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’presentation, or would you just like to have them take the

'like us to prepare an answer to that, or would you just like

fthe witnesses to come up and answer gquestions from the Board?

¢
--_..,_.___._.._,,___

|
{
|
|
l
: |
] -3 |
JUDGE HOLFE: All right; the Board has been |
' |
conferring and determined that we have, Mr. Churchill, supplemental
|
questions of your panel regarding the question how Licensee
established the similarity between the archival test samples
or tube samples and the tubes taken from the steam generators.
Now, it's up to you whom you wish to recall or have |
take the witness stand. I would think that it's Messrs. Slear, |
Giacobbe, Wilson and Mr. Lee, if he is available, or whomever
you wish to call or recall for the purpose of additional

questions by the Board. 1

MR. CHURCHILL: Would yeu like me to make a .

stand for more questions from the Board?
JUDGL WOLFE: What do you mean by presentation?

MR. CHURCHILL: You posaed a question. Would you '

JUDGE WOLFE: We've already posed certain questlons
to Licensee's panel. I think this is merely -- rather than not
knowing what the gpecifics are of the thrust of additional

Board questions, it would perhaps be better for you to just hav

- R =

them take the stand. We can do that nrow, or to give your
witnesses a bit more time to mull over the general area we're

concerned about, we can proceed with the taking of Staff's
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|
|

{Honor?

1]

i
I
; JUDGE WOLFE: Certainly.

i

h (Pause.)
{

ﬁ MR. CHURCHILL: Your Honor, we can recall Mr.
?Giacobbe and Mr, Slear right now. I think those are the two
\that are probably best suited for the gquestions you have.

i JUDGE WOLFE: I don't like to interrupt Staff's
'presentation. Maybe at the conclusion of Staff's testimony,

we can ask you to have your witnesses take the stand. Why

don't we try to get some timing here.

MR. CHURCHILL: Your Honor, may I interject at
“this point?
JUDGE WOLFE: Yes.

Mk. CHURCHILL: Mr. Giacobbe and Mr. Slear are,

are no longer in town. Mr. Slear will not be here past the
end of the day today. He has another commitment tomorrow.

Would it be possible to take them today?

completed conferring on all the issues we wanted to get into

supplementalwise, so we will take a short recess. We will

MR. CHURCHILL: Could we just have a moment, Your

to be the ones that are here. The others have gone home. They

JUDGE WOLFE: All right. We will proceed right off

with recalling Messrs. Slear and Giacobbe. The Board has not

I believe, the best ones for these guestions and they do happen

|
|
\'
|
1
|
i
|
|
|
%
|
|
|

|
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as you could tell in testing, identical with the tubing samples

removed from the steam generator; and you said: "that's correct
I'm looking at transcript page 465 of vesterdav's
proceeding. What did you mean b 3aying "that is correct" in
response to the use of the word "identical"?
WITNESS GIACOBBE: When you look at the properties

that were important for the qualification program, you look

W
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and the yield strength of the material. What
we had deone was, we had surveyed the entire mechanical property
range for the tubes used in our steam generator. We actually
had the test reports. We had the heat numbers. We reviewed
all of those documents and checked what the range of nroperties
were for the tubing thzt was in our steam generator.

We then also on some of the samples we removed from
the steam generator, we again tested that tubing, did the exact
same tests as they were given originally, the mechanical test
where you actually pull a tube in a tensile machine and measure
its elongation, yield strength and ultimate tensile strength.
We compared that data to the data that was written down on the
loriginal test reports.

In all cases of the tests that we did, the tubing
met the original properties as listed on the test reports.

What we then did was selected archive material that
had the yield strength comparable to the tubing in the steam

\generator, such that when you did the expansion process, which



10
11
12
‘I'} 13
14
15
16
17
18

19

21

24

528

the strength of the joint, we had material in the gual nrogram

that was within the range of yield strengths for the tubing

that was in our steam generator. That's what I

m~ant by identical.

i JUDGE HETRICK:

Later in the day, transcript page

1515, I asked you about the sample size in this test, and your

iresponse what that you thought that it was 27 tubes from the
|

steam generator; 1s that correct?

WITNESS GIACOBBE: The number cf tubes we removed

'from the steam generator -- and I have not confirmed that

number; I still believe it is approximately 27 tubes -- we did

not mechanically test all 27 tubes.

1 JUDGE HETRICK: At the time I asked the question |

Jabout how large the sample was, you interpreted my question

I

\as the number of tubes, and that's what I meant. But was it
! |
ipntlre tubes, small sections? What mechanical shapes and sizes |
ii

idid you have available?

WITNESS GIACOBBE:

There were a variety of sizes |

of tube samples removed from the steam generators. There were

tube samples that were approximately 12 inches long removed froq

the upper tubesheet region of the steam generator, and there

here also samples removed dcwn to -- we removed lengths of tubes
that were taken all the way down to the tenth tube suppport

late, which is --
P

(Inaudible discussion between the witnesses.)
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- I m then on, some these tubes are actuall

length. However long you want to take a sample,
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to that distance in the steam generator and make a 360 degree

mechanical cut. Then you loosen it from the upper part of

|the tubesheet. Then you relax the roll by the axial slit that

|
PT described.

!
|
'area and basically pulled up as far as you can and then you have

In some cases the tubes are grabbed down below that

‘,
Jthem cut off, and then you pull it up another distance, and

I

then you cut it off.
Many of these tubes were just pulled up by hand

'and required very little force, because, as you are aware,

|

|
|
|
|

“before kinetic expansion there is a gap in the tubesheet. The
;distance between the tube and the tubesheet is open somewhat
gexcept for the rolled area. There is not a great deal of
dcorrosion products in there, and they came out fairly easily.
fSo there were not a lot of loads and prying of tubes to get

l
”them out. I can't imagine that we affected their properties
i

I

at all.
% JUDGE HETRICK: Except for the small section that
was removed because of the weld --

WITNESS SLEAR: That's essentially lost because
we drill it out. Although, that's the top, perhaps, one-eighth |
to one-quarter of an inch of the tube and, in fact, is above
any section of interest in terms of mechanical properties.

When you think of the six~inch qualification |

length or that location in the tube, that is many, many inches
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segments. |

whether it's hardness or yield strength or ductility.

JUDGE WOLFE: What standard or sampling guide é
compelled you to believe that the number "27" was a sufficient
and adequate sample? Why not 30; why not 25; why 27?

