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PROCEEDINGS
JUDGE SMITH: Good morning. Is there any prelimi-
nary business, other than welcoming Ms. Wicher back to
the courtroom. She is here, I understand, a1t as a counsel
but as an observer and a gopher.

(Laughter.)

MR. CASSEL: Senior counselor.

MS. WICHER: Senior parther and coffee retriever.

JUDGE SMITH: Any other preliminary business?

MR. CASSEL: Just in reference to Mr. Stokes'
testimony, Judge. But if there are any other matters before
that?

MR. GALLO: There are none for the Applicani..

JUDGE SMITH: All right. Would you proceed, pleasel

MR. CASSEL: Yes, Judge.

Following the question from Judge Cole and Mr. Gall!-+
yesterday afternoon, concerning various documents testifiec
to by Mr. Stokes, and at the Board's suggestion, counsel for
Intervenors and Mr. Stokes met, at some length, last night
with representatives of Sargent & Lundy and again conferred
briefly this morning with the Sargent & Lundy people, and
counsel for the Applicant.

Based on those discussions, we have agreed upon
a three point stipulation which we have not had typed out, so

I will simply state it for the record.
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The first point of the stipulation is that, based
on Mr. Stokes' review of the calculations, ‘n his discussions
with the Sargent & Lundy personnel, he has found no Hatfield
or Hunter calculations which show stress exceeding the code
allowable based con the design criteria used by Sargent & Lundy
Is that an accurate statement of the stipulation?

MR. GALLO: Yes.

MR. CASSEL: Secondly, he did find, in his review
of Hatfield and Hunter calculations, a few instances in whi
the 10 percent overstress factor was utilized at some point
in the calculation, but in each of those instances it was
not -- that is, the 10 percent overstress factor was not
relied upon for the ultimate conclusion in the calculation
that the code was not exceeded.

Is that an accurate statement, Joe?

MR. GALLO: That's an accurate statement, Your
Honor.

MR. CASSEL: And the third point is that Mr. Stokes
has searched through the documents which he has here with
him and has been unable to locate any documents indicating
the source of Attachment 7. 1Is that an accurate statement
of the stipulation, Joe?

MR. GALLO: Yes, it is.

MR. CASSEL: I don't know what the procedure is,

with regard to such stipulations before a Licensing Board, if

|
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I need to ask that it be approved or admitted, or whatever?

JUDGE SMITH: I believe that is acceptable to the
Board. Not only that, but we are pleased that you were able
to work out the stipulation. 1It's quite reliable and
certainly is more efficient.

MR. CASSEL: Thank you, Judge.

With that, we will be prepared to call c ir next

witness.

JUDGE SMITH: Wasn't there one other matter that
Mr. Stokes was to attend to overnight? My memory is incorrect
All right. Proceed.

MR. GALLO: I believe we ought to have the assent
of the Staff on the record, to this stipulation.

MR. LEWIS: We have no objection.

MR. CASSEL: Our next witness, then, will be --

JUDGE SMITH: There is no need for anything
further. It is in the record, on the transcript.

MR. CASSEL: Fine, Judge.

Our next witness will be Professor Ericksen,
and I apologize again but I will need to go retrieve the
witness and his counsel from his preparation.

JUDGE SMITH: Shall we send Mr. Wright along to
make sure you get back?

(Laughter.)

(Pause.)
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Whereupon,

DR. EUGENE P. ERICKSEN
was called as a witness on behalf of the Joint Intervenors,
and naving been first duly sworn, was examined and testified
as follows:

MR. CASSEL: Thank you, Judge. The last-minute
preparations had to do with compiling various exhibits,
Judge. That was the reason for the delay.

JUDCE SMTTH: You may proceed, Ms. Judson.

MS. JUDSON: Yes.

Good morning, your Honors. Dr. Eugene Ericksen
is a senior sampling statistician at Mathematical Policy
Research, Inc. and a frofessor at Temple University.

Dr. Ericksen has reviewed the Byron Reinspection
Report and the testimony of various witnesses. He has
analyzed the ways in which Edison used statistics and
probability theory to support his conclusions concerning
inspector qualifications and work quality.

Dr. Ericksen concludes that Edison's sampling
design and statistical analysis suffer from four major
flaws.

First, Edison failed to distinguish elements based
on their safety significance when establishing its statistical
criteria. The company did not properly select confidence

levels and acceptable reliabilities, and failed to properly
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stratify its samples.

Second, Edison overgeneralized offering conclusion#

about inspectors and elements that had no chance of being
included in the reinspected sample, wi%hout an adequate
basis for drawing inferences to these elements.

Third, Edison used an inappropriate formula in
caiculating reliabilities. Two assumptions of the formula
were violated; first, inspectors were not randomly selected;
and second, inspectors were not homogeneous.

Fourth, Edison did not account for the added
uncertainty created by clustering of inspections by
inspectors.

For these reasons, Dr. Ericksen condudes that

the sampling design of the Reinspection Program and the

statistical analysis for the Reinspection Report are inadequatée

to support Edison's conclusions about work guality and
inspector qualifications.

In addition to making these points, Dr. Ericksen
will also be supplementing his testimony based on changes
in responses to Intervenor interrogatories, and based on
new data that was received after Dr. Ericksen filed his
testimony.

"e will comment on Edison's data collection and
compilation and on assumptions made by Edison.

Your Honors, as to the supplement, I would
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like to make one representation for the record, and to do
s0, I wish to provide the Court and the Parties with
Intervenor Exhibit R-11.
(Document distributed to Board and Parties)
(Intervenor Exhibit R-11 wus
marked for identification.)
JUDGE SMITH: We are following the practice that
you only mark exhibits that you intend to offer.
MS. JUDSON: We do intend to offer it, your
Honor.
Your Honor, before I proceed as to this exhibit,
I also want to note that I believe I misspoke in my summary
in discussing the use of an inappropriate formula. I should
have said the first assumption of the formula that was
violated was "inspections" were not randomly selected, so

everyone here is clear.

As to this exhibit, your Honor, I am introducinc
it for two purposes: Initially, it is for information
purposes, to let you know why we have not prefiled written
testimony, and the problems we have had in getting correct
responses to Interrogatory 12.

As you all may remember, when Dr. Singh was beinag
cross-examined, Edison came back in and said there was a
mistake in that response. Since then we have had three additional

corrections to that response. We only got a correct answer




after we compiled the breakdowns provided and cave Edi

the accurate answer.

We determined that there were

1

provided to us when we aske

is important partly 3 rrocedurally

are asking for oral supplement of his

important and relevant to this case,

make comments about Edison's

the accuracy
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Interroga...y responses were acknowledged by Commonwealth
Edison to be inaccurate when Dr. Singhwas testifying, and
we undertook to provide corrected responses in a very short
period of time, and we did so.

The attorneys who were to have supervised that
effort were engaged in this hearing room, and that has sort
of been the pattern of our efforts to obtain as accurate
information as we are able to in somewhat short timeframes.

For example, the response to the supplemental
interrogatories was asked for within, I think, four days after
it was served. And the data collection and compilation was
entrusted to individuals who did the best they could. But
w2 were unable to check it as carefully as we wished.

I had told Ms. Judson on more than one occasion
that if she will tell me what numbers it is that she wants to
use, I would probably stipulate to them because what we are
talking out are changes of one or two or ten or a hundred
out of 15,000. And I don't believe they are consequential.

I have also told Ms. Judson that I can't verify
that the latest numbers are totally accurate. What is
involved is a person sitting down and counting individual
items from documents and writing down a number. There are
many items, there are many documents, and people make
mistakes.

I don't believe that the exhibit is necessary for
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the first purpose that is offered, because procedurally we

have been trying to be diligent in our obligation under the
NRC's Rules of Practice to provide correct information when
we know that the information that we have provided previously
in Interrogatory responses was inaccurate.

As far as the second purpose goes, that, too, is
irrelevant unless there is some materiality. The fact, that
given a period of some months -- not even months, really
weeks~-in which to go over extremely detailed records and
pull this data out, we have made errors.

Now when I say "we" I mean people at the company
who are responsille for this, and the attorneys at Isham,
Lincoln & Beale who are also responsible for that, and that
includes me. I think that we probably would have been
justified in answering the original Interrogatory by saying:
"There are documents out at the site that contain this
information. You come and look at it. Make your own data
compilation."”

We didn't do that, and I don't thinkthat there
should be any inferences drawn about the overall data
compilation by Commonwealth Edison Company on the basis of
these answers to Interrogatories.

If the Exhibit is admitted, it seems to me it
raises an extraneous issue. I don't know. Perhaps we have

to have rebuttal testimony on the circumstances under which
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this data was compiled.

MS. JUDSON: Your Honors, may I add just one
point to clarify. The Interrogatories where we have had
these numerous revisions and mistakes was not the
Supplement which is the breakdown, but was the total that
was provided first in final form in June 25, 1984. There was
some initial revisions of that data reguest even earlier
than that.

What we are goinc to show is that some of these
errors reflect problems not only in answers to the
Interrogatories, but also tied intoc the data in the
Reinspection Program itself. And we think that it is relevant
in this proceedinc whether the people who are compiling data
on this Reirspection Program did their job right.

As Intervenors, we are entitled to correct answersj

It is true it is only because we insisted on |
the breakdown, that we found the errors. However, those

breakdowns were the inputs used to generate tables in this

Reinspection Program.
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MR. MILLER: I don't know that that inference

can be drawn from anything that's going on, with respect
to the answers to interrogatories.
JUDGE SMITH: That does not comport with

Mr. Miller's statement. What is your basis for y>ur statement?

MS. JUDSON: Well, that these -- my understanding -~

we asked for the inspector by inspector breakdowns for

certain elements and attributes reported in the Reinspection

Program. And Dr. Ericksen is prepared to testify about the
fact that the answers provided, in interrogatory 12, when
added together do not conform with scme of the data provided
in the Reinspection Program.

And we believe that it's inaccurate and there are

errors.

MR. MILLER: I'm sorry.

MS. JUDSON: If you wish to reserve a judgment
on the admissibility of this document until after Dr. Erickse
supplements his testimony, we would be quite willing to agree
to that.

JUDGE SMITH: Well, let's first address the first
purpose for which it is offered, smd that is justification for
supplemental testimony. 1Is there an objection to supplemental
testimony?

MR. MILLER: No, and I tolé Ms. Judson many times

that I recognize the difficulties that she and the witness are




sy3lb2

20

2]

22

23

24

25

10,946

laboring under, with respect to this data. I have no
objection to that.

JUDGE SMITH: So you don't have to offer it for
that purpose. Now to offer it for the substance that you
suggest, that is that it demonstrates a corporate inability
to collate accurate information in the Reinspection Program,
if Mr. Miller objects to that, he can put you through many,
many, many hoops and putting you through proof of the

summary and conclusions that ycu would have us diaw.

I just wonder if, having obtained that, if it was
going to have a probative value that would be of any worth.
Just what exactly -- what finding would we make from Interveno{
Exhibit R-11? How do we vlug that in to our decision?

MS. JUDSON: Finding that Edison has not adequately

kept records and compiled data relating to the Reinspection

Program?

JUDGE SMITH: Okay, tear down the plant, that's it.
And then just decommission it.

MS. JUDSON: Your Honor, this is ciearly one point,
but it's a point that we have a right to make. And I also
think that it is grossly unfair for Edison to refuse to
accurately answer interrogatories.

JUDGE SMITH: Well, that's another matter. That's
an entirely other matter. There could be inferences that

could be drawn from a refusal to accurately respond to
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interrogatories, a negative inference rule, for example. That

you are offering this as evidence that the reinspection data
is inaccurate.

MS. JUDSON: 1'm offering it as evidence that there
is a corporate problem in providing accurate daca. And
we have seen repeated circumstances =--

JUDGE SMITH: A corporate problem in providing

accurate data?

MS. JUDSON: Relating to the Reinspection Program.

JUDGE SMITH: Are you offering it as evidence that
there is a corporate problem of using accurate data in the
Reinsnection Program?

MS. JUDSON: No. There will be additional evidence
provided on that point, but this has not been offered at this
time.

MR. MILLER: Judge, I just have one further com.
to make. Frankly, I feel a little bit as if I have been
sandbagged and I will tell you why. When Ms. Judson said
look, we've done our own compilation. I want you to stipulate
that those numbers are accurate. And I said, you know, tell
me what numbers you want to use and I will stipulate that they
are accurate because I believed that Dr. Ericksen needed
these numbers to make statistical calculations and did
not want to be subjected to cross-examination by me that he

hadn't used the right number.

!
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I just wanted to get that issue behind us. It

was never my intent and perhaps I wasn't as careful as I shoul
have been to say that. These numbers are accurate for all
purposes. And to the extent they are different from the
numbers in the Reinspection Program Report. The Reinspection
Program Report is therefore inaccurate and reflects an

inability, on the part of Commuawealth Edison, to compile

accurate data.

I think this is really just reaching =--

MS. JUDSON: Your Honor, respectfully I beg
to differ. I repeatedly asked for correct answers to his
interrogatories. It was Mr. Miller who suggested the
stipulation when, after repeated attempts, he couldn't provide
an answer that seemed to conform with the disaggregated data.

But I really feel that we've been placed at an
extreme disadvantage =--

JUDGE SMITH: Well, let's say that that's true.
Let's say that you were treated unfairly and bad. Let's just
accept that for argument. What do we do with that information

MS. JUDSON: I think you can use it as evidence

that the Company has difficulty in keeping records and compilinc

data.
JUDGE SMITH: Well, I thin. we will take advantage
of your invitation to defer ruling until you have established

something. Now we are under one =- not inconsiderable burden




here. And that is we don't know wnat kind of data you're
talking about. But other than that, let's proceed.

MS. JUDSON: Fine, Your Honor.

JUDGE SMITH: I mean, at least I don't know what
kind of data you're talking about. Should we know? I mean,
is there something that's been missed here? Wwhat type of
figures are you talking about?

MS. JUDSON: These are =--

JUDGE SMITH: You see we =-- I have not, and by
design, followed discovery requests. We do not monitor
interrogatories and interrogatory responses. We don't choose

to do that, even if we had time to do it, you see. So we

don't know just what's involved ih this.

So if you're going to make your case on this exhibi

you're going to have make a deminstration of materiality of i+
eand just make your case.

MS. JUDSON: Fine, Your Honor. We'll do that.
Thank you.

(Pause.)

MS. JUDSON: Your Honor == strike that., I
will start the cross examination == I mean, excuse me,
direct examination.

DIRECT EXAMINATION
BY MS. JUDSON:

Please state your full name and business address
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‘ L for the record.

2 A My name is Eugene P. Ericksen. My business is

3 Mathematical Policy Research, Box 2393, Princeton, New Jersey,
4 08540.

5 Q Do you have, before you, a document entitled

6 Testimony of Dr. Eugene P. Ericksen, consisting of 17 pages

7 preceded by a two page summary and with attachments consisting
8| of Appendix 1, Table 1 and Attachments A and B?

9 N I do.

10 Q Was this document prepared by you or at your

" direction, for this proceeding?

12 A It was.
13 Q Are there any corrections, changes, or additions
. 14 that you would like to make to this testimony?
15 A Yes, there are some.
16 JUDGE SMITH: We'll go off the record for these.
17 (Discussion off the record.)
end3 '8
19
20
21
22
23
24
25
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Q

to make, based on the data that has been supplied to you by
Commonwealth Edison since the time when you filed your

initial testimony?

A

Q
A

that Table B.3 is incorreck. In Table B.3, for example,

under attribute numbher 1 =-- .

Q

where?
A

Q
A

JUDGE SMITH: Back on the record.
BY MS. JUDSON:

Dr. Ericksen, do you have any chances or additions

Yes, I do.
And what is that?
Well, I think that I would like to first of all note

Excuse me, Dr. Ericksen, is that Table B.3 from

From the Reinspection Report.

Thank you.

For Inspector A there were 51 reinspections

47 of them had no discrepancy. And of the additional three

discrepancies, there was no evalution made for design

significance.

Q

Do you refer to this in any table of your own?
JUDGE SMITH: Table 3?

MS. JUDSON: Right.

BY MS. JUDSON:

It's Table 3 and Attachments D and E.

That's right.
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. 1 JUDGE SMITH: Ms. Judson, before you proceed,
N I am somewhat concerned that the record nay be confused on

3 the point, at least it misled me. I thought that he was

4 beginning to testify as to errors in his own work, but he's

5 actually testifying as to errors he has found in Commonwealth
6 Edison's work, or perceived errors.

7 MS. JUDSON: Your Honor, I think that's correct

4 and maybe I can give the witress a bit of guidance because

9 we have had to add these =--

10 JUDGE SMITH: Yes, I just wanted to clear up

' the threshold at which we entered this line of questioning.

12 BY MS. JUDSON:
11 Q Dr. Ericksen, first we were going to go through
. 14 | Your substitution of Attachment B and your Table 2 to

15 explain to everyone how the data has changed. Why don't we
16 | do that first?

17 A Oh, I jumped the gun. This new Table 2 --

8 Q First, why don't you discuss the new Ericksen
19 | Amended Attachment B, so everyone knows that it is being
20 | supplemented or repiaced.

21 A That is right. And I believe that there are

22| 17 elements where changes were made. And in 15 of those
23 | elements, the proportion of the original inspections that

24 | Were reinspected went down. 1In one it scayed the same and

25 | in one it went up.
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In addition, there were three elements in which

it turned out that there were no reinspections at all. The
company previously reported that there were reinspections but
I believe that they now say that those elements were not
reinspectable.

Sc that changes -- I have to find the page -~

Q I believe it's Ericksen Attachment B which is
the number that would be changed.

A I was looking for the place where it was changed
in the actual body of the testimony.

Q I can ask you a direct question about that later.
Why don't we just get the amended testimony in first.

JUDGE SMITH: Ms. Judson, I don't think there
would be any objection, at this preliminary stage, if you
were to perhaps join Dr. Ericksen at the table and just help
him organize. I mean, if *ou think it would be helpful.

MS. JUDSON: I think it would be, because of the
delays in getting =--

JUDGE SMITH: Right. Why don't you just do it
whatever way would be most helpful.

(Pause.)

BY MS. JUDSON:

Q Dr. Ericksen, would you like to make any changes
to your Attachment B, based on changes in Edison data?

A Yes, I would like to submit this Table 2. 1If
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you look in my Attachment B --

JUDGE SMITH: <This is amended Attachment B?

THE WITNESS: VYes, I think I got confused by
the proceeding off the record. I thought we had already
done that. In my Attachment B, starting on page two of six,
I give names of inspection elements and indicated the total
inspections performed, the total reinspections performed,
and so on. And a lot of those numbers are now different.

To give you an example of one that's different,
if you turn to page five of six, where it says "Finished
weld inspection for piping and whip restraints" there were
4,395 and the new number is 10,981. So that's an example
of the change that should be made.

JUDGE SMITH: Well, what are your long term
intentions, with respect to these changes? I mean, how
do you intend, if you do, to get them into the record?

THE WITNESS: Well, I felt that since I had
testified in terms of the shortcomings of the sample, that
I should make some comment, given that the numbers were
changed. And the change in the numbers, in 15 cases,
indicates that a smaller proportion of the population was
sampled than I originally thought. 1In one case, there was
no change and in one case the proportion went up.

JUDGE SMITH: I guess my question is more of a

mechanical one, rather than a substantive one.
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MS. JUDSON: Perhaps I can help. The mechanical
changes that Ericksen Amended Attachment B will replace
the former Attachment B and Table 2 is being introduced
to show how the numbers have changed to support =-- to show
that the changes do not alter Dr. Ericksen's conclusion.

And in fact, they are even stronger because ot those changes.

JUDGE SMITH: All right. I understand.

MR. MILLER: Judge, I have no objection to
simply physically replacing =--

JUDGE CALLIHAN: Attachment B is correct, is it not
from what you just said? I will repeat. Ericksen Amended
Attachment B, received today, page five of five, Item 29, is
the correct number of total inspections performed, namely
10,981, 1Is that a true statement?

THE WITNESS: That's right.

JUDGE CALLIHAN: Thank you.

MR. MILLER: Your Honor, I have no object.»n to
simply replacing the original Attachment B with this amended
Attachment B. Can't that be done?

JUDGE SMITH: I thought that's what we did.

MR. MILLER: 1Is that what we have done? Then 1
don't understand why we are ==

JUDGE SMITH: Well, there are errors in Amended

Attachnent B, also.

MS. JUDSON: No, there are not. The witness was
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BY MS. JUDSON:

Q Dr. Ericksen, do you wish to make any other
changes based on the changes in Edison's response to
Interrogatory 12?7

A Well, if you look on page 7 in Answer All, 1
gave an example of out of 4,321 oriqiqal inspections of
piping and whip restraints, only 4 reinspections were done.
The 4,321 is now 10,509, and the 4 is now 0.

And again, my conclusion has not changed

substantially.
Q Do you wish to add anything to your Answer 11?7
A Yes. The justification for the statement that

Edison did not disaggregate MHatfield data by inspection
element on page 8 -~ the support for trat is Attachment C.

JUDGE SMITH: Should we make a physical change
in that testimony?

MS. JUDSON: Yes, you can add, See Ericksen
Attachment C at the end of the last paragraph in Answer 11,

JUDCE SMITH: Following the word "element."
And you're going to make that change in the copy you give
the reporter. Everything that we do has to be made in the
copy given to the reporter.

MS. JUDSON: Yes, that's right,

MR. CASSEL: That was "eee Ericksen what?"

Attachment C, was {t?
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MS. JUDSON: Attachment C.

BY MS. JUDSON:

Q Dr. Ericksen, do you wish to supplement your
testimony in any way? And if so, why?

A Yes, I would like to supplement my testimony
based on new information that has been provided by
Commonwealth Edison. I think it will help me make my
points somewhat stronger.

Q Do you wish to offer any comments concerning
the changes in the data provided by Edison in response to
Interrogatory 127

A Well, I think I've already commented on the
record concerning the error in Table B.3. Do I need to go
through that acain?

Simply that there were three additional
discrepancies which do not appear to have been evaluated for
design significance.

Secondly, =~

MR. MILLER: Excuse me. I'm going to move to
strike because there's not anything that I'm aware of in the
record -~ certainly nothing in Dr. Sricksen's testimony ==
that says anything about the evaluation of discrepancies.
Unless there's some foundation laid for his assertion that
the discrepancies he has found were not evaluated for

design significance, 1 object,
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MS. JUDSON: I would like to respond to that.
Table 3 of Dr. Ericksen's testimony is a reproduction of
Table -- parts of Table B.3 for Hunter attributes. It
lists the results of inspections by inspector.

Ericksen Attachments D and E show the breakdowns
for individual inspectors for this reinspection attribute
number 1. When you add up the total for Inspector A of
the sample elements reinspected -- that is, 24 and 27 --
it turns out that there were 51 elements reinsrected.

Table B.3 shows only 48,

Ir the testimony of Mr. Singh, he indicated that
109 discrepancies were evaluated. That's a part of the
record. Mr. McLaughlin indicated'that he reviewed 60
Hunter weld discrepancies to determine design significance.
Mr. Branch indicated that he reviewed 45, which gives a
total of 109.

However, this disaggregated data shows that there
were 112 discrevancies. Dr. Ericksen is not providing any
opinion about whether these discrepancies were or were not
design significant. He's merely trying to show on the
record that there wer . recordkeeping errors, and it seems
that there's no evi :nce in any evaluation for certain
discrepancies.

MR. MILLER: Based on that explanation, I

withdraw my motion.




sy4d

end 5

20

21

22

23

24

25

10,960

THE WITNESS: Okay. Secondly, I am not sure
if I have the right numbers even now. This seems to have been
an extremely haphazard, sloppy data collection --

MR. MILLER: Excuse me. If the witness will
testify as to fact rather than characterizing this, I

think that the record will be useful to the Board. The Board

will undoubtedly draw its own conclusions about data
collection, and I don't think it adds anything to the record
to have Dr. Ericksen call it sloppy or haphazard or anything
else.

THE WITNESS: Well, let me simply state that my
expectation was that these numbers, given the investment
that's been made in the plant and the investment that's been
made in these hearings, would have been readily accessible

in a printout, and it would just be a matter of finding

them.
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MR. MILLER: Judge Smith, I move to strike.

I don't know what, in Dr. Ericksen's background,
qualifies him to state what should and shouldn't be on
computer printouts at a nuclear power plant.

JUDGE SMITH: Okay. Now did you move to strike
the "sloppy and haphazard?"

MR. MILLER: Yes, that's right.

JUDGE SMITH: So we have two motions, with
respect to the computer printout opinion. Dr. Ericksen,
do you really feel gqua'ified to make that observation?

THE WITNESS: Well, in my background, in the
survey and data collection business, at Mathematical Policy
Research, and before that, any time we get involved in any
large-scale data operation in this day and age we find it
necessary to computerize and mechanize the procedure.

Therefore, any correction that comes up, assuming
the computer programs are correct, we can get the answer
simply by programming the computer to provide it.

JUDGE SMITH: Well, I think the better disposition
of your objection is not to strike it but to understand the
context in which he is making a judgment. And it's appropriate
for cross examination, of course.

With respect to his characterization, he is making
that not as an expert witness, but as an observer of certain

facts, and he is describing what he inferred from those facts.
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And you can cross examine him on that. So your objection is
overruled.

I do believe, however, Dr. Ericksen, that your
testimony might flow somewhat more smoothly if you select your
words mofe for accuracy rather than for perjorative impact.

THE WITNESS: Okay.

BY MS. JUDSON:

Q Dr. Ericksen, what new data have you received since
your testimony has filed?
A I have received data from the Hunter Company giving

the discrepancy rates for individual elements and individual

inspectors.

Q Have you formed any conclusions, based on this
data?

A Yes, I have. An example of the data I've given

in my Table 4. 1In Table 4 I have selected, for an example

two elements. Flement number one is finished weld inspections
for piping and whip restraints. Element number two is
finished weld inspections for component supports. And

the inspectors who ére listed are the nine inspectors who
inspected both elements.

There are some other inspectors who inspected one

Lol

but not both and these inspectors, most of them, also inspecteg

other elements.

I am simply trying to indicate a result for the nine
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inspectors who inspected both of these elements. Now what

this table shows me, first of all there is variation between
elements for the same ianspector. If you look at Inspector
A, his discrepancy rate was 12 percent for the second element
and 4 percent for the first element.

Inspector E was 68 percent for the second element
and 1 percent for the first element.

If you look within the element, you can see that

there are also variations in the discrepancy rates among the

inspectors, 12 percent, 0 percent, 68 percent, to give you
an exampl. .

I think that this is the best evidence that we
have that indicates that inspectors and elements are not
homogenous, that individual inspectors had error rates which
were unique to them. Some were higher than average, some
were lower than average.

It also shows that elements vary according to their
difficulty of inspection. Some were more difficult to
inspect, some were less difficult to inspect. These data
also show that there were particular combinations of element
and inspectors where the discrepancy rate was particulary
high or particularly low.

Given that there was variation among inspectors
and among elements, it is difficult to generalize to those

elements where no inspections were done, to those inspectors




mmé6lb4d

19

20

21

22

23

24

25

10,964

who did not come into the sample. Now the problem goes
beyond just the Hunter Company. 1In Table 5 I have compared

the discrepancy rates for the five companies who reinspected
visual welds. And you can see that there was variation among
the companies for this same attribute.

Now the Hunter Company was the one where the
diécrepancy rate was lower. For the Hatfield Company, I
think it would have been very instructive to have seen the
same kind of table by element and by inspector. I think th»
this issue capsulizes the disagreement between the two sides
here.

My position is that any time a sample is selected
and a person wishes to make a generalization to the population
that person is making a statistical statement. Now I have
read that the assumption was made that inspectors and
elements were homogenous and that those were made on the
basis of engineering judqment.

It is my position that the data show that the
engineering judgment is incorrect.

Q Do you have any further additions or changes that
you wish to make to your testimony?

A No, I don't.

Q With these corrections, changes, and supplementary
testimony, is this testimony true, accurate, and complete to

the best of your knowledge?
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A It is.

MS. JUDSON: Your Honors, I now move to have
this testimony, as corrected, changed and supplemented,
received into evidence and bound into the transcript of these
proceedings as if read.

JUDGE SMITH: Are there objections?

MR. MILLER: Judge Smith, I would like io conduct
voir dire examination of Professor Ericksen before stating
my objections.

JUDGE SMITH: All right.

¥“s. Judson, perhaps =-- if you would return to your
counsel table, ple.se.

(Pause.)

JUDGE SMITH: I think this would be a good time
to take our morning break.

(Recess.)
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JUDGE SMITH: If you are ready, you may
proceed, Mr. Miller.
MR. MILLER: Thank you, Judge Smith.
VOIR DIRE
BY MR. MILLER:
Q Dr. Ericksen, it's correct, is it not, that you

are not an expert in structural, mechanical, or electrical

engineering?
A That is correct.
Q And it is also correct that you do not know what

quality assurance is, in the nuclear industry?
A I have an idea of what quality assurance is, in

the nuclear industry.

Q Dr. Ericksen, were you deposed bv my, on July
19th, 19842
A Yes, I was.
Q And at page 14 of that deposition, were you asked
these questions -- and did you give these answers?
"Question =-" I'm sorry. Page 14, line 17.
A This is the firsf one?
Q Yes, sir.
Were you asked these questions and did you give

these answers?

"Question: Do you regard yourself as an expert

in Quality Assurance techniques?"
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"Answer: Could you be more specific about what
do you mean by Quality Assurance technigues?"

"Question: Do you know what Quality Assurance
is in the nuclear industry."

"Answer: Not in the nuclear industry."

Did you give those answers?

A I did.

Q Thank you.

