the development of improved technology to perform the required
inspections.

In determining its qualifying criteria, the Committee has taken into con-
sideration not only the technical aspects of compliance, but also ALARA and
cost benefits. Major considerations in these two areas are reducing radiation
exposure for inspection teams and minimizing the length of time an operating
plant is off-l1ine during an inspection.

2-2



TITLE:

PURPOSE:

SCOPE:

COMMITTEE

COMPOSITION:

COMMITTEE
CHAIRMAN:

PROCEDURE :

AD HOC COMMITTEE CHARTER

AD HOC Committee for Development of Optimized
Reactor Pressure Vessel Inspection Guides.

The purpose of this Committee is to develop utility
industry position for recommended revision of Reg.
Guide 1.150 ("Ultrasonic Testing of Reactor Vessel
Welds During Preservice and Inservice Examinations"“).

The scope of this activity is limited to the ultrasenic
inspection of reactor pressure vessels. This action is
being taken in an effort to promote a uniform approach to
achieving high quality vessel inspection, while removing
any ambiguities that may result from the recentiy issued
Reg. Guide 1.150.

The Committee will be composed of utility people
experienced in Inservice Inspection. The minimum
membership is eight (8) people. Task Groups may in-
clude ISI vendor personnel, NRC staff and consultants,
and utility pecple. Each Task Group will be chaired
by a utility person. EPRI staff will provide support
activities as needed.

The Chairman shall be from a U.S. utility.

All decisiors will be made on the basis of a vote of
those present at the meeting. A simple majority of the
membership will be considered as a quorum. A simple
majority of those present will decide each issue. In
absence of a quorum, a lettzr ballot will be issued
with a response required within fifteen (15) days.

A-2



Name

Jack Lance,
Chairman

David E. wWhitaker

Tony F. Lentz

Peter D. Watson

Harry R. Hesidence

Robert F. Brandt

- Thurman Smith

C. David Cowfer

Mike Gothard

Or. Gary J. Dau

Frank Carr

AD HOC COMMITTEE MEMBERSHIP
Company

Yankee Atomic Electric
Company

Duke Power

Carolina Power & Light

Northeast Utilities
Service Company

Houston Light & Power

Public Service Electric
and Gas Company

Pacific Gas & Electric

GPU Nuclear

Tennessee Valley
Authority

EPRI

Florida Power & Light
Company

Address /Phone

1671 Worcester Road
Framingham, MA 01532
Tel. 617-872-8100

422 South Church Street
Charlotte, NC 28242
Tel. 704-373-7602

Shearon Harris Plant
P. 0. Box 165

New Hill, NC 27562
Tel. 919-362-2006

P. 0. Box 27V
Hartford, CT 06101
Tel. 203-666-6911,
Ext. 5692

P. 0. box 1700

Del Monte Tower, 9-B
Houston, TX 77001
Tel. 713-877-4690

80 Park Plaza
M/C 208

Newark, NJ 07101
Tel. 201-430-844]

Diablo Canyon Plant
P. 0. Box 56

Avila Beach, CA 93424
Tel. 805-595-7351

100 Interpace Parkway
Parsippany, N 07054
Tel. 201-263-6570

1630 Chestnut Street Towers
Chattanooga, TN 37401
Tel. 015-751-4988

P. 0. Box 10412
Palo Alto, CA 94303
Tel. 415-855-2051

P.0. Box 529100
Miami, FL 33152
Tel. 305-552-3670



AD HGC NDE PERSONNEL QUALIFICATION COMMITTEE



TITLE:

PURPOSE :

SCOPE:

COMMITTEE
COMPOSITION:

COMMITTEE
CHAIRMAN:

TECHNICAL
L TAISON:

PROCEDURE:

AD HOC COMMITTEE CHARTER

AD HOC COMMITTEE FOR DEVELOPMENT OF QUALIFICATION
REQUIREMENTS FOR NUCLEAR UTILITY EXAMINATION PZRSONNEL.

The purpose of this committee is tc develop and document
minimum requirements for the qualification of NDE perscn-
nel who perform examinations of nuclear power plants. In
addition, the committee is to develop a recommendation
for implementation of the minimum requirements.

The scope of this activity is limited to the personnel
who perform examinations under the requirements of ASME
Boilar and Pressure Vessel Code, Section XI, “Rules for
Preservice and Inservice Inspection of Nuclear Power
Plant Components”.