WITNESS SLEAR: There was no specific sampling

guide that led us to the number "27". The tube samples were

itaken, I believe, in three different batches. 1Is that correct,

Scott?
WITNESS GIACOBBE: That's correct, three separate

WITNESS SLEAR: Basically, as we would evaluate
|

tion that we wanted, we would go in after additional tube

Esamples. In the end, we ended up pulling out 27 tubes. There

the first round of tube samples and identify additional informar
|
(
|
l
{

was no statistical guide used to conclude that that was
sufficient. But certainly from an industry standard pecint of
view, you usually pull out one or two tubes and evaluate the
information and make your judgments based on that.

We felt we had gone quite further than the majority|
of people who have steam generator damage when we had taken ;
out 27 tubes. And in addition, it's not just 27 tubes; it's
many, many feet of tubing. I think it's about 100 feet of |
tubing.

WITNESS GIACOBBE: I think it's also important

to realize that we very definitely had a plan for the number
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of tubes we took out.

We first needed to confirm our eddy

current examination, so we pulled tubes that had a number of 1

eddy current defects so we could get a correlation.

We also needed to look at tubes in various regions

'to see whether or not the damage was different from region to

|
ﬂregion. We also needed to pull samples from inside the free
|

ispan region. So consequently we pulled those long lengths of

|

tubes which are more difficult to pull. So what we did was

done with a purpose.

|

1
. . I
The overall number wasn't the criteria. It was |

getting the information we needed to do a valid failure analysié

and eddy current confirmation.

| JUDGE HETRICK: Are these tubes that would otherwis

'have been taken out of service?

SEPESNCER )

WITNESS SLEAR: Some would have been taken out of

service and some would not. Some of these tubes did not have

detectable eddy current indications, and we never found a

defect in some of these tubes that were taken out. '

JUDGE HETRICK: There were tubes taken from both

steam generators?

WITNESS GIACOBRE: That is correct.

JUDGE HETRICK: 1Is there any reason to think that

the physical operation of removing these tubes in any way alteréd

their properties to make them appear either better or worse

than the representative properties of the tubes that remained
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and which were expanded in the steam generator?

WITNESS SLEAR: I can't think of any conceivable
means where we would have changed the properties we've been
discussing in terms of the mechancial properties of the tube.

WITNESS GIACOBBE: I will go on and say one thing
further. Before we did mechanical testing on an individual

tube, the region we selected was examined. We checked the

|dimensions to make sure that there wasn't any deformation of

that tube in that region. So we do have that additional
confirmation that the tube still has the same wall thickness
and the same diameter as that which we iLelieved was in there.
So if one had done something during the removal
operation to change the mechanical properties, I would expect

it to show up as a change in the dimension of that tube.

{

|
a
l

JUDGE HETRICK: So you feel safe in concluding that

this set of tubes that you removed from the generator retained
properties truly representative of the tubes that remained?
WITNESS GIACOBBE: That is correct.

JUDGE HETRICK: Now, as I understand it, some of

these tubes were used in conjunction with the tubesheet mockup

and underwent the kinetic expansion process; is that correct?
WITNESS GIACOBBE: That is correct.

JUDGE HETRICK: Were all of those expanded tubes

set up in the same way in the sense that it was the portion of

the tubes that had undergone corrosion cracking and that those

|

|
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|
i
regions were placed in the mockup tubesheets in a way representa-
|
tive of actual kinetic expansions in the generator? f
|
WITNESS GIACOBBE: Yes. We did a number of things |
|

with actual TMI tubes. There are actual expanded TMI tubes

\
\
|in the corrosion test program. In addition, we actually ‘
expanded a tube with a known defect and then sectioned that ‘

tube, examined that defect to look for any evidence of any

extension of that crack. We did find there was no extension

of any cracks. There was no change in the dimension of the

crack. '
JUDGE HETRICK: Now, as I understand it, in the '

actual repair process there were occasional tubes which did not |

meet your qualifications and were subsaquertly removed from
\service; is that right? '

WITNESS SLEAR: I think you need to clarify the |
statement: "did not meet our qualification". What did you
refer to?

JDUGE HETRICK: Let me try to rephrase it. Were

there some tubes in the actual repair process which were

expanded, inspected, and subsequently removed from service?

WITNESS SLEAR: To my knowledge, the ouly two tubes
that had been removed from service -- associated with the
kinetic expansion repcir process -- were removed from service
because ofaslight leakage past the joint that we have just !

identified several weeks ago.
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I know we took additional tubes out of service
after the kinetic expansion process and repaired a bunch of
plugs after the plugging process due to the leak tests we were
doing. But I don't recall an instance where that was done
because of a leakage past the joint. It was done for other
reasons not associated with load-carrying and leak tightness of
the joint itself.

JUDGE HETRICK: Let's go back to the tubes that

were removed and subjected to tests. Is there one or more of

them that might be characterized as having worst-case type of

conditions? |

WITNESS GIACOBBE: From a corrosion standpoint, |

|
worst-case, we pulled some tubes that had a worst-case conditio?

|from the number of eddy current signals that we observed duringj

the testing of that tube and consequently pulled that tube out

and made a correlation between the eddy current signal and what

lactually existed there.

So we pulled come tubes with a fair amount of
damage on them, yes. The number of cracks varied from tube to
tube, and we pulled some tubes with near the maximum number
of cracks we found in any particular tube.

JUDGE HETRICK: All right; this set of tubes that
were removed, as we established, at least some were subjected

to kinetic expansion with a mockup tubesheet. Other kinetic

expansion tests you made made use of archival tubing. Both
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sets of tubes underwent sets of tests.

But as I understand from yesterday's testimony, l
only certain of those tests were used on the actual tubes that ’
had been removed. As I recall, done of those were subjected
to pull-out tests; is that right?

WITNESS SLEAR: Yes. To my knowledge, we did not
subject an actual TMI tube to a pull-out test in the context
of kinetically expand it in a tubesheet and then pull it out
of the tubesheet.

JUDGE HETRICK: What other tests were performed i
on archival tubes that were expanded but were not performed E
with actual tubes that had been expanded in these mockup tests?

WITNESS SLEAR: The teéting associated with the
‘mockup tests that were done with archival tubing and was not

done with TMI tubing were the pull-out and leak tests that we

did with the 10 tube mockups. We also, early in the qualifica-

tion program -- sort of like a pre-qualification program =-- |
were doing hardness tests on archival tubing, and I don't
believe -- well, we may have hardness readings from the |
expanded -- we apparently did not do hardness tests on actual }
TMI-1 tubing throughout the gualification program.

So I think the answer to your gquestion is: hardnes+
tests, pull-out tests and leak tightness tests.