A I would like to say =-=-

Q Excuse me. Your counsel can, if she wishes, elici.

questions from you when her time comes.

MR. MILLER: He has answered the question, Judge
Smith, and I would like to proceed.

JUDGE SMITH: Dr. Ericksen, there will be times
during your cross examination when you will be invited to
explain your answer right at the time and there will be times
when counsel will exercise his perogative simply to get yes
or no answers. And I will leave it to your attorney to develoj
your explanation. That is his right.

If, after the end of your testimony, you believe
that you have been denied an opportunity to explain everything
that you wish to explain, you may seek leave of the Board
to do it.

In the meantime, Mr. Miller does have a right to

have a strict type of cross examination.

~
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BY MR. MILLER:

Q Dr. Ericksen, it's also correct that you have not
been involved in the design, engineering, or evaluation,
of a nuclear power plant?

A That's correct.

Q You have never worked as a Quality Control
Inspector at a nuclear power plant?

A That's correct.

Q And it's also correct that none of your previous

consulting assignments involve nuclear power plants, is

that correct?

A That's correct.

Q You were firsc contacted by the Intervenors in
this proceeding in early July?

A That's correct, to the best of my memory.

Q Could you tell us about how much time you have
spent on this assignment since you were first contacted by

the Intervenors?

A I would say somewhere between five anc ten days,

five to ten eight-hour days.

Q You are an expert statistician, is that correct?
A I am.
Q Now, I would like you to turn to answer 10 to vour

prepared written testimony, Dr. Zricksen.

MR. CASSEL: Judge, I'm at something of a
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disadvantage here. I haven't seen a cross plan. If the
Board is confident that this is appropriate voir dire, I'm

not going to raise any question. It does seem to me that this
is appropriate cross examination on the merits, as opposed

to a preliminary decision on the admissibility of the
document.

JUDGE SMITH: I don't see anything that matters.

MR. CASSEL: Fine.

JUDGE SMITH: I think it's his choice and if he
chooses to go this way, it's all right. I don't see any
problem.

BY MR. MILLER:

Q Dr. Ericksen, in the first sentence of answer 10 --
first of all, right in the first line, you say we. That is,
the sentence reads "In order to assure that a plant can be
operated safety, we are primarily concerned --" and so fort.

Is that the royal "we" sir or are you talking about

yourself?
A I think that "we" refers to society in general.
Q Of ccurse, that's why we're all here, to get

the assurance tnat the plant is operating safely, correct?
A I think that your "we™” is the same as mine, in
that gquestion.
Q Now in the third line of Answer 10, you referred

to inspection elements, correct?
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A That's correct.

Q And then you, in the following sentence, analogize
those inspection elements to the parts of an automobile. And
the analogy is that it really doesn't do us very much good
to know that 99.5 percent of the parts of the automobile
were inspected if the 5 percent that were missed are the
brakes and the steering. That's the analogy that you
draw, right.

A It's 0.5 percent.

Q 0.5 percent, correct. That's the analogy that
you're drawing?

A That's right.

Q It's a fact, is it not, that brakes ard steering
in the automobile, those aren't inspection elements, those
are safety systems, aren't they?

A Well, I think that the point is that if there is
a critical part of an overal mechanism, that if that is
incorrect, the entire mechanism is unsafe. Then you want
to be absolutely sure that that particular component is
correct.

Q Right. And a brake system in an automobile is
composed of tubing, piping, and the electrical system that
goes to the brake lights and the assembly of the brake pedal
and the brake discs or drums, isn't that right.

A Well, the idea there -- that is certainly the case.
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The idea there is that if you take all of those elements and
put them together, and they're 0.5 pesrcent of the parts of
the car, that each one of those needs to be inspected properly
As it happens, I once had a car that was supposed
to have been properly inspected and it turned ov% that the
only thing that had not been put in there was the brake
fluid. I got out driving the car and the brakes didn't
work. So that was one element. That's one part:of the
brakes.
Certainly I'm quite confident less than 1/2 of
1 percent of the things in the car that need to be inspected.
Q #hat do you understand the term "inspection
element" to mean, as it's used in the Reinspection Program?
A It's my understanding that an inspection element

is a unique part of the plant.

Q Of the --

A Is a unique part of the nuclear power plant, that
has unique characteristics. There may be several of them,

I guess you would think of it as an indivisible grouping that
would not have subparts.

Q Aren't inspection elements related to inspection
tasks, rather than to specific systems within the nuclear
power plant?

A I'm afraid I don't understand that question.

Q Let me try it again. Inspection elements are, for
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example, visual weld examinations, correct? Aren't visual
welds an attribute?

Well, let's take one of your amended supplemental
tables here, Dr. Ericksen. If we look at Ericksen Attachment
E supplement, finished weld inspection for component supports.

A Okay.
Q Does that indicate what system, within the nuclear
power plant, the finished weld inspection is going to cover?

A Component supports.




"I'TS MM/mml !

2

3

10
i

12

15

16

18
19
20
21
22
23
24

25

10,973

Q Do you know whether component supports are
unique to specific systems within a nuclear power plant?

A Well, to answer what I understand the point
of ypur questioning to be -~

Q | Pon't answer the point of my cquestion. Please,
just answer my question.

Do you understand that component supports are
unique to a specific system within a nuclear power plant?

A No, I don't.

Q Okay.

Now, I would like you to turn, if you would, to
the last paragraph of answer 10. Now, once again in this
sentence, the second sentence of that last paragraph it
starts out: "Even if we are 95 percent certain. . ." and
SO on.

Once again, who is the "we" that you are referrir
to there, sir?

A I suppose that would be anybody who wants to make
a comment on the safety of a nuclear pwer plant.

Q Well, do you include those persons who are
entrusted by the laws of the United States with the regulation
of the construction and operation of nuclear power plants
within the word "we"?

A Let me make sure that we have the same sentence.
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certain that 99 percent. . ."?

Q Yes, that's the second sentence.
A And your question again?
Q My question is, do you include within the word

"we," those individuals who were entrusted under the laws
of the United States with responsibility for regulating the
construction and operation of nuclear power plants?

A That's right, because such a person would have to

have some kind of statistical basis for making that statement

and none has been proferred.
0 I see.
Do you know of any regulatory requirement by
the NRC which says that in order for a nuclear power plant to
receive an operating license, the Nuclear Regulatory Commission
must be more than 95 percent certain that 99 percent of all
inspections that had a chance of being included in a sample

met design requirements?

& I'm not a lawyer, so I don't know the law.

Q You have never looked at the regulations, have
you?

A No.

Q Do you know of any NRC -- I'm going to move down

to the third sentence in that paragraph.

Do you know of any NRC regulatory requirement
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that says that the NRC wants to be more than 95 percent
certain that more than 99 percent of very important safety
elements met design requirements?

A Ng.

Q In your judgment, Dr. Ericksen, do the words
"reasonable assurance"” mean that you want to be more than 95

percent certain that more than 99 percent of the very important

safety elements meet design requirements?

MR. CASSEL: Objection.

Is he referring to reasonable assurance in the
sense that those terms are used in the law?

MR. MILLER: Just a second. Excuse me. I object
to counsel's interposing at this point in time, because what
we are testing here is Dr. Ericksen's knowledge of the
regulatory process. And Dr. Ericksen is perfectly capable
of picking up from his counsel the thrust of my guestion.

I believe I am entitled to his answer based on
his knowledge as he sits there. The words "reascnable
assurance" are perfectly straightforward English words.

JUDCE SMITH: May I have the question? Could
you reread the guestion, or should I have the reporter read
it?

MR. MILLER: The question was, do the words
"reasonable assurance" mean that one wants to be more than

95 percent certain that more than 99 percent of very important
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mm4
. 1 safety elements met design reguirements.
2 MR. CASSEL: And the objection, Judge, is to the
3 | absence of a definition of the term "reasonable assurance."”
4| It has a layv meaning, and it is a legal term.
5 JUDGE SMITH: Where does it derive? Where did
6 | You get the term? 1Is it in his testimony?
B MR. MILLER: No, sir. I am testing his knowledge,
g | fraakly, of the NRC regulatory approach, as he purports to
9 | make statements about what it is that the NRC ought to be
jo | Judging the safety of this plant by.
1 MR. CASSEL: If that is what his purpose is, then
12 | he should make clear in his guestion that he is asking the
13 | witness whether the term "reasonable assurance" as used in
. 1a | NRC Regulations, means what Mr.Miller is asking, mther than
15 | Just saying "reasonable assurance."
16 MR. MILLER: 1I'll accept that amendment.
S2BU - BY MR. MILLER:
18 Q Now, Dr. Ericksen --
19 A Now could we have the question?
20 Q Sure.
2 Do the words "reasonable assurance" used in NRC
22 | Regulations mean that the NRC wants to be more than 95
23 | percent certain that more than 99 percent of very important
24 | safety elements meet design requirements.
25 A I don't see how I could answer that question
2
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asking me what the NRC means by "reasonable assurance."

Q Yes, sir.
A You are asking for factual --
Q I am asking you whether it means that the NRC

wants to be more than 95 percent certain that more than 99
percent of very important safety elements meet design
reguirements.

A Oh, I wouid expect +that the NRC's concern with
the safety of the elements woulc be based on their assessment
of the risks of the elements not beino properly inspected.
And those elements, where the conseguences of an error were
great, they would want to have much greater assurance.

I think Three Mile Island in Pennsylvania is an
example of that.

MR. MILLER: I don't believe the witness has been
responsive to my question.

JUDGE SMITH: 1I always have trouble with the
word "reasonable" anyway. When you are going to introduce
that into a question, you are inviting that type of answer.

MR. MILLER: Judge, I put a context on it at
counsel's suggestion, which is NRC Reculations. What I
want to know, basically, Dr. Ericksen, are you aware of any
aspect of the NRC Regulation which quantifies the regulatory

term "reasonable assurance" in terms of a confidence interval
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and a reliability calculation?

JUDGE SMITH: That is a ¢ood gquestion, and that
is a question as to which counsel is entitled to a yes or
no answer.

THE WITNESS: No.

BY MR. MILLER:

Q Thank you.

Now, Dr. Ericksen, are you familiar with the
scope and coverage of the quality assurance program at the
Byron Nuclear Power Plant?

A I have reviewed the Reinspection Reports, so I am
familiai1 to the extent that it was described in the
Reinspection Report and in the teétimony which has been
given by certain Edison witnesses.

Q And are you familiar with the Nuclear Regulatory
Commission's resident inspector program?

A No.

Q Are you familiar with the scope and coverage of
routine Nuclear Regulatory Commission Staff inspections of

the Byron Nuclear Power Plant?

& Ycu mean in addition tec those which were part of

the Reinspection study?
Q Yes, sir.
A No.

Q Are you familiar with the NRC so-called CAT
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team inspection in 198272

A Well, let me state in terms of all the questions
you have asked me, I was aware that programs existed. I
don't think that's what you mean by familiar.

I think vhat you mean by familiar is am I aware

of how they are done and that sort of thing, and the
answer is no.

Q Do you know whether or not -- have you ever

heard of the initials ACRS?

A Certainly, I have heard the initials ACRS.
(Laughter)

Q As an acronym for a body?

A No.

Q So you don't know what function, if any, the

ACRS, which stands for Advisory Committee on Reactor Safe
performs with respect to analysis of the safety of nuclear

power plants?

A No. All that has been beyond the scope of ny

evaluation testimony.
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Q I take it, from your previous answers, that

you have never looked at Appendix A to 10 CFR Part 502

A I don't know my titles.
Q Those are general design criteria for nuclear power
plants.

MS. JUDSON: Can you show it to the witness?

MR. MILLER: I want to know if he can remember it.
I'll be glad to show it to him.

MS. JUDSON: He said he dcesn't remember his

titles. I think it would be helpful for him to see the

document.
(Document handed to witness.)
BY MR. MILLER:
Q It goes on for about seven or eight pages, in

the bound volume of 10 CFR that I have tendered the witness.
I don't ask that you read it all. I just want to know
whether, scanning it, you can tell us whether you've ever
seen it before?

A Yes, I have seen it.

Q When did you first see it, Dr. Ericksen?

A Sometime in July.

Q Did you read it from front to back?

A I read it in sections. I did find a sentence
in there that I've seen before.

Q All right. Now in your answer to Question 10 at
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page 7, the sentence we've been looking at, you talk about
wanting to be more than 95 percent certain that more than 29
percent of the very important safety elements met design
requirements.

I would like to ask you if you could identify for
us what ‘he very important safety elements are, in a nuclear
power plant?

A This is an example of where the statistician relies
on subject matter expertise. I believe Mr. Teutken provided
a categorization of the safety significance of elements.

Q well what does the word safety elements, as used
in that sentence mean? Does it mean safety systems, like the

brakes in a car, or does it mean inspection elements?

A It means the commonent parts.

Q And where, in Mr. Teutken's testimony, did he
classify the component parts by safety significance?

A It's my understanding that Mr. Teutken was taking
categories of things which are inspected and assigning them
the safety significance. And I have simply taken all of the
elements which would be part of that to have the same safety
significance in grading.

Q From whom did you get that understanding of
Mr. Teutken's testimony?

A That was my own.

Q Did you review Mr. Teutken's deposit:ion?
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A
Q
that Mr.
terms of

I don't recall.
I think your counsel will stipulate, Dr. Ericksen,
Teutken was not asked to rank component parts in

their safety significance, but rather to rank

inspection elements, all of which Mr. Teutken said were

safety related.

MR. CASSEL: We will so stipulate.
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BY MR. MILLER:

Q Now, outside of your understanding of what
Mr. Teutken said, is there any basis that you know of for
differen;iating a particular component part as a very
important safety element?

A Well, I think it's simply a matter of common
sense that the paint on the side of the pipes may not
have the safety significance at the same level that the
welding would have inside the center of the nuclear reator.

And as a statistician, a guestion that I would
routinely ask an engineer would be to make a classification
of the risk of failure of every element of a nuclear power
plant. .

Now, what Mr. Teutken provided was an
approximation to that. And given that all I had was an
approximatica of that, I simply had to go with it. What
that approximation told me was that there were variations in
the safety significance of parts of the nuclear power plant;
whether you call them elements, components or whatcver.

Q Well, in other words, it doesn't make a
difference to you whether he was talking about inspection

elements or component parts?

A That's right.
Q They're interchangeable, as far as you =--
A No, they are not interchangeable. But I think
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that every subpar* that could be inspected, there is a
classification. One can assess the risk of error.

Q Well, would you agree, Dr. Ericksen, that the
very important safety elements include those safety systems

that would be called upon in the event of a LOCA?

A You'll need to define _,our last term.

Q You don't know what a LOCA is?

A No.

Q It's a loss of coolant accident. Have you ever

heard that term before?

A A loss of cooling == ?

Q Accident.

A I may have.

Q Are those systems that would be called upon to

operate in the event of a loss of coolant accident a part
of the ECCS?

A I don't know.

C Do you know what ECCS stands for?

A No, I don't.

Q It stands for emergency core cooling system.
Now let me just ask you one more cguestion along this line.
Which, if any, of the systems that I am going to name are
a part of the emergency core cooling system at Byron?

MR. CASSEL: Objectjon. The witness has already

testified he doesn't know what the ECCS is. If Mr. Miller's
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point is that the witness does not know tha engineering
components of a nuclear power plant, we will so stipulate.
This is simply beating a dead horse at this point.

MR. MILLER: Well, maybe. But I think I'm
entitled to one more try at this. If the Board wishes me
to move on to something else, I will be happy to.

JUDGE SMITH: Dr. Ericksen, I believe, has been
Juite candid in admitting to you that he has little
knowledge of the operation of a nuclear plant. I don't
think he's trying to inflate bis expertise in that area.

I think you have made your point.
MR. MILLER: All right. Let me just move on.
BY MR. MILLER:
Q Dr. Ericksen, with respect to any of the

component systems that make up the emergency core cooling

system at Byron, do you know what the scope of work of Hatfie.

or Hunter is?

A If I understand your question, what you are
asking me is, do I understan what the systems are that were
inspected by Hatfield, and what are the systems that were
inspected by Hunter. I believe the answer was that they were
listed in the Inspection Report.

Q Which inspection report, sir?

A There is only one.

Q I'm sorry, the Reinspection Program Report?
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A Yes.
Q You have a copy before you, do you not?
A I do.
Q Would you point out for me where the safety

systems that were inspected by Hatfield and Hunter are
listed in this document? Unless your counsel wants to
stipulate that they are not there.

MR. CASSEL: If the reference is to safety
systems, I think we can stipulate that the safety systems
are not listed in the Reinspection Report.

THE WITNEES: I misundersi!nod your gquestion.
I thought you were asking me what were the attributes which
were inspected by those three companies.

BY MR. MILLER:

Q Okay, fine. Now turning back one page in
Answer 10 to page 6, the sentence that begins at the top
of the page talked about =-- and you may have to read the
preceding sentence to get the context of that sentence,

but you talk about certain sample sizes that should have

been taken, and that this would have enabled the Reinspection

Program to establish acceptable confidence levels.
Acceptable to whom, sir?
A Would you give me =~
Q It's the third line on page 6.

A Oh, I misunderstood you. Not to be difficult,
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but could you repeat the question?

Q I'd be happy to. My guestion is, the statement
in your prepared testimony says that if certain sample
sizes and other statistical criteria had been followed,
this would have epabled the Reinspection Program to
establish acceptable confidence levels. And my guestiorn is,

acceptable to whom.

A Okay. My answer to that is that in the document
which you showed me there i. a statement that you need to
have assurance of the safety in the inspection of the nlant.
Now, as a statistician, I come into it because
a sample was taken and inferences are being made to a
general population. And one of the things that a statistician

requires for a pruper statistical analysis to be done is

a statement of a loss function. And a loss function has to
do with the risk of error.

If you incorrectly assume that the plant is safe -1
correct that, not the plant. If you incorrectly conclude
that the safety element or the component or the attribute
is safe and it is not, then you establish your confidence
interval based on the risk of error.

And my point here is that it was incumbent, from
the point of view of Edison, to have its engineers classify
the things that were being inspected according to the risk

of error in .crder for a statistician to make a reasonable

Rl
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evaluation of what was done.

And my criticism is that that engineering
judgment was not applied and stated in the report, which
made it impossible to make a statistical evaluation. And
given tﬁat a correct statistical evaluation could not have
been made, it's impossible to support and verify the
statistical procedures followed by Commonwealth Edison.

Q Well, so acceptable means acceptable to
a statistician?

A No, it means acceptable -- the engineer is
required to state -- let me back up. When an engineer wishes
to_make a statistical statement which -- or any statement
where generalizations are made from a sample to a population
of a statistical statement -- that person is required to
state the costs of being wrong.

Q So you're also required to state a confidence
interval and a reliability number?

A Yes, because you need to be able to make a
statement that we are this much certain, and our statement
takes into account the risks of error.

Q I see. But you can't tell me where in the
Code of Federal Regulations that requirement is found, can you
that there be a statistical statement?

MR. CASSIL: Judge, I've got the same objecticn

here. He said he is not a lawyer, he is not familiar with
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'l the legal requirements --

2 MR. MILLER: That is certainly clear, but what

3 his testimony purports to do is to establish certain

4| standards.

5 | THE WITNESS: Could we go off the record for

| a minute?

7 JUDGE SMITH: You don't have to be off the

8 | record for a request of help.

(Witness reviewing document.)

10 THE WITNESS: The sentence that I'm referring to
n is Part 50, Appendix A under Criteria. "A quality assurance
12 program should be established and implemented in order to

13 | provide adequate assurance that the structures, systems

'4 | and components will satisfactorily perform their safety

5| functions."
16 Now, Edison chose to do this on the basis of

17 sampling. It may not have been a proper sample, but nonethele?s,

'8 | they chose to do it on the basis of sampling.

19 BY MR. MILLER:

20 Q Chose to do what, sir?

21 A The Reinspection Program.

22 Q Is that the same as the guality assurance program,

23 | as used in that sentence from the Ceneral Desicn Criteria
24 | that you just gquoted?

25 A That's what I'm taking that to mean.
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And in order to do that, it's necessary to
state the risks of error and a statement of the risks of
error informs the confidence interval, and when the risk
of error is greater, the confidence interval is to be more
stringent; where the risk of error is less, the confidence
interval can be less.

Now, 95 percent is not a particularly stringent
confident interval, given the obvious risks of a failure of
a nuclear power plant.

Q Can you find anywhere in the General Design
Criteria a statement that a confidence interval of 90 percent,
95 percent, 99 percent, or any other number is the
regulatory standard by which reasonable assurance is to be
measured?

A I found a general statement. I didn't find
any statement that contradicts it in terms of giving speci..
standards. And it's only reasonable that when you're going
to be provided a safety assurance on the basis of a sample,
that you state criteria »y which you're stating confidence
intervals and reliabilities.

Q All right. Now, at the bottom of page 7, you
differentiate among four elements =-- critical to.safety,

very important to safety, somewhat important to safety =--

A What pacge?
Q I'm sorry. Pa~~ 6 again. Do you have those?
A Yes.
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Q Is there anything in the Nuclear Regulatory
Commission regulations, to your knowledge, which makxes this
four stage differentiation?

A That is only a reasonable thing to do, based on
the senténce that I read you.

Q Well, Dr. Ericksen, I would like you to read the
first paragraph of the introduction to the General Design
Criteria, Part 50, Appendix A. Just read it to yourself and

then I have a few questions.

(Pause.)
A I have read it.
Q It's a fact, is it not, that that paragraph makes

one differentiation between items that are important to safety
and those that are not, isn't that correct?

A I believe you are referring to the sentence that
reads "The principal design criteria establishes the neces
design, fabrication, construction, testing, and performance
requirements for structures, systems, and componehts important
to safety. That is, systems and components will provide
reasonable assurance that the facility can be operated without
undue risk to the health and safety of the public."

I find that entirely consistent with my answer.

Q It doesn't break it down into four categories of

safety significance. It is either important to safety or it's

not, correct?
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. 1 A That is a very general statement that needs to
2 be specified for operations.
3 Q What is a very general statement, the General
4 Design Criteria?
5 A Yes.
6 Q It could be, but it's all we've got.
7 Now, Dr. Ericksen, for the critical to safety
8 element --
9 A You are referring to my testimony?
10 Q Yes. Your listing there. 100 percent reliability
" at a 100 percent confidence level, that's not a statistical
12 evaluation. That is a complete, 100 percent reinspection,
13 isn't it?
. 14 A That is exactly right.
15 Q Okay, thank you.
16 MR. MILLER: Judge Smith, at this time, I would

17 move tc strike answer 10 in its entirety and the first

18 conclusions of Dr. Ericksen that are found in answer 9 and
19 answer 20.

20 JUDGE SMITH: The first conclusions in answer 9?
21 MR. MILLER: Yes, sir. I think == they are

22 identified in the answer. 1It's the cne that begins in

23 answer 9 "First --" and so on. And it talks about failing
24 to distinguish elements and so on.

25 And then, in answer 20, the first conclusion about
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"The company did not properly select confidence levels and
acceptable reliabilities --" and so on.
I think that my voir dire examination of
Dr. Ericksen has demonstrated that he is an expert
statistician and that he has simply no basis, in his expertise,
or in anything in this record, or in the discovery that
has preceeded it, which enables him to give opinions about
what the regulatory requirements are for showing reasonable
assurance, because that is what this answer 10 purports to do.
JUDGE SMITH: How much of answer 207?
MR. MILLER: I'm sorry. It is that first conclusionh.
The ne that starts "Yes, first, Edison did not --" and so on.
MS. JUDSON: Your Honor, I have two things to say.
First, procedurally, since we are in voir dire and this

has not been admitted into the record, I assume the argument

isn't to strike, but whether to allow it in.

Second, I would like to say that this witness has
made clear, in the initial questions, that he is not an
expert as to the NRC regulations or any legal requirements and
that what counsel has done is he has converted a "we" and tried
to press it to be more encompassing and then said we should
strike all of his answer.

If he wants to limit it, the "we", to a general
statement as opposed to NRC requirements, that is fine. But

I think to strike this entire answer is inappropriate.
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MR. MILLER: Judge Smith, I specifically asked
Dr. Ericksen whether the "we", who did those people who have
the responsibility for regulating the Byron Station? And
he said yes.

And what he has purported to do here is to
express an opinion, as an expert, when there is simply nothing
in his background as a statistician or indeed in the 40
to 80 hours that he has spent looking at the Reinspection
Program which entitles him to give that opinion.

This is the same sort of situation that we faced
with Dr. Bleuel. Indeed, Dr. Rleuel had perhaps some greater
degree of qualification, in terms of being an engineer and

being involved with hardware inspections of one sort of

another.

Dr. Ericksen comes before this Board really as
a statistician and is purporting to establish, by this answer
10, what a quantification of requlatory requirements is.
I believe that if his testimony is not stricken, we ¢ an
look forward to proposed findings from the Intervenors which
say that Commonwealth Edison Company has not demonstrated
reasonable assurance because for systems critical to safety,
whatever they are -- and this witness certainly can't tell
us what they are -- we didn't show 100 percent confidence --
100 percent reliability and 100 percent confidence level.

Now the law is just to the contrary. We do not have
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fo quantify. There is a deterministic approach to regulation

which involves the engineering judgment of the NRC Staff,
the Applicant and -- on specific issues -- this Board.
And to convert that into some sort of a numbers game would
both be éontrary to law and, I don't believe, would add to
the safety of the public at all.

MS. JUDSON: Your Honor =-=-

MR. LEWIS: I assume the Staff will be heard on
this, although counsel for the Intervenor apparently is
responding now. I would like to get my views on the record
and perhaps she can then respcnd not only to the motion, but
to the Staff's views as well.

JUDGE SMITH: Well, she has even greater options
than that, too. She can redirect -- I mean, she can direct --
or whatever you call it -- in response to voir dire.

Everybody will have a chance to express views.

MS. JUDSON: I would like another opportunity to
speak.

JUDGE SMITH: Certainly. Go ahead, Mr. Lewis.

MR. LEWIS: I think, Your Honor, that in question
and answer 9 of the witness's testimony, there are three
problems identified with the sampling design and statistical
analysis. I approached this in much the same way I did the
testimony of Mr. Stokes, trying to see that the impact is of

an exclusion of certain portions and what the redeeming
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value -- or whatever the word would be -- is of the sections
that are not the subject of a motion to exclude.

It would seem to me that the second and third
elements in answer 9 -- let's look at the second element first
of all --

JUDGE SMITH: Well, these would survive under the
motion.

MR. LEWIS: 1It's my understanding there's been no
motion made as to them.

JUDGE SMITH: All right, fine.

MR. LEWIS: I am proceeding on the assumption that
they would.

JUDGE SMITH: All right.

MR. LEWIS: At least in terms of an exclusion, on
a preliminary basis.

The second one deals with the questions as to
whether or not inferences can be drawn based upon the way the
inspection program was put together, and speaks about lack
of sufficient statistical basis for making inferences.

And the third one specifically addresses a formula
used by Dr. Singh and criticizes it. To the Staff's way of
thinking, those are matters that we understand to be within
the area of expertise of a statistician.

By contrast, when we look to the first point,

namely that the program fails to distinguish elements most
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important to safety from elements less important to safety
and to distinguish elemeuts which are easy to inspect from
elements which are difficult to inspect. We are unable
to find any relevant expertise on the part of Dr. Ericksen,
or perhaps any statistician to speak to those points.

Now conceivably, that information could have been

imparted to a statistician by consultation with some subject

matter expert. But I believe that the voir dire has
established that that did not occur. Rather, what the voir
dire seemed to establish was that Dr. Ericksen is relying upon
a characterization made by Mr. Teutken of inspection
attributes.

Aind we don't -- the Staff does not view that as
providing, to Dr. Ericksen, relevant and necessary subject
matter knowledge to be offering expert testimony as to whether
Oor not matters important to safety were -- whether or not the
program should have been designed, or was properly designed
with levels of safety systems in mind.

In the same way, the question of whether or not
something is easy to inspect, whether or not an element of
the inspection program is an easy to inspect item, as opposed
to a difficult to inspect item, I've heard nothing from
Dr. Ericksen which indicates he has any expertise to offer
an opinion on that subject.

I did hear something earlier in which he pointed
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out that there seemed to be, within a particular inspector
even, some difference as to the percentage of discrepancies
identified in one inspection element, as opposed to another.
But I am unable to find that that is a material piece of
information to enable Dr. Ericksen to offer expert testimony
as to whether or not the elements of the inspection program
failed to distinguish inspection elements on the basis of thei
difficulty.

It is for that reason that the Staff has also been
of the view that, insofar as this testimony has sought to
offer expert opinion as to acceptable -~ as the term was used
by the witness -- levels of confidence and reliabilities
and to try to correlate those with some categories which he
includes in his testimony, as to le ‘els of importance to
safety, that the witness is not qualified to testify on that
point.

It seems to me that Mr. Miller has correctly
identified the portions of the proposed direct testimony that

are affected by his motion and we would support it.
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. L THE WITNESS: May I speak?
2 JUDGE SMITH: Just a moment.
3 (Pause.)
4 MS. JUDSON: Your Honor, I would like to make

5 several points. First, Dr. Ericksen is not relying on his

6 expertise to classify any elements by safety. There has

been a stipulation that Teutken classified elements by

8 | safety; he is relying on those.

Second, as to the issue of the difficulty of

0| doing various tasks, Dr. Ericksen did present supplemental

testimony on the discrepancy rates that provides evidence

12 that there really are differences in difficulties of tasks.
Third, as to the arguments of Mr. Miller on

application of these regulations, they go to legal judgments.

This witness is not offering a legal opinion about the

NRC regulations; he is not offering expert testimony about

the engineering differences of various components, elements

'8 | or attributes. He is testifying as to what someone should

do in establishing a sampling program to verify quality of

20 | work.