The Committee will be composed of utility people involved
in the qualification and certification of NDE personnel
plus a representative from EPRI and a representative of
the EPRI NDE Centar. The minimum membership is eight (8)
people.

The Chairman shall be from a U.S. utility.

After formation of the committee, representatives from
the ASME Section XI committee, INPO, ASNT or other orga-
nizations may be invited to participate. Task Groups, if
used may include non-committee members such &s ISI vendor
personnel, NRC Staff and consultants, and other utility
personnel. Each Task Group will be chairad by a commit-
tee member.

A1l decisions will be made on the basis of a vote of com-
mittee members present at the meeting. However, a simple
majority of the total membership will decide each issue.
In the absence of a simple majority, a letter ballot will
be issued with a response required within fifteen (15)
days.




AD HOC NDE PERSONNEL CERTIFICATION COMMITTEE

Prank Carr

Bob Brandt

James Dickerson

Pete Etzler

Jerry Ray

Gary Dau

George Pherigo

Carl Shaw

Fred Hawksley

1945 West Parnall Road
Jackson, MI 45201

Florida Power & Light
9250 West Flager Street
Miami, FL 33174

Public Service Gas & Electric
Nurlear Department

P. O. Box 236

Hancocks Bridge, NJ 0803&

Middle South Services
P. 0. Box 61000
New Orleans, LA 70161

Tennessee Valley Authority
400 West Summit Hill Dr.,
W1lDl1l7

Knoxville, T™N 37902

Arkansas Power & Light
P. O. Box 551
Little Rock, AR 72203

EPRI
P. O. Box 10412
Palo Alto, CA 94303

EPRI NDE Center
P. O. Box 217097
Charlotte, NC 28221

Portland General Electric Co.

Generation Fac. Engrg. Dept., SB-B

121 S. W. Salmon Street
Portland, OR 97204

Niagara Mohawk Power Corp.

9 Mile Pt. Unit 1 Nuclear Station

P. O. Box 32
Lycoming, NY 13093

Name Company/Address Telephone
Carl Osman Carolina Power & Light . 919/362-2595
Chairman M/S 7C2
411 Fayetteville Street
P. O. Box 1551
Raleigh, NC 27602
T. N. (Bud) Epps  Southern Company Service. 205/870-6300
P. O. Box 2625
Birmingham, AL 35202
Elper Martinez Consumers Power Company $17/788-0455

305/552-3670

609/935-6000
X4555

504/569-4550

615/632-4857

501/964-3138

415/855-2051

704/597-6131

503/226-8043

315/343-2110
X1393



PRESENTATION

¢ FOCUS ON PROGRAM-
MATIC IMPACT ON NINE
MILE POINT AND NEAR

SURFACE CRACK DETECTION

® SHORT REVIEW OF EARLY
PIPING WORK

®¢ CURRENT WORK
® FUTURE WORK



PROGRAM OBJECTIVES

1.

2.

DETERMINE THE RELIABILITY OF ULTRASONIC ISI
PERFORM™D ON LWR PRIMARY PIPING SYSTEMS

USING FRACTURE MECHANICS ANALYSIS, DETERMINE
THE IMPACT OF NDE UNRELIABILITY ON SYSTEM
SAFETY AS WELL AS THE LEVEL OF INSPECTION
RELIABILITY REQUIRED TO ASSURE A SUITABLY

LOW FAILURE MODE

EVALUATE THE DEGREE OF RELIABILITY
IMPROVEMENTS WHICH COULD BE ACHIEVED USING
IMPROVED AND ADVANCED NDE TECHNIQUES

BASED ON MATERIAL, SERVICE AND NDE
UNCERTAINTIES, FORMULATE RECOMMENDED
REVISIONS TO ASME SECTION XI AND REGULATORY
REQUIREMENTS NEEDED TO ASSURE CONTINUED
SYSTEM OPERATING SAFETY



* ] ®
NDE/FM

SCOPE

EFFECTIVENESS, RELIABILITY AND ADEQUACY
OF INSERVICE INSPECTION

| PRIMARY PIPING SYSTEM
e SERVICE INDUCED DEFECTS
(CRACKS)