JUDGE HETRICK: Would you describe for me briefly

the leak tightness test that you just mentioned? ,




do with placing 10 tubes in a mock (ubesheet and subjecting

|
i
i
WITNESS SLEAR: The leak tightness tests had to l
|

that tubesheet to thermal cycles representative of up to 15 years
of service, which at 38 cycles a year there is about =-- 15 timei
38 -~ 600 cycles.

The tubes were then pressurized on the primary
side, and leakage through tc the secondary side of this little
Imockup was measured in a very controlled and carefully monitored nm:hod
It was even sersitive to temperature changes in the room. So
we had to keep track of temperature changes as to what changed
the volume.

S0 we basically installed the tubes in a mockup,
thermally cycled the mockup, and then subjected the mockup to

a number of days with hydrostatic pressure where we monitored !

leakage and then calculated the leakage on a per tube basis at

the very low levels that you've probably seen in our qualifica-

tion program.

f JUDGE HETRICK: Would it have been feasible to do
'that kind of test with the actual tubes?

WITNESS SLEAR: It would have been feasible; however,
we could not have done it at Foster Wheeler, because, as

Dr. Pai indicated, they do not have the ability to handle hot
samples. They were responsible, if you will, for the qual

program. It probably would have created that kind of problem

in terms of dual responsibility between B&W and Foster Wheeler. |
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But it's certainly feasible. It would have resulted in --
you know, removing the tubing is an evolutioun that takes a
fair amount of time. So we would have gotten guite a bit of
man-rem exposure to get sufficient tubing to run the testing
‘with actual TMI tubing.

Our judgment, which we still believe is correct

today, was that the data we have developed to compare the

jiproperties of the tubing to the original tubing itself allowed

us to conclude -- and Foster Wheeler supported us on this --
that the key parameters associated with the tubing properties |
could be adequately modeled, if you will, by using archive
tubing.

JUDGE HETRICK: Would you reiterate for us what |

you mean by key parameters.

WITNESS SLEAR: To my knowledge with regard to

tubing properties, the key parameters are ductility and yield

strength. Dr. Pai also indicated geometrical parameters which

l |
)are important in terms of the gap between the tube and the i

tubesheet, i.e., the radial or diametral gap between the tube

OD and the ID of the hole in the tubesheet. ;
There are other items of interest such as the }

corrosion products in the tubesheet itself and the effect it ma%

have on either leckage or load=-carrying capabilities. We mocke;

up the geometrical similarities. We put in big gaps and little

gaps between the tube and the tubesheet. We heat-treated the

|
|
|
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tubesheets in order to ensure that the corrosion products
formed on the surface of the Lubesheet holes ware expected to

be -- I believe it's magnetite, which is the type of corrasion

i
product we should have in the TMI-1 ste m generators--and then

also the tube properties that I discussed, ductility and yield
strength. We have tubes in the test program whose ductility
land yield strength essentially brackets the ductility and yield
strength of those tubes in the TMI-1 steam generator.

JUDGE HETRICK: These tube samples that were
removed and subjected to expansion did undergo corrosion
testing; is that right?

WITNESS GIACOBBE: That is correct. They were

|part of the long-term corrosion test program.

f
q WITNESS SLEAR: Which, as you will recall, included,
i

some load-carrying evidence, if you will, and we cycled those

|

t
I
qIOO pounds tension. We certainly didn't expose them to the
I '

’3,000 pounds tension required for a steam line break.

to normal type loadings, which included up to about a load of

JUDGE HETRICK: Well, that's related to my next
question. After the long-term corrosion tests, were any of
these samples subjected to large transiert stress?

WITNESS GIACOBBE: They were not.

WITNESS SLEAR: Although, I guess it's useful to

point out again that in that long-term corrosion test program

|
'

we had c-rings from the actual TMI-1 tube samples. Those c-rings
|
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1 Jlare at yield stress, which is -- you know, when you're at

. 2 13,000 pounds in the qual program, you're essent

3 lstress on the tubes.

ially at yield

4 So we had samples or pieces of tubes stressed to

5 |the level you would expect the material to be s
6 |during situations where you have a transient.

7 itself, due t» the limitations of the mockup, w
8 :to approximately 1,100 pounds.

9 JUDGE HETRICK: Would it have been
0 |what I suggest?

11 WITNESS GIACOBBE: The geometry of

12 lithe test fixture that we utilitzed to load this

. 13 be capable of loading the tube at 3,000 pounds.
14 dto modify the test rig and fixture to do so. I
|

tressed at
But the tube

as only loaded

feasible to do

the sample and
Lest would not
We would have

'm not sure

15 lithat's possible. I don't know without consulting with the

16 testing leboratory.

17 JUDGE HETRICK: So you do not know whether this

18 :Fas considered?

19 WITNESS GIACOBBE: The long-term corrusion test

20 proqram was not designed to test the mechanical

21 the joints but rather to test stress conditions

22

23

U to achieve the same objectives.
.

JUDGE HETRICK: So what I'm getting

strength of

on the

transition region and how they respond to the actual reactor

kooling environment. So the two programs were nu. desianed

at would have



sl9

10

11

12

13

14

15

16

17

18

19

21

24

542

been a follow-up mechanical testing subsequent to these
corrosion tests?

WITNFSS SLEAR: I think certainly it could have
been had we changed the fixture, but I think the answer to
your previous answer was that we didn't consider that it was
necessary and, therefore, we didn't pursue it.

We have done a lot of extra things which you

jnormally don't do, but in this case we had evaluated and

concluded in our minds that the data that we had was adequate.
Frankly, it didn't cross our minds to consider loading these
tubes to design basis type loads.

JUDGE HETRICK: Were determinatiouns of residual
stresses made on both types of tubes, that is archival tubes
expanded versus actual tubes expanded?

(Witnesses perusing documents.)

WITNESS SLEAR: If you'd give us a few minutes,
we'd like to look at the failure analysis report. It contains
a table of contents that indicates some residual stress with
plastic strain measurements were included in the program to
assess tube damage, which would lead us to believe that we may
have made that type of measurement on actual TMI tube samples,
but we need to look for a minute.

(Pause.)

WITNESS GIACOBBE: In reviewing the data, we have,

in fact, done residual stress measurements on actual removed




| |
samples from TMI. However, these tests were done on the f

oeriginal roll anc roll transition regions, not on the kinetically

|
|

expanded region.

JUDGE HETRICK: Could you reiterate for me the
techniques used in determining residual stress?

WITNESS GIACOBBE: Two technigues were utilized
to assess residual stress. One technique was to do hardness
|

measurements and make a qualitative assessment as how that would

‘affect residual stress.

|
|
!
The other technique was to utilize an X-ray !
{
diffraction to actually measure residual stresses in the |

surface of the tube.

identify any other potential areas of testing the types of

tests that were done with kinetically expanded archival tubes

i
|
JUDGE HETRICK: I wonder if we might be able to '
!
|

and were not done with kinetically expanded tubes that had
|been removed from the steam gererator.