21 That is what Edison did here in this case,

22 | because of various problems with initial quality assurance.

23| He then reviewed that reinspection -- Edison then put

24 | together a program. That program did use samples. Inferences

25 | were made from those samples, and there has been testimony
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about those inferences, both by engineers and by one

witness, Mr. Singh, who applied reliabilities, established
confidence intervals and reliability levels.
Dr. Ericksen's testimony not only rebuts
Mr. Singh's testimony, but it also gives some evidence of
what can be done to properly design a sampling plan.
And I therefore think that it is relevant and admissible.
Mr. Miller attempted to push the witness in
a definition of "we" to be saying that he is providing a
legal opinion about applications of these regs, and we are
willing to stipulate that that is not true. 1If you would
like us to do mcre redirect on what a definition of "we" is,
we can do that. But if you want us to change it to "one"
or "I", I think we're prepared to do that. But I think it

is inappropriate to strike all the testimony on that basis.

The witness has been very honest

JUDGE EMITH: I think that tends to be a little
bit of a quibble as to how he expressed it. However,
I thought Mr. Miller was entitled to make a point.

MS. JUDSON: I believe he is entitled, as cross
examiner, to make a point, but I don't think it's a basis

for striking the testimony.
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JUDGE SMITH: My reopened concern is twofold, I
guess. One is on page 6. Where does he get this 99.5?
Where does he get the 99? Where does he get the 100? Where
does he get these classifications? Where do they come from.
I think he does grab them out of the air.

MS. JUDSON: We can ask Mr. Ericksen.

JUDGE SMITH: Let's ask him.

Then my second concern, refresh our memory as to
what is the basis for him making the statement that Edison
failed to distinguish elements and that the elements did
indeed fall into categories of most important and less
important. Refresh our memory. Where did you get that?

What is the basis for that testimony? Where did he get these
99 and 100 and these four classifications, and things like tha
Wnere did he get them?

MR. CASSEL: Those are two very different questi-n
Judge. One, the question of where the classification comes
from, we have a stipulation on the record which simply
supports the earlier =--

JUDGE SMITH: What is the stipulation? I'm just
asking. I'm not saying it does not exist. I just want to
be reminded about it.

MR. CASSEL: The stipulation is that in his depusi-
tion Mr. Teutken classified the inspection elements and

attributes performed by Hunter and Hatfield and PTL in four
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categories of safety significance. We offered that cdocument

earlier.

JUDGE SMITH: What are they?

MR. CASSEL: They were labeled, by Mr. Teutken,
3, 2; 3, and least important. And in his deposition

he explained that by Category 1 he meant those inspection
elements and attributes which were most important to safety
of those done by Hatfield, Hunter and PTL.

In Category 2, he meant those which were second
most important to safety. In Category 3, he meant those
which were third most important to safety. And in the
category of least, he put items such as housekeeping and
documentation which he regarded as least important to safety
of the elements inspected.

JUDGE SMITH: But my difficulty I had then, and
I have now, you're talking about relativity in a vacuum and
that's where I couldn't pick it up. I mean it was
relativity -- here's a.little capsule of relativity with
respect, yes. 1 is related to 2 and 1 is related to 4. But
how are 1 through 4 related to the universe? That's my
problem.

MR. MILLER: I believe Mr. Teutken answered that

in his deposition by saying remember, Mr. Cassel, all of these

are safety related.

JUDGE SMITH: See, that's my problem,
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MR. CASSEL: There are degrees of safety

significance. They may not be formally recognized in the

NRC regulations. I was about to give the same answer

Mr. Miller just gave. They are all safety related.

But as the witness indicated from the stand, as

a matter of common sense, and in the case of Mr. Teutken

as a matter of his expertise as an experienced engineer

and the startup manager for Byron, he specified which of those

procedures done by Hatfield, Hunter, and PTL, were most

important to safety.

MS. JUDSON: Your Honor, I think I can make one

comment which may make this a bit easier to understand. I

don't think that this witness is offering other categories
set in stone., What the witness is saying is that there was
a failure to make these judgments and set up these categories
Lo fore the program was started. And that that is something
that should be done in establishing a Reinspection Program.

And I think everyone is trying to push this
witness beyond his expertise to tell you and not to the
point being made in this question and answer.

JUDGE SMITH: I understand.

MR. MILLER: Judge Smith, with alli due respect,
I certainly didn't intend to push Dr. Ericksen., What I

was trying to do was to establish just lat it was, in

his experience, in his education, in his training, that would
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enable him to tell this Board that in order to have -~ he
says that we want to be more than 95 percent certain that
more than 99 percent of the very important safety elements
met design requirements. And when I asked him who the "we"
was, it's everybody in this room. It's society at large,
including the NRC.

And there is simply no basis, in the regulations
or in his expertise, and I don't know about common sense.
I think that reasonable minds could differ about the common
sense of attaching numerical values to safety. But there is
simply nothing that entitles Dr. Ericksen to express the
very opinions that Ms. Judson says he should.

The other point I would like to make is that

Mr. Teutken was asked about inspection elements. That's what

the Reinspection Program is about. Dr. Ericksen is here
talking about his analogy to braking systems. He's talking
about the components of the nuclear power plant. We're back
to Dr. Bleuel. That's what he is saying.

And I don't believe you've had an answer to your
second question, as to where these numbers came from.

JUDGE SMITH: That's right. We don't have any
answers to that. That's the thing that troubles me most. Wherg
do those figures come from?

MS. JUDSON: Your Honor, before I ask that, I would

like to just read one portion of this answer, which I think
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does put in in context. And that's on page 6, where

Dr. Ericksen states "In order to determine the amount of
certainty and perfection required for each element, choices
should have been made using engineering judgments. These
judqmenti, along with their rationale, should have been
determined when establishing the program and clearly

stated in the Reinspection Report."

Then he offers some suggestions. He says "A
reasonable Reinspection Program might have required --."

So he's not saying this is set in stone, either. But what
he's saying -~ and this is the whole point of his answer-- is
that before they started, they should have sat down with the
engineers and figured out what was important to safety and
categorized it and built up to your program on that basis.
And that is the point of this answer.

He's talking about what was missing from the
report. His criticism is this was missing. Then people are
moving to strike because we haven't provided it. This
witness is not providing that missing gap. This witness is
merely saying that gap exists and that's the problem.

JUDGE SMITH: I think perhaps the Board has been
somewhat remiss, in this reopened proceeding, in not insisting
on the parties drawing up issues somewhat more precisely.

The Intervenors have taken a persistent approach

that the Reinspection Program was faultily designed and
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implemented to verify work quality. And this is the tenor. .
It's the tenor of Bleuel. 1It's the tenor here. And I

may be crudely stating it, but that is the tenor of your
position.

Now you certainly have a right to come in here
and attack the validity of the inferences that Applicant
draws from the inspection program. But we are arguing the
whole nuclear power plant everytime a witness comes in here.
And it's not of great value to the Board.

What the Board needs is more precise joining of
the issues. That's what we need. We need guidance. We don't
need lectures. We know something about nuclear industry.

We need guidance as to the precise issues that we are here
to decide.

Now I don't think it matters one way or the other
whether your motion is granted or sustained. It really
doesn't matter. You know, I don't fault you for making the
motion. As a careful lawyer, you have to do it. But we know
what his expertise is. We know what it isn't.

We have a firm memory of the events of last summer
and our decision. We spent a lot of good time on it. We
know vhy we're here and no one is going to confuse us about
that. And we are not going to be confused. And we're not
going to be confused by his idea of 100 percent critical to

safety. We know he doesn't have any idea of what he means,
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critical to safety. What does that mean? You don't know,
with respect to a pressurized water reactor.

This is just something that you think would be nice

We recognize that. I don't care whether it's
in or not, we recognize that.

What rea’ly would be helpful if we had a very
careful -- very careful. You have a witness here who is
fully qualified to attack Dr. Singh's testimony and we hope
that you do, you know, and then we will read it very carefully
But we recognize Mr. Miller is entirely correct, and he
has established that.

And to his credit, Dr. Ericksen freely concedes
that is not competent to tell the nuclear engineers what's

important and what isn't important.

And I don't really think there is any major disput-

here. However, let's hear your arguments and we will decide.




20

21

22

23

24

25

MS. JUDSON: Will you give us a moment?

(Counsel for Intervenors conferring)
MS.JUDSON: Dr.Ericksen, I would like for you
to explain to the Board generally what the value is in

using statistical judgment in an area about which you may

not have subject matter expertise, and some of your experience

in doing that in the past.

MR. MILLER: I think I have to object. I don't
believe that that is appropriate redirect on this voir dire,
because I am not gquarreling with Dr. Ericksen's statistical
expertise. He has already told us that he doesn't have the
expertise necessary to enable him to draw judagments about
the matters that you have stated.” It is irrelevant.

MS. JUDSON: Your Honor, I got the impression that
the Court was a bit frustrated and didn't understand why
Dr. Ericksen was making some of these suggestiions. And I
think Dr. Ericksen can testify in his practice to what his
role is. And he will admit both its limitations and its
usefulness. And I am just trying to do that to respond to =-=-

JUDGE SMITH: Go ahead, do whatever you choose
to do. I think we want to be informed.

THE WITNESS: Will you repeat the question?

MS. JUDSON: Can you read it back?

JUDGE SMITH: If you could possibly rephrase it,

it would be much better.
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MS. JUDSON: Let me rephrase it.
REDIRECT EXAMINATION ON VOIR DIRE
BY MS. JUDSON:

Q Dr. Ericksen, can you tell the Board why you
feel thaﬁ it is useful to apply your statistical judgments
in this area in which you do not have subject matter expertise
and any past experience you have in providing such judgments
in areas in which you do not have subject matter expertise?

A I think it is a very common situation in which
subject matter experts make statistical statements either
without realizing that they are making statistical
statements, or without understanding what the implications
of their statistical statements are.

An example of that, which is not related to this
case, in my past experience, has to do with a study I did
in New York City hospitals concerning the proportion of
patients who were undocumented aliens.

I wert to one hospital to try to set up the
study and the director of the hospital said, "You don't need
to do the study here, we have no undocumented aliens among
our patients."

It turned out the basis of his statement was that
very few of the patients had Spanish surnames. It turned out
the undocumented aliens in that hospital were from places

like Haiti and Jamaica, that we found out on the basis of our
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sample.

That was an example of a statistical statement
made on the basis of a non-probability sample.

Now, getting into the point, one of the most
important things that a statistician does with subject matter
experts, is help them to assess the implications of their
uncertainty. Now, uncertainty exists whenever you take a
sample and you want to make a generalization to a population.

Now, in order to rationally deal with the uncer-

tainty, you need to evaluate for yourself what the costs are

of making an error. Now, that is something that a statistician

should look for in evaluating any statistical estimate.

Now I read -- I am not certain if it is in
Dr. Singh's deposition or Dr. Singh's testimony. He said
that I used the 95 percent confidence interval because th
is what statisticians always do.

Now that is simply not =-- that is simply an
incorrect statement.

So, what I was lookino for was some kind of
evaluation of the components or the elements being inspected
that would do one of two things: Either it would say that
all the elements have the same safety significance and they
should be evaluated at the same level of risk.

If they said that with justification, that would

have been fine. I would have considered my concern to have
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been taken care of.

Or, they would have given the classification such
as I gave an example of at the bottom of page 6. Now what I
gave at the bottom of page 6 was simply an example of what
they might have done.

Now, my position is that they should have done
this. They should have supplied the reliability percentages
and the confidence level percentages with justification.

It is the justification that I was looking for, and that is
the basis for my criticism.

MR. MILLER: Excuse me, have you concluded?

MS. JUDSON: Yes.

MR. MILLER: What Dr. Ericksen has just explained
to us is again very reminiscent of Dr. Bleuel's approach.
Here is a man who has substantial expertise in an area
but he is totally ignorant of the panoply of analyses,
programs and other means by which the safety of the Byron
station is established.

And what Dr. Ericksen is saying, "By golly, if we
just had a proper statistical program here, then we could be
sure."

That is where =-- the regulations don't suggest
that, the statistical inferences that are drawn in the
Reinspection Program are the tip of the tail of what is a

very long dog in terms of analyses and so on. Even if we
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just look at the Reinspection Program itself -- I'm not talking

about all the other programs -- I believe this Answer 10 is
totally without merit in terms of expressing expert opinion
that is going to be of any use to the Board. 1 ask that it
be stricken because I believe otherwise the Board will find
itself confronted with findings,proposed findings that will
lead it inevitably back to this answer, notwithstanding the

Chairman's comments.

JUDGE SMITH: Do you agree with his characterizat!
of Dr. Singh's testimony?
MR. MILLER: Dr. Singh's testimony. Well, I
would have to go and check, but Dr. Singh certainly did =-=-
JUDGE SMITH: He said Dr. Singh picked out a 95 -~
he says all statisticians always do that.
I don't believe that that is -~
MS. JUDSON: I could help the Court by reading
that answer provided by Dr. Singh.
MR. MILLER: 1Is this his deposition or his
testimony?
MS. JUDSON: This is his testimony, on page 9059
of the transcript. He was asked:
"Mr. Singh, did you decide to use a 95 percent
confidence level, or did someone else make that
decision?

"Answer: The decision to use a 95 percent
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confidence level" -~

I believe it says computer, but it believe it
means compute.

"= compute reliabilities of the data which came
oué of the reinspection program was made by me.
Fowaever, that has been a standard practice to
computer reliabilities of 95 percent confidence
for application. So it is consistent with our
practice."

JUDGE SMITH: VYes, but aren't you overlooking
testimony to his references to his colleagues on the panel
and their use of it, and their input into thei! acceptance
of it. And that is the thing that I think the charactarization
is incomplete.

MS. JUDSON: He said that is their general
practice. I can always -- I can look through here further.
He wade statements that they use the 95 percent confidence
level.

JUDGE SMITH: 1In the general context. He uses
that level in cancern with the specialists and engineers that
were on the panel with him and it was sufficient for their
purpose.

JUDGYE COLE: 0Or. Ericksen, are you saying
standard practice for engincers doing this type of work is

to use something other than a 95 percent confidence level?
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THE WITNESS: What I am saying is, that there is
no standard practice. And that what a statistician does
is establish a confidence interval based on the risk of
being wrong.

JUDGE COLE: We were talking about what engineers
do in their work, and in the context of what Dr. Singh is
saying.

THE WITNESS: What engineers making statistical
statements would do if they are going to make proper ltatilticﬁl
statements, is that they would select a confidence interval
based on the risk of error.

JUDGE COLE: Do you know what engineers do in thein
standard practice? '

THE WITNESS: I have looked at one textbook on

engineering statistics, and I don't find any statement in
there that says that the 95 percent confidence interval .. .
be used. I am referring to the Miller and Freund book that
Dr. Singh relied upon.

JUDGE COLE: I guess I am thinking more in termy
of consulting enaineering practice, and the standard
techniques that thay use in manipulating their data or
interpretina their data.

I seem, personally, to recall that of all those
confidence intervals that might be used, the ones most

frequently used that I have personally cbserved, has been
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95 percent confidence interval.

THE WITNESS: I would agree with you, that that
is probably used more often than any other. But that does
not follow from that statement that it is correct to use it jp
this instance. I think that is a statement which pertains to
the risk of error.

If the 95 percent confidence interval is used most
of the time or the majority of the time, that simply states
that a majority of the time the risk of error are mild
enough that we can deal with the 5 percent risk.

JUDGE COLE: But the context of the gquestion that
was asked of Dr. Singh was, where did you get the 95 percent.

And his response was, it is our standard practice.

THE WITNESS: Right. And my statement is that
should have been based on extensive conversationwith engineers
classifying the inspection elements according to the risk of
error. Housekeeping is not the same as are welds inside
the core of th~ reactor.

JUDGE COLE: I understand.

MR. MILLER: I think Dr. Ericksen has made my
point again. That is, he persists in wanting to talk about
the statistical statement as the only basis on which a
reasonable assurance finding can be made.

and the risk of error, the cost of beinc wrong

is not one that can be reduced to a statistical estimate. And
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it is not the basis on which a contrary finding is made.

JUDGE SMITH: I don't think there is need
for anything further. I think we all understand the
importance of his testimony, what his expertise is, what he
knows and what he doesn't know.

I think we are ready to go ahead.

Anything else we haven't heard on this?

You realize, you persuade us -- either party,
you persuade us over our better judgment to delete or to
accept testimony. What do you gain? You know =--

MR. CASSEL: We are in part =--

JUDGE SMITH: We are going to have to make this
decision.

MR. CASSEL: Exactly. 1In part, this is a formal
argument of whether the testimony is technically in or

Al

technically out, axd the outcome of that form. ' argument is
not necessarily going to make a big difference on the larc»
issue which is being debated here.

And that larger issue is the extent to which
the statistical inferences have relevance to the overall
judgment on whether the plant is reasonably safe.

Now, Professor Ericksen has not come in and
testified that the only way to ever find that that plant is

safe is to do a reinspection program and to set it up in a

statistically proper way. Rather, he is responding to the
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fact that Edison did set up a reinspection program and did
draw certain statistical inferences from it, which he is
critiquing.

He is not addressing the whole area of this case.

JUDGE SMITH: All right, if his testimony is
iimited to that, and understand it to be limited to the
critique of the inferences drawn from the Reinspection
Program, I think we could save a lot of trouble. But, he
makes statements which go beyond that and I think that is
what Mr. Miller is worried about.

That is what I meant about we were remiss in
not requiring the parties to get together and address each
other's issues head on, rather than zing the way you have
been doing it.

However, we will rule. We understand.

If you will concede that the purpose of this

testimony is to bring into question the validity of the

inferences drawn from the Reinspection Program by theutility, I

think maybe you can make an accomodation with Mr. Miller on
this.

MR. MILLER: Judge Smith, I believe that
Dr. Ericksen's other criticisms of the inferences that are
drawn, are well within his expertise, and obviously I made
no Motion. But this -- as you pointed out, this goes well

beyond any criticism of tle inferences that are drawn.
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MS. JUDSON: I don't want to beat a dead horse
here, but I believe it doesn't go beyond the inference,
because Mr. Singh chose a reliability level and a confidence
level, and he did not make certain distinctions, and he
did notsbecify in certain ways.

MR. MILLER: Judge Smith, if the Intervenors
will stipulate that they will draft no findings, proposed
findings, for this Board which attempt to argue that the
reasonable assurance finding needs to be based on some sort
of statistical statement expressed in Dr. Ericksen's
testimony, then perhaps I can withdraw my motion. I doubt
they will do that.

MR. CASSEL: Judge, I'm not sure about the
phraseology of Mr. Miller's suggestion, but as I indicated
before in connection with Dr. Bleuel, there are several
asserted bases in this case for you to reach a conclusion
that the plant is safe.

One of them is the Reinspection Program and
inferences drawn from that program about the guality of the
work. Those are statistical inferences, and thnse are
being critigqued by this witness.

Another asserted basis is the contention that
one can infer from the fact that the Reinspection Program
showed that most of the =-- or purported to show that most of

the inspectors were qualified, that the inspectors as a
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whole were qualified and therefore, did not miss issue
items of safety significance.

We have a separate critique, unrelated to this
witness' testimony, to that.

Another asserted basis for the safety of the
plant is Edison's overall quality assurance program and
inspections by the NRC, and we have responses to that.

No single piece of evidence needs to take on all of those
theories in one piece, and we're not suggesting that this
witness is doing that.

MR. MILLER: The only thing I can say is
Dr. Ericksen told us anytime somebody generalizes in making
a statistical statement, we've got to contend with that.

JUDGE SMITH: All right, I think that's good
enough. We will consider it during lunch, and we will
return at 1:30.

(Whereupon, at 12:15 p.m., the hearing in the above-
entitled matter was recessed for lunch, to reconvene at

1:30 p.m. the same day.)
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AFTERNOON SESSION (1:40 p.m.)

JUDGE SMITH: Let's go on the record.
Whereupon,
EUGENE P. ERICKSEN
resumed the stand and, having been previously duly sworn,
was examined and testified further as follows:

JUDGE SMITH: Dr. Ericksen, the Board has a
couple of gquestions that we would like to have answered before
it rules on the motion.

With respect to your answer A9, the first point,
you state "In structuring the Reinspection Program and
Report, Edison failed to distinguish elements which are most
important to safety from elements which are less important."
And then you go on.

Our question is what do you know about the structu-
ring of the Reinspection Program and the history of it?

THE WITNESS: Well, I kxnow that there was a
previous -- I guess you would call it trial or hearing before
the NRC and a1 decision was made that the inspections program
had not been satisfactory.

JUDGE SMITH: Do you know in what respects it was
unsatisfactory?

THE WITNESS: I believe that ene cZ Zhe problems
was that there wasn't sufficient documentation of inspections

and that -- the insufficient documentation of the qualificatioﬂ

'S
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. 1 of inspectors.
2 JUDGE SMITH: Do you know how that came about,
3 the Reinspection Program? What the history of it was? What,
4 let's say, the chronology was? Or are you going from our
5 Initial becision? Or just what is your take-off point?
6 THE WITNESS: My understanding was that on the
7 basis of -- I suppose the fact that there was a hearing,
B the litigation, that the Reinspection Program was put into
3 place. What I don't know is whether it was put into place
10 before or after the decision was made.
N JUDGE SMITH: You don't know, then, that the '
12 inspectors of Region III required a response to a finding
13 that the personnel files of some of the contractors did not
‘ 14 demonstrate the qualifications and on the job training and
15 testing of certain inspectors?

16 THE WITNESS: I think you have said it in more

17 detail than I thought I had said it. It was my understanding
18 that the qualifications of the inspectors had not been

19 properly certified. I didn't know what the details of that
20 finding were.

21 JUDGE SMITH: So you do recognize, however, that
22 the Reinspection Program was a result of a finding of inadequate
23 | evidence of qualification?

24 THE WITNESS: That's right. I mean, like I tried

25 to say earlier, I have not really focused on the legal aspects |
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of the situation.

—

2 JUDGE SMITH: No, we're talking factually.
3 THE WITNESS: Fine.
4 JUDGE SMITH: You also suggested that there was

5 inadequate inspection documentation.
6 THE WITNESS: Right.
7 JUDGE SMITH: 1Is that your belief? Was that

8 one of the driving factors behind the Reinspection Program?

9 THE WITNESS: I believe so, yes.

10 JUDGE SMITH: I suggest that youv are wrong about

N that.

12 THE WITNESS: I base that on my -- I have read a

13 section of the finding that was -- well, I can't remember
‘ 14 the exact paragraphs of the decision, but I do remember

15 seeing something about the Hatfield documents not being in
16 order. But the main thing had to do with the certification
17 of the inspectors.

18 JUDGE SMITH: That was the reason why the

19 Reinspection Program was initiated?

20 THE WITNESS: Right.

21 JUDGE SMITH: Do you know what the purpose of it
22 was?

23 THE WITNESS: My understanding of the purpose of

24 the Reinspection Program was to determine whether the work was

25 correct and whether the inspections that they had made were
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JUDGE SMITH: You made the statement on voir dire
that you feel that your comments, in answer 10 and part of
answer 9, was approupriate because when Sargent & Lundy make
a statistical statement, they have to make it in context of
statistics. What statistical statement were you referring to?

THE WITNESS: Well, I think that the conclusions
that they come to -- if I could back up a moment. The documen
that I was evaluating was the Reinspection Report and there ar
statements at the end of -- I believe it is Chapter 7, which
make conclusions based on statistics, in my judgment.

JUDGE SMITH: Could you point them out, please?

THE WITNESS: Sure.

(Pause.)

Okay: I point out to you that on page 7-9 there
is a section entitled Section D, inference of work quality
from the Reinspection Program. And on page 7-11 is where
the reliability results are presented. Then you turn the page
and it says conclusions. Following directly after that =--

JUDGE SMITH: Number one?

THE WITNESS: Number one, number two, and number
three. And number one, as I read it, could or could not
be interpreted as being derived from Section D. Number two,
"With limited exceptions, the Reinspection Program verified

the effectiveness of QC inspector certification programs

™

R
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prior to September 1982."

I interpret that as following directly from

the reliability calculations that are shown in the preceeding

sections. Also, point three.
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. ! JUDGE SMITH: You also had familiarity with
< Dr. Singh's testimony?
3 THE WITNESS: Yes, I did.
4 JUDGE SMITH: And you realize that Dr. Singh
5 was expressing -- well, let's get actually what he said --
6 | "that he has applied principal statistics and probability
7 theory to the results of the engineering evaluations discussed
8 in the testimony of Messers. McLaughlin, Leone, and French."
9 He concludes with a 95 percent confidence level that, in
10 general, the work performed by Hatfield and Hunter meets the
1 original design basis with a greater than 99 percent
12 reliability. You were aware of that, you say?
13 THE WITNESS: That's right.

. 14 JUDGE SMITH: And more specifically, his conclusion

15 that it's the original design basis to which he is addressin~

16 his opinion. You know that?

17 THE VWITNESS: That's right.
18 (Board conferring.)
19 JUDGE SMITH: Dr. Ericksen, if you were to accept

20 the fact that has been established in this hearing earlier, that
21 the reason for the Reinspection Program was because of

22 Region III's concern that their may be failures in inspector
23 | training, testing, and on the job training -- I mean on the
24 job training and testing and qualification, and nothing else.

25 Would you change any aspect of your question and
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answer in the first part of 9 and question and answer 10,
that the only thing that was being responded to by the
Reinspection Program was the NRC's concern about the personnel
files of the inspectors?

THE WITNESS: I think I would have amended it.

JUDGE SMITH: I beg your pardon?

THE WITNESS: I was trying to answer your question.

JUDGE SMITH: Would you just give me a moment,
please? Wait.

(Board conferring.)

JUDGE SMITH: The qualifications of inspectors.

THE WITNESS: Right. I will confess to some
vagueness about the objective of the Reinspection Program.

Had I made the assumption that you have asked me to make, I

would probably have restructured my testimony to say that

special emphasis should be given to those elements whichk are
both safety significant and more difficult to inspect.

JUDGE SMITH: All right. The Board grants the
motion in its entirety. Dr. Ericksen dces not have sufficient
factual understanding of the history and purposes of the
Reinspection Program to express an opinion as to how it should
have been designed. Nor does he have the expertise to make
the judgments that he has about the initial design of the
Reinspection Program.

Despite Inteivenor's disclaimers, the tenor of these
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questions and answers, as was the case with Dr. Bleuel, was
how the program skould have been originally designed. And it
is not formulated to attack the inferences that Ccmmonwealth
Edison draws from the results.

Now again, I want to just place into perspective,
for the rest of the afternoon, what the Board has previously
observed and ruled on. And we might go a little bit more
smoothly. Let's remember what happened. Bill Forney goes
down, goes into the plant. He starts going through personnel
files. And he sees that there are problems with documentation
of on the job training and documentation of testing and
maybe some high school diploma evidence isn't there. And
there are some problems with the ANSI standards of inspectors.

And as a consequence, in part of the CAT, there
is a Category 4 vioiation. The response is okay, we will
try to validate the inspector's qualifications by a
Reinspection Program to look at what the inspectors did.

The inspectors, that is the whole purpose.

Now, when the Reinspection Program was completed,
the results as to the inspectors appeared in the Reinspection
results -- I mean the Reinspection Report. As I understand
the testimony we have received, Sargent & Lundy has a body
of data which was produced for the purpose of the inspector
qualification and inspection. They said well, let's take a

look at this data and see what it tells us.
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Now that is something that any responsible person
would do. They may not feel that they need it. It may not
be the basis upon which the safety of the plant is assured
or determined, but data exists. And a responsible person
will look at it.

Having looked at it, it was not only the Applicant's
perogative to bring to our attention the way they looked at
it, what they did with it, but it was their duty under the law
to tell us about it. And the way they went about it.

That's what brings us here today. You have
every right to attack the inferences they drew. They are
indeed telling us about it as one of the reasons why we
should decide this case in their favor. And they have every
right to attack it, tear it apart.

But let's understand that that is what it is and
stop mischaracterizing the Reinspection Program as a work
validating thing. We are not going to buy that.

MR. CASSEL: Judge, I wouldn't buy it either. We
have taken the position, and perhaps we have not communicated
it clearly enough to the Board, but our consistent position
throughout this rehearing has been that the purpose of it
was one thing. But then it was later used in the very way
that you just explained for another purpose.

Dr. Ericksen's testimony is responding, is

critiqueing the use for that other purpose. He is not saying, |
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in the body of his testimony, that for its original purpose
it was deficient, for the reasons -- the¢ principal reasons
that he is raising.

JUDGE SMITH: That's exactly what he says in
A=-9, However, we have already ruled on that. "In structuring
the Reinspection Program they failed --." And that's what
gets him into trouble.

MR. CASSEL: Well, there are two ways to interpret

that, Judge. And I think his testimony should be received
in this light. The same question and answer came up in the
context of Dr. Bleuel, for the use of validating work quality
or for the use. You distinguished earlier between purpose
and use. We're not suggesting that it was an initial purpose.

Mr. Del George, I believe, has testified that they
didn't even consider that use until after the program was
already underway. But for the use of validating work quality,
the program was not designed in a way that would have
effectively met that use. Understandably so, given the
purpose they had in mind.

We are not, and we never have. And Dr. Bleuel
didn't and Dr. Ericksen's testimony does not purport either
to say that they were wrong in designing it the way they did
for the purpose they had in mind, with some minor exceptions.
Because both Dr. Bleuel and Dr. Ericksen have raised issues

about the design, even with respect to inspector certification,
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For example, he just mentioned, from the stand,
the fact that they didn't distinguish among difficulties of
inspections. But that's really a subsidiary element of his
testimony. But the rest of his testimony, and the thrust
of Dr. Bleuel's testimony, is clearly aimed at responding to
the inference of work guality.