I PRESSURE VESSEL

e NEAR SURFACE CRACK
DETECTION

e ISIRELIABILITY STUDIES,
PISC, PVRC, ETC



&
EARLY WORK

PARAMETRIC STUDIES - PHASE 1 REPORT,
NUREG/CR-1696, RECOMMENDATIONS
FOR PIPING (1980)

e CALIBRATION SENSITIVITY
- PECORDING LEVEL LOWERED FROM 50% TO 20% DAC
- REPORTING LEVEL LOWERED FROM 100% TO 50% DAC
- SEMICIRCULAR NOTCH (a/{ ASPECT RATIO OF 0.5)
OF DEPTH ALLOWED BY IWB-3514-2 AND -3

e INSPECTION ANGLE
-45° SHEAR AND 60° SHEAR

e SIZING
_NOTHING WORKS UNIVERSALLY AND RELIABLY

e SCAN OVERLAP
. NOF GREATER THAN THAT WHICH 1S REQUIRED
TO PROVIDE A RECORDABLE SIGNAL FROM
A SEMICIRCULAR NOTCH (a/l = 0.5) ON TWO ADJACENT SCANS

e SEARCH UNIT SIZE
- LIMIT SIZE AS A FUNCTION OF PIPE WALL
THICKNESS

e AUSTENITIC AND DISSIMILAR METAL WELD
INSPECTION
- QUALIFICATION OF PROCEDURES, EQUIPMENT AND PERSONNEL

e CODE CASE N-335



NDE/FM
PIPING ROUND ROBIN

OBJECTIVE

1. MEASURE LEVEL OF CURRENT INSPECTION RELIABILITY
2. DETERMINE SOURCE AND MAGNITUDE OF INSPECTION ERRORS

3. PROVIDE INFORMATION FOR INSPECTION RELIABILITY MODEL



NDE/FM
PIPING ROUND ROBIN

MATERIALS

1. 10 INCH SCHEDULE 80S 304 SS
(THERMAL FATIGUE FLAWS)

2. 10 INCH SCHEDULE 80 304 SS (IGSCC)

3. CENTRIFUGALLY CAST SS 32 INCH
0D, 2 3/8 WALL

4. A106 CS 33 1/4 INCH OD, 2 3/8 WALL,
SS CLAD ON ID



ROUND ROBIN TEST MATRIX

INSPECTION CONDITIONS (ENVIRONMENT)

ULTRASONIC PIPE

TESTING TEST LABORATORY DIFFICULT
PROCEDURE | MATERIAL
NEAR ACCESS|FAR ACCESS|NEAR ACCESS| FAR ACCESS
FIELD 10-INCH 12 12 25 12
STAINLESS
STEEL (SS)
impROVED| FATIGUE 16
10-INCH SS [12 ‘ y 25 12
WITH IGSCC 16

32-INCH |3 \ 25 12
CENTRIFU-
GALLY CAST

SS 16

33.56 INCH |3 25 12
CARBON
STEEL + SS

CLADDING NN 16
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SUMMARY OF ISI TEAM MEMBER's
QUALIFICATIONS

AVERAGE AVERAGE
TEAM MEMBER EXPERIENCE NUMBER OF
CLASSIFICATION IN UT - YEARS PSis AND ISIs
ASNT LEVEL Il 10.2 28
(4-23) (7-62)
ASNT LEVEL Il 7.4 16.7
(2.5-13) (2-57)
ASNT LEVEL | 1.1 2

(0.5-2.5) (O-5)



RECORDING PROBABILITY (RP)
IS THE PROBABILITY THAT THE
SIGNAL FROM A DEFECT WILL
EXCEED THE RECORDING
THRESHOLD

PROBABILITY OF DETECTION (POD)

IS THE PROBABILITY THAT A SIGNAL
WILL BE RECORDED AND CORRECTLY
INTERPRETED AS A DEFECT




POD

CONDITIONS
CLAD FERRITIC, NEAR HC%SS{; CODE

10.00 20.00 %.00 %9.00
PERCENT THROUGH WALL



POD

PERCENT THROUGH WALL

CONDITIONS
l_”_CLHD FERRITIC, NEAR ACCESS, IMPROVED
28.00 %.00 10.00 0. 00



POD

CONDITIONS
CLAD FERRITIC. FAR ACCESS. CODE

£x

aa.'n$
PERCENT THROUGH WALL

L} 1 1
1.0 0.9 30.00
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CONDITIONS
IGSCC, NEAR ACCESS., CODE