WITNESS SLEAR: I think the X-ray diffraction was
done at Penn State, and that was done with archival tube

samples also.

WITNESS GIACOBBE: On the kinetically expanded

WITNESS SLEAR: On kinetically expanded?
JUDGF HETRICK: Yes, that was my question.

WITNESS SLEAR: Yes.
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‘
1 JUDGE HETRICK: As I recall, there was available 5

. 2 |la full scale steam generator at Babcock and Wilcox's plant. '

3 ||I recall it in connection with pull-out testing. Could you !

4 }tell me about that steam generator and about what tests were- |

5 |done?

6 WITNESS SLEAR: The steam generator was very

7 |similar to the one at TMI-1l, and certainly the tubes were

8 ||once again inconel 600 with properties similar to ours. The

9 |/steam generator was utilized primarily in terms of developing

10 |[the process in trying to minimize man-rem exposure.

11 But in addition to that, as far as load-carrying

12 |capability for the tubes, we expanded some tubes in that

. 13 'steam generator and then applied load to them in order to

14 |document that they didn't -- you know, we were getting the

15 |kind of load-carrying capabilities we expected. I don't

16 recall the exact numbers. I think it's documented in some

17 Jof our reports.

18 We also put strain gauges on tubes that were
I

19 |being kinetically expanded and used that information in order
2 |[to conclude what, if any, change in preload occurred during

21 |the kinetic expansion.

22 We also put strain gauges on the tubesheet and on

the steam generator vessel itself in order to ensure that

|

|
L] from a structural point of view we were not causing an overstress

condition in the steam generator from a structural component




822 545

. ';point of view, |
‘ 9 There are a number of other process steps. The

3 primary use, as I indicated when I started, was really to

p develop the process. The process involved many, many differentl

5 steps; and each time before we would bring that step to TMI-1,

6 |ve would go to the steam generator out in Indiana and test it

- out and try to improve it from an efficiency point of view,

g |et cetera.

0 JUDGE HETRICK: What was the history of that

10 particular steam generator? |

1 WITNESS SLEAR: That steam generator was ;

12 manufactured for a plant which was subsequently cancelled. |
. 13 I believe B&W basically owned it and was letting it sit there |

14 I1501' scrap purposes. It had not been torn apart or anything,

15 'and, in fact, portions of it hadn't been totally built vet; ;

¢ |although the tubes had been installed. ,

1 . It was essentially, I think == I think the weld |

18 ;arcund the lower plenum was not welded yet to the lower tube-

19 |sheet. So it had been in the manufacturing process. The

2 project had been cancelled. They had stopped work on it. It

2 essentially had be=n in a storage condition at T4l -- I mean,

99 At B&W's Mount Vernon, Indiana manufacturing facility for a

2 |number of years.

” | JUDGE HETRICK: Was it established that it was I
. 2% in good condition, such that it was adequate for these tests?
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WITNESS SLEAR: Yes, sir. The answer is: vyes.

JUDGE HETRICK: We have established that the ?

ductility and yield strength are key parameters in evaluating
materials for kinetic expansion. The purpose of this line

of questioning has been to establish the basis for the
conclusion that tests on archival materials would adequately
represent tests on actual materials in the steam generator.

All of the discussion has been rather qualitative.

|
'

We haven't talked about numerical values of yield strengths,

for example, nor have we talked about standards for making thesl

|

decisions which ultimately had to be quantitative decisions. i
I wonder if I could ask you on the record to i
present the summary picture that would represent or describe

!
|
the basis for making that decision that the material properties'
|

were truly representative.

WITNESS SLEAR: I think we can do that fairly
easily if you give us a few minutes to get to the right page
in these two reports that we have in front of us.

JUDGE HETRICK: Fine.

WITNESS SLEAR: Thank you. ‘

(Witnesses perusing documents.)




WITNESS GIACOBBE: I have in front of me the

f results of the mechanical testing, as listed in TDR 341, and

|
|

in that document we list the mechanical properties from three
heats of material in actual tube samples removed from the steam
generator.
The material in the steam generator was manufactured
to an industry standard ASTM, B-163. The properties as defined
in that ASTM standard indicate that the material should have
a minimum yield strength of 35,000 psi and a minimum tensile
strength orf 80,000 psi, and a minimum elongation of 30 percent.5
All the tubes in the steam generators were manu-
factured to that spec, and in fact do meet those mechanical
properties, as evidenced by a review of the mill test report
for that material. The samples which we removed and .tested
indicated that we had -- the one sample had a yield strength
of 53,000 psi and a tensile strength of 101,000 psi.
As a matter of fact, two samples that we removed
from two different heats had those properties. It was 33
percent elongation on the second sample. )
Our third sample that we tested was a tube which
had a known crack in the tube. We wanted to test what would
happen if you did a tensile test around a sample with a known
crack. The results of that test were -- I have to explain thisI

a little bit.

If you were to assume full cross-section and take
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no credit for the loss of cross-section caused by the crack,
the yield strength of that tube came out at 38,000 psi,
still above the nominal 35,000.

If you then went back and subtracted from your

calculations the amount of cross-section removed by the crack,

| the material would then have a calculated yield strength of

50,000 psi. That was for a crack that was about 25 percent
of the circumference of the tube.

We later went back and looked at what the actual
yield strengths of the heats of material that those tubes

had come from, and we find that in one instance the yield

' strength was 45,430, as reported on the test report, and the

other was 50,000, as reported on the test report. And so,
as you can see, the material still meets, or is actually
above the minimum property of yield strength,
I don't have before me the other data for tensile
strength, but for yield strength it still meets or exceeds
the reported property for that particular yield of material.
(Pause.)
JUDGE HETRICK: Staff has proposed a number of
license conditions which would be part of the proposed license

amendment, and, in particular, I focus on condition number 4.

46,
In part it says, "If leakage exceeds the base line

leakage rate by that minimum increase," and namely that is

|

I have a copy of the safety evaluation report, NUREG 1019, page;

t
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eéxpected to be about 0.1 GPM -- "the plant shall be shut down
and leak tested."

Now, if a leakage rate were to exceed the amount
stated here, how soon would that be known; how soon would the
plant be shut down, and how good is the assurance that a leak
will be detected in time to meet the criterion that I think
has been referred to as leak before break, as I recall?