And Intervenors do not suggest any disagreement
whatever with the history and purpose of the program, as you
just described it.

JUDGE SMITH: All right. Our ruling remains. And
I'm going to let you begin cross examining, but there is one
question that I'm sure if it is not put to you, the individual
Board members will put to you. And we might take this
opportunity to do it. And that is, given your critique of
the use of the data, and assuming that you are correct, what
use could you put the data to? What can you learn from it? |
Anything?

THE WITNESS: Yes, yes. I learned that making the
assumption that the discrepancy rates are correctly presented
and that the statements concerning design significance are
correct, I have some certainty that the inspections == origina}
inspections -- were mostly correct, that the discrepancies
are not of desiun significance.

I think that there are perhaps three other

conclusions. One is that I have some certainty about all
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all elements taken together. I have less certainty about

2 certain categories of elements that may be important. And

3 I am quite uncertain about inspections that took place after

4 the first three months and about the work of inspectors who

5 did not have a chance to be selected.

6 So from the point of view of a statistician, one

7 golution to the impasse that we have is simply to direct

8 Commonwealth Edison o expand their sample and increase our

9 certainty.

10 MR. CASSEL: Judge, before we proceed to cross --

N and I would be happy to defer it until later, but I do want

12 to raise one matter concerning an exhibit. As you may recall,

13 when Mr. Teutken was on the stand, Intervenor's Exhibit R-1,
. 14 I think it was, was offered in evidence. And I asked

15 Mr. Teutken whether this was a correct description of the

16 categorizations of inspection elements he had made in his

17 deposition and he replied that it was.

18 And I offered it into evidence and the objection

19 was made that it wasn't clear for what purpose. And I

20 indicated that I would, rather than try to argue in the

21 abstract, reserve it until the first opportunity for its

22 | use arose.

23 Well, a couple of opportunities for its use arose

24 in testimony, which has not yet made it into court, and I

25 | will pass hy those. But in this testimony, you will note that
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on answer 11, page 7, Professor Ericksen =-- at about the
seventh line down there, in answer 11 -- relies on

Mr. Teutken's safety categories, which were Attachment B
to Mr. Bleuel's proposed testimony.

Now this instance is for a particular use of it,
more broadly during Mr. Miller's voir dire. Professor
Ericksen, when he was asked what is your basis for suggesting
that the statistical analysis was not grouped according
to safety significance, he indicated that he, of course, has
no basis for making that engineering judgment. He was
relying on Mr. Teutken's categories.

I would suggest, at this point, that the use to
which those categories will be put by this witness is clear.
The proper foundation for the document was laid during my

cross examination of Mr. Teutken. I understand that Mr. Millef

has reservations or disagreements with the weight to which t:

might be put, bnt I believe the admissibility of Mr. Teutken's

safety classifications, in Intervenor Exhibit R-1, is not

at this point something which should be subject to dispute.
And I ask that Intervenor's Exhibit R-1, Mr.

Teutken's safety classifications, be admitted into the record.
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MR. MILLER: Judge, I don't have any objection
to that. Certainly, in Answer 1l in Dr. Ericksen's testimony
it will provide a converient reference point for the basis
for some of the statements that are made in that answer.
And I suspect that for the convenience of the Board, or the
appeal board, it would be useful as a reference to
Dr. Ericksen's responses to my voir dire, so I have no
objection to its admission at this time.
MR. LEWIS: Staff has no objection.
JUDGE SMITH: So Intervenor's Exhibit R-1 is
received.
(The document referred to, pre-
viously marked for identification

as Intervenor's Exhibit R-1,

was received in evidence.)

MR. CASSEL: Thank you, Judge. For purposes of
clarification, I didn't guite catch which part of
Answer 20 was subject to Mr. Miller's -~ oh, I'm sorry.
It was the first paragraph of 9?

MR.MILLER: The first paragraph of 20.

MR. CASSEL: And the first paragraph of 20.
And that was the entirety of the testimony that was subject
to your motion?

MR. MILLER: And Answer 10.

MR. CASSEL: And Answer 10. Could I have a
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moment, Judge?

(Pause.)

MR. CASSEL: Judge, if I could inguire of the
Board if I understood your discussion of the first paragraph
of Answer 9. In other words, the Board seemed to be saying
that he was criticizing them for doing something when really
they were designing the program for another purpose?

JUDGE SMITH: Well, the use of the word "failed"
suggests a duty to do it the way that they failed to do it.

MR. CASSEL: Well, it is conditional on the use,

but is the Board of the view that simply because of the use

of the word "failed" -

well, let me withdraw that.

Is Answer 10 really something which ought to be
excluded? I mean, it's not based on the purpose of the
program; it's a response to the use of the program.

JUDGE SMITH: Well, we heard arguments all
morning ou tliis. Now it seems to me that you want us to
revisit it.

MR. CASSEL: If you look at the last two sentences
of Answer 10, it savs, -- you raised the point that Mr. Singh
testified about meeting design reguirements. On page 7,
the second to the last sentence, or the next to the last
sentence in Answer 10 is, "We, of course, want to be more
than 95 percent certain that more than 99 percent of very

important safety elements met the design requirements."
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! JUDGE SMITH: That is the one statement --

2 MR. CASSEL: And the conclusion relies on that
3 statement because the conclusion says in ader to make the

4 next statement -- which ie the next sentence there -- and

s that is the whole point of that answer.

6 MR. MILLER: Excuse me, Judge Smith, you never
7 got an answer to the guestion you posed as tc where these

B four categories of safety significance came from, and you

9 never got an analog of that guestion. An analog of that

10 question is, if you will, where the more than 95 percent

n certainty that more than 99 percent of the very important
12 safety elements is. They're just floating around in the air
13 | somewhere.

14 JUDGE SMITH: Well, I don't think we have to

15 revisit this. If we're wrong, okay. I mean, your basic

16 problem is you disclaim and disclaim and you disclaim. But
the fact remains that the tenor throughout is that they

L designed the program wrong.

19 Now go ahead, attack Singh, and attack those

20| people on their conclusions, and tell us what they should

21 | have done with the data. Okay. That's fine.
22 MR. CASSEL: I wonder if we -- we can get into

23 this orally if you will permit later, but first of all,

24 Answer 9 in the first line refers not only to structuring

25 the program, but also to structuring the report. If the
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motion to strike were limited to the words "program and"
in that first line --

JUDGE SMITH: ‘"report," too. If he doesn't
know or understand sufficiently the Reinspection Program,
then how can he have the competence and information to attack
the report?

MR. CASSEL: Because the report, in the pages
which he quoted to you -- and specifically conclusion 3 at
the end of Chapter VII on work quality -- draws inferences --

MR. MILLER: Excuse me, Judge Smith, I believ
that's immaterial. The report is not in evidence, it has
not been offered into evidence. The structure of the report
itself is totally immaterial to the issues before this Board.

MP. CASSEL: It is not in evidence, and it is
broader than the Hunter and Hatfield issue. But the same
inferences are drawn in the report in paragraph 3,
Chapter VII; namely, that without regard to the cualifications
of the inspectors just looking at the inspections themselves,
one can infer work quality.

That is an argument that has been in the report,
it's an argument that's in Ericksen's testimony with respect
to Hatfield, Hunter and PTL; it is parallel to the inference
in the report; it's just more limited as tc contractors.

Now, if one were to strike the words "program and"

in the same structuring -- and even if he wanted to say
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in reaching conclusion 3 at the end of Chapter VII of the
Reinspection Program Report, everything else in the answer
would support that statement. That would merely --

JUDGE SMITH: Look. Mr. Miller made the
argument this morning. You are persisting on this point.
You are not going to prevail. We know what the inspection
program is with respect to our hearing, our issue, our
Hatfield and Hunter issue. We know what it did. We know
what it was intended to do, and I am not going to make any

finding on item 3. We are not asked to make a finding on

item 3. We don't even know who wrote the item 2. It is not

something that we are requested to grant a license on.
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MR. CASSEL: Judge, I think you have not been asked
to reach or authorize -- maybe you've been authorized --
you haven't been asked by the Appeal Board to make a finding
on Item 3. That is true only because Item 3 covers all the
contractbrs and the scope of the rehearing =-- unless you
choose to broaden it -- is limited to the Hunter ard
Hatfield hardware and the SCC hardware.

But the Appeal Board clearly gave you the
authority, and I have the Appeal Board decision behind me,
not to limit your inquiry concerning Hunter and Hatfield
to inspector qualifications, but also to the quality of the
work.

Edison has recognized that by offering testimony

co that effect. And it seems to me that we are entitled,

through Dr. Ericksen, to respond at least to that point.

JUDGE SMITH: Respond to what?

MR. CASSEL: To the testimony offered by Edison.

JUDGE SMITH: All right, resrond.

MR. CASSEL: 1I'm talking about responding through
the evidence offered by Dr. Ericksen, including his answer
to question 10.

JUDGE SMITH: You are succeeding in one thing,
you are succeeding in confusing me. Because honestly, I
just lost track of what you're talking about.

MR. CASSEL: Let me try to back up.
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JUDGE SMITH: Let's go back to the Appeal Board.
Do you want to do that, or do you want to go on to another
point? We discussed the Appeal Board decision at great
length when Ms. Wicher was up here before and you were not.
We issued a memorandum on that.

MR. CASSEL: My copy is in the 'witness room.

JUDGE SMITH: Then I guess I'm in the driver's
seat because I have it and you don't.

(Laughter.)

MR. CASSEL: All right. If you look at the section
that discusses the scope of the rehearing, if memory serves
correctly -- and I stand to be impeached on this, but I
have been relying on this. If mémory serves correctly, the
Board indicates -- and I'll cite you the sentences as soon
as Tim gets it from the witness room -- the public interest
calls for a full evidentiary hearing on the Reinspection
Program and its results.

Now the results, as they were put in the
Reinspection Program Report, it is true, included some
inferences about the qualifications of inspectors. But
that report also included -- and Dr. Ericksen cited you
the specific paragraph, paragraph 3 at the end of Chapter 7 --
the whole chapter is entitled work quality which draws an
inference directly from the results of the inspections to

the work quality.
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. 1 To show you the specific sentences I have in mind,
2 if you look at page 27, footnote 62, the portion that
3 carries over to page 28, of the Appeal Board opinion says
4 == and I'll just read the part on page 28 -- "It seems to us
5 that the public interest would be ill-served were final
6 judgment to be passed on the operating license application
7 without a full evidentiary consideration of the Reinspection
8 Program and its results."
9 Immediately above that, on page 28, the Board --
10 the Appeal Board indicates -- this is the first full
M paragraph -- "At noon the following questions must be
12 addressed in deciding whether the methodology, implementation,
13 and results of the Reinspection Program were adequate to

. 14 resolve the concerns about one, the capability of the
15 inspectors --" and that's the purpose of the program, as
15 | you indicated -- "and two, the quality of the work performed
17 by these two contractors."
18 JUDGE SMITH: With all due respect to the Appeal
19 Board -- and if you're right and I'm wrong, they are not shy,
20 they will reverse us quite gquickly. With all due respect
21 to the Appeal Board -- I don't want to state it that w;y.

22 (Laughter.)
23 | MR. CASSEL: The chances of not being reversed
24 just increased 75 percent from that comment.

25 JUDGE SMITH: The Appeal Board found we were in
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error in only one respect, and that is -- well, two respects.
One was Systems Control, but they didn't put an error in
there. And that is knowing =-- having found that a
Reinspection Program could be -- this is what we found. A
Reinspection Program could be an empiric demonstration of

== I don't remember the exact words, but of the gualification
of the inspectors, and we may even have said the quality

of the work.

The only error that they found that we made was
having found that, then we should have awaited the results
before we turned down the license. Everything else we were
right. We should not have granted it.

We understand why we decided the way we decided.

I think that the Appeal Board did understand why we decided
what we did. They returned it to us to finish the decision
and that's what we're doing.

I don't care how eloquent you are or how forceful
you are or how reasonable we are. You cannot change the fact
that the Reinspection Program was designed, from the very
first day, to answer the problem of the qualifications of
inspectors.

MR. CASSEL: I have never, I hope, tried to
disagree with that.

JUDGE SMITH: You say time and time again that you

agree with that and you understand it and then you consequently

f
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MR. CASSEL: Judge, Mr. Del George =-=- I'll just
cite one example. I believe Mr. Laney is another one.

In their prefiled testimony draw inferences about the
quality of work by Hatfield and Hunter.

JUDGE SMITH: Indeed.

MR. CAL"EL: Not just the qualifications of the
inspector:”, but also by a separate route. And they are
labeled as separate paragraph points one, two, and three,
is in Mr. Del George's testimony?

JUDGE SMITH: Right.

MR. CASSEL: One of the points they made is that
from the body of inspection data, they inferred that the
Quality of Hatfield and Hunter work was good.

JUDGE SMITH: That's right.

MR. CASSEL: What I am suggesting is that
Dr. Ericksen's testimony, in which he says you cannot
draw the inference to the extent that Edison has attempted
to draw it in the form of Mr. S’.gh's testimony, which
parallel's the Reinspection Program Report, and which
reaches a conclusion as well about design requirements, is
perfectly appropriate provided it understood that that's what
it's responding to.

And we tried to say, as clearly as we can, that

we are not attacking the program design for the purpose
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which you have accurately identified.

JUDGE SMITH: Right, and that is why we are eager
to hear, if we are ever given the opportunity, what he has
to say ahout the rest of the testimony and what he has
to say about their analysis. But you are not going to change
the fact that he answered A-9 and A-10 on an inadequate
appraciation of what the program was about, how it was
designed. And he went outside his expertise.

Now Mr. Cassel, I suggest that we have been
very cooperative in listening to your motion for reconsidera-
tion. I questioned, if you ever appeared before a tribunal
where you have had such an opportunity to move a motion of
reconsideration to the extent that you have.

I would like to give you one last opportunity to
summarize your motion for reconsideration and then we will
move on.

MR. CASSEL: Thank you, Judge.

First of all, you are absolutely correct. I have
rarely, if ever, encountered a tribunal which has been as
patient to all parties and permitted all of us -- sometimes
perhaps more than ample opportunity to make our point.

All I am suggesting, in summary, is that if one
reads the answers to gquestions 9, 10, and 20, in light of
what we have indicated and what Dr. Erickson can indicate,

if ycua were to ask him, or we were to ask him, is his point,
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namely that the program cannot be used to validate work
quality directly in the way that Edison has attempted to use
it. It failed to do the things that you would need to do

in order to accomplish that purpose.

If you were to read the testimony in that light,
then the testimony would be proper within the scope of the
Appeal Board's opinion and relevant, and that is the purpose
for which it is being offered.

JUDGE SMITH: Okay, that's fine. Unfortunately,
I simply can't resist having the last word. I don't always
have that opportunity. So collectively, we are going to take
at.

We thirk that your message comes across. The
rest of your testimony, had A-9 and A-10 been structured in
the first instance the way you were describing it, perhaps
you wouldn't have had any trouble. But it wasn't and it's
too bad. You made a mistake.

So with that, you may proceed, Mr. Miller.

MR. MILLER: Thank you.

BY MR. MILLER:

Q Pr. Ericksen, would you turn to your prepared
testimony, page 7, answer 11.

JUDGE SMITH: Wait a minute. Now we have not

received the testimony.

MR. MILLER: I'm sorry.
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JUDGE SMITH: Do you have any further objections?

MR. MILLER: I have no further objections.

JUDGE SMITH: All right. Then we will receive the
testimony and would you follow the customary methcd. You
may draw a line so that the part not accepted is still
visible, but it indicates -- in the transcript -- that it
is not available for findings.

(The testimony of Dr. Eugene Ericksen follows:)
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SUMMARY OF THE TESTIMONY OF
DR. EUGENE P. ERICKSEN
ON CONTENTION 1
(REINSPECTION PROGRAM - INSPECTOR
QUALIFICATION AND WORK QUALITY)

Dr: Eugene P. Ericksen is a senior sampling statistician at
Mathematica Policy Research, Inc. and a professor at Temple
University.

Dr. Ericksen has reviewed the Byron Reinspection Report,

the testimony of Anand K. Singh, and portions of the testimony
of Louis 0. Del George, Robert V. Laney, and John Hansel.

Dr. Ericksen has analyzed the ways in which Edison used
statistics and probability theory to support its conclusions
concerning inspector qualifications and work quality.

Dr. Ericksen concludes that Edison's samplin% design and
statistical analysis suffer from four major flaws:

A. Edison failed to distinguish elements based on their
safety signi._icance when establishing its statistical
criteria. The company did not properly select confidence
levels and acceptable reliabilities and failed to properly
stratify its samples.

B. Edison over-generalized, offering conclusions about
1nafowcot§ end elementa that had no chance of being
included in the reinspected sample.



C. Edison used an inappropriate formula in calculating
reliabilities. Two assumptions of the formula were
violated: inspections were not randomly selected and
inspectors were not homogeneous.

D. Edison did not account for the added uncertainty created
by clustering of inspections by inspectors.

For these reasons, Dr. Ericksen concludes that the sampling
design of the Reinspection Program and the statistical analysis
of the Reinspection Report are inadequate to support Edison's
general conclusions about work quality and inspector qualifica-
tions.
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TESTIMONY OF DR. EUGENE P. ERICKSEN

Please state your full name for the record.

Eugene P. Ericksen.

Please provide your job titles and business addresses.

I am a Senior Sampling Statistician for Mathematica Policy
Resgarch, Incorporated, Box 2393, Princeton, New Jersey
08540. I am also an Associate Professor at Temple Univer-

sity, Philadephia, Pennsylvania 19122,

Please describe your job responsibilities at Mathematica
Policy Research, Incorporated and list some of your clients.
I am responsible for sample design of surveys and statisti-
cal evaluation projects, My work includes construction and
evaluation of samples, including the computation of sampling
errors.

I have done work for many federal agencies including the
Bureau uf the Census, the Department of Labor, the Department
of Justice, the Social Security Administration and the

Department of Health and Human Services,



QY:

Al:

I have also worked for various corporate clients such as
AT&T, GTE, Metromobile, Inc., Blue Cross of Maine, Blue
Cross of Massachusetts, and IMS America, and for private
organizations such as the American Medical Association,

In addition, I have done work for New York City and for
agencies of the States of New York, Pennsylvania and New

Jersey.

Please describe your educational background and work
experience,
I hold a Ph.D. in Sociology and an M.A. in Mathematical
Statistics from the University of Michigan and a B.S. in
Mathematics from the University of Chicago. These degrees
were awarded in 1971, 1965 and 1963 respectively,

in 1970, I joined the Institute for Survey Research and
worked as a sampling statistician., From 1974 through 1981,
I also worked as a Study Director at the Institute. I left
the Institute in 1981 to became a Senior Sampling Statisti-
cian for Mathematica Policy Research, Inec. I have also
taught courses in general statistics, survey sampling, and
research methodology while working at Temple University as
an Assistant Professor of Sociology from 1974 to 1978, and
as an Assoclate Professor from 1978 through the present.

I have been z2n active member in many professional organi-
zations for a number of years, Since 1975, I have served as
a Proposal Evaluator for the National Science Foundation

WSF). I have consulted with the Center for Measurement
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Methods and Data Resources of NSF on the development of
standard procedures to evaluate surveys, I have served as
the Chair of the Subcommittee to Review Proposed Internal
Surveys of t'.e American Statistical Association (ASA) since
1978, and was a member of the ASA Executive Committee Sub-
section on Survey Research Methods from 1975 through 1977.
In 1978, I was appointed by the National Academy of Sciences
to a committee evaluating the Census Bureau's method of
estimating post-censal population size and per capita income
of local areas.

I have published numerous technical papers relating to
application of statistics and sampling methodology. A
selected list of these publications is included in my

resume, Ericksen Attachment A.

Are you familiar with the Byron Reinspection Program?

Yes. I have reviewed the Report on the Byron QC Inspector
Reinspection Program (Reinspection Report), the Report Sup=-
plement, all testimony of Mr., Singh,and portions of the

testimony of Messrs, Tuetken, Del George, Hansel and Laney.

What i{s the purpose of your testimony?

The purpose of my testimony is to evaluate Edison's use of
atatistics and probability theory in reaching conclusions
concerning inspector qualifications and work quality, I
also identify the limits on conclusions which can be reached
because not all work elements, work attributes and inspec-

tors had a chance of being selected for reinspection,
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Is it useful to apply statisties in this context?

Yes. Where a 100 percent reinspection is not possible or
practical but we wish to make a judgment about inspector
qualifications and plant work quality, we can use statistics
to draw inferences concerning many plant items and inspec-
tors from inspections of selected items and inspectors. We
must be very careful, however, to properly choose the sample
and properly determine the population about which inferences

can be drawn,

Have you formed an opinion on the adequacy of the samples
chosen in the reinspection program and the statistical bases
of Edison's determinations of inspector qualifications and
work quality?

Yes, The Reinspection Program's sampling design and s%.at%tis-
tical analysis is sufficiently flawed that it does not pro-
vide adequate support for Edison's general conclusions and

inferences about work quality and inspcctor qualifications,

What are the major problems with the sampling design and
statistical analysis?

in structnring the Reinspection Program and Report,

Edison fai to distinguish eiements which are most impor-

tant to safety from nts which are less important, or to

discinguisah slements whiech are @& O inspect from elements

which are difficult to inspect, By lumping e elements

together and failing to apply different criteria depen

Ak  alll . - i ——— - <5 N .
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(Rueted)

on the safety importance of Lhe-ePem®NLs, Edison has not

Jprouided~adequate assurance of work quality. (R‘JW)

Second, in stating conclusions concerning all inspec-
tions at Byron, Edison has seriously over-generalized,
making inferences to inspections, work attributes and work
elements that had no chance of being selected for reinspec-
tion. Edison lacks sufficient statistical basis for making
such inferences.,

Third, Edison's statistical methodology was faulty. The
Company used an inappropriate formula in reaching its stat-

istical judgments.

hy should Edison have distinguished elements based on
the safety significance?
In.orde to assure that a plant can be operated safely, we
are primar concerned that proper inspections are made of
those inspecti elements which pose serious risks if not
properly inspecte especially those which are hard to in-
spect. To give a simMNe analogy, it does us little good to
know that 99.5 percent o he parts of an automobile were
properly inspected if the 0, ercent that were missed are
the brakes and the steering.
To provide assurance that each t/ of element is properly
inspected, Edison should have designed aqtratified sample
of elements, The strata would be groups of e ents cate-
gorized by attribute, type of task, difficulty of spec=-

tion, and safety significance. 1In each stratum, we wo

-
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nt to be assured that sample sizes were sufficiently

lange to be confident of the results. This would have
enabMed the Reinspection Program to establish acceptable
confiddnce levels and reliabilities based on the importance
of the e\ement. Confidence levels indicate how certain a
statisticNan is that his or her results are correct.
Reliabiliti reflect the percentage of inspections which
are correct, r inspection elements where the risks caused
by a poor quali\y are great, we might want to be certain
that all were corXect and, therefore, reinspect all ele=-
ments. For inspect\on elements where the risks are not as
great, but still subs\antial, we might want to be quite
sure that 99.9 percent Were correct. For other inspection
elements which are less safety significant, we might be
satisfied if we were reason{bly certain that 99 percent
were correct. 1In order to de®grmine the amount of certain-
ty and perfection required for Rach element, choices should
have been made using engineering jjudgments. These judg-
ments, along with their rationales,\should have been deter-
mined when establishing the program aNd clearly stated in
the reinspection report. A reasonable inspection program
might have required the following reliabiNties and confi-

dence levels for the following types of eledents.

Type of Element Reljability Coridence Level
Critical to safety 100% 100%

Very important to safety 99.9% i
Somewhat important to safety 99% 95

Least important to safety 90% 95%
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aggregating data, i.e., lumping elements together,

Edison iled to provide adequate assurance of safety.

Even if we'yre 95 percent certain that 99 percent of all
inspections tM{t had a chance of being included in our
sample met designN\requirements, this does not allow us to
state that we are 95 rcent certain that 99 percent of the
more safety significant ements met design requirements.
We, of course, want to be mo than 95 percent certain that
more than 99 percentL of very imdQrtant safety elements met
design requirements. In order to e such a statement,
the sampling plan should have incorpor®ed special proce-
dures for the more safety significant elem®Qqts and should
have disaggregated data, breaking it down by a ibutes and

elements,

Can you give us an example of a situation where a reli=-
ability was inflated because of aggregation?

Yes. In the Reinspection Program, Table VII E-3, Edison
lumped all Hunter "hardware" elements together and reported
their reliability to be greater than 99.,9% at a 95% confi-
dence level. However, the sample size for the "component
inspections for piping and whip restraints", which Mr, Tuet-
ken classified in his second most important safety category
(Bleuel Attachment B) is too small to provide an%’m aning=-
Ful waelas ror reporting a reliability, Out or‘l-p;ﬁ-
original inspections of piping and whip restraints, onlyg’

reinspections were done. (Ericksen Attachment B,) This is



far below the 200 minimum number of inspections required by
. Military Standard 105D, the standard which Mr, Singh
applied in assessing the adequacy of sample size. (See tr.
9079.)

It is not possible to give an example for Hatfield

because Edison did not disaggregate Hatfield data by

inspection element, (fce Gricksen Attackhment C.)

Q12: In what way has Edison "over-generalized" in drawing con-
clusions about work quality and inspector qualifications?
A12: Statisticians are able to make generalizations to all popu=
lation elements having a known, nonzero chance of being
selected into the sample, and generalizations must be
limited to this population., 1In the Byron reinspection
‘ program, numerous work elements and attributes had no chance
of being included in the sample reinspected. Table 1
attached to my testimony, lists these items, 1In addition,
in general, only inspections performed in the first three
months of an inspector's employment were eligible for sam-
ple selection, and the sample provides an inadequate basis
for statements concerning inspections in the second three-
month period or later, Edison has not provided a statisti-
cal barcis from which to draw inferences about the quality

of work excluded from the sample,

Certain inspectors also had no chance of being included

in the sample. FEdison has not provided an adequate statis-

. tical basis from which to draw inferences about these
Inspectors,
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Is it possible to use inspectors' performance in reinspect-
ing those elements and attributes which had a chance of
being in the sample as a basis for generalizing to elements
and attributes that had no chance of being in the sample?
Mr. Singh seemed to indicate during cross-examination (tr.
at 9105-9106) that such inferences could be drawn because
inspectors were homogeneous, However, actual data from the
reinspection program show that inspectors were not homo-

geneous,

Why did you conclude that the Company's statistical method-
ology was faulty?

Much of the important work in generating a statistical
estimate should be done in advance., Decisions must be made
concerning the reliability sought, the confidence with
which the reliability must be demonstrated, and the popula-
tions and subpopulations for which generalizations are
needed. Once these decisions have been made, the sample
can be planned and selected. The statistical planner
should determine how large the sample must be to provide
the desired confidence intervals, and whether or not the
sample should be stratified to provide estimates for impor-
tant subgroups, Contrary to the Company's assertions,
Edison falled to take large enough samples to even assure

08 reliabiliby at a 9858 confidence level,

e S SRR R —



Q15:

A15:

What was the major problem with the Company's application
of statistics in estimating reliabilities for work quality?
Edison, in its analysis, applied a statistical methodology
that assumes selection of a simple random sample of inspec-
tions (Reinspection Report, page VII-Q), but the Reinspec-
tion Program did not take such a sample, Edison may have
made this error because the Company designed its program to
test initial qualifications of inspectors rather than qual-
ity of work.

In calculating reliabilities, Edison used the formula

R=1a- 2.9255

n
where R = reliability at 95% confidence level
n = number of inspections in the randomsample.

This formula was derived from page 246 of Probability and

Statistics for Engineers by I, Miller and J.E. Freund

(Prentice Hall, 1977).

According to Miller and Freund, the formula is an
approximation that can be used, when no discrepancies are
found, if the following assumptions are met:

"1. There are only two possible outcomes for
each t-ial ....
2. The probability of a success is the same
for each trial,
3. There are n trials, where n is a constant,
4, The n trials are independent."
‘I.go .t 5“-55.

It was inappropriate for Edison to use this formula in

caleulating reliabilities in the Reinspection Report be-

cause assumptions (2) and (4) were violated.

10



W

. Assumption (2) was violated because inspectors were not
homogeneous; different inspectors had different probabili-
ties of success. Assumption (4) was violated because in-
spections were not randomly chosen; the selections of inspec-

tions were not independent from each other.

Q16: What is the basis for your conclusion that inspectors were
not homogeneous?
A16: Where inspectors are not homogeneous there will be simi-
larities between inspections made by the same inspector.
This creates a commonality within the cluster which can be
measured by the "intraclass correlation. The intraclass
correlation can range from a value slightly less than zero
‘ to. +1.0. If the intraclass correlation is equal to zero,
it means that inspectors are homogeneous and there is no
increase in variance associated with cluster sampling. 1If
the int::blass correlation is greater than zero, then
inspectors are not homogeneous,
We can use data from Appendix B of the Reinspection
Report to compute intraclass correlations. The computa-
tions show that for Hatfield, Hunter and Pittsburgh Testing
Laboratory, each contractor's overall intraclass correla-
tion was greater than zero, These positive intraclass

correlations indicate that inspectors were not homogeneous,
Another indlcation of the lack of homogeneity among
inspectors is seen from the results of "F tests.," The F

. test is a common statistical tool that can be used to

"



Q17:

A17:

determine whether observed variation in reliability among

inspectors for a given attribute {s greater than one ex-
pects by chance alone, For a sufficiently high F, we can
conclude that inspectors are not homogeneous, at a particu-
lar level of significance.