20.00 .80 40.00 50.00 83.00
PERCENT THROUGH WALL



POD

l.“

CONDITIONS
THERMAL FATIGUE., NEAR ACCESS., CODE

PERCENT THROUGH WALL

v
/ / =
- A
r4 / . ‘
/-;/ . |
f‘.-/
10.00 29.00 .00 42.40 50.00



POD

% »
CONDITIONS
v ALL 10" SS, NEAR ACCESS. CODE
90—
8¢ 1

10.00 20.90 .00 40.00 50.00 60.00
PERCENT THROUGH WALL



POD

« 30—

20 |
. t
'

CONDITIONS

ALL 18" SS. NEAR ACCESS., IMPROVED

T T T T T L
10.00 2.0 30.00 40.02 50.00 6@.00

PERCENT THROUGH WALL



POD

]

CONDITIONS

ALL 10" SS, FAR ACCESS,

CODE

XX




w % L4
NINE MILE POINT

e BASED ON PIPING ROUND ROBIN
RESULTS THE PROCEDURE USED AT NINE
MILE POINT DID NOT APPEAR TO BE
OPTIMIZED FOR DETECTION OF IGSCC

e PIPING ROUND ROBIN RESULTS AND NMP
DEMONSTRATES THE NEED FOR QUALIFI-
CATION OF PERSONNEL, EQUIPMENT
AND PROCEDURES

e |EB 82-03 AND NRC-EPRI-BCL
DEMONSTRATION A SIGNIFICANT THRUST
IN THE RIGHT DIRECTION



CONCLUSIONS OF PIPING ROUND ROBIN

* CLAD FERRITIC
- HIGHLY EFFECTIVE WITH INCREASED INSPECTION
SENSITIVITY
- EQUALLY EFFECTIVE INSPECTION FROM NEAR
AND FAR SIDE

e CCSS
- CONSIDERED UNINSPECTABLE

® STAINLESS STEEL
- CURRENT US ISI PRACTICE IS INEFFECTIVE FOR
FAR SIDE INSPECTION
- IMPROVED PROCEDURE SHOWS MODEST
IMPROVEMENT
- NEAR SIDE INSPECTIONS PERFORMED TO
CODE WILL MISS CODE REJECTABLE DEFECTS

¢ LARGE PERFORMANCE VARIATION IN CURRENT ISI
FIELD PRACTICE RESULTS FROM VARIABILITY IN PERSONNEL,
PROCEDURES AND EQUIPMENT
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[NTRODUCTORY COMMENTS AND (INSTRUCTIONS
PRESEWTED BY 'WAVIN WARD
| 10-8-82

USE YOUR PROCEDURE AND PERFORM JUST LIKE A PRODUCTION
WELD, WRC WISHES COPY OF PROCEDURE.

LEVELS 1 AND 11 PERFORM THE EXAMINATION.
EUIRE ALL FIVE (5) WELDS,
PLOT QUT ANY INDICATIONS.

THE WRC WANTS A COPY OF ALL RAW DATA BEFORE YOU LEAVE
AXD THEN THE FIRAL DWTA. =

NRC WILL 61V". TW. LICEWSEE THE RESULTS AS SOON AS THE
FINAL DATA IS SUBMITTED.

COMPLETE GRID WITH CRACK (C)/M0 CRACK (N) DESIGNATIONS.

e ————— 4 ——



INTRODUCTORY COMMENTS AND INSTRUCTIONS
PRESENTED BY KAVIN WARD
- 10-8-82

USE YOUR PROCEDURE AND PERFORM JUST LIKE A PRODUCTION
WELD. NRC WISHES COPY OF PROCEDURE,

LEVELS T AND 11 PERFORM THE EXAMINATION,
EXAMINE ALL FIVE (5) WELDS,
PLOT OUT ANY INDICATIONS.

THE NRC WANTS A COPY OF ALL RAW DATA BEFORE YOU LEAVE
AND THEN THE FINAL DATA.