WITNESS SLEAR: As far as how soon would the leak~

age increase and the time when the meter in the RM=A5L shows
an increase is on the order of a few minutes at most.

JUDGE HETRICK: We discussed that the other day.

WITNESS SLEAR: Right.

As far as shutting the plant down, the process for
a slight increase, which is what this would be, is to conduct
an orderly plant shutdown so you would not do things which
subject the plant to a transient such as tripping the turbine,
etcetera.
H It is my understanding that within perhaps 8 hours

Fo 12 hours the plant would be in a cold shutdown condition

in conducting an orderly shutdown such as that. The shutdown

uld start immediately after confirming that they actually

had a leak rate which required the plant to be shut down; so

wouldn't trip the plant; we would conduct an orderly shutdown

nd within 8 to 12 hours I believe the plant would be in cold

age be detected, I believe the transport time between the leak -

!

|
|
i

!
|

|
|
\
|

|
b
|
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shutdown condition.
W I think the last part of your question had to do
with what is the assurance that that is fast enough,

JUDGE WOLFE: You can assume that we would ask that
A8 the next question, if we didn't.

WITNESS SLEAR: The testing that we have done to
date has indicated that at least from a corrosion point of
view we don't have a rapid corrosion mechanism ongecing with
the chemistry under control, including during the period of |
cooling down. We have not seen any degradation in the tubing, |
itself, and very minor increases in leakages from two of the
joints, which we have subsequently plugged.

S0 there is no evidence of a rapid corrosion
mechanism that would crack the tubes very fast, in terms of
hours or anything like that.

In addition, we have analytically assessed the
growth of the cracks from a mechanical damage point of view,
and concluded that loads during the cooldown, which would be
“onqoinq, pPropagate the cracks only very slightly, and have

not identified a rapid mechanical propagation of the cracks.

’ Therefore, 1 think in the absence of a rapid

propagation of the defect, it is certainly expected that a shut~

own that occurs over the number of hours that I described would
fast encugh., Certainly if, for example, there is a marked

increase in the leakage in a tube rupture, the plant is shut
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down in a faster manner than I described, in accordance with
| the operating procedures.

Onze you have exceeded I think it is 50 gallons
per minute, I believe you trip the plant and you conduct a
faster cooldown, but for the scenario you described the plant

is shut down in an orderly fashion, if we didn't see increas-

ing leakage.

increasing leakage, we would continue to control the plant
in accordance with the procedures; and, to my knowledge, the
procedures are perfectly adequate in terms of even handling
the tube rupture if it would occur; but we don't expect it to
ocecur,
JUDGE LAMB: During the orderly shutdown, does
your instrumentation inform you if the leak rate increases?
WITNESS SLEAR: Certainly. 1It's on-line all the
time. And, certainly, once that instrument has indicated to

the operator that he needs to shut the plant down, he is going

e —

—

to be paying particular attention to it and be noticing any
increase; 80 1 think on a minute by minute basis == basically,
there is a hot test program, and eviry five to ten minutes we
were recalculating the leak rate. We could watch the leak
rate increase. Everybody was watching it. I would expect it

to be the same situation if we were shutting down in the

situation you described.

Even 1r in the middle of a cooldown we were seeing
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that. Now you see the error in timing, do vou not?

MS. BRADFORD: That is correct. i

JUDGE WOLFE: That being so, do you agree that
Mr. Churchill's objection is well-taken; and if not, why not?

MS. BRADFORD: His objection to these documents
being examined as basis for TDR 341 seems to be correct.
However, the relevance to the follow-up cross-examination is
that both witnesses were being examined by Judge Hetrick on
the various tests which were -onducted by the various labora-
tories, which formed the bases for their decision to do the
repair.

JUDGE WOLFE: All right. It being established

that the B&W document that Ms. Bradford is referring to is

' dated subsequent to TDR 341, query: why is the date of any

great importance?

It might be of importance if the B&W document was
issued prior to TDR 241. Why can't she use the document for
cross-—examination even if it was issued subsequently?

MR. CHURCHILL: Your Honor, my objection was

not ianitially that the document dates were different, but that

it required some qualification as to how her cross-examination

'relates to Judge Hetrick's questions, because it is my under- |
|

' standing that she is only allowed to cross-examine on the

i

|

|

new information that was elicited by the Board questioning.

We haven't been able to even figure out what this
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purposes. As I stated before, we pulled random heats, and
8O consequently the mechanical properties are on a random '
|| sample.

MR. AU: How are the archival tubes stored?

WITNESS GIACOBBE: Now or when we pulled them;

I'm not sure I understand you.
MR. AU: The archival tubes, the ones that you used,
WITNESS SLEAR: I have seen archive tubing samples
at Alliance Research Center. They are basically setting in
;bins exposed to oxygen or atmosphere, if you will, in a ware-

house which is reasonably protected from the environment; but

it is basically a warehouse situation where they are stacked. %
It is a controlled area. It is covered, and they specifically |
keep track of them to make sure that they know what tube came !
from what heat, plus the tube may be marked. But it is a
‘controlled situation in terms of knowing what the tubes are,
|but it is not any kind of inert or atmospheric control type

|

|situation. It is basically just a storage situation under lock

|

i

|

|

’and key.
| MR. AU: Let me see if I understand your earlier
%testimony. It's from the mechanical tests of the three tubes
that you determined the representative mechanical properties

of the actual tubing removed? 1

WITNESS GIACOBBE: Plus 2= 100 percent review of

all the material test reports for each of the tubes in the
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June 29, 1984

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Matter of
METROPOLITAN EDISON COMPANY, ET AL. ) Docket No. 50-289
(Steam Generator Repair)
(Three Mile Island Nuclear Station,
Unit No. 1)

TESTIMONY OF CONRAD E. McCRACKEN
AND PAUL C. WU ON TMIA CONTENTION 1.a

Q.1 Please state your names and positions with the NRC.
My name is Conrad E. McCracken. I am the Section Chief of the
Chemical and Corrosion Technology Section, Chemical Engineering
Branch, NRC Division of Engineering. A copy of my professioral

qualifications is attached.

My name is Paul C. Wu. I am a Chemical Engineer in the Chemical
and Corrosion Technology Section, Chemical Engineering Branch,
NRC Division of Engineering. A statement of my professioral

qualifications is attached,

What is the purpose of this testimony?

The purpose of this testimony is to address those surviving portions

of TMIA Contention 1.a which were identified on p. 23 of the

Board's Memorandum and Order of June 1, 1984 (June 1 Order),




specifically, the rationale underlying certain license conditions
proposed by the staff, and issues associated with acceptability of

the kinetic expansion repair process.