Applying the F test to the data from Appendix B from the
Reinséection Report, we reach the following conclusion:
For Hatfield, Hunter and Pittsburgh Testing Laboratory, the
F results for each contactor is sufficiently high to war-
rant rejection of the homogeneity hypothesis. In fact, the
F results are so high that we are not only justified in
rejecting the homogeneity hypothesis ;f' the 10% level of
significance and the commonly used 5% level of significance,
but also at the particularly stringent 1% level of signifi-

cance,

What is the basis for your conclusion that the Program did

not select a simple random sample of inspections?

When a simple random sample is taken, the selection of each
item is independent., The inclusion of any one item in the

sample should not affect the likelihood that any other item
will be included., 1In the Reinspection Program, the selec-

tions of inspections were not independent,

A simple example will make this clear, Assume Inspector

A makes tnspeetions numbered 1, 2, 3, 4 and 5 during his
first three months of work. Assume that Inspectors B, C, D

and E make inspections numbered 6 through 25 during their

12



Q18:

A18:

first three months of work., If a simple random sample of
inspections is taken, the fact that inspection 1 is in-
cluded in the sample will not affect the likelihood that
inspection 2 will be included. In the Reinspection Pro-
gram, however, if inspection 1 was chosen to be included in
the sample, there would be a 100 percent chance that inspec-
tions 2, 3, 4 and 4 would be included in the sample.
Statisticians call this "clustering." 1In the example,

inspections are clustered by inspector.

What is the effect of clustering?
Clustering almost always increases the uncertainty with
which statistical estimates can be evaluated,.

Let me illustrate with a simple example., Let us assume
th;t we have a population of four inspections with two
inspectors, Mr, Short and Mr. Long, each making two inspec-
tions of a pipe that is three inches long. Inspecior
Short's measurements are both 2 inches, while Inspector
Long's measurements are both 4 inches. The average of all
inspections is 1/4(2 + 2 + 4 + 4) = 3 inches. Now let us
consider all possible samples of size 2 (i.e., that include
two different inspections), where no one inspection can be
chosen more than once, For clarity, we will call Short's
first measurement 2, and his second measurement 2g 3 like=-

wise we wil! wall Long's first measurement “A and his

second measurement 4y . There are six possible ways in

which the inspections can be selected, disregarding the

13



order in which selections are made:

Sample Sample Mean
25y 2p 2.0
200 Yy 3.0
24y Up 3.0
2py Uy 3.0
2, Up 3.0
Upy Hp 4.0

In four out of six cases one would expect to pick a sample
that yields the average inspection for the entire popula-
tion., %/

Now let us consider a second type of sample, aclustered
sample where the inspector is the unit of selection. In
other words, we take our sample of size 2 either by select-
lné Inspector Short's work or Inspector Long's work. Now

there are two possible samples, namely:

Sample Sample Mean
Short: 2,, 2g 2.0
Long: HA, 135 4.0

8/

In statistical terms, the sample mean is exactly equal to the
population mean in four of the six samples, but differs by

one inch in two of the six samples, Statisticians measure
these discrepancies b’ a concept known as the standard error,
which is the square root of the average of squared deviations
of sample means from the population mean, It is approximately:

Standard error (‘2 B f where
ean

re popuuuon
¢ = mean of sample {

n = number of samples.

For the example just described, the standard error is:

J(l + 0+ 04+ 04+ 04 1)/?3 0.57735.

L



Q19:

A19:

We have only two possible samples, and they happen to be
the two whose values for the sample mean are farthest from
the population mean. In no cases could we pick a sample
that yields the average inspection for the entire popula-
tion. The sample average would either be one inch too
short or one inch too long. %/

Hence, the uncertainty associated with the sample esti-
mates generated from a clustered sample is greater than the
uncertainty associated with the sample estinates generated
from a simple random sample, in which all selections are
independent from all other selections. Edison should not
have used a formula that assumes simple random sampling in
determining the reliabilities of samples that were clus-

tered by inspector,

Can you give us an example from the Reinspection Program of

a situation where a reliability was overstated because of

the effect of clustering?

Yes. A good example can be derived from data on the Hunter
inspection element "Documentation on component inspections
for piping and whip restraints.," There were 37,230 original
inspections of this element and 1,476 reinspections. (Erick-

sen Attachment B.) The 1,476 reinspections, however, are

clustered,

®/

The standard error is larger, namely:

"(1 + 1)/2 = 1,0,

18



Q20:

A20:

( reytel)

o ——— -

To determine inspection reliability for a clustered
sample, the statistician must first calculate the "design
effect,"” the quantitative measure of the extent to which a
reliability estimate is reduced by the effect of cluster-
ing. When the actual sample size is divided by the design
effect, we obtain the effective sample size, which should
be used in computing reliability,

In the case of "documentation on component inspections
for piping and whip restraints,” the design effect is
S 2728, ;“

Svaa83. This yields an effective sample size of rein-

spections. Correcting for the effect of clustering, the

effective sample size of this inspection element falls from
270 yo

1,476 to 282. (See Appendix 1.) €82 reinspections out of

37,230 original inspections is far below the sample =ize of

500 reinspecticns required by Military Standard 105D, Edi-

son, therefore, cannot assert a meaningful reliability for

this element.

Can you summarize the major problems, with the Reinspection
Program?

Yes,

statistical analysis, The Compap

jelect confidence levels

y the sample tg

Second, Edison over-generalized, offering conclusions
about inspectors and elements that had no chance of being

included in the reinspected sample,

16



Third, Edison used an inappropriate formula in calcu-
lating reliabilities., Two assumptions of the formula were
violated: inspections were not randomly selected and inspec-
tors were not homogeneous,

Fourth, Edison did not account for the added uncertainty
created by clustering of inspections by inspector.

For these reasons, the sampling design of the Reinspec-
tion Program and the statistical analysis of the Reinspec-
tion Report are inadequate to support Edison's general
conclusions about work quality and inspector

qualifications,

17
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TABLE 1%

ATTRIBUTES AND ELEMENTS THAT HAD NO CHANCE OF
BEING SELECTED FCR REINSPECTION

HATFIELD

Embedded conduit

Underground duct runs

Material and equipment receiving

Cable installation

Non-seg bus duct

Material handling

Stud welding

Limit switch gasket replacement

Removal of heat shrink tubing on conax penetrations

Housekeeping

All welds for which the original inspector could
not be identified *¥*

HUNTER

Visual inspection of valves

Ferrite inspection

Piping hydrostatic test

Piping weld interpass temperature inspection
Joules test inspection

Code name plate change

Inspection of weld defect removal cavity
whig restraint - fitup and tack weld
Buried pipe covering inspection

Piging - pre-heat inspection

Whip restraint - pre-heat inspection
?ipe weld - Shield gas verification
Component support - snubber stroking
Bolting - turn-of-nut

Source: Written testimony of Richard B. Tuetken,
Attachment B, tr. at 8408.

Source: Report on the Byron QC Inspector Reinspection

Pro?rnm. at IV-5, discussing Hatfield second
audit,
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TABLE 1 (cont'd)

Documentation

Ferrite inspection

Joules test

Code name plate change

Weld defect removal cavity

Component support - snubber stroking
Bolting - turn-of-nut

PITTSBURGH TESTING LABORATORY

Rebar detection

Bolting - turn-of-nut (connections)

Calibrations (torque wrenches, thermometers, feeler
gauges, scales, gauges)

Cadwelds (rebar coupling)

Soils (back fill)

Concrete field (placement)

Concrete lab (aggregate)

ATTRIBUTES AND ELEMENTS WHICH WERE
REINSPECTABLE BUT WERE !NOT REINSPECTED

HATFIELD

Cable pan covers
Cable pan identification

HUNTER

Component support final inspection (type 3)
Component support final inspection (type 4)
Equipment installation

Documentation

Component support - final inspection (type 3)
Component support - final inspection (type 4)



APPENDIX 1

Calculation of Design Effect and Effective Sample Size

The design effect associated with a clustered sample
can be calculated by using the fcllowing formula:

deff = 1 + roh (B-1)

where
deff = design effect
roh = the intraclass correlation
B = the average cluster size

Below, this Formula is applied to the Hunter inspection element
"Documentation on component inspections for piping and whip restraints

Roh is the estimated intraclass correlation for Hunter inspectors
and is equal to S=G+Fidia
0.074y.

B equals the total number of reinspections divided by the total
number of clusters (i.e., reinspectorsg. In this case, B equals
1,476 divided by 6, which is 246,
0. 017vY
Therefore, deff = 1 + O~O+92aP® (2/6-1)

= 2259 $°272¢8
To calculate the effective sample size, and thereby adjust the

actual sample size to reflect the effect of clustering, we use the
following formula:

effective sample size = actual sample size
deff
In this case, the effective sample size is:
s 2722 27777
1,476 /52857 = 28245
2%

or approximately @82 reinspections,
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ERICKSEN ATTACHMENT A

EUGENE PENMNELL ERICKSEN

EDUCATION:
"n Ph.D., Sociology, Unlversity of Michlgan
1965 M.A., Mathematical Statlistics, University of Michigan
1963 8.5., Mathematlcs, University of Chlcago
POSITIONS:
1981 - Senlor Sampling Statisticlan, Mathematica Policy Research, Inc
1970 - 1981 Institute for Survey Research
1976 - 1981 Study Director
1970 - 1981 Sampl ing Statisticlan
1978 - Department of Soclology, Temple University
1978 - 1981 Assoclate Professor
1976 - 1978 Assistant Professor
1969 -« 1970 Student Fellow, University of Michigan
1967 - 1968,
1964 - 1966 Student Assoclate, Institute for Suclal Hesearch, University of Michligan
1966 - 1967 Lecturer, Balham and Tooting College of Commerce, London
EXPERIENCE :

At Mathematlca Policy Research, Or. Ericksen has had responsibllity for the sampie design of surveys on
diverse populatlons Including households In the Unlted States, Industrles using cata communlicat lons
equipment, physiclans, soclal securlty reciplents, and emergency roams In hospltals, Me has also
conducted statistical evaluatlon pro{ecu Including several which were the basls for expert testimony In
courtroom litigation. He Is currently the chlef technical advisor for plalntiffs In several sults
concerning the adjustment of the 1950 Census,

At the Institute for Survey Research, Or. Ericksen worked on virtual ly every major project as Sampling
Statisticlan. His duties Included designing and constructing a natlonal sample of households, adapting
this sample to the sampling from Lists, constructing natlonal samples, and evaluating the samples with
respect to computing sampling errors. He also designed, constructed, and evaluated subnat lonal surveys
for particular states and local areas. As Study Director, Dr. Ericksen conducted studlies under three
joint contracts with the Bureau of the Census. The objective of these studles was to develop a
methodology for using regression analysis with sample data to compute postcensal estimates for local
populations, and they were conducted from 372 through 974, He was aiso co-princizal investigator an
the studles "Ethnicity and Community In a Metropolls,” supported by the Matlonal Institute of Mental
Health, Center for Metropolitan Studles, 1975 through 1979, and "Fertility of an American lsolate
Subculture (The Old Order Amish)," supported by the Natlonal Institutes of Health, 1976 through 1978,

At Temple Unlverslity, Dr. Erlcksen has taught courses Ln general statlistles, survey sampling, research
methodology, family soclology, ethnic groups, population, and human ecology. In the spring of 1980, as
part of the Experimental Student [ntern Program of the Bureau of the Census, he taught a speclal course
whereby undergraduate students were tralned to become enumerators In the 1980 Census.

At the Populatlon Studies Center, Unlversity of Michligan, Dr. Erlcksen, under a Jolnt contract with the
Bureau of the Census, wrote a Ph,0, dissertatlon to develop the methodology for using regression analysis
and sample data to compute postcensal population estimates for local areas,

B:Rn‘ﬂe:": hmdn :l research n.’uto for the Center far Philadelphla Studies, University of

. %0 4 memuer of the Amerlcan Statistlical As Lat
America, and the American Soclologlcal Assoclation, L L P P o
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EUGENE PENNELL ERIICKSEN
Page Two

PROFESSIONAL ACTIVITIES AND OFFICES:

Member, Execut lve Committee, Subsect (on un Survey Research Methods, American Statistical Assoclatlon,
1975-1977.

Member, Board of Revlew, American Statistical Assclatlon Project on the Assessment of Survey Hesearch
Practices, 1976 and 1977. The Committee wvaluated the folluming report; "Developing of Survey Methods
to Assess Survey Practices," by Barbara A, HBullar and C. Michael Lanphier, and published by the American
Statistical Assoclation, 197§,

Publications Llalson, Section on Survey Research Methods, American Statistical Assoclatlon, 1978,
Proposal Evaluator, Natlonal Sclence Foundatlon, 1979 to present. He has also consulted on the
development of standard procedures to evaludte surveys with the Center for Measurement Methods and Data
Resources of the NS,

Chalr, Subcommittee to Revliew Proposed lnternal Surveys of the ASA (Amerlcan Statistical Assoclation),
1978 to present,

Member, committee appointed by Natlonal Academy of Sclences to evaluate Census Bureau method of
estimating postcensal population size and per caplta Income of local areas.

SELECTED PAPERS AND PUBL [CAT IONS :

"Voting Patterns In Pennsylvanlia Judiclal Prisnaries: 1983" report to Judlclary Committee of the
Pennsylvanla State Senate. Presented Movember 30, 198) (with Christena E. Nippert).

"Using Administrative Lists to £s*lmate Consus Omisslons: An Example,” (with Joseph B, Kadane) 1983,
presented at Meetings of American 5t stistical Assoclatlon,

"Using the 1980 Census as a Popululation Standard,” (with Joseph B. Kadane) 1983, presented at Meetings
of American Statistical Assoclatlon,

"El!lu!ll‘.th‘ Popalation 1n a Census Year," presented to the Federal Court of the Southern  District
of New York, 1982, and tu conference on "Data Meeds for Amerlca In Transitlon," sponsored by the
Congressional Research Service, Library of Congress, 1983  (with Joseph 8. Kadane).

“Can Regression Be Used to Est .mate Local Undercount Adjustments?™ Proceedings of the 1930 Conference on

Census Undercount, duly 1980, pp. 55«61,

“The Cultlvation of the Soll as a Moral Directive: Population Growth, Famlly Ties, and the Malntenance

of Community Among the Oid Order Amish.” Rural Soclology, vol. 45, Spring 1980, pp, 49«68 (with Julla
A, Erlcksen and John Hostetler),

"Fertllity Fatterns and Tieras Among the Uld Ooder Amish,” Popuiation Stucles, wal. 33, July 1979, pp.
255-276 (with others).

"The Division of Family Roles." Journal of Marrlage and the Family, vol. 41, May 1979, pp. 301.31)
(with Julta A. Erlckses and WITTTGm Yaiiceyl. : —l

"Antecedents of Commnity: Econewmlc and Institutlonal Structure of Urban Ne lghborhoods " American
bclolglcal Review, voi. W6, April 1979, pp. 25)-262 (with willlam L. Yancey),

“Work and Resldence In [ndustrial “hilsdelphia.” Journal of Urban History, vol. 5, March 1979, pp.
167-182 (with Willlem L, vancey),

R T ' A Pup Svalvablig Loval Kntimaten: Dlscusston of ers by Gonzal ”
!ﬁﬂcﬁ Rﬂutn ,:r Small Areas:  fiatistical Nrnhog Poaxpmd {scu::?o:: “‘Mt ::::i !ml:ltuto
w .oy, u-ﬂ‘y r P - .

“A Tale of Theee Cltles: Blacks s Immigrants (n Philadelphi (
vol. 441, January 1979, pp. 5581 (.ltg others). R T T L T . A V0N "l M' L
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EUGENE PENMELL ERICKSEN
Page Three

SELECTED PAPERS AND PUBLICATIONS: (cont [nued)

“Immigrants and their Opportunities: Philadelphla, 1850-1936." Presented at a symposlum on lmmigration
held at the meetings of the American Assoclat lon fur the Advancement of Sclence, Houston, Texas,
January 1979 (with Wililam L, Yancey).

"Report of the Conference on Fconamle and Demographic Methods for Projecting Pupulatlon: Summary and -
Recommendat lons.” The American Statistical Assoclat lon, April 1978 (with  Richard Engels).

"le to Levine and Bergesen.” Amerlcan Soclologlieal Review, vol. 42, October 1977, ppe 825-827 (with
Willlam L. Yancey and Richard T JTTanTT A e

“Some Lessons Learned from Conduet lng Federal ly Sponsored Surveys." Proceedings of the Soclal Statistics
S«:tﬁ. American Statistical Associat fon, August 1977, pp. 18). 185,

"Sampling a Rare Population:
Decembe

A Case Study.” Journ_‘.x of the American SuNltlco! ugelgtlgn, vol., 71,
r 1976, pp. 816-822.

"Emergent Ethnicity: A Review and Reformulatlon.”

Amecican Soclological feview, vol. &1, June 1976,
PP. J91-403 (with Willlam L. Yancey and Richard m‘a__'——

"Outllers In Regression Analys!is when Measurement Error Is Large.”

Proceedings of the Soclal Statistie
Sectlon, American Statistical Assoctation, August 1975, pp. 612477-__-‘—_—__—_""”"-,‘

"Population Estimation In the 1970s: The Stakes are Higher." Heport to Burea of the Census, May 1975,
"A Regresslon Method for Estimating Populat lon Changes of Local Areasy."

Journal of the American
gtglu!ﬂ Assoclation, vol. 67, December 1976, pp. 867-875.

"Recent Developments In Estimation for Local Areas." Proceedings of the Soclal Statistics Sectlon,
American Statistical Assoclatlon, December 1979, pp. 3741,

“A Method for éoﬂlnlug Semple Survey Data and Symptumat lc Indlcators to Obtaln Populat lon Estimates for
Local Aress.” Demography, vol. 10, May 1973, pp. 137.160.

"Test of a Statistical Procedure for

Computing Estimates for Local Areas.” Report to Buresu of the
Census, January 15, 1973,




ERICKSEN AMENDED ATTACHMENT B Page 1 of 6
3 lle. Edison's Amended Response to Interrogatory lﬁc)
c

and Third Amended Response to Interrogatory g )
. I. II. III. v. v.

Number of
Total Inspections Total Inspecters
Inspection Perfoomed Rewnspecticns I'nepecting Inspectors
(oy attribute) through 8/31/82 Perfcrmed Attribute Peinspected
class I cable 26,230 4,778 9 2
pan hangers
class I cable 1,643 80 10 1
pans
cable terminaticns 78,548 7,734 16 S
equipment €28 27 4 3
modifications
class I exposed 30,210 2.793 S 6
cenduit
A-1325 bolt 14 8 3 1
installation
‘ cenduit “as-built” 180,000 44,777 23 8
program
visual weld 312,000 27,°44 i? 3
inspectian

iotes: The mumoers in Colum II are estimated and exclude inspecticns performed
after Septemper 1, 1982. The number of total inspections and total
reinspecticns snown for attributes 4 and 6 refer to the number of items

cn an individual inspecticn report and inspection reports respectively.

All other rutbers in colums IT and III refer to individual inspecticons

of various corporents. The numbers in Colin IV are the number of inspectors
wno, on their first cate of certification, were certified in the

inspecticn attribute and actually performad inspections cf that attribute
between the date of first certification and Septarper 1, 1982, The

total nurber of Hatfield inspectors arploynd hetween 1376 and September

1, 1982 is 86. Many inspectors are cartified in more than cne inspecticn
procedure. For the abjective inspectiars, inspection attributes 1, 2, S

ﬁ Z require similar inspecticn skilis as do inspection attributes 3
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12 € (3rd Amended Response)
Total Total

Inspection Inspections Reinspections
(by inspection element) Performed

Number of Inspectors
Inspecting
Performed Inspection Eiement

Inspectors
Reinspected

Documentation for piping
mechanical joint witness
of torque-initial, inter-
mediate and final

Documentation of piping
hydrostatic test

Documentation on piping
inter pass inspection

Documentation on nawe
plate inspection

Documentation on finished
weld inspection of piping
and whip restraints

Documentation on finished
weld inspect ' n for
component su,ports

Documentation on component
inspections for piping and
whip restraints

Documentation on fit up
and tack welds for piping
and whip restraints

Documentation on piping

field bonds-final visual,
ovality and radius

9,745

430

5,896

25

187,129

29,272

37,230

98,861

2,434

247

120

321

14,584

963

1,476

3,609

4]

12

16

10

16

16

i0

1

11

9
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12 ¢ (3rd Amended Response)
Total Total Number of Inspectors
Inspection Inspections Reinspections Inspecting Inspectors
(by inspection element) rerformed __Performed Inspection Element Reinspoected

Documentation on review of 168,815 21,161 6 h

type a inspection for type
3 inspection final reivew

Documentation on mechanical 5,929 82 11
joint inspection for

Piping preassembly

inspection (component)

Documentation ca piping 4,355 29 8 1
mechanical joint inspections

line up inspections

(fit up)

Documentation on location 1,219 A6 ) 2
acceptance between com-

ponent support and item

being supported

Documentation on component 9,210 15R 4 |
support inspection
checklist

Documentation on location 5,707 353 8
of field welds for piping
inspectionsg

Documentation on piping 60 10 2 ]
holiday jeep test

Documentation on component 2,589 782 5 4

supports concrete expansion
anchors
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12 C (3rd Amended Response)

Total Total Number of Inspectors
Inspection Inspections Reinspections Inspecting Inspectors
(by inspection element) Performed __Performed Inspection Element Reinspect od

18. Documentation on piping 2,483 231 6 2
and whip restraints
Pre-heat inspection

19. Documentation on piping 685 10 4 1
verification of shield gas

20. Documentation on piping 401 122 4 <
and component supports

temporary attachments

inspection

&l. Small bore type 3 final 3,503 3,014 5 5
hardware inspection reports

2. 8Small bore type 4 final 47 35 2 2
documentation inspection
reports

3. Whip restraints type 3 185 176 1 1
final documentation
inspection reports

4. Whip restraints type 4 12 6 1 1
final documentation
inspection report

5. Equipment type 3 final 13 7 1 |
documentation inspection
report

6. Documentation on large bore 401 395 2 2
piping types final inspection




12 € (3rd Amended Response) Page 5 of 6

27.

28,

29.

30.

31.¢

32.*

33..

34.

35.

36.

' Total Total Number of Inspectors

Inspegtlon Inspections Reinspections Inspecting Inspectors
(by inspection element) Per formed Per formed Inspection Element Reinspected
Piping mechanical joints 9,034 626 13 9
witness of torque initial,
intermediate, and final
Component supports torques 423 150 7 2
Finished weld inspection 10,981 2,291 17 17
for piping and whip restraints
Finished weld inspection for 15,844 1,437 15 -
component supports
Piping and component supports 373 0 11 0
temporary attachments
inspection
Component inspections for 1¢,509 0 16 0
piping and whip restraints
Fit up and tack weld for 26,572 0 16 0
piping and whip restraints
Piping field bends inspection 1,032 417 10 9
final, visual ovality and
radius
Verified location acceptable 1,996 254 10 4
between component support and
item being supported
Component support inspection 52,273 13,894 9 4

checklist



s 12 ¢ (3rd Amended Response) Page 6 of 6

Total Total Number of Inspectors
Inspection Inspections Reinspections Inspecting Inspectors
(by inspection element) Per formed Performed Inspection Element Reinspected
7. Dimensional on location of 2,934 567 9 8
field welds for piping
inspections
8. Component support concrete 4,882 772 9 4
expansion anchors inspection
9. Small bore type 3 final 31,917 10,515 9 5
hardware inspection reports
0. Small bore type 4 final 1,312 43 3 1
hardware inspection reports
1. Large bore type 3 final 34,801 5,187 8 3
inspection report
2. Whip restraints type 3 final 6,556 876 4 1
hardware inspection report
43. Whip restraints type 4 final 134 22 1 1
hardware inspection reports
NOTES: The Total Inspections Performed are those performed by the inspectors

whose work was reinspected in the reinspection program. The total number of
inspections is unknown. Inspections conducted after August 31, 1982, are
excluded. The Number of Inspectors Inspecting Inspection Element is the number

of inspectors who, were certified to perform inspections for the inspection
element and whose inspections were reinspected. Information on the total

number of inspectors inspecting each inspection element is not available.

The total number of Hunter inspectors employed at Byron between 1976 and September
1, 1982 is 84. The certifications of these inspectors permit them to conduct
inspections of more than one inspection element. Inspection attributes 1-26,
27-28, 29-31, 32-38, 39-41 and 42-43 require similar inspection skills.

* Portions of these attributes were nonrecreatable and thus were not reinspectable.
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UNITED STATES OF AMERICA

NUCLEAR REGULATORY COMMISSION

BEFORE THE ATNMIC SAFETY AND LICENSING BOARD

In the Matter of
COMMONWEALTH EDISON COMPANY

(Byron Station, Units 1

and 2)

Docket Nos. 50-454-0OL
- 50-455-0L

W N N N Nt

COMMONWEALTH EDISON COMPANY'S

RESPONSE TO INTERVENOR'S FIRST SET
OF SUPPLEMENTAL INTERROGATORIES

Interrogatory 11 Supplement: Separately, with respect

to each "inspector reinspected” listed in Edison's First Amended

response to Intervenor's Interrogatory 1ll(c), please list all

inspection elements and for each inspection element, please provide:

(a)
(b)
(c)
(d)

(e)

a description of the inspection element;
total number of inspections performed;
total number reinspections performed;

the number of inspectors who inspected this
element; '

the number of inspectors of that element who

were reinspected and separately for each inspector
reinspected: (i) the number of reinspections per-
formed that agree with initial inspections and
(ii) the total number of reinspections performed.
(The tabulatiop for (e) should provide the same
type of information provided in Table B=5 of the
Reinspection Program disaggregated by "inspection
element" rather than "attribute").
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Answer (a)=-(b). Commonwealth Edison Company
("CECo") objects to Interrogatory 1l Supple.aent on the
grounds that it would be unduly burdensome to obtain this
information and that the information is neither relevant nor
calculated to lead to discovery of admissible information. _
Notwithstanding the foregoing objection, CECo further answers
Interrogatory 1l as follows: Hatfield Electric Company has
not maintained its inspection records by inspection element.
Accordingly, answer to this interrogatory requires the analysis
of tens of thousands of inspection reports and an identification
of inspection elements. At Intervenors' request, documents
containing information responsive to this Interrogatory will be

made available for inspection and copying.
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TABLE &
Changes from Edison's Original

lesponse to Interrogatory 12 to Final Response

# of # of # of # of Inspectors
Inspections Reinspections Inspectors Reinspected
Finished weld inspectiun for piping and whip restraints
4,395 2,291 17 17
10,981 2,291 17 17
Component inspection for piping and whip restraints
4,321 “ 16 i
10,509 0 16 0
Fit-up and tack weld for piping and whip restraints
8.395 5 16 2
26,572 0 16 0
Dimensional on location of field welds for piping inspections
967 567 8 8
2,936 567 9 8
Piping field bends, final visual, ovality and radius
729 417 10 9
1,032 417 10 9

Piping mechanical joints witness of torque initial, intermediate
and final

2,714 606 12 10
9,034 626 13 9
Finished weld inspcc:ioﬁ for component supports
3,282 1,437 11 9
15, 844 1,437 15 9
Component support location inspection
472 254 5 4
1,996 254 10 4
Component support checklist inspection
Y 13,932 4 4
52,273 13,894 9 4
Component support torque
405 150 5 2
423 150 7 2
Component support CEA inspection
’ 772 5 4
4,882 772 9 4
Piping arzxd component suppg: tamp attachment inspection 2
7 4
373 0 11 J
Small bore type ] final hardware inspection reports
22,762 10,515 5 5
31,917 10,515 9 5

Small bore type 4 final ha;dware inspection
155
1,312 43 3

-

Whip restraints type ] final hardware inspection
4,684 876 1 1
6,556 876 4 1

e ————



Sr;gin&l

# of

Inspeccions

# of

Reinspections

# ol

Inspectors

Whip restraints type 4 final hardware inspection
22 1

134
134 22 1
Large bore type 3 final hardware inspection
1,535 195 2
34,801 5,187 8
Large bore type 4 final hardware
-- NO -- DATA -- PROVIDED =--
490 0 5

'Or ek 2

# of Inspectors

Reinspected

e
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TABLE 3

Tabie B-3

Detailed Inspector Results
Hunter

Attributes

Reinsp. Program Int. Interrog. 12 Supp.(when differe:

%
2
©
-

1%/14
3a/3%
33’33
281/3G1
208/214
116/!29
49/55
315/319

OO

-
——

334/34y
273/273

|
]
K
L
\
6
P
Q
R
S
v

<

TOTAL 3616/3725 3616/3728

DISCREPANCIES 109 112

DISCREPANCIES
EVALUATED FOR
DESIGN
SIGNIFICANCE

DISCREPANCIES
WO

EVALUATED FOR
DESIGN

. SIGNIFICANCE
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MS. JUDSON: I just wanted to report to the
Judges that Table 2 has now been reduced to the appropriate
size.

JUDGE SMITH: Thank you.

MR. CASSEL: Courtesy of Ms. Ethel McCGreavy.

JUDGE SHMITH: You may tell the Marshalls,
never mind.

MR. MILLER: May I proceed, Judge Smith?

JUDGE SMITH: Yes.

CROSS-EXAMINATION

BY MR. MILLER:

0 Dr. Ericksen, you are aware, are you not, that the
Reinspection Program broke down the inspections into two
main categories; objective inspections and subjective
inspections, correct?

A Yes.

Q And the subjective inspections were only visual
weld examinations, right?

A That's right.

o] Now, in answer 11, you refer to component
inspections for piping and whip restraints. Do you know,
Dr. Ericksen, what the characteristics of that inspection are?

A I think to save time I will say no.