NRC WILL GIVE THE LICENSEE THE RESULTS AS SOON AS THE
FINAL DATA IS SUBMITTED,

COMPLETE GRID WITH CRACK (C)/NO CRACK (N) DESIGNATIONS.
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o SECOD PIFE CRAX STUDY GROLP
— WFE 3 Q99

— STUDY CORCURRED WITH PREVICUS PCSG FINDINGS
ND (TED "MERE 5 LITILE EVIDENCE TO
POICKE M6SCC WOLL ¥OT OCCUR TO SOME -
GEGREE T LARGE DUVETER BR STAINESS
SHEL PP X BEUS."

o NRSG (B3 FEV. 1 (JHLY 188D

— RESLUTION OF GEMERIC TECHNICAL ACTIVITY A2

—  GUIDELMES FOR REDCING 16SCC

— DEFINED MONCOMFORMING, SERVICE SENSITIVE
ILINES

— 'GUIDELINES FOR AUGMENTED 151

— 5] SAPRLIG SCGEMES

o NUREG (B13 FEY. 1 - IMPLEMENTED BY NRC GEMERIC LTR 81-O4
T0 LICENSEES 2-2-81



e  SECOND PIPE CRACK STUDY GROUP
-~ NUREG 0531 (1979)

— STUDY CONCURRED WITH PREVIQUS PCSG FINDINGS
AND CITED “THERE IS LITTLE EVIDENCE TO
INDICATE 1GSCC WILL NOT OCCUR TO SOME
DEGREE. IN LARGE DIAYETER BWR STAINLESS
STEEL PIPING IN THE U.S.”

o NUREG (313 REV. 1 (JULY 1380)

— RESOLUTION OF GENERIC TECHNICAL ACTIVITY A-42

—- GUIDELINES FOR REDUCING 1GSCC

— DEFINED NONCONFORMING, SERVICE SENSITIVE
LINES

-- GUIDELINES FOR AUGVENTED ISI
-- ISI SAPLING SCHMES

o  NUREG 0313 REV. 1 - IMPLEMENTED BY NRC GEMERIC LTR 81-O4
TO LICENSEES 2-26-81



. 1965
1969 - 1970
1974 - 1975  FIRST PIPE CRACK STUDY GROUP
1978 - 1979  SECOND PIPE CRACK STUDY GROUP

o  FIRST PIPE CRACK STUDY GROUP

— NUREG 75/067 (1975)

= TYPES 304 AND 316 STAINLESS STEEL PIPING
IN THE RCPB OF BWR'S IS SUSCEPTIBLE TO
STRESS CORROSION WHICH MAY CAUSE CRACKS
SIMILAR TO THOSE DISCOVERED IN THE
BY-PASS LINES AND C.S. PIPING

* NINE MILE POINT CORE SPRAY EVENT



rPIPING INSPECTION
AD

NEAR SURFACE NDE

ACRS METAL COMPONENTS SUBCO'MITTEE

DECEIBER 2, 1982

S. R, DOCTOR (PiL)



INTEGRATION OF NDE RELIABILITY
AND FRACTURE MECHANICS (NDE/FM)

PACIFIC NORTHWEST LABORATORY (PNL)
OPERATED BY BATTELLE MEMORIAL INSTITUTE

PROGRAM MANAGER: S.R. DOCTOR

PRIMCIPAL INVESTIGATORS: S.H. BUSH, G.P. SELBY,
F.A. SIMONEN, T.T. TAYLOR

NRC RES/RSR PROGRAM MANAGER:
DR. JOE MUSCARA



NEAR SURFACE CRACK DETECTION

IT IS IMPORTANT TO DETECT SMALL NEAR SURFACE FLAWS BECAUSE
OF THEIR POTENTIAL ADVERSE EFFECT ON VESSEL INTEGRITY DURING
A PRESSURIZED THERIMAL SHOCK EVENT.

FIELD PROCEDURES GATE OUT THE NEAR SURFACE REGION.

ASME CODE PROCEDURES ARE NOT SENSITIVE TO NEAR SURFACE
DEFECTS.

REGULATORY GUIDE 1.150 TRIED TO ADDRESS THIS PROBLEM BUT
DID NOT SOLVE IT.

BECAUSE OF UNDERCLAD CRACKING IN EUROPEAN VESSELS, TECHNIQUES
WERE DEVELOPED TO RELIABLY DETECT THESE FLAWS.

PNL WAS DIRECTED BY NRC TO EVALUATE THE AVAILABLE EUROPEAN
TECHNIQUES FOR ISI OF U.S. PRESSURE VESSELS.