Describe the overall rationale which is used by the staff to deter-

mine if license conditions are to be proposed subsequent to any steam

generator repairs.

Many factors are involved in a determination to propose license
onditions. The underlying basis for any proposed license condition,
subsequent to a steam generator repair, is to provide additional
verification that the probability of a steam generator tube rupture

remains extremely low, consistent with the requirements of GDC 14,

Steam generators, as fabricated and installed, have tube wall thick-
nesses which exceed the requirements of Section III of the ASME Boiler

and Pressure Vessel Code. Typically, at tube wall degradations of

approximately 70% (30% tube wall remaining) it has been demonstrated

both analytically and experimentally that the Boiler and Pressure
Vessel Code requirements are met and that steam generator tube
integrity will be maintained for design basis accident conditions.
P.cause the code itself contains a built-in conservatism of approxi-
mately a factor of 2, additional margin to failure exists for design
basis accidents even if a tube is degraded in excess of 70% through

wall,




“P

Criteria for plugging degraded tubes that are to be removed from
service are contained in draft Regulatory Guide (R.G.) 1.121
(August 1976). The staff has established a conservative plugging
criteria of 40% tube wall degradation (i.e., 60% tube wall
remaining), which is part of the plant technical specifications.
The 40% plugging criteria includes an uncertainty allowance for
determination of the depth of degradation and a corrosion allowance
for continued degradation during the next operating period. The
combined uncertain:’ and degradation allowance provide a margin
during the next operating period of approximately 30% degradation

before reaching the code allowable of approximately 70% degradation.

Typically, in making a determination as to the need for license
conditions subsequent to steam generator repairs, the first step is
to make a determination that the steam generator has been repaired
so that the probability of tube rupture is extremely low. This is
accomplished by assuring ourselves that either the steam generator
has been returned to its original licensing basis or, if not, that
other compensatory measures, such as lower allowable primary to
secondary leak rates, are provided. A determination is also made
a; to whether the source of degradation has been removed. If the
source of degradation is still present, a rate of degradatioun is
established and, based on the rate of degradation, an ECT examina-
tion frequency is established which will provide reasonable
assurance that degradation will not exceed approximately 70%

through wall prior to the next scheduled ECT inspection.



In summary, the staff typically proposes license conditions for
repaired steam generators that provide adequate assurances that the
probability of tube rupture remains extremely low during the next
operating period. The license conditions proposed are based on the

established rate of degradation during subsequent operating periods.

In i%s June 1 Order at page 23, paragraph 1, the Board asked the
Staff to address the rationale underlying certain proposed license
conditions in NUREG-1019, with attention to four enumerated concerns
of the Board. Paragraph l.a. of the June 1 Order lists as a Board
concern “[rleliability of leak rate measurements." Please explain
the rationale associated with the Staff's proposed license condition
on leak rate measurements.

The subject of leak rate measurements is addressed in proposed

license condition No. 4, as follows:

Proposed License Condition No. 4:

The licensee shall confirm the baseline primary-to-secondary leakage

rate established during the steam generator hot test program. If

leakage exceeds the baseline leakage rate by more than 0.1 gpm, the

plant shall be shutdown and leak tested. If any increased leakage
above baseline is due to defects in the tube free span, the leaking
tube(s) shall be removed from service. The baseline leakage shall
be reestablished, provided that the present Technical Specifrcation

limit of 1.0 gpm is not exceeded (SE Section 3.3).




Rationale for Proposed License Condition No. 4

The purpose of this lTicense condition is to provide a rapid
determination as to the source of any increased primary to secondary
leakage so that appropriate repairs can be made. As discussed in
Supplement No. 1 to NUREG-1019, pg. 18, the licensee's leak detec-
tion methods will detect primary to secondary leakage at levels
significantly below the shutdown 1imit of 0.1 gpm above background.
At power operating conditions, depending on reactor coolant system
radionuclide concentrations, leakage increases of 0.01 to 0.001 gpm
have been detected at other operating plants using the same measure-
ment techniques. These leak measurement accuracies will also apply

to TMI-1.

The Staff has noted that, due to the loss of pretension, the
leakage rate for various threshold cracks may be reduced. Will the
loss of pretension on some tubes result in increased compressive
forces and tube bowing which can cause tubes to mouth open, as
alleged by TMIA?

The effect of loss of pretension is discussed at p. 20 of NUREG-1019
and p. 12 of Supplement No. 1 to NUREG-1019. Compressive forces
sufficient to cause tube bowing can occur only during heatup from a
cold shutdown condition. Bowing, if it occurs, will limit the
compressive forces which exist. However, the tubes will remain in
compression during the heatup and under compression, cracking, if

present, is not anticipated to propagate.
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Paragraph 1.b. of the June 1 Order lists as a Board concern the
"method of determining frequency of ELT tests." Please explain the
rationale of the Staff's proposed condition on ECT tests.

The frequency of ECT tests is addressed in proposed license condition

No. 3, as follows:

Proposed License Condition No. 3

The licensee shall conduct eddy-current examinations, tent
with the inspection plan defined in Table 3.31, either 9, calendar
days after reaching full power, or 120 calendar days after exceeding

50% power operation whichever comes first.

Rationale for Proposed License Condition No. 3

The frequency of eddy-current inspections of the steam generator
tubes is governed by the plant Technical Specifications. The
guidance for performing i service inspection is provided in Regula-
tory Guide 1.83 "Inservice Inspection of PWR Steam Generator Tubes".
The frequency of inspections is typically between 12 and 24 months
of operation to allow flexibility of conducting steam generator

tube inspections concurrent with scheduled outages, such as refueling.

Both the Technical Specifications and Regulatory Guide also
stipulate that unscheduled inspections are required when the plant

Technical Specification primary to secondary leakage limits have




been exceeded. The Regulatory Guide further stipulates that in cases
where tube degradation is excessive more frequent inspections may be

required.

Consistent with the Technical Specifications and Regulatory Guide
guidance, the post repair tube inspection frequency and leakage
limits have been tightened so that, in the unlikely event of
reinitiation of corrosion, it would be detected in a timely manner

and corrective action taken.

The frequency of future inspection is contingent on the results
the initial 90 to 120 day inspection. If continued degradation
detected an additional midcycle inspection may be required. In
event, another inspection after 12 to 24 months of operation is

required by the plant Technical Specifications.

Are the proposed TMI-1 license conditions equally as restrictive as
those required for cther plants which have had steam generator
degradation problems?