You can infer from the words, but =--

Q Do you know how, if at all, that inspection differs
!
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from component support concrete expansion anchor inspections?
A No, I will simply state that since the

engineers saw fit to characterize them as a different type

of inspection element, that I went along with that judgment.
Q Okay.

Is it because you were relying on the engineering
judgment of whatever individual set out these separate
inspection elements as separate elements, that you conclude
that it is =-- it would not be proper to aggregate elements

in calculating a reliability statistic?

A I think there are two parts to answer your question
& Okay.
A The first part -- and this applies really to any

kind of data that you might be working with. It doesn't have
to apply to a nuclear power plant. It could apply to testing
drugs, it could apply to crops, it could apply to quality
control of various products in a factory. That there are
different ways of aggregating and combining things which are
somewhat the same in some characteristics, and are different
in other characteristics.

And the way in which the smallest components are
aggregated is an important issue of statistical judgment.
And one should indicate how those aggregation decisions were
made.

The second part of my answer is that when you
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loock 2t different elements that are combined in the same
attribute, the error rates do seem to differ.

Q I think the first part of your answer was that
the way in which the smallest components of the element --
I'm sorry, my notes -- I wasn't able to keep up with my
notes. I think you said that the smallest component of what,
sir?

A Well, if we agree that there is a term to define
the smallest unit that is inspected -- I think we have been
referring to them as inspection elements.

Q All right, sir.

A Now, at one extreme, one could argue that every
single inspection element, te results and the reliability
should be presented separately.

At another extreme, one would argue that they
should all be put together into one large category.

And what I am saying is that that is a substantive
decision which requires justification. And the criterion on
which that judgment should be made really would have to do
with the difficulty of inspection and likelihood of
discrepancy.

Q And that is something that an expert in the
subj~ct matter -~

A Well, there are two ways in which that could have

been done. An expert in the subject matter could have made
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that judgment a priority. And the rationale for that
judgment in normal statistical circumstances would be included
in part of the report for evaluation.

Secondly, vith hindsight one could look at the
data and make the judgment based on inspection of the data.

Q I would like you to turn to answer 19, please.

Actually, I want to go all the way to the last
paragraph of answer 19, which is found on page 16.

This is the calculation of the design effect
that is described in your testimony, is it not?

A Yes.

Q And Appendix 1 to your prepared testimony gives
some of the details of that calculation, correcti?

A Yes.

Q You made some, what a non-statistician would
regard as essentially small changes in the numbers. But with
those changes do you believe that the calculation is correct
as you have reported it here?

A Yes. The calculation is necessarily an approxima-
tion given the egquation that was used. To the best of my
judgment, the calculation is correct.

Q If we turn to Appendix 1, it is correct, is it
not, that the calculation of the design effect itself is
based on the calculation of intraclass correlation?

A Yes.
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. mm5 \ Q That's the necessary part of the calculation for
2 | design effect, right?
3 A Well, I presented it this way.
4 What I actually did was, I calculated the

s | variants; estimated the design effect from the variants

s | calculation; inserted the average cluster size into the

; | design effect, and calculated intraclass correlation frcm

g | that.

9 Q Returning to, for ust a second, to answer 16 on
10 | Page 11, that is tie same intraclass correlation measurement
11 | in the first paragraph of answer 16 that is a part of the

12 | equation for your calculation of the design effect, correct?

13 A I must apologize, I was reading the first
. 14 | Paragraph. I didn't pay attention to your question.
15 Q Are you finished, I will reask the question.
16 A Please.
17 Q The cuestion is, is the calculation of the intra-

18 | class correlation that is described in the first paragraph
19 | of answer 16, the same intraclass correlation which is used

20| as a part of --

22 Q You have to wait until I am finished, I'm sorry.
23 == which is used as a part of the calculation of

24 | design effect in Appendix 1, and in your answer 19?

25 A Well, in answer 16 I am really telling you about




end T19

10

(]

18

19

20

21

22

23

24

25

11,051

the intraclass correlation. And it is a concept that is
described in my answer 16.

In Appendix 1 I tried to estimate wha the
intraclass correlation might be for one example.

MR. CASSEL: Excuse me, just a minute.

Are the Judges having any difficulty hearing the
witness? Does he need to speak into the mike?

JUDGE SMITH: No, I heard him.

JUDGE COLE: I heard him, thanks.

MR. MILLER: Dr. Ericksen commented before we
started that it is difficult to speak to both the guestioner
and the Board.

JUDGE SMITH: No, I have no problems.

BY MR. MILLER:

Q Now, returning again to answer 19 -- I'm sorry
to jump around like this-- but the calculation of the design
effect is used, is it not, to take account of the clustered
sampling of inspections?

A Yes.

Q And a clustered sample by definition is not a
random sample as defined in the formula that Dr. Singh used
and that you discuss in answer 15 on page 10?

A That's right.
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Q As a result of your calculation of the intra-
class correlation and the conclusion that this is a
cluster rather than random sample, it is your judgment that
assumptions number 2 and 4 that are the predicate, if you
will, for use of the formula, have been violated. 1Is
that right?

A No, that's not correct.

Okay. You conclude that inspectors are not

rect?

the basis of your calculation

the ass corre =101 correct?

one example. There are other intraclass
correlations that were calculated for Hatfield and for

Hunter.

an example, but
intraclass
conclude that inspectors re not
think that there are two or three cuestions

embedded in here. Let me see

1 can hem apart

and answer ther ecause the thing that

coni
you referred me to assumptions 2 and

-

Freund book,
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we know that a clustered sample was selected. Now, what
the calculation of intraclass correlation does is give us
some indication of whether or not that matters. And if the
intraclass correlation is larger than 9, then it probably
matters;
Now, a third point to be made is that the

reliability calculation, the R equals 1 minus 2.9955 over N,
which is a particular approximation based on the chi-sguared
distribution, the effects of cluster sampling on that, to
my knowledge, have never been studied. And it could be that
the effects of clustering on that formula are far greater
than the calculation that I have shown would indicate.

Q But in any event, the starting point for your

analysis is your calculation of the intraclass correlation,

correct?
A Intraclass correlations.
Q Correlations, thank you. Now, I think you state

in your answer 16 that you used data from Appendix B of the
Reinspection Program Report in order to calculate these
intraclass correlations.

A That's right.

Q If you would turn to Appendix B, perraps the
easiest table to look at is Table B-3 on page B-4, which
is the detailed inspection results for Hunter. And just

taking the column that's labeled number 1, there were 3,725
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visual welds that were reinspected, and of those, 3616 were

found to be without discrepancies; correct?
A Correct.
Q Dr. Ericksen, do you know the difference between

an observed discrepancy, a valid discrepancy, and a design

significant discrepancy as those terms were used in
describing discrepancies reported in the Reinspection Program?|
A I used the term "discrepancy" to mean whatever
was meant in the preparation of B-3. And I understand that
a design-significant discrepancy involves some kind of
engineering judgment applied to the individual discrepancies.
Q Yes, sir. I think you stated that you had
reviewed the prepared testimony of Mr. Del George, Mr. Teutken
Mr. Laney, Mr. Hansel. Did you look at the testimony of
any of the Sargent & Lundy witnesses? Prepared testimony.
A Could you suggest a couple of names?
Q Well, the one 1'm specifically referring to is
the testimony of Mr. Branch.
A I did look only at one point in Mr. Branch's
testimony when I was trying to put the 109 and 112 together.
Q Well, I would like to show you Question and
Answer 11 from Mr. Branch's prepared testimony and ask you
to just read it to yourself and then I have a guestion or
two.

(Document handed to witness.)
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A Could I ask you a question?
Q Certainly.
A Can I assume chat the term "discrepancy" in

Question 11 is the same as tle "discrepancy" that was used
in preparing Table B-3?
Q Wait, I've got to read that.
(Pause.)
Yes, sir.

A Okay.

Q Okay. Now, that indicates, does it not, that
there were certain observed discrepancies that were
determined, after looking at current design parameters and
tolerances, not to be discrepancies at all. Is that right?

E I found that a little bit murky. I wasn't sure
if they were trying to -- they could have been doing one of
two things. Perhaps you could educate me on this. Either
he was giving testimony that said Table B-3 should somehow
be altered, or he was giving testimony to say that a
discrepancy -- say, the four discrepancies for Inspector D
and attribute 1 were not of dr ;- sionificance.

Q I think maybe ¢ \ ciear it up if we look
at Appendix I of the Reinspection P» ram. And I think the
simplest one is Taobie DE-3, Exhibit D-1, page 3 of 12. And
if you look at the =--

MR. CASSEL: Would you give us a minute.

DE what?
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’ MR. MILLER: D-1, page 3 of 12.

: BY MR. MILLER:

’ Q If we look at the conclusion of that table we

. find of 441 discrepancies, all of them were found to be

5| within parameters.

6 Now, having in mind what Mr. Branch said about

4 the discrepancies being first compared with current design

. parameters and tolerances or other documentation to determine
. whether they were acceptable on that basis, can we agree

0] that there's a difference between an observed discrepancy

'""] and a valid discrepancy. 1Is that how you believe, based on
2| what I have shown you, the Reinspection Program --

9 A I believe that engineers are making some judgments|.
After this morning, I'm certainly not going to profess

to expertise in the field of engineering. But let's assume
for purposes of discussion that there's a distinction that
can be made by engineers.

18 Q All right. Wouldn't the statistic that one would

" want to use in calculating an intraclass correlation be the

" statistic that was based on valid discrepancies as opposed
21 to observed discrepancies?
22 A It depends on the purpose to *™ich you wish to

23 apply the intraclass correlation.

end 20 24




Q If the purpose was to -- assume with me that

valid discrepancies and actual discrepancies and observed

discrepancies may have resulted from the fact that the
reinspector made a mistake.

A Yes.

MR. CASSEL: Is that assumption that some of then
have, or all of them did?

MR. MILLER: Some of them may have.

BY MR. MILLER:

Q And let's assume that what we were trying to
establish is how w- .1 those original inspectors performed
and whether they missed anything that they should have
caught in their inspections. And for that purpose, what
we are interested in is not observed discrepa
valid discrepancies. Wouldn't vou agree that
you would want to use the statistic associated with
discrepancies, in c - -ing your intraclass correlations?

Well, I think that one normally has == I shouldn't
has. One has an intraclass correlation for every variable
that you are considering. And variable one would have an
intraclass correlation and variable two would have an
intraclass correlation.

Q You have calculated your intraclass correlations

B, which is the observed

discrepancies?
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A That's right.

Q If you are willing to u1ccept my assumption one moré
time, with respect to the objective discrepancy evaluation
table for Hunter, with respect to documentation. If in fact -+

A This is attribute two?

Q Yes, it's pages 3 and 4 of 12 of Exhibit D-1,
the Reinspection Program. Would it be possible to calculate
the intraclass correlation and design effect for the
documentation, the subparts of the decumentation attribute,
if you were calculating it on the basis of valid discrepancies
and that statistic was zero?

A Yes, that would simply be another calculation for
another variable. I only did this to give an example, so
I suppose it could have been another example.

Q But Dr. Ericksen, if you have a zero in the
formula that you use, doesn't that result in the answer

necessarily being zero?

A You mean if all the results are identical?
Q They are all identical because they are all zero.
A Right, for that particular variable, that is

correct, that the intraclass correlation would show that the
inspectors were homogeneous with respect to that particular

variable, but only that particular variable.

To make a statement that inspectors were homogeneour

overall, it would be necessary to do that for all the variable?.
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Q Correct. And as we have established, for all
the variables you use the information in Appendix B, which
is the observed discrepancies, and I think if you now
continue on in Exhibit D-1, Table DE-3 --

A Moving on to hardware?

Q Yes, but let me get one thing straicht. In terms
of your formula on the documentation Attribute, that's the
formula that we find in Appendix 1 to your prepared testimony.
If we are calculating intraclass correlation --

MR. CASSEL: He's looking for it. Just a moment.
MR. MILLER: I'm sorry. Take your time.

BY MR. MILLER:

Q If we are calculating the intraclass correlation fo&

the documentation variable on the basis of valid discrepancies|
is it correct that R-0-H, or ROH, would be zero?

A I believe that is correct.

Q All right. Now getting back to the next Hunter
objective discrepancies, if we look at Table DE-3, pages
5 and 6 of 12 of Exhibit D-1, and accepting the assumptions
that I asked you to accept about the difference between
observed discrepancies and valid discrepancies, can we agree
that if we were calculating the intraclass correlation based
on observed discrepancies, we would be calculating it based
on the total number of 684 discrepancies, correct?

A Define the variable.

’
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Q It is the total quantity of .ardware discrepancies
reported in the second column of Tahle DE-3,

A Okay.

Q You agree that if one is calculating the intra-
class correlation on the basis of observed discrepancies,
that the number of discrepancies would total 6842

A Right.

Q If we were calculating it on the basis of valid
discrepancies, the total number of discrepancies would drop
to 70, isn't that correct?

JUDGE COLE: I don't know how Yyou got to that.

MR. MILLER: You subtract 614 from 684.

JUDGE COLE: Oh, I thought you said 7.

MR. MILLER: No, I'm sorry. I swallowed my words.
It was 7-0, 70.

JUDGE COLE: Okay, fine.

THE WITNESS: That is right,

BY MR. MILLER:

Q You haven't made any calculation of that intraclass
variable?

A No.

Q You haven't made any calculation of that intraclass

correlation based on valid discrepancies?

A No.

Q As the total number of discrepancies goes down,
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is it likely that the intraclass correlation that is
calculated will get closer to zero, or do you know until
you do the calculiation?

A There is no necessary relationship.

Q Now there were two supplementary tables that you
have talked about.

A Are we leaving Table DE?

Q Yes, for the time being. And we are going to
Supplementary Tables 4 and 5. And just so we are clear,
Dr. Ericksen, these calculations, these percentages of
discrepancies are based again on the information in --

A Are we looking at Table 4?

Q Yes, sir. That's based on the information in
Appendix B to the Reinspection Program Report, or does it
have some other source? well, perhaps it's the Ericksen
Attachments D and E that is the sourc: for fable 4. Is that
right?

A This is where they all came from, yes. I believe
that element one --

Q This 1s-on Table 47?

A Yes. I can find the attachment for finished weld
inspections for piping and whip restraints. I just can't,
at this moment, put my hands on the other one.

Q All right. Do you know whether these finished

weld inspection or piping whip restraint tabulation is a
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tabulation in the column entitled sample rejects are

observed discrepancies or valid discrepancies?

A I simply took them as discrepancies.

Q In where, sir?

A 1 simply took them as discrepancies.

Q I see. While we are on Table 4, Dr. Ericksen,

under the column headed one opposite Inspector G, there
is a 2 percent discrepancy rate reported, correct? On Table
4, is that right?

A Right.

Q And if we look at Inspector G on Ericksen Attach-
ment D, that's Mr. Young and we find that he had 122
sample inspections and 13 sample rejects, correct?

A Yes. You have spotted a transcription error.
That 3 should be an 11. I think what must have happened is
the number for Inspector F, which is 6 divided by 214, which
is equal to 3 percent.

Q And does that change the average percent discrepanc
across all inspector figure at the bottom of the calculation?

A No, because the figure at the bottom refers to
all of the inspectors who inspected element number one. There
was another set of about eight inspectors who inspected
number one who did not also inspect number two.

Q I'm sorry. It's just a matter of my not under-

standing the arithmetic. Doesn't the =--
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A No, what you think is --

Q Oh, I see. In other words, the calculation at
the average percent was correct; it was just the calculation of the —-

A What I was simply trying to do is make an
illustrative calculation for those 9 inspectors who were part
of both.

| JUDGE SMITH: I didn't follow that recent exchange
very well, which is all right. But I don't know if there
is a need to change the written testimony. Did you make
a correction to your testimony?
THE WITNESS: Yes, perhaps -- what I would like
to do is the next time we take a break I would like to check
each one of these numbers and correct them all at once.
JUDGE SMITH: Well, my concern is that the copy
in the transcript be conformed.
MR. CASSEL: Following the next break, if you will
permit us to simply conform the reporter's copy, we will
do so, Judge.
BY MR. MILLER:

Q Turning for a second to Table 5, Dr. Ericksen,
this iz another example by contractor of showing a lack of
homogeneity, correct?

A That's right.

Q And what is the source of this information that

is tablated hLere?
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A Table B.

Q And once again, that is observed discrepancies,
correct?

A Right.

Q So we don't know what the calculation -- what

these percentage numbers would be if we, instead of using
observed discrepancies, used valid discrepancies?
A That's correct.

MR. MILLER: Could I have just one second please?

(Pause.)

JUDGE SMITH: Mr. Miller, would this be a good
time for our afternoon break?

MR. MILLER: Yes, sir. It probably is. I really

don't have a whole lot more.

JUDGE SMITH: All right. We'll take a ten minute
break.

MR. CASSEL: Judge, before we all leave =--

JUDGE SMITH: Off the record.

(Recess.)
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JUDGE SMITH: On the record.
BY MR. MILLER:

Q Dr. Ericksen, I believe over the break you were
going to look over Table 4?

A. The only error I could find was with respect to G,
which should be chanced from 3 to 11.

Q Dr. Ericksen, in answer 19, you make the
correction to the sample size for that specific inspection
element from 1,476 to 2807

A Right.

Q Do you know what the calculated reliability at

a 95 percent confidence level is for that inspection element?

A This is the question you asked me at my second
deposition?

Q Yes, sir. The same one.

A Then the same answer applies. And that is, that if

I make the very strong assumption that the intraclass
correlation in design effect that applies for the estimate of
discrepancies applies to the reliability coefficient,
then the reliability would be about 99 percent.

Now I say that's a very strong assumption because
the intraclass correlations and design effects from the
same body of data that apply to one statistic do not
necessarily apply to another statistic. So we really don't

know what the reliability is.
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Q Of course if the inspectors were, in fact,
homugeneous, then we would have met the requirements for
the application of Dr. Singh's formula, correct?

A Under that hypothetical, I suppose that would
be true.

Q And if we base ‘he intraclass correlation
calculation on valid discrepancies for documentation, as
opposed to observed discrepancies for documentation, ROH
has a value of 0 and we can conclude that on the basis of
that caiculation the inspectors are homogereous, correct?

A That would not be a good thing to do, though,
because that is only an intraclass correlation for one
variable and we're really talking about many companies, many
attributes ~--

Q I'm limiting myself to this calculation that is
found or this example that is used in answer 19. That's
the documentation on it?

A Yes, what you're really doing is substituting
another variable. For your variable, the answer is yes.
And for my variable, the a:swer is no.

MS. JUDSON: To make the record clear, are you
referring to your Table B-3, in the inspection report, or
Table B-3 that appears in Dr. Ericksen's supplemental

testimony?

MR. MILLER: I don't know that I referred to Table
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B-3 at all.

THE WITNESS: We started off with Table B-3 and
the document that you showad me, there was the denominator
of 3,725 and it really should be 3,728.

MR. MILLER: Oh, I see. That's because of ~--
of Inspector A and that is the one that is reflected in your
Table 3 of the Ericksen Supplement?

THE WITNESS: Yes.
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! Q Let's turn to that Table 3, the Ericksen

2 supplement. Dr. Ericksen, as I recall your testimony, this
3 was an example of sloppy recordkeeping by Commonwealth

4 Edison Company, and sloppy data management; correct?

5  JUDGE SMITH: I think he used twe adjectives,

6 but I think you've captured the thought.

7 (Laughter.)

8 THE WITNESS: To set the record straight, they
9 were really -- I think I had two bases for that statement.
10 One was the large number of changes that have been made

n that are reflected elsewhere in my testimony, and this is a
12 very small example illustrating the problem with recordkeepin#.
3 But I think that this does indicate that there
are three discrepancies that, according to the testimony
'S | that I read, were not evaluated for design significance.

So I think the objective was the second rather

17 | than the first.

18 BY MR. MILLER:

19 Q I see. Dr. Ericksen, did counsel for the

20 | Intervenors show you a letter from Mr. Del George to

21 | Mr. Keppler dated January 12, 1984 to which was attached
‘o 22 the draft reinspection report?

23 A Not to my recollection, but if you show me the

24 | document, it might refresh it.

25 MS. JUDSON: I can state for the record that
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we did not.

BY MR. MILLER:
Q Dr. Ericksen, if you would turn to the first
clipped page.
| For the record this was, I believe, served on
the Board and all the parties as a Board notification. I
have turned to page 36 of the attachment to the letter,
which is labeled Table B.3-Hunter.
(Counsel handing document to witness.)
A I have done so.
Q And there is an Inspector A whose results are

recorded there; is that correct?

A That is correct.

Q And what are the results that are recorded?
A 47 out of 51.

Q Do you have any reason to believe that that

Inspector A for Hunter is any different than the Inspector A
for Hunter who was shown on Table B-3, Detailed Inspector

Results for Hunter, in the Reirspection Report?

A I have no reason to believe that they're
different.
Q I think you also stated that based on this

difference that you observed that there were three discrepan=-
cies that had not been evaluated, and I am now going to turn

your attention to page 42 of the attachment to the
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Hunter Corporation.
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Q And that's thrve more than 109.
A Right. Now I have two documents. Which one do
I believe? I have no basis for a choice.
Q I'm not asking you to believe either one, or

neither,.at this point.

I would like you to turn, Dr. Ericksen, to
question and answer 12 in your prepared testimony.
Dr. Ericksen, the first sentence in Answer 12 describes what
is referred to by statisticians as a probability sample;
does it not?

A That's a reasonable characterization of a
probability sample.

Q And it's your opinion, is it not, that a
probability sample is necessary, that it's a reguirement in
order to enable one to draw inferences to the remainder of
the population using mathematical statistical theory?

A What I stated here is that statisticians are

able to make generalizations if they have this probability

sample.
Q Well, Dr. Ericksen --
A Which one, one or two?
Q Second deposition, August 16, page 19, line 12.

You were deposed on that date by me, correct?
A That is correct.

Q And were you asked this question and did you
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give this answer? "Question: 1Is a probability sample

necessary; is it a requirement to enable one to draw
inferences about the remainder of the population from which
the non-probability sample was drawn? Answer: Yes."

Dr. Ericksen, if one is not drawing inferences
on the basis of mathematical statistical theory, but simply
on the basis of evperience, judgment, based on all the
data that one has at one's disposal, the science of
classical statistics doesn't tell one anything, does it,

about the population from which those inferences can be drawn?

A You inserted the word "classical statistics."
Q Yes, sir, I did.
A Stacistics enables you to make generalizations

to the population from which a sample is selected. Now, if
you have a probability sample, then you can make a
generalization simply based on a rather straightforward
procedure that you weight the data by the inverse of the
probability of selection, and complete your estimate.

Now, in the absence of a probability sa~>sle,
one makes estimates on the basis of some model or view of
what the real world is. That model or view of what the
real world is requires assumptions. Those assumptions need
to be stated clearly with justification.

Now, if it should occur that data exist which

contradict those assumptions, then they need to be changed
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and a different estimate needs to be made. At the same time

that one presents an estimate, one needs to present some kind
of indication of the uncertainty associated with that
estimate.

Now, it's my position that anytime one
generalizes to a population from a sample, one is making a

statistical statement. It may or may not be a correct one.
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Q Isn't it a fact, Dr. Ericksen, that the only
thing that a statistical statement enables one to do is to
express the amount of that uncertainty numerically?

A No. I think I would have to go back to my
answer. A statistical statement has at least two parts to
it:

One is a statement of what you believe the world
to be like, mmd the cther part is your evaluation of the
uncertainty which is associated with that depiction of the
real world.

Q And typically that is expressed as a reliability
calculation at a certain confidence interval, correct?

A Well, there are different terms that are used for
that, depending on your perspective in statistics. Some
statisticians would do it that way.

Q Is it your opinion that one must have a
probability sample in order to draw inferences on the basis
of experience and judgment?

A I have thought a lot about that particular guestion
that you asked me at the second deposition, and I believe that
the answer that I gave you at tha second deposition was in
the context of the reinspection report, in that no attempt
was made to provide a model, except to state the assumption
that the inspectors were homogeneous.

Now, if one can have a model of estimation with
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justification, then inferences can be made on the basis of
that model with some statements of uncertainty. But, that
requires a much more rigorous set of mathematical statements.

Q Suppose one doesn't wish to make a mathematical
statement at ali, but simply to express a generalization?

A That is a statistical statement.

MR. MILLER: If I might have just a minute.
(Pause)
BY MR. MILLER:

Q I know I asked this question before. Have you
reviewed the testimony of the NRC Staff on Remanded Issues
With Respect to tha Reinspection Program?

A I'm not very good on these titles. I know I did
review something by the NRC Staff.

(Document handed to witness by counsel for
Applicant)

0 Let me show you that document that bears that
title and ask you if you have had an opportunity to look at
it?

(Witness examining document)

A I reviewed pages 21 through 25.

Q In your judgment, Dr. Ericksen, is the Staff
making a statistical statement in its prepared testimony
that we have just been reviewing here?

A I am going to have to be difficult. You are
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going to have to show me a sentence and I will tell you if

that is a statistical statement.

Q Look at guestion and answer 19 on page 22.
A How much of answer 19 do you want me to read?
Q I was looking at actually the first paragraph,

but continue on to the next page as well,

A S0, you want me to read all of answer 19?

Q Yes, please.

(Witness reading document)

A I would prefer not to have to respond to this
entire section, because there are a number of statements that
are made. If I could give you one example of a statement?

Q Surely.

A It says:

"To the extent that nonreinspectable attributes
are similar to the reinspectable attributes, the
sampling of the reinspectable attributes can be
readily applied to the nonreinspectable attributes.
With respect to Hatfield and Hunter, the nonreinspec-
table attributes are highly similar to the reinspec-
table attributes."

Q And those two sentences that you have just read
into the record are, in your judgment, a statistical ltatcmentﬂ

A That is stating an assumption. It can be taken in

two ways. Either one can take it as an assumption that they
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are similar, o: that could be taken to be the result of
someone making the evaluation of the characteristics of the
inspectable and reinspectable attributes.

I cannot tell from what you show me, which it is.

Q In either of the alternatives that you posed in
your preceding answer, is Mr. Muffett who is sitting right
there at the counsel table, making a statistical statement
in those two sentences?

A Well, if you apply my first characterization,
then you would say that this is an assumption which would be
part of a statistical statement.

But, if you take the second characterication then
you would say that this was a result of some kind of analysis
comparing the characteristics of inspectable and reinspectable
attributes.

Q And that sort of analysis, that is something that
would have to be carried out by a knowledgeable professional
in that field, correct?

A Yes.

MR. MILLER: I have no further questions.

MR. LEWIS: sStaff has no cross examination.

EXAMINATION BY THE BOARD

BY JUDGE COLE:

Q Dr. Ericksen, just a few questions.

You apparently had some problems with the way
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the Reinspection Program was designed and carried out from a
statistical viewpoint. 1Is it correct to say that?

A That is correct.

Q Now with respect to the selection of inspectors,

are you familiar with the manner in which the inspectoxs

whose work was reviewed in the inspection program, were selecte&?

A Yes, I am.

Q I get the impression that that is a considerable
departure from a random sample,do you agree with that,sir?

A Well, my understanding of how the inspectors were
selected ir, that someone started with the first inspector
on the list and took every fifth inspector thereafter.

After that was done, somebody on the NRC Staff
decided that certain inspectors should be added.

Q Okay. Why would we use a random sample, or why
should we use a random sample?

I don't really want a long answer to that, but

let's say is it so that you get a reasonable estimate of the

population?
A You mean a random sample of inspections?
Q Of inspectors.
A Well, I think that there are three reasons.
Q All right, sir.
A The first reason is that we want to make sure

that nobody has stacked the deck. So, it is conceivable that




if everybody knew in advance that the second inspector was

a terrible inspector, and you say well, I am going to start
with number one, that way you are sure to avoid the second

)

inspector. So random 1f you selected a random number

between one and > =) ou will be giving everybody their
fair chance of coming in, and there would be no basis to make

an allegation that somebody stacked the deck.

r, do you know how the program was originally
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point of putting that into my testimony.

It is a problem that occurred to me without any

reason to think that there might have been some kind of --

Q All right, sir, I understand that point.

A So that is one reason.

Q That's one, okay.

A The second reason to have a random sample of

inspectors, is that a random sample is an example of a

probability cemple and we know the rate at which everyone

had a chance to be selected and that makes it possible for us

to make various kinds of statistical estimates.

And the third reason for having a random sample

as opposed to another kind of sample is simply mathematical

convenience.

Now I should also point out that strictly speaking
a systematic sample is not a random sample because once you

have picked that first person, then every fifth one thereafter

is determined -~ it is like a clustered sample. But in most

practical applications that I have ever seen, one either

improves the precision by taking syscematic sample, or it

doesn't make any difference.

Scv, for all practical purposes, most statisticians

would treat a systematic sample as if it were random.

JUDGE COLE: All dght.

Now with respect to the first one about stacking
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the deck, are you aware of what happened after a decision
was made to select every fifth?

2 Yes.

Didn't I state that the NRC wanted to add certain
inspectors that they had, presumably that they thought were
problematic?

Q S0 what would this do to the reliability of the
results with respect to getting some index of the qualificatior
of the inspectors?

A Well, the one very interesting analysis would be
to compare the inspectors that the NRC picked with the ones
that came in every fifth. Tha would be =-- I have read
somewhere an indication that the sampling procedure was
partly to put a conservative bias intoithe results. It would
be interesting to see if thee really was a difference, was

the NRC really able to pick out which ones were bad.
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Q That would be interesting. Thank you, very much.

I guess I had a little different idea, as to
why we would want to random sample. And I think it's contained
within your answer. But isn't it really to get the best
eatimatevthat we have of the population ard work with that
so that the results ti.at we get would be representative of
the population? 1Isn't that the bottom line?

A That's a reasonable way of saying it, yes.