11
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NEAR SURFACE INSPECTION TECHNIQUES

~N\
DUAL TRANSDUCER (L-WAVE) FOCUSED TRANSDUCER (L-WAVE)

CLAD (IMMERSION)

>
—

Wi S 1 e

SINGLE TRANSDUCER

FULL VEE (S-WAVE)

(L-WAVE)
(S-WAVE)




® 4 ?
SURFACE ROUGHNESS

e IMPEDES INSPECTION

e EVALUATING IN-FIELD
MEASUREMENT TECHNIQUES
- LVDT
- ULTRASONIC
- EDDY CURRENT

e CALIBRATION MUST BE PERFORMED ON
A BLOCK WITH THE SAME SURFACE
ROUGHNESS AS IS FOUND ON THE
VESSEL AREAS TO BE INSPECTED



\

CLAD SURFACE PROFILE

SURFACE AMPLITUDE (MILS)

SURFACE AMPLITUDE (MILS)

50

25

SURFACE CONDITION AFTER GRINDING.
DIRECTION OF MOTION IS PERPENDICULAR
TO CLAD BEADS. RMS =5.9x 10 %in

VAAS

-25
-
e S T SR N W ST (NN Y
0 04 08 1.2 1.6 20 24 28 32 36 40
LENGTH (IN.)
50
SURFACE CONDITION BEFORE GRINDING.
= DIRECTION OF MOTION IS PERPENDICULAR
TO CLAD BEADS. RMS =126 x 10 % in
25 -
0
-25 -
v T AN W WEORE e TUNEY NS MRN A
0 0.4 08 1.2 1.6 20 24 28 3.2 36 40

LENGTH(IN.)



BEAM REFRACTION THROUGH IDEAL SURFACE
1.50

0.50 |

INCHES

-0.50

-1.50 PR A T SR S, ST o
:

BEAM REFRACTION THROUGH HAND GROUND SURFACE
1.50

INCHES

1800

BEAM REFRACTION THROUGH ‘“AS WELDED" SURFACE
1.50

INCHES

-0.50¢

-1.50

1.00 200 300
INCHES



MATRIX 1
CRACK DETECTION PERFORMANCE

AS CLAD SMAW

70" SHEAR | 60° SHEAR 70° LONGITUDINAL

SINGLE SINGLE DUAL
NUMBER OF CRACKS 24 24 0
NOT DETECTED
NUMBER OF CRACKS 0 0 24
DETECTED
AVERAGE AMPLITUDE
OF DETECTED CRACKS — — +1.1 dB

(RELATED TO DAC)




MATRIX 1
CRACK DETECTION PERFORMANCE
GROUND CLAD

70° SHEAR | 60° SHEAR | 45° LONG. | 60° LONG. | 70° LONG.
SINGLE SINGLE DUAL DUAL DUAL

NUMBER OF CRACKS 7 6 0 0 0
NOT DETECTED
NUMBER OF CRACKS 17 18 24 24 24
DETECTED
AVERAGE AMPLITUDE
OF DETECTED CRACKS -5.8 dB -8.5 dB -7.7 dB +1.2 dB +2.7 dB

(RELATIVE TO DAC)
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CALCULATED DEPTH VS ACTUAL NOTCH DEPTH

1.2
CALCULATED

DEPTH = METAL PATH x Cos @
THEORETICAL

1.0 |- \ A
\

60° LONG., DUAL

CALCULATED NOTCH DEPTH

e 1 i 1 1 1 |

0 0.2 0.4 0.6 0.8 1.0 va
ACTUAL NOTCH DEPTH
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CONCLUSIONS FOR NEAR SURFACE
CRACK DETECTION