The proposed TMI-1 license conditions, when compared to the overall
staff rationale in establishing license conditions, see Response to
Q.3, are as restrictive or more restrictive than those which are

typically implemented after steam generator repairs. In most cases,

license conditions are implemented only for primary to secondary

leakage rate limits and frequency of ECT inspections. Leakage rate

limits and ECT frequency are typically implemented as license




conditions because most steam generator degradation is secondary
side initiated and the source of the contaminant cannot be totally
eliminated. Therefore, continued corrosion is anticipated. More

frequent ECT inspections and lower leak rate limits are therefore

implemented to ensure that inspections are conducted at a frequency

which provides reasonabie assurance that the GDC continue to be met,

even in the presence of active degradation.

In contrast, at TMI-1, where the corrodant has been identified, its
source removed, and laboratory tests conducted showing no measurable
corrosion progression in water chemistry simulating the maximum
expected chemical concentrations, there are reasonable assurances
that active degradation is not in progress. Therefore, imposition
of a 90 to 120 day ECT inspection is a more conservative approach
than is typica! when a continuing corrosive contaminants source is
not present. The proposed 0.1 gpm primary to secondary leakage rate
license condition is equal to the most restrictive limit implemented

at any other piant.

Why didn't the staff propose an earlier ECT, such as 30 to 60 days,
rather than 90 to 120 days?

As indicated in Response to Q.7, the frequency of ECT is determined
based on the anticipated rate of corrosion in the presence of
continuing contamination. Therefore, imposition of a 90 to 120 day
ECT inspection is conservative when the contaminant source has been
eliminated and reasonable assurance exists that the corrosion is not

progressing.
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Paragraph 1.c. lists as a Beard concern the "method of determining

'

power ascension limitations." Please explain the rationale
associated with the Staff's proposed condition on power ascension
limitations.

The sutject of power ascension limitations is addressed in proposed

license conditions Nos. 1 and 2, as follows:

Proposed License Condition No. 1:

The licensee shall complete its precritical test program in essential
conformance with the program described in its Topical Report 008,
Rev. 2, and shall submit the results of that test program and a

summary of its management review, prior to initial criticality.

Proposed License Condition No. Z:

The licensee shall complete its postcritical tect program at each
power range (0-5%, 5%-50%, 50%-100%) in essential conformance with
the program described in Topical Report 008, Rev 2, and shall have
available the results of that test program and a summary of its
management review, prior to ascension from that power range and

prior to normal power operation.

Rationale for Proposed License Conditions No. 1 and No. 2

The rationale for license conditions Nos. 1 and 2 is that, in any

repair effort, a possibility exists that something might have been




missed. The intent of test programs is to verify that the repairs
have been adequately completed and to reveal problems which might
have been missed. GPUNC Management review at each stage of the test
progi-am ensures maximum licensee attention to the test program and
its results. Having the test results available to the NRC prior to
proceeding to the next phase provides the opportunity for NRC to

respond if unanticipated results are detected.

What is the basis for proposed license corditions Nos. ] and 27
Proposed license conditions Nos. 1 and 2 are not intended to limit
power ascension. Rather, these proposed license conditions are
intended to require that test results be made available to the NRC at

each stage of the test program. The staff does not consider power

ascension limitations to be required as part of the OTSG repair pro-

gram, because the steam generators have been repaired to their
original license basis, which is consistent with full power opera-
tion. The power ascension limitations which the licensee discussed
in Topical Report 008 were formulated by the licensee. Because the
licensee elected to perform a slow, step-by-step power ascension,
the staff, conservatively, proposed a license condition that
provides the staff an opportunity to review the results prior to

power escalation to a new level.

Paragraph 1.d. of the June 1 Order lists as a concern of the Board
the "adequacy of simulation of operating conditions by long-term
corrosions tests." Please explain the rationale for the Staff's

proposed license condition on long-term corrosion tests.
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A.11 Long-term corrosion tests are requircl by proposed license condition

No. 6, as follows:

Proposed License Condition No. 6:

The licensee shall provide routine reporting of the long-term

corrosion "lead tests" test results on a quarterly basis as well

as more timely notification if adverse corrosion test results are

discovered (SE Section 3.5).

Rationale for Proposed License Condition No. 6

The long-term corrosion lead test program is being conducted
utilizing specimens of actual tubing removed from TMI-1 OTSG's.
Chemistry conditions simulate the worst case conditions which are
anticipated during subsequent operations plus agressive water
chemistry utilizing continued additions of sodium-thiosulfate on tube
specimens which were not peroxide cleaned. Because this test program
leads actual plant operation by more than a year, rapid notification
and assesment of results from the corrosion lead test program pro-
vides advance indications of potential problems so that corrective

actions can be initiated in advance of anticipated problems.

What is the significance of the long-term corrosion lead test
program?
The long-term corrosion tests are designed to simulate operational

parameters which include load cycling as well as thermal cycling.
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Water chemistry simulates the maximum chemical concentrations
expected under normal reactor operations plus agressive water
chemistry utilizing continued additions of sodium-thiosulfate on

tube specimens which were not peroxide cleaned.

Test samples were made of actual TMI-1 steam generator tubes to be
sure that any aging effects on the tubes during prior operation were
included in the tests. The tubes included known eddy-current defects
as well as tubes without known eddy-current defects. A minimum of 4
different heats of material were tested with samples from various
elevations within the steam generator. Tube specimens were taken
from unexpanded TMI-1 tubing as well as those taken from expanded

TMI-1 tubing.

Test chemistry control includes vacuum deaeration, addition of
hydrazine, and hydrogen overpressure to simulate the reducing
conditions that would be expected during normal steam generator
operations. To simulate the hot functional test and operating
cycle, sulfate or thiosulfate were added to the solution to simulate

sulfur contamination,

Single tube/tubesheet mockups were also tested., These tests

included duplication of the peroxide (H207) cleaning cycle, hot

functionals and the first operating cycle.

The long~term corrosion lead test program provides an adequate
simulation of operating conditions and a means for making a

comprehensive assessment of tube performance in the TMI-1 steam
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generators prior to actual operation. Adverse results from the
corrosion lead test program can therefore be factored into plant

operations in advance of anticipated problems.

In summary, what is your professional opinion of the adequacy of
license conditions proposed by the staff for TMI-1?

The overall .i1cense conditions piroposed in NUREG-1019 and as
modified in Supplement No. 1 to NUREG-1019 are more conservative
than are typically applied subsequent to steam generator repairs.
Implementation of these license conditions will provide reasonable

assurance that th2 public health and safety is protected.

The Board in its June 1 Order (p. 23, paragraph 2) asked that the
parties address "|tJhe effect of inadvertent initiation of emergency
feedwater flow at high power or following rapid cooldown after a
LOCA ... with attention to calculation of maximum transient stresses
In steam generator tubes." In that regard, what is the most severe
accident, in terms of loading, on the OTSG tubes?