Q Now how far do you think the Applicant departed
from getting that best estimate of the population? 1Is there
a serious departure here, with respect to the way they
expected the inspectors to be participating, to be incorporateT
into the program?

A Well, I think there are really two parts to the
problem. One is that there are certain categories of
inspectors and inspections that didn't have a chance to be
included, such as those which occurred after the first three
months, such as those inspectors who did less than a certain
amount. And we just don't know what or how they did.

Secondly, the fact that they had such a heavily
clustered sample, makes it mathematically impossible to apply
the reliability equation that Dr. Singh relied upon. So we
don't have a mathematical way of expressing our uncertainty.

Q All right, sir. You indicated, in your testimony,

that clustering was a serious problem. Could you tzll me again

|
|
|
I
I
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what clustering is and why it's such a serious problem?

A Well, if you can imagine that you have 1000
inspections and they were done by 10 inspectors. Each
inspector did 100, well those inspectors are going to vary

in their likelihood of making errors. So if you only pick

two inspectors, you really don't have the same information that

you would have if you had had a simple random sample of 200
inspections, because you're only finding out about two
inspectors.

And you have less confidence in the estimate that
you would make for all 1C inspectors than you would have if
you had samples from all 10 inspectors who worked.

Q All right, sir, but we can handle that statisticallf
can't we?

A Yes. Well, there are two parts to that. One is
that we really don't know how to apply that reliability
formula that Singh used. So we don't actually have a way
of calculating our confidence interval.

The second thing, though, is that it is quite likely
that we had more uncertainty than the formulas used by Singh
implies.

Q All right, sir. The particular formula that
Dr. Singh used, the input to that formula was just the number
of observations because you had zero design significant

discrepancies?

oy
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A That's right.

Q So when you have zero out of 200 or 400 or 600
or 1000 observations, in a situation like that how much
does statistics tell you?

A Well, the problem is that we don't really have a
way of knowing what the clustering effect for that particular
variable is. We get some kind of idea about what it might
be by looking at the clustering effects for similar variables
and we find that the clustering effect for a related variable
is rather pronounced.

That indicates that we should probably draw back
a little bit from the statements of uncertainty we would make,
assuming random sampling. 3ut we don't know how much to draw
back, is the problem.

Q But if you have zero observed design significant
discrepancies, how important then does the impact of clusterin
have on that equation? How much can you change zero by?

A It has some impact. I don't have a way of
calculating what the impact is, that's the proklem.

Q Okay. Now, on page 8 and on page 12, vou referred
to two different numbers that are associated with Military
Standard 105D. I believe on page 8 you talk about a
minimum of 200, referring to Dr. Sing. And at page 12 --

I believe it's 12 -- someplace =-- no, page 16, I'm sorry.

On page 16 you refer to a Military Standard 500.

¥
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What is the difference there?

A As I understand the Military Standard 105D,
the sample size is partly determined by the population so if
it had a larger population, indeed a larger sample, than
when you have a smaller population.

Q Okay, but you're not talking about the same
population sizes that Singh is talking about?

A That's right. Well, I'm not sure if that's right.
On page 16 I'm talking about the population which had
37,230 inspections. I believe on the other page I was
referring to something Dr. Singh was talking about.

Q Okay. With respect to the two assumptions in
Dr. Singh's equation, I will call it ~- I don't know the
name of the equation, but the equation that Dr. Singh used.
With respect to the two assumptions that were violated, do you
have any feel for how much relaxations of these assumptions
or standards exist? I mean, because it's not a perfect world
and I know in any statistics that I have used you rarely wind
up with ideal data.

A Absolutely.

Q And that is when you need statistics to help you
to manipulate this data.

A That is correct.

Q Not it seems to me that -- well, in order to better

evaluate the data, it seems to me that you are taking a very
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hard line on relaxation of standards. Now can you provide

me with a little better feel on just how much relaxation you
could use with that equation? Obviously if you take a look
at the standards that are imposed before, that you list there,
and particularly the two that were violated, it would be
relatively rare to get data that would perfectly comply

with those standards.

A Well, I could point out that it would have been
possible for Edison to make simple random sample of the
inspections, assuming that they have a list of which all the
inspections were included.

Secondly, most of the work -- certairly not all
of the work -- but most of the work that I do in statistics
involves the selection of clustered samples. A very good
example of that would be a rational survey of the American
population. We select clusters of people in the same county,
the sam2 block, and so forth. So we also have a clustered
sample there.

And there are standard statistical procedures that
our company uses and that companies and university centers
like us use to take the clustering into account when
calculating those variances. And I consider that to be a
standard procedure.

I cannot imagine letting a contract from the Federal

Government in areas thac typically contract out this kind of

.
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survey work that would allow us to get away with not
taking the clustering into account. There are computer
programs that allow you to make these calculations.

I would also say that in the standard statistical
textbooké on sampling, and here I'm referring to a book such
as Survey Sampling by Leslie Kisch, which I saw on the table ¢t
my right an hour or two ago, a Sampling Technigques by
William Cochran, Sample Survey Methods and Techniques by
Hansen, Horwitz, and Meadow.

I think it's not unfair to say that those are the
three standard textbooks in the field. All of those books
tell you about the importance of taking th2 clustering into
account in calculating variances.

Q I believe you indicated that the nffect of
clustering has not been -- the effect of clustering on the
equation that Dr. Singh used has not been studied. Did I
hear you say that, sir?

A That is correct. If I could just say, I am not
aware of it having been studied. I've done a fairly extensive
review of the literature. It probably hasn't.

Q Could it be that because of the nature of that
equation that you would enter in that equation with numbers
of observations that are perfect in sample population in order
to draw inferences about the population, that the effect of

clustering could be very, very slight?
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A It's possible. I'm not sure I understood your

question but I think what you're asking me is is it possible,
is it conceivable that the efrect of clustering might have
been slight?

Q | That it might not make any difference, using that
equation?

A It's possible but I don't think it's very likely
given that there are fairly extensive clustering effects
found in the discrepancy rates. And it's hard to imagine
that you would have clustering in the discrepancy rates
and not have clustering in extrapolating to a design ..’
significance of those discrepancies.

Q Yes, how did you measure clustering in the inspecto
population, sir?

A What I did was I calculated the variance of certain
estimates according to the standard equation and then I
calculated the variance that you would get from the same
data if you assumed simple random sampling. That tecld me
what the design effect was and from that I cculd extrapolate
the intraclass correlations.

The design effect is the increase in variance
due to clustering.

Q All right, sir, and what sort of a result did you
get?

A Well, it varied depening on the variahle I was
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looking at. But the design effects tended to -- some of them
went as high as 40. Some were as low as 5.

Q 40 what, sir?

A What that means is that the actual variance of
the estimate of discrepancies is 40 times larger than would be
the case had there been the same sample size from the simple
random sample?
40 times larger?
Yes.
That seems like an awfully large difference.

It does.

0. 00

Are you talking there about a very small sample

size?

A Well, I think that that particular case, the sample
size was about 27,000.

Q And you expect a difference of 40 times?

A No, what it meant was that the variance that you
would calculate, based on that sample of 27,000, was about
the same as you would have gotten from a simple random sample
with approximately 680 cases. So the cluster sanple of
27,000 was about as good as the sinp’ - rancdom sample of 680.

Now what I would do with that would bé to make some

kind of conservative adjustment to the reliability equation
and it may turn out that it would have been a simple matter of

expanding the sample to increase our belief in Dr. Sing's
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results.

Q All right, sir. 1Is there -- are there other
statistical techniques that, given the data that Dr. Singh
had in his hands, are there other statistical techniques or
tools that you would have used, rather than the tool or
tools that Dr. Singh used?

A Yes. Yes, there are.

Q Could you tell me about them?

A Well, I would have to think about the details of
this, but the general procedure that I would follow would be
to try to estimate a model in which I was able to measure or
estimate the influence of discrepancy rates for individual
inspectors and also take the effect of the individual inspec-
tion element con the discrepancy rate. And to try to fit
the matrix of inspector by element cells and I think that
if I had done that, I would have been able to reduce the

uncertainty beyond or below that which Dr. Singh had.
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There is a paper, published in the Journal of
American Statisiibal Association in June 1983 which gave me
ideas on how to proceed. I haven't actually tried to
do so.

Q ~ Even with the limitations of the design of the
program and the kind of data --

A That is correct.

Q In answer 16, sir, you indicated that you
calculated some intraclass correlations and you indicated
that if the intraclass correlation is equal to zero, it
means the inspectors are homogeneous?

A Yes. I should have, perhaps, expressed that a
little better. What I mean by that -- I tried to use the
meaning of homogeneous that Dr. Singh used and that was
tsed in the Tnspection Report. It means that all the
inspectors were the same.

Q Well, that was my understanding of the word,
alsc, sir. But in the sentence that follows, after the
last sentence in that paragraph, ycu say “"If the intraclass
correlation is greater than zero, then inspectors are not the
same."

A That's right.

Q Now greater than zero can be a very small number.
Surely there is some flexibility there.

A Oh absolutely.
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Q So what do you mean by greater than zero?

A By greater than zero it would have to be enough
greater than zero that the design effect would be substantiall
greater than one.

Q | Is it similar to the correlation coefficient,
between zero and one? 1Is the ragne --

A Well no, the intraclass correlation can go for a
number that's a little bit less than zero, to one.

However, the intraclass correlations can be very
small, about .01 or .02, and have a very substantial impact
on the design effect if the clusters are large. And I refer
you to Appendix 1.

Q So, all right. So --

A S0 you see it says "Design effect F is equal
to 1 plus ROH times B minus 1." And the DEF is the design
effect, the increase in variance due to cluster sampling.
And just to give a hypothetical example, if ROH is equal
to .01 and the cluster size B is 500, then 499 times .01 is
4.99 &nd you aéd that to 1 and the design effect is about 6.

Q So the significance of it is highly dependent upon
the average cluster size?

A That's right.

Q Now how do you calculate the cluster size?

A It would simply be the average number of inspectionT

done by an inspector.
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Q What if all the inspectors did a lot of inspectionspP
A Well, another strategy would have been to select
a sample of each inspector's work. So let's assume that
you have 100 inspectors. One way of doing it would be to
take 20 inspectors and look at all their work. Another thing
you could have done would have been to take 40 inspectors
and inspect half the work of each.
Your overall sample size would have been the same,
but your average cluster size would have been half as big
and the design e.fect would have been half as large.
(Board conferring.)
Q If all the inspectors inspected the same number

of items, would clustering be important?

A Yes.

Q Why?

A Because ~-- that's assuming you have a cluster
sample,

Q Well, you say cluster sample. I guess I'm not

quite sure what that means.

A Well, we have a cluster sample because we
selected inspectors. But statements are made about inspection#
and we talk about the proportions of inspections that had
discrepancies. And we have a confidence interval around
the proportion of inspections that had discrepancies. Now

the question is, how do you calculate their confidence interval.
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Now if you nad a clustered sample and a confidence

interval is wider than it would be if the same sample of the
same size had not beer clustered. Now it really doesn't
matter all that much if each inspector inspected the same
number of items because if you take all of the inspector's
work then that's goinc to determine the cluster size.
Q But you're giving the impression that cluster
is going to have a highly significant effect, impact, on
the statistics, the reliability of the statistics that we
might use.
Right. And the way to get around that is to select
that you have more inspectors but a
of every i sctC work., Instead of
1e inspecter's work you would only look
f each of the inspectors picked in the
have been a better way to do it.
talking about already existing data?

talking about what you would do when

ot looking 1@ data tha we've collected,
ertain statements h a certain amount
your variance calculations take the

clustering nto account.
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Now if it turns out that the results don't give
you the certainty that you require, the only answer is either
to try to incorporate some kind of statistical model or the
easiest thing to do is simply to go out and do some more
sampling'and expand the sample size.

Q Okay, I might have missed the whole boat on the
impact of clustering. Let me try to briefly restate the
question or pose a situation.

Let's say we have 10 inspectors that are included
in the Reinspection Program. We are going to inspect the
first three months of work of those 10 inspectors. Let us
say that those 10 inspectors did approximately the same number
of inspections.

A Fine.

Q I guess I do not understand why the number of
inspections that each one of those has done, which is directly
included in your calculation of cluster, is going to have a
significant statistical impact on the results. Now could you
explain to my why that is so?

A Okay. I think the best way to do that would be to
refer you to page 10 of my testimony.

Q All right, sir.

A Now you see the formula is R is equal to 1 minus

2.9955 divided by n. So you can see that the sample size is

what really determines reliability of that formula. The numbex

!




sy261b6

20

21

22

23

24

25

11,097

n in the denominator.

Now what clustering does is that it effectively
changes that number n to a smaller value. And therefore,
the reiiability is less than you think it is. So if the
design effect is 40, then the effective sample size is
n divided by 40 and reliability is somewhat greater.

Q Well, you tell me how that applies in the formula,
but the number of inspections -- why would the number of
inspections change because of a cluster effect?

A Because this formula assumes that the information
that you get from one inspection is completely independent
of the information that you get from all other inspections.
And what I'm telling you is that the likelihood of finding
a discrepancy or not finding a discrepancy, in one inspection
done by the same inspector, is related to the chance of
finding a discrepancy in another inspection done by the same
inspector.

Q Okay, well, let's talk about specific numbers, now.

We have 10 inspectors. Each one of those has done 1000

inspections?
A Right.
Q Why can't I put 10,000 in here?
A 10 times 1000 is equal to 10,000.
Q That's the number of inspections that were done.
A This formula assumes that you have 10,000
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independently selected inspections and you don't.

Q All right, so how many do you have?

A Well, how many you have depends on what your
design effect is. If your design effect is 40 then you have
1000 ovef 40. That would be about 25 for each inspector.

If you have 10 inspectors, the number would be 250.

Q Okay. Now the reasons why you would make that
correction are what, sir?

A The reason why we make --

Q What is the effect that will reduce that number?

A It is the similarity in the likelihood of making
a discrepancy from two inspections done by the same
inspector. Some inspectors are more careful than others,
and so the careful inspector on his first inspection is likely
to be a careful inspector on his second inspection. The
careless inspector on his first inspection is likely to be
a careless inspector on his second inspection.

There's a relationship between different inspections
done by the same inspector.

Q Okay, I understand what you mean by cluster effect
now. I don't necessarily agree that the effect would be that
large, bhut that's your area.

A Well, what I'm trying to tell you is that we're
in a position where we have to speculate on what the clustering

effect might be. We're pretty sure that there is one.
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Q All right, sir. At page 12, I just want to make
sure that I understand your result in question 16. The
last part of your answer to question 16, you're talking
about the results of the F test. And you set up a
hypothesis that the inspectors are the same and then you
put in the appropriate data and found out that the hypothesis
failed, is that correct sir?

A That's correct.

Q Did you reverse that hypothesis and see if it
also failed that they are not the same?

A I don't know how I would do that.

Q Couldn't you just set up a hypothesis that they are
not the same and then test that?

A Well, we could set up a hypothesis that they
differed by certain amounts and test those. I did not do
that.

Q Yes, I guess I don't have a feel for the 1, 5, or
10 percent level of significance for rejection in that I
don't know exactly data you inputed to that. So subseqguently,
I don't have a feel for the statement that the level of
significance was 10 or 5 percent when you said that they
are not the same.

A Essentially what I did was to compare the
discrepancy rates of all the inspectors who were working for

a certain company and you start with a null hypothesis that
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for all the inspectors they are the same. What you would
observe in the sample would only be very minor, random
types of fluctuations and the data indicate that the
variation in discrepancy rates is greater than that.

Q ‘ Okay, now I guess I don't have a feel for what
the 10 percent means. Does that mean that -- well, what
does the 10 percent level of significance mean? Am I looking
at a bell-shaped curve, at some tail of the bell-shaped
curve, to get this 10 percent?

A That's right.

Q Should that mean that 9 times out of 10 they would
be the same?

A Well, no. It means that if you start with the
hypothesis that they really are the same and that if we'd
been able to look at the results for all of the inspectors,
let's say for Hatfield, that there would have turned out to
have been rcughly the same.

Then based on the inspectors that we did see, we
rejected the 10 percent level of significance. That means
if the probability is less than 10 percent that they really

are the same.
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Q The probability is less than 10 percent that
they really are the same, okay.
A That's right.

JUDGE COLE: Thank you, that's all I have.

BY JUDGE CALLIHAN:

Q As I say, Dr. Ericksen, just one topic. I am
sure you feel the day is lengthening.

We have sort of beaten this to death, but there
is a little life left. As was said earlier this afternoon,
the original intent of the Reinspection Program -- at least
I have adopted the terminology here that we had inspections,
and then we had reinspections =-- the original intent of the
aim of the Reinspection Program was to roinspect the inspectors
And we had reinspectors who reinspected original inspectors.

Well, for a number of reasons, some good, some
bad probably, and because of the interest this aim drifted
over into hardware, because maybe that i3 what some of us

think most of. And there has been a lot of evidence

| everywhere on a hardware aspect and the goodness cr badness

thereof.

Suppose this drift had never occurred. Suppose
that those responsible and ourselves, for that matter, had
considered only the reinspection of the inspectors and not
saying how that was done, parenthetically we have got to

bring the hardware in, of course, but that is just a modus
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operandi.

Suppose we had done nothing but talk about the
reinspection of the inspectors, would your testimony have
been materially altered, or your conclusions materially
changed?

A Well, I think that I would have to think a little
bit about how I would define my criterion of judgment. But
one criterion that I might look at would be how many inspectors
made important errors.

And I would have to think about how I would define
an important error. And I think that I would probably still
say that they did not select enough inspectors to really say
something with sufficient certainty about the population of
inspectors.

It would have beenketter if they had looked at
jmore inspectors, and perhaps looked at less of each inspector's
work. For example, there is one case where they looked at
over 7000 inspections that was done by the same inspector of
the same element. And 1t would have been bhetter to have
perhaps looked at 500 of his inspections and used the other
6500 to look at another part of the plant.

So, I think the answer to your question is that
I think for that objective it would have been better to
include more inspectors in the sample. And, if you want to

keep the number of reinspections constant, to have looked at
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JUDGE SMITH: Would that not then have required
a change from the acceptance criteria? If youhad designed a
plan and you selected your inspectors on a systematic
basis, and y~u found out that you came to one that had a
very large inspection sample, and you said, "What, we don't
want to use this acceptance criteria," aren't you doing
exactly what you cautioned us not to do?

THE WITNESS: By acceptance criteria you are
referring to Military Standard 105-D?

JUDGE SMITH: I am talking about, start with the
first and the fifth and every fifth thereafter, and then
you started. And then you find that one of these inspectors
has 7000 or 12,000 inspections. You say, "Oh, we don't want
that. That is going to be too many inspections for one
inspector, so let's change the acceptance criteria and let's
do something else."

THE WITNESS: No, what I am saying is, that I
would probably divide the inspectors perhaps into two groups.
And those inspectors whose total amount of work was less than
a certain amount, perhaps I would reinspect all of their work
or a high proportionof their work.

And those inspectors who did a very large number
of inspections, I would perhaps review a smaller proportion

of their work. But I would still include such an inspector
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BY JUDGE CALLIHAN:

Q In your discussion to which there has been
considerable reference already, on page 10, in your answer 15,
where theAMiller and Freund equation appears, just preceding
that is a remark -- perhaps this is out of context. Nonethe-
less, for identification, the final sentence in the first
paragraph of answer 15 says:

"Edison may have made this error."

It has to do with random sampling.

"Edison may have made this error, because

the company designed its program to test initial

qualifications of inspectors rather than quality

of work."

Now, are your remarks that you have made in
answer to the Chairman’'s question and mine,related to that
situation there?

A Yes. I think so.

Now, I have been trying to =-- in answer to your
guestion, probably the sample of inspectors was not ootimal
for the objective of evaluating the inspectors.

Q So, this implies that at the outset when one was
looking at inspectors only, that implies that the error on
randomness of sample was not an error in that original

design of the program?
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A I don't understand.

Q Well, let me say it again a different way.

This sentence to which I just referred, the
final sentence in the first paragraph of answer 15 alludes
to an error in the selection of the sampling. Is that
correct thus far? And I admit I may be missing out.

A What I am really saying is that the error is to
assume a simple random sample. And the reason why they are
in a position to have to assume a simple random sample is
that the original sample was clustered.

And, the reason why the original sample was
clustered, I speculated as to what that might be.

Q Would that selection therefore fall, any
results of inspector reinspections, to a degree different
than it would fall, results of hardware inspections?

A It would probably be different.

JUDGE CALLIHAM: Thank you.

JUDGE SMITH: Ms. Judson?

MS. JUDSON: Can we have a minute to confer?

JUDGE SMITH: Surely.

(Counsel for Intervenor conferring.)
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JUDGE SMITH: Would you like to have a break,
Ms. Judson?
MS. JUDSON: Maybe a short break.
JUDCE SMITH: Five minutes.
(A short recess was taken.)
REDIRECT EXAMINATION
BY MS. JUDSON:

Q Dr. Ericksen, first I'm going to ask you some
questions to be sure that the Board understands some
issues that they raised. Why was clustering a problem in
the Reinspection Program Report?

A Clustering was a problem because the sample
was selected of inspectors rather than of inspections, and
if they had selected a sample cf inspections, there would
have been no problem with clustering.

Q Now, at one point Judge Cole asked you to
explain cluster. Do you have an example in your testimony
that deoes this in a simple manner?

A Well, I believe I could give a very simple
example on page 13.

Q Would ycu like to explain that example a bit?

A Sure. We have a population of four inspections,
one of which involves a measurement -- two of which involve
measurements of two inches which were done by a Mr. Short,

and two of which involve a measurement of four inches, which
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were done by Mr. Long.

Now, if the sampling had been of inspections
and we didn't allow any particular inspection to be picked
more than one, then there would be six possible samples.
And you éan see that those six samples are listed at the
top of page 14. And you can see that in four out of the six
cases, the average of the sample is equal to three inches,
which is the population average. And in one case, it's
two inches and in one case it's four inches.

So your chances of getting a precise estimate
are pretty good from that sampling plan.

Now, if you take a clustered sample where you
pick one inspector or the other, then you're either going
to get both measurements of two inches, or you're going to
get both measurements of four inches and you can see that
the only possible sample means that you can get are two
inches and four inches.

So by taking a clustered sample you have a much
lower chance of a sample mean being close to the population
mean. This is an extreme sample just meant to illustrate
the problem of clustering. What you had in the Reinspection
Program was a problem not as extreme as this but still an
important problem.

Q Now, at one point Judge Cole also asked you why

in Answer 11 you listed a different number as tie' rinimum
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required under military standard 105D than you listed in
your answer Al9. Can you explain for the Judges and the
parties how that military standard works and why the
number was different?

A Well, there was a table indicating how to use
military standard 105D on page 506 of the Miller and Freund
book. 1In the lefthand column it gives lot or batch size,
228914 all the way up © 500,000 and over. And the inspection
level 1, inspection level 2, inspection level 3.

Now, one would choose an inspection level
according to the risk of error. Now, I believe -- it's my
understanding that inspection level 2 was selected. So where
the population size is 4000, look at the row that says
3,201 to 10,000. You go over to the letter L, and the
letter L indicates that the sample size should be 200.

Now, for the other case where it's about 37,000,
you would go over to the letter N, and the letter N on the
chart on the next page indicates that the sample size should
be 500. So military standard 105D, the sample size depends
in part on the population size.

JUDGE COLE: I thought you had answered that
question before.

THE WITNESS: Okay.

MS. JUDSON: It wasn't clear to me whether it

was clear to everyone else that he was using the same
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methodology as Dr. Singh but the number is different because
of the different -~
JUDGE COLE: That was my understanding.
BY MS. JUDSON:
Q Fine. Now, at various point, Mr. Miller asked

you questions about aggregation of data, aggregating elements

of data.
A That's right.
Q dow can a statistician help determine a certain

aggregation was appropriate?

A Well, one could create a table along the lines
of Table 4 in my testimony. Table 4 presents the discrepancy
rates among different inspectors for the same type of
element. It also presents variations in discrepancy rates
for different elements for the same inspector. And you can
inspect these discrepancy rates to determine whether or not
they are sufficiently similar that the elements should be
aagregated.

Q So you're basically using data to test the
assumptionsg made by the people who decided to aggregate or
disag regate?

A Yes. I would consider it -- let me put it this
way. Every statistical estimate involves assumptions, and
almost every statistical estimate that i have ever seen

involves assumptions that cannot be tested. Statistics is
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the science of dealing with uncertainty, and that is part
of the uncertainty that we have to deal with.

However, it is incumbent upon the person making
a statistical statement to bring any available information
to bear in evaluating those assumptions. And this lays out
the kind of analysis that could be brought to bear to
evaluate whether it's reasonable to aggregate elements to
create attributes.

Q So this is a way that a statistician can

help an engineer determine if the decision was appropriate?

A Yes.
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There are tests of significance that could be
based on these. There are variocus procedures that could be
used.

Q Now at one point you were asked about Staff's
testimony concerning the extent that non-reinspectable
attributes are similar to reinspectable atfributes. Can a
statistician help determine the appropriateness of making
certain assumptions about similarities of reinspectable
attributes and non-reinspectable attributes?

A As I recall -~ I really should have a copy of =--

(Document handed to witness by counsel for
Intervenors.|

Now I'm reading a sentence that says "To the
extent that non-reinspectable attributes are similar to the
reinspectable attributes, the sampling of reinspectable
attributes can be readily applied to the non-reinspectable
attributes."

Now there has to be an understanding of what we
mean by similar and whatever the criterion is for saying
that the reinspectable and non-reinspectable attributes are
similar, it should be possible to apply that same criterion
to evaluate the similarity of reinspectable attributes.

In other word:, if you have attribute A and
attribute B and you are sayvino to non-reinspectable attribute

C, then in order to evaluate whether that's a reasonable
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thing you should at least be able to demonstrate that
attribute A is like attribute B. And those data are availablel
and statisticians have procedures for carrying out that

kind of analysis.

Q Is there anything in your Table 4 and the analyis
that you did relating to that table, which could assist
engineers in evaluating their assumptions about similarities
among elements or inspectors?

A Well, I did do something very similar. I looked
at all of the results for element one and for element two.

In other words, I believe there are 17 inspectors who
inspected element one and 9 inspectors who inspected element
two. And I used the F test to determine whether they were
significantly different.

And the results of the F test indicate that they
are significant at the 1 percent level, significantly
different. This significance test was made a little bit
more complicated by the fact that there was clustering. Making
reasonable adjustments for clustering effects, you still get
significance at the 1 percent level and conclude, therefore,
that the inspectors who inspected element one differ from one
another. And you conclude that the inspectors who inspected
element two differ from one another.

Now one could also test whether the one versus two

were similar.
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Q What, i. any, problems exist with the way in
which Mr. Sinch shows his reliability and confidence level --
his confidence level and determined acceptability =--
acceptable reliability level?

MR. MILLER: I'm sorry, could I have the guestion
repeated, please?

BY MS. JUDSON:

Q What, if any, probleas exist with the way in
which Mr. Singh chose his confidence level and determined
the appropriate reliability level?

MR. MILLER: I'm going to object. I believe
that's beyond the scope of any cross examination or board
guestions.

MS. JUDSON: I will be frank with the Board.
I understood that part of the problem with our previous
objection to the issue of choice of confidence level and
adequate reliabilities was due to our phrasing of the
quescion and the answer. And it was an error of counsel,
and I was going to attempt to provide the witness an
opportunity to share this information with the Board.

MR. MILLER: Well, Judge Smith, it seems to me
that the Board has ruled not just on the basis of
phraseology that was used in the questions and answers --
which I find kind of startling since the testimony is

supposed to be that of Dr. Ericksen and not that of his
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counsel -- passing that question for a second, my under-
standing of the Board's ruling striking the answers and
portions of answers that we referred to earlier was that
they were also outside the scope of his expertise.

And at this point in time to simply rephrase
the questions and go ot this agair I think is improper.

JUDGE SMITH: Ye~. The phraseology comment
was in response to Mr. Cassel's .=guest that we construe
all the stricken testimony as being something that it
clearly was not.

But I am missing the relevance of the guestion
to begin with. Could you state the gquestion once again?

MS. JUDSON: What, if any, problems exist with
Mr. Singh's choice of confidence level and acceptable
reliabilities in his determination of the guality of work
for Hunter and Hatfield?

MR. MILLER: Judge Smith, the only questions that
were asked along that line were asked by, I believe, Judge
Cole prior to the time that the Board made its ruling.

JUDGE SMITH: What type of answer would you
expect to get? I don't know where you're going. 1Is the
answer well, that's not good enough? You know, =- for
important to safety things? 1Is that where you're going?

MS. JUDSON: I would expect him to say that it

is not appropriate to always choose a 95 percent confidence
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level and a set reliability and that one should make
determinations based on the potential risk, if one is wrong,
and set confidence levels accordingly and reguire higher
reliabilities.

JUDGE SMITH: Sustained.

MS. JUDSON: Fine. I have no further questions,
Your Honor. However, we have not had a ruling on
Intervenor Exhibit R-11 as to whether it's being admitted
into evidence.

JUDCE SMITH: 1In the first place, I don't
understand R-1i, so -- I mean, I understand the chronology,
but I don't understand what we're supposed to infer from it.
Let me see. Let me read it.

(Pause.)

JUDGE SMITH: This document has no probative
value whatever. There's no finding for the Board to make
on that document.

MS. JUDSON: Your Honor, I think it shows a
pattern of errors in providing certain information, and I
think this becomes even more important given the cross
examination we heard from the Applicant regarding this
documents of January 12, 1984, which certainlyv precedes
these dates.

And even though that information was in their

possession, from what I gather incorrect answers were being
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constantly provided to questions about number of discrepancies

and reinspections. And we show here a pattern of the
company being unable to come up with any answer and then
a correct answer.