e EUROPEAN TECHNIQUE WORKS VERY WELL FOR
GROUND SURFACES AND UNGROUND STRIP

AND MULTIPLE WIRE

¢ FORUNGROUND MANUAL AND SINGLE WIRE
CLAD, THE EUROPEAN TECHNIQUE IS MARGINAL

e ONLY MINOR SURFACE PREPARATION REQUIRED
FOR DRASTIC IMPROVEMENTS IN INSPECTABILITY

e ALL CLAD VESSEL SURFACES MUST BE
CHARACTERIZED BEFOKE INSPECTION TO gNSURE

ADEQUATE EXAMINATION SENSITIVITY
e NEED TO SPECIFY CALIBRATION REFLECTOR
CRITERIA AND FLAW RECORDING LEVELS

e NEAR SURFACE INSPECTION TECHNIQUES SHOULD
BE QUALIFIED BY TEST



REGULATORY GUIDE 1.150

e CURRENT GUIDE IS NOT ADEQUATE

- IMPLEMENTATION OF GUIDE WOULD NOT NECESSARILY
CHANGE CURRENT INSPECTION PRACTICE

- CONTAINS TECHNICAL REQUIREMENTS FOR
INSTRUMENT CHARACTERIZATION THAT ARE
NOT PRACTICAL FOR FIELD WORK AND DO

NOT PROVIDE ADEQUATE INSTRUMENT
CHARACTERIZATION



AD HOC COMMITTEE RECOMMENDED
CHANGES TO REGULATORY GUIDE
1.150

e CHANGES ARE NECESSARY

e CHANGES PROVIDE A TECHNICALLY
BETTER DOCUMENT

e CHANGES SHOULD BE INCORPORATED
INTO REGULATORY GUIDE 1.150
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RECOMMENDATIONS FOR FURTHER
IMPROVEMENT TO REGULATORY GUIDE
1.150

e NEITHER DOCUMENT (GUIDE OR AD HOC REPORT)
SPECIFIES THE MINIMUM SIZE OF DEFECT TO
BE DETECTED AT THE CLAD/BASE METAL
INTERFACE

e STUDIES SHOW THAT AN ASME 2% NOTCH
IS NOT AN ADEQUATE REFERENCE REFLECTOR
FOR CALIBRATION AT THE CLAD/BASE METAL
INTERFACE

e THE NATURE OF PROCEDURE DEMONSTRATION
SPECIFIED IN THE AD HOC COMMITTEE REPORT
IS NOT DEFINED WELL ENOUGH FOR
IMPLEMENTATION



QUALIFICATION

OBJECTIVE:

PROOF OF DETECTION RELIABILITY
BY TEST

SCOPE:

AUSTENITIC PIPING WELDMENTS IN SAFETY
RELATED SYSTEMS AND PRESSURE VESSEL
NEAR SURFACE AND SUBSURFACE EXAMINATION



CRITICAL ELEMENTS OF QUALIFICATION

e EQUIPMENT
- RECORDING PROBABILITY CURVE
DETERMINED BY LABORATORY TESTS

e PROCEDURES
- RECORDING PROBABILITY CURVE
DETERMINED BY LABORATORY TESTS

e PERSONNEL
- PROBABILITY OF DETECTION CURVE
DETERMINED BY BLIND TEST



QUALIFICATION
CRITICAL
ELEMENT PERFORMANCE PARAMETERS ACCEPTANCE CRITERIA
EQUIPMENT | TRANSDUCERS ACCEPTABLE IMPACT ON
PULSERS RECORDING PROBABILITY (RP)
RECEIVERS
PROCEDURE | RECORDING PROBABILITY (RP)- MEET OR EXCEED REFERENCE
ABILITY OF EQUIPMENT AND RP CURVE
PROCEDURE TO ACHIEVE LARGE | EXAMPLE:
dB RESPONSE WITH GOOD SIGNAL 100% |-
TO NOISE RATIO
o
[+ o
0 |
DEFECT DEPTH 100%
(% WALL)
PERSONNEL | PROBABILITY OF DETECTION

(POD) - ABILITY TO WORK WITH
THE EQUIPMENT AND PROCEDURE
TO DETECT DEFECTS AND MAKE
CORRECT CALLS WITHOUT HIGH
FALSE CALLS

MEET OR EXCEED REFERENCE
POD CURVE
EXAMPLE:

100% p—

POD

o 1
DEFECT DEPTH 100%
(% WALL)




CONCLUSIONS

PISC, PIPING ROUND ROBIN AND NMP DEMONSTRATE
THE NEED FOR QUALIFICATION OF NDE EQUIPMENT,
PROCEDURES AND PERSONNEL

MEASUREMENT METHODOLOGY AND CHARACTERIZATION
TECHNIQUES EXIST FOR QUALIFYING PERFORMANCE
PARAMETERS

SPECIFIC ACCEPTANCE CRITERIA NEED TO BE
DEVELOPED FOR QUALIFICATION OF INSPECTIONS