JUDGE SMITH: Part of the problem is there's no
quantity. There's no quantitative information here.

MS8. JUDSON: Well, the gquantitative information
is provided in Table 2, and what tihis shows is the
chronology of the attempts that we have made to get the
accurate information and the number of times that it has
been erroneously provided.

JUDGE SMITH: All rdght, we will consult.

(Board conferring.)

JUDGE SMITH: Objection sustained. It will be in
our rejected exhibit file.

(The document referred to, pre-

viously marked Intervenor's

Exhibit R-11 for identification,

was rejected.)
JUDGE SMITH: Is there anything further for
Dr. Ericksen?
MR. MILLER: I just have two brief cuestions.
JUDGE SMITE: Make them careful questions.

MR. MILLER: I will try to be, Judge Smith.
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RECROSS EXAMINATION
BY MR. MILLER:

Q Dr. Ericksen, I believe you said the greatest
design effect you observed in the calculations you did was
approximately 40?2

A I don't believe I said that. What I had tried to
do was to indicate to Judge Cole what the range was, and at
that moment I can think of design effects that range from
5 to 40. I really don't recall how big they got, but I
think they probably got lara - than that.

Q I think you said that the design effect of 40
was applied toa sample size of 27,000. Correct?

A That's right.

Q Is that the visual weld attribute for Hatfield?
That's a sample size that's about 27,000.

A It could be.

Q Do you know =~ the calculated reliability
reported in the Reinspection Report for that attribute is
greater than 99.9 percent. Do you know what the effect on
the calculated reliability, using the Freund and Miller
formula, would be if you reduced the sample size from
approximately 27,000 to 6807?

A Assuming for purposes of argument that that is
correct, which it may well be, then I believe it would be

about 99.5 or 99.6 percent.
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MR. MILLER: Thank 'ou, I have no further

questions.
JUDGE SMITH: Ms. Judson, do you have a question?
MS. JUDSON: Yes, I do, Your Honor.
FURTHER REDIRECT EXAMINATION
BY MS. JUDSON:
Q Were you provided with any data on results by

inspector for Hatfield by elements as opposed to attributes?
A No, I wasn't. That would have been a very
useful document to have because the discrepancy rates for
Hatfield, as I recall, were higher than they were for Hunter.
MS. JUDSON: No further questicns.
JUDGE SMITH: All right. Now, on your Exhibit 11,
it goes into the RPejected Exhibit file, but what you have
to do is you have to provide the copies of the exhibit as
if it's been received in evidence. Do you understand that?
MS. JUDSON: 1I'll be glad to do that, Your Honor.
JUDGE SMITH: Anything further?
(No response.)
JUDGE SMITH: All right, Dr. Ericksen, you may
step down. Thank you very much, sir.
(Witness Ericksen was excused.)
MR. MILLER: Judge Smith, I forgot my manners.
At the beginning of the day I should have introduced

Dr. Frankel who has been sitting at counsel table with me.
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‘ ] He is our next witness, and our first rebuttal witness.

2 | Whereupon,

3 MARTIN R. FRANKEL

4 was called as a rebuttal witness by counsel for Applicants
5 and, after being first duly sworn, took the stand and was

6 examined and testified as follows:

7 DIRECT EXAMINATION
INEX 8 BY MR. MILLER:
9 Q Would you state ybur name for the record,

10 please?

1 A Martin Frankel.
12 Q And what is your current business address,
13 Dr. Frankel?
‘ 14 A current business address is Bernard Baruch

15 College, City University of New York, 17 Lexington Avenue,
16 New York, New York.

¥ Q Dr. Frankel, do you have before you a 9-page
18 document which is titled, "Rebuttal Testimony of Martin R.

19 Frankel," to which is attached a curriculum vitae?

20 A Yes.

21 Q By whom was that document prepared?

22 A By myself with help from counsel.

23 Q And are there any changes or additions you wish

24 to make to your testimony at thirf time?

25 A Not to my knowledge at this time.
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Q Is the testimony true and correct to tho best
of your knowledge and belief?
A Yes.

MR. MILLER: Judge Smith, at this time I ask
that the Rebuttal Testimony of Dr. Frankel be bound into the
transcript as if read.

JUDGE SMITH: Any objections?

MS. JUDSON: No objection.

MPR. LEWIS: No objection.

JUDGE SMITH: The testimony is received.

(The Rebuttal Testimony of Martin R. Frankel

follows.)




UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In The Matter of

COMMONWEALTH EDiSON COMPANY Docket Nos. 50~454-0OL

50-455-0L

(Byron Nuclear Power Station,
Units 1 & 2)

Rebuttal Testimony Of Martin k. Frankel
Q.1. Please state your full name for the record.
A.l. Martin R. Frankel
Q.2. Please describe your present positions and your
job responsibilities.
Asds At the present time I am Professor of Statistics,

Bernard Baruch College, City Univeristy of New York,

17 Lexington Avenue, New York, New York, 10010. I am
responsible for the teaching of all graduate and undergraduate
courses in survey sampling. In addition I teach courses

in general statistics and in computer languages. I have been
at Baruch College since 1971 with the exceptior of a two

year period when I was an Assistant Professor of Statistics

in the Graduate School of Business of the University of

Chicago.
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I also serve as Technical Director of the National
Opinion Research Center, University of Chicago. In this
position I am responsible for the statistical and technical

quality of all contract survey research conducted by the

Center.

Q.3 Please describe your educational and professional
background.

A.3. I hold an AB degree in Mathematics from the University

of North Carolina. I hold an MA degree in Mathematical
Statistics and a Ph. D. degree in Mathematical Sociology

from the University of Michigan. My doctoral dissertation
was in the area of inference from complex probability samples.
This dissertation, which was published by the Institute of
Social Research of the University of Michigan under the

title Inference From Comples Samples, is currently in its

fifth printing.

I have been actively involved in the use of
probability sampling techniques for a period of 19 years.
Over this time period I have been involved in the design,
sleection and implementation of more than 100 different
large scale samples. This work has been carried out for
Federal Goverment agencies, Universities, International
Organization and Business Firms.

The major professional organization for applied
statisticians in the United States is the American Statistical

Association. I was elected a Fellow of the Association in



1979 for my work in the area of probability survey sampling.

I have served as Chairman of the Association's Section on
Survey Research Methods and its Advisory Committee to the

U.S. Bureau of the Census. I also served as an Associate
Editor of the Association's Journal for a period of 8 years.

In addition to the title mentioned above, I am

coauthor of 2 books in the area of survey sampling. I am
coauthor and author respectively of the chapters on probability

sampling in The Handbook of Marketing Research (McGraw

-

Hill, 1974) and the Handbook of Survey Research (Academic

v %

Press). [ have published articles on survey sampling in

various scientific journals. I am one of the four members

of the Editorial Board of the 8 volume Encyclopedia of

Statistical Scienc (Jchn Wiley and Sons).

[ was elected to membership in the International

Statistice nstitu in 1983, A copy of my cirriculum

Byron Reinspection

Program?

A.4.

Inspector Re 5 ction Prog n (Reinspection Report), the
Report Supplement -ne testimony of Mr. Singh, Mr. Ericson

and portions o he testimony of Messrs. Tuetken, Del George

ind answers t cert n written interrogatories
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I have also held in person discussions with
Messrs. Singh, Del George, Tuetken, Laney and counsel for

Commonwealth Edison Company.

Q.3. Can you define some of the technical terms that

you will be using in your subsequent testimony?

A.S5. Yes. Four of the basic terms that I will be
using in my testimony are probability sample, non-probability
sample, random sample and systematic sample.

A probability sample is a sample that is selected
by a procedure that gives each element in a defined population
a known, calculable, non-zero probability of being included
in the sample

" non-probability sample is any sample that does
fall under the definition of a probability sample.

The term random sample is often used three different
ways.

In the formal theory of probability sampling it
is used to describe a type of probability sample in which
all combinations of elements of a gi7en size in the population
and all subsets of this size have an equal chance of being
selected into the sample. In this context, random samples
of elements may be defined as "selected without replacement"
or "with replacement".

In general statistical theory, the term random
sample is used to describe a sample from a population that

may be treated mathematically as the product of independent,
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identically distributed random variables. As I will discuss
later, there are numerous instances hwere samples which do
not satisfy the probability sampling definition of random
samples are treated as random samples in various analytical
and inferential procedures.

The term random sample is also used by the general
population and the media that serve this population. 1In
this contest the term does not seem to have any clearly
defined meaning.

The term systematic sample is used to describe
a type of probability sample that is selected using a constant

skip interval or pattern after a random start.

Q.6. Can you describe the role of probability and
non-probability samples in drawing inferences from a sample

to a larger population.

A.6. The use of probability sampling methods generally
assure that objective statistical inferences may be drawn
about the larger population from which the sample was
selected. More specifically, support for one of the assumptions
that must be made in order to apply various theories of
mathematical statistics may be directly linked Lo the sample
selection process.

However, it 1s important to recognize that the lack
of a probability sample does not mean that inferences can
not be made from the sample. When a non-prcbability sample

is used in making statistical inferences, support for
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assumptions contained within the mathematical theory of
statistical inferences must come from other sources. Typically
the source for this support is an individual or individuals
who possess relevant substantive knowledge. In these
instances, the inference is supported on the basis of
subjective judgment.

The methods and techniques of probability sampling
were first introduced in the late 1930's and early 1940's,
While the use of probability sampling has generally increased
over time, there are many areas involving both the public
welfare and safety in which policy decisions are made on
the basis of non-probability samples.

Examples of the use of non-probability samples in
this context include the approval of drugs for general
distribution and testing of products for the satisfaction
of safety standards. The benefits and effectiveness of
various social programs are often evaluated on the basis of
small scale experiments or demonstration programs which
involve individuals. Most often, neither the selection of
geographic sites for these programs or demonstration projects,
nor the selection of individuals for program enrollment is
carried out on a probupility sampling basis.

In general, the use of probability sampling can
often simplify the process of drawing inferences from sample
to the larger population. But, the lack of a probability
sample does not preclude this inferential process in either

theory or practice.
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Inferences may be accomplished from non-probability
. samples if substantive subject matter experts provide
subjective support for assumptions linked to the general
statistical definition of random sampling. For persons

who do not rely on mathematical statistical theory for making
inferences from samples, the use of a probability or non-
probability sample is immaterial. In such a case the
adequacy of the sample is a matter of judgment on the part

of the subject matter expert.

Q.7. What is your evaluation of the procedures used

to select inspectors for the Byron QC Reinspection Program?

A.7. In my discussion of the sampling procedures used
. to select the sample of inspectors, I would separate the

procedure used to select theinitial sample which was based

on every fifth name from the ordered list of inspectors,

and the procedure for the addition of certain inspectors

by the NRC staff.

Within the formal definition applied in the context

of probability sampling, the initial sample does not quali£§

as a simple random sample. It more closely resembles a

systematic sample with implicit stratification by contractor

and date of certification. It should be noted that systematic

Gamples do qualify as probability samples and in certain

instances may be more reliable than simple random samples.
‘ The addition of names to the sample by the NRC

staff does transform the resulting total sample into what



is best described as a judgment sample. Judgment samples
of this type are often used by auditors in order to subjectively
maximize the chances of uncovering discrepancies that might
be missed in simple random or systematic samples.
Judgment samples do not satisfy the requirements to
be classified as probability samples, and thus, the use of
this type of sample in drawing inferences must be supported
by the judgments of individuals with appropriate substantive

knowledge.

Q.8. Can you describe the role of the sampling statistician
in determining whether or not inferences may be drawn from
probability samples versus judgment or other non-probability

samples.

A.8. A sampling statistician can evaluate a sample
selection process and determine whether or not a sample
qualifies as a probability sample, then the sampling
statistician is generally able to determine the type of
inferential statements that may be supported for the sample
data.

If the sampling statistician determines that the
sample selection process does not produce a probability
sample then the role of the sampling statistician bccomes'
much more limited. The sampling statistician can not, within
the boundaries of his or her sphere of expertise, draw
inferences from the sample. At the same time, however the

sampling statistician can not, acting within the boundaries

of his or her sphere of expertise, conclude that the sample
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is incapable of supporting inferential statements based
on the subjective evaluation of experts. The sampling
statistician can work together with subject matter experts
in determining whether certain assumptions required for
sample inferences are satisfied, but the sampling statistician
must depend on fubject matter experts for the required subjective
judgments.

The sampling statistician has no role to play when
the individual drawing inferences to a population on the
basis of observations of a sample does not purport to base

these inferences on mathematical statistical theory.
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MR. MILLER: Would you like me to provide a
brief oral summary of Dr. Frankel's testimony?

JUDGE SMITH: Yes, please.

MR. MILLER: Dr. Frankel is a Professor of
Statistics at the City University of New York, and Technical
Director of the National Opinion Research Center, University
of Chicago.

He has reviewed the Byron Quality Control
Inspector Reinspection Procram and conducted certain other
research into it, and after defining certain terms such that
are used by statisticians, such as probability sample, random
sample, systematic sample, he describes the role of
probability and non-probability samples in drawing
inferences to a larger population.

He then discusses his evaluation of the procedures
used to select inspectors for the Byron Quality Control
Reinspection Program, and concludes by describing the role
which a sampling statistician can play in determining whether
or not inferences may be drawn from a sample to a larger

population.
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With that, Dr. Frankel is available for cross
examination.
MS. JUDSON: We have no guestions of this witness.
MR.LEWIS: Staff has no guestions.
JUDGE SMITH: Okay.
EXAMINATION BY THE BOARD
BY JUDGE COLE:

Q Page 7 of your testimony, Dr. Frankel, the second

line of the bottom paragraph, the last word, "qualify" rather

than "quality?"

A I'm sorry, the second-to-the-last one?

Q I'm sorry, the next-to-the-last paragraph on that
page, the second line.

A (lualify is correct. Thank you very much.

(Discussion off the record)
BY JUDGE COLE:

Q I just really have one gqguestion, Dr. Frankel,
and it has to do with ~- you have studied, or at least read
the Reinspection Report?

A Yes, I have.

Q And you have looked at some of the inferences
that have been made by certain of the witnesses that have
appeared before us. And your comments here are quite
helpful in our evaluation of the value of the statistics

that have been used.
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Is there anything you would want to tell us
about how much confidence should we have in the kind of
data that has been presented to us?

Can you speak in more guantitative terms rather
qualitative? Most of your response here is of a qualitative
nature as to how certain kinds of data can be used and
received.

A Yes.

Well, maybe I can help out in adding some
information about this effect of clustering as it impacts
on the design significant discrepancies, the so-called design
significant discrepancies which == I am certainly not an
engineer, but I understand that to mean that there is some
departure from the way the building took place or the
installation took place or something of that sort.

I find rather persuasive the fact that apparently
with all of the inspections that were done, zero design
significant discrepancies were located. One of the problems
that I had in correcting for this potential clustering, the
potential of clustering is definitely there in the sample of
inspections, which is derived from the sample of inspectors.
The potential for this clustering effect is there. However,
when I look at the variable, that is the key variable, namely
the number of design significant discrepancies, I find all

zeros.
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But, if I plug that into a standard formula I

get an answer that is either zero or indeterminate.

If I then use the traditional correction factor
that Dr. Ericksen started to use in his design effect
formula, I basically conclude that the effective end doesn't
have to be reduced at all. It doesn't have to be reduced
at all, because if you take a look at Dr. Ericksen's formula,
you will see that if you make ROH equal zero, then the design
effect is one.

If the design effect is one, and you take the
actuai end --

Q Let me get that page. That is Appendix 1 of
Dr. Ericksen's testimony?
A Yes. Here it is.

Appendix 1. The formula is DEFF equals one
plus ROH times B minus one.

Now, you can let B, which is the average cluster
size be as large as you want. If ROH is zero, design
effects is equal to one. Now, ~hen you get the so-called
effective sampie size down at the bottom, effective sample
size is actual sample size divided by DEFF, that would
indicate that in terms of the reliahility statements which
are made about the potential proportion or percentage of
design significant discrepancies that might exist in the work

that was uninspected, you get an effective sample size which
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is equal to an actual sample size.

In other words, it is not reduced by this factor
of six or seven, if you actually look at the intraclass
correlation on the base of the sample data.

Now, guite frankly, I think that the truth is
probably not that it is guite an intraclass correlation of
zero, but it looks like it is very, very close to zero.

S0 I guess what I am saying is that given that we didn't

really start out with a probability sample, taking the data

that we have, being somewhat subjective in applying statistics

which we have to be in this case, those reliability calcula-
tions seem pretty reasonable to me simply because when I
apply my standard corrective procedures, my corrective
procedures don't change the ends.

0 Yes, but the average cluster size can be very
large here, sir. Wouldn't that increase the effect even if
RCH is small?

A Sure, sure. But unfortunately, when I put in
the actual data -~ now this is looking at design significant
discrepancies -- the calculation that Professor Ericksen
did when he calculated two variances and divided one by the
other, you get zero over zero. That is what you get. It is
indeterminate.

Now, he gave the answer that the intraclass

correlation coefficient would be zero.
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Q That ie for the documentation section.

A Well, in fact it is my understanding that if we
take a look at the design significant discrepancies that
were found in the whole inspectionprogram, my understanding
was, and I may be wrong, that there was zero of them, total.

Q That's correct.

A Okay. If there was zero of them, total, the same

kind of calculation applied to anything we were talking about

design significant discrepancies is going to give you the same

result.

The cluster size could be five million, for all
we knew. But if the ROH was zero, the design effect would be
one.

And that is one of the problems I have as a
statistician in trying to guantify it. But this, I think,
adds credibility to the quantitative statements that have
been made. Although again I have got to say that they were
made subjectively.

This is not a probability sample. This is not
intended to be a probability sample.

Q All right, sir.

I want to make sure I understand what you just
said. It is in the record of this case that they found zero
design significant discrepancies.

And you just testified that if we use that value
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and take that value that the intraclass correlation value

would then be zero.
A Well, I think Professor Ericksen stated it would
be zero if we had zero design discrepancies.

I get an answer that is indeterminate. But, for
the moment, if we assume -~ let me assume it is zero for the
moment .

Q I want to make sure I understand. I can see
if RHO is zero -- I can see where the desion effect would
be =-- there would be no design effect.

A Right.

JUDGE COLE: All right, thank you. That is
very helpful, sir.

MS. JUDSON: I would like to move to strike a
part of that answer in which the witness said that he
was impressed with the fact that there were no design
significant discrepancies, as being beyond his expertise.

He has no basis for determining whether the
discrepancies are design significant or not.

JUDGE SMITH: As a hypothesis he has to accept --
areyou talking about Dr. Cole's guestion?

MS. JUDSON: 1In the initial answer to Dr. Cole's
question.

JUDGE SMITH: He has to accept that. That is

not based upon his evaluation or his analysis. That is
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based upon the evidentiary record of this hearing, which he
has to accept in his answer.

BY JUDGE CALLIHAN:

Q Dr. Frankel, I think I have the same questions

as my colleague here, but I would like to put it in my
own words.

First, do you characterize your analysis as
evidenced by your filed testimony as being sort of a combina-
tion of statistical luck with a strong flavor of practical

judgment and practical application and experience in the

field?
1s that some sovt of a charscterization?
A To characterize my prépared testimony?
Q Yes.
A Yes.

What I was trying to 4o was to indicate what
I felt statistics, formal statistics and statisticians might
have to appropriately offer in these situations, and what the
bounds were where they could make judgments.

I feel very strongly that -- if a sample is
designed as a probability sample of a certain type, as long
as the nurmbers are not =-- getting the numbers, getting the
basic data are not the responsibility of the statistician,
but the statistician was handed the numbers, the

statistician can project those numbers to what would have
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occurred had the whole population been examined.

That is under some very, ery tightly-defined
circumstances, namely when we have a probability sample.

In situations where we don't have a probability
sample, then the statistician has to be very careful because
the statistician is not really gqualified to make inferences
from that sample. The statistician can assist the subject
matter expert in making inferences from that sample.

But the statistician has to be very careful that
he doesn't overstep his bounds.

That is what I was trying to get across.
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I guess that characteéerizes practical experience
as well as statistical fact. 1 think it does.

Q As a result of, or a combinaticn if I may use the
term, of apnroaches which I have defined -- I think you
mildly concurred in it =-- did you say that -- or within a
judgmental sample =-- can the reliabjlity really be quantified
with such and such confidence level?

A The number of assumptions fthat have to be made
when you're dealing with a non-probability sample is greater
than the number of assumptions you have to make with a
probesbilicty sample. 1 would like to be able to characterize
thi; as being “lack and white, with a probzbility sample
you can do it aad with a non-probability sample you can't,
or it's more difficult.

It's really -- it's a gray distinction, rather than
black and white. You can, and in fact people work with
non-probability samples all the time. It is silly to deny
that they do.

A lot of important decisions are made with them.

There are some statistical theories which address
the question of how can you make gquantitative statements
from judgmental, non-probability samples? My general
feeling, and this summarizes it, I am more comfortable if I
can, if I have a probability sample to work with.

But that doesn't prevent me from making
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inferences from non-probability samples.

2 Q Co your most recent remarks have a bearing on

3 the application of what I will characterize the Miller-Freund
4 formula, which is the reliability of 1 minus a fraction,

5 which I'm sure we all recognize? Does your most recent

6 remark have some bearing on applicability of that formula?
7 A I think the applicability of that formula can

8 be determined by a statistician acting solely as a

9 statistician. The applicability of that formula has to be
10 determined by a subject matter expert, possibly with help
n from a statistician. But a statistician is really not

12 capable of determining whether or not that formula is

13 appropriate or not.
.
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Q And consequently whether or not the results
are descriptive?
A That's so.
JUDGE CALLIHAN: Thank you very much.
JUDGE SMITH: Any further questions?
CROSS EXAMINATION
BY MS. JUDSON:
Q Dr. Frankel, is there any evidence of homogeneity
and the likelihood of making discrepancies?
A I'm sorry, Ms. Judson, is there any =-- would you
repeat the question?
Q Have you seen any evidence of homogeneity in
the likelihood of making discrepancies?
JUDGE SMITH: Something's wrong with the question,
I believe. Ms. Judson, if you prefer, Dr. Ericksen can
ask questions directly.
MS. JUDSON: I was just about to do that, Your
Honor.
JUDGE SMITH: Do you object to that, Mr. Miller?
MR. MILLER: I don't know ==
JUDGE SMITH: It is provided by the rules.
MR. MILLER: It's probably going to expedite things
if we have the experts communicate directly, although
Dr. Frankel probably wishes that he had had the opportunity

to cross examine Dr. Ericksen.
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THE WITNESS: Nobody may be able to understand --

JUDGE SMITH: I observed Dr. Frankel. He was
mentally doing it anyway.

BY MR. ERICKSEN:

Q I just wanted to ask you, have you evaluated
the data indicating that there was a relationship between
the likelihood of an error for the same inspector on different
inspections?

A I have evaluated it and, in fact, you have -- when
I turned over my work on those two, you gaw my calculations.
I evaluated -- I made several kinds of evaluations in
homogeneity. One involved simple discrepancies.

Again, I'm not exactly sure what that means, but
I have been told that it means that the reinspection was, in
some way, different from the original inspection and I made
calculations on the basis of the data that was provided in
the report and I asked for scme supplemental data.

And indeed, ther e is an indication of intraclass
correlation, which is different from zero. When one tries to
make that calculation nn not just discrepancies in general but
design significant discrepancies, which I understand are
really the important ones to someone, then I'm in a situation
where I've got zero and I've got zero over zero. So for
one variable, as we statisticians say, I'm seeing intraclass

correlation. For another variable, which I'm told is the
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important one, I'm seeing either an indeterminate answer
or answer of zero. There is no intraclass correlation.

Q Your calculations indicate a desijn effect of
557.69 for subjective attributes and 36.1161 for objective
attributes. 1Is that correct?

A I don't remember, quite frankly -- what I don't
remember is whether or not those values are correct. I
wrote them down and ran them through once. And before I
agreed with them I want to have a chance to recalculate them.

(Document handed to witness by Intervenor.)

Q Have you done any other calculations for any
other variables of that nature?

A As I said, I tried to reproduce your calculations
and I believe I was able to come close to your calculation.

I couldn't hit it exactly.

Q Are there any other?

A Was there another work paper that was handed to
you -- let me just answer the question. My impression was I
may have done one or two more in my computer. And I don't
think I wrote th: results down, but I saw numbers that were
different from zero.

Q Do you agree that there are inspection elements
where there were no reinspections in the Reinspection Program?

A I'm sorry. You're asking -- is that a statistical

question. 1Is it a question about reading the report?
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Q It's a question about reading the report.

MR. MILLER: Judge Smith, I realize that when an
expert is doing the examination that perhaps there ought to
be some leeway, but I don't kxnow that there was any examinatioh
by any of the Board members with respect to the question of
whether or not there were zero elements or zero reinspections
in a particular element.

JUDGE SMITH: That's correct. This is something
that should have been done on the original cross examination,
but if it was overlooked =- if you had intende -- we will
accept it being done.

MR. MILLER: Let me try and be helpful and save
the witness's time. I think we established, as part of
what we had with Dr. Ericksen's testimony, that there are,
in fact, inspection elements =--

MS. WICHER: I believe it may be a foundational

question.
THE WITNESS: Yes, okay.
BY MR. ERICKSEN:
Q How would you advise the engineers at Commonwealth

Edison to evaluate the reliability of those elements?

MR. MILLER: Excuse me, but the question is evaluaté
the reliability and really, for the sake of -- I'm sure the
two statisticians are communicating perfectly. But for the

sake ol the record, I think we ought to have a definition of
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. \ when you talk about "evaluate the reliability" does that mean
2 a reliability calculation or something else?
3 MR. ERICKSEN: Perhaps I could rephrase the question.
4 MR. MILLER: Okay.
&£l - BY MR. ERICKSEN:
6 Q How would you advise the engineers at Commonwealth
B Edison to draw inferences concerning those elements?
8 A I think, from what I've heard today, just sitting
9 next to Mr. Miller, what I heard the panel talk about, this
10 data was collected in conjunction with a study that never
" was designed to make determinations on an inspection element
12 by element basis. We were in a situation where some data
13 came up through a program and I believe I heard someone say
' 14 that they would have been speaking about Edison, they wculd

5 have been remiss had they ignored the data and not analyzed it}
" So there is nothing there. There is nothing there,
17 in terms of reinspections. What can they do about it? That

18 specific 10,509, I don't know if they can make inference about|
19 | They might view it -- and again, this is where a statistician
20 | would have to work Qith a non-statistician. If it were

2 felt, by a subject matter expert =-- I presume an engineer --
22 or perhaps someone else. If it were found appropriate to group
23 these inspection elements with other inspection elements, then
24 it might be possible to aggregate.

25 Q And would you have suggestions to make, as to how
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‘ ! that aggregation might be done?
2 A I think that had I -- if I were asked the question,
3 I would ask them what kind of elements are similar, in terms
4 of what you normally do in your profession, what you know
5 about and what the operation is. I don't know what a
6 piping or whip restraint is. I have no idea.
7 Q Would you look at discrepancy rates among the
8 | elements that they consider to be similar?
9 A Among what different elements? Among the ones ~--
10 in other words, they would come up and say these are similar
" and then I would examine the rates?
12 Q I'm asking if you would do that?

. 13 A I'm not sure. I might. I might not. You know,

14 I can't say that everytime someone wants to group things

15 together, I say let's do a test to see if they're similar.

16 For example, in the survey work, that you and I do, which

17 irvolves household sampling, there are nine census divisions
18 that the Census Bureau has chosen to break up the United

19 | States, into nine divisions.

20 Now typically, because of sample size considerations,
2! we take samples of 1500. Typically, people don't use those
22 full nine divisions because you get the mountain states

23 | may only give you 50 observations. So things are grouped in
24 an aggregate unit, where we have four regions. Now the four

25 | regions are another way of geographically dividing the United
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. ! Statés, northeast, south, north central, and west. That's
2 an aggregation of either individual states, it's certainly
3 an aggregation of peorle, but it's an aggregation of individuap
4 states. 1It's also an aggreyation of the so-called census
5 divisions.
6 » Now how often have we asked people, have you
7 tested to see if the pacific and the mountain, which then form
8 the west, are similar? We usually say well, you know,
9 you're doing the analysis. You're the subject matter expert.
10 You decide what's appropriate for your analysis. Very
n rarely does a statistician get involved in that decision.
12 Q Dr. Frarkel, have you participated in the selection
13 of households based on the 1980 census?
‘ 14 A 1 certainly have.
15 Q Did you stratify that sample?
16 A The sample was stratified, yes.
17 Q Did you participate in that decision?
8 A Yes.
19 Q Did you stratify on the basis of census divisions?
20 A Did I stratify on the basis of census division?
21 I can't remember if it was based on division or it was based

22 | on region.
23 Q Did you make any -- do any kind of analysis to
24 | determine the best way of stratifying that sample?

25 A No. We know that samples are stratified certain
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ways because people traditionally do it. We are as bad as
we accuse people of doing. We say you always take 95 percent
or 5 percent. We are creatures of habit, as well.

MS. JUDSON: We have no further questions.

JUDGE SMITH: Dr. Frankel, thank you.

(Witness excused.)

JUDGE SMITH: Anything further this evening?

MR. MILLER: No, sir.

JUDGE SMITH: Do we have a report then on what
tomorrow looks like? I don't think we need to be on the
record for it.

MS. JUDSON: No, we don't need to be on the record,
but we'd like a one minute break to call one of our other
attorneys.

JUDGE SMITH: All right. We are adjourned.

(Whereupon, at 5:30 p.m., the hearing was..adjourned,

to reconvene at 9:00 a.m. on Friday, August 24, 1984.)
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