The most severe loads on the OTSG tubes would occur as a result of

a break in the inain steam lines (MSLB). An MSLB will result in a
maximum tube load of 3140 pounds as discussed in Section 3.4 of

NUREG-1019.

) What makes the main steam line break limiting, in relation to tube
tension?

During a main steam line break, very rapid boiling of the entire

OTSG secondary water volume occurs as steam is released through the
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break. This boiling rapidly removes heat from the entire reactor
conlant system resulting in a rapid decrease in temperature of the
entire length of the 56-foot steam generator tubes. The 3140 pound
tube load is caused by the tendency of Inconel-600 tubes to shrink
when cold, while the steam generator shell remains not and expanded.
The comparative lower tube temperature and hotter shell temperature
produce a tensile load on the tubes. The main steam line break is
limiting because it is the design basis accident which results in
the most rapid cooldown and largest average temperature decrease of

Inconel-600 tubes.

Is the eftect of inadvertent initiation of emergency feedwater flow
at high powey or following rapid cooldown after a LOCA bounded by
the MSLB 3140 pound load?

Yes. In the event of emergency feedwater initiation at high power,
reactor coolant temperaiure remains relatively high and therefore
the average OTSG tube temperature remains high even though some
localized cooling of the tubes would occur due to the direct
impingement of emergency feedwater flow. However, because this
cooling affects only localized sections of the tubes on the
secondary side of the steam generators while the primary side of the
tubes remain hot, the average tube temperature will only be slightly

reduced and the resultant tube shrinkage and tension will be small,

Emergency feedwater flow i1nitiation following rapid cooldown after a

LOCA would simply result in the addition of some cold water to a
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volume of already hot water which would be bottled up on the secondary
side of the OTSG. Again, the average tube temperature decrease would

be less than that caused by a MSLB.

The Board in its June 1 Order (p. 23, paragraph 3) asked the parties
to address the "reasons for not including hardness tests on repaired
tubes in the post repair testing program...." In that regard, what
is the definition of hardness, and how is it measured?

Hardness is a metaliurgical term which defines the resistance of
metals or alloys to plastic deformation usually by indentation.
Sometimes it is also refers to resistance to scratching, abrasion or
cutting. Hardness of metals or alloys can be measured by standard
hardness testers such as Brinell, Rockwell, and Vickers. The
measurements are usually made on the same or similar specimens taken

from tubes, pipes, or components for metallographic analysis.

What information is required in fracture mechanics analysis of
structure integrity?

Basically, material properties, stresses, and defect sizes are
required in the expression of stress intensity factor (KI) which is

the main parameter in fracture mechanics analysis.

Is hardness a material property required in stress intensity factor
derivation? Is hardners considered in fracture mechanics analysis?
Hardness is not needed in stress intensity factor (Kl) derivation,

and it is not considered in fracture mechanics analysis. Toughness
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is the material property generally considered in fracture mechanics

analysis.

.20 Is hardness a parameter considered in stress corrosion cracking?
.20) Hardness is not needed in the stress corrosion cracking evaluation

of materials.

.21 Are hardness tests on repaired tubes necessary in the qualification
of TMI-1 steam generator tube/tube joint repairs?

.21 No, there is no need for hardness measurement on repaired tubes,
because hardness is not a parameter required in the evaluation or

analysis of stress corrosion cracking and/or crack propagation.

.22 Were hardness measurements used for any purpose as part of the
kinetic expansion repair evaluation? I[f so, what was their use?
.22 As indicated on pg. 11 of Supplement No. 1 to NUREG-1019, the

licensee's kinetic expansion repair process increased the transition

zone length between the expanded and unexpanded tube sections by

approximately a factor of 2 to 4 from the original as-fabricated
zones. The increased transition zone length results in a
corresponding decrease in strain and residual stress. Verification
of this relationship by test is not necessary because it is easily
predicted mathematically. When strain and residual stresses are
reduced, a comparable reduction in hardness occurs in Inconel~600.
Therefore, reduced hardness measurements can be used to infer a
reduction in strain and residual stress. However, a hardness

measurement is not necessary.




The relationship between hardness and resiuual Stress was mentioned
on pg. 19 of NUREG-1019, based on a measurement by the licensee
which showed reduced hardness in the longer kinetically expanded
transition zone when compared to the r: 1ginal as-fabricated
transition length, The only conclusion inferred1 is that due to
reduced hardness, the residual stresses will be less and therefore
the tubes at the 'ranistion zone may be less susceptible to stress
corrosion cracking than the original as-faoricated tubes. The fact
that "e transition zore of the kinetically repaired tubes may be

less susceptible to stress corrosion cracking was predicted

mathematically as stated in the preceeding paragreph. Therefore,

the hardness measurements conducted by the licensee on test

specimens simply confirmed what was already known,

Can hardness ot the transition zone be readily measured in the
repaired steam generalors

No. The transition zone is located a minimum of 17 inches deep in a
3/8-inch tube, and hara..»ss measuring devices do rot exist which are
cepable of measuring under those conditions. Therefore, measure
hardness, tubes would have to be severed, sectioned and removed from
the repaired steam jenerators. This is an extensive effort which
would result in radiation exposure to the workers. Since information
which could be obtained on the hardness of removed tube transition
zones 1s not necessary for acceptance of the repair process, as
discussed in the preceeding responses, tube removal for hardness

measurements 1s not consistent with ALARA,




0.24 In the June 1 Order (p. 23, paragraph 4) the Board asked the parties
to provide "information ... about whether tube integrity during
subsequent operation depends on whether the process is a repair, or

a manufacturing process using new materials. Recalling Licensee's
statement that the use of kinetic expansions to seal heat exchanger
tubes within tubesheets ha: a broad base of successful experience,
is tube integrity auring subsequent operation dependent on whether
the process 15 a repair, or a manutacturing process using new
materials?

As discussed in the Staff's Testimeny in response to Contention 1b,

the steam generator tubing alloy, Incorel-600, maintains its

mechanical strength and ductility even after prolonged service in

a steam generator Therefore, as long as the repair process is
qualified by producing the tube/tubesheet joints which meet the
original licensing basis of a pullout strength of greater than
3140 1bs, the structural integrity of the tubes during subsequent
operation does not depend on whether the process 1S a repair, or a

manufacturing process using new materials.

In your professional opinion, does the kinetic expansion repair
technique provide reasonable assurance that operatior of TMI-1 can
be conducted without endangering public health and safety?

Yes; as discussed in NUREG-1019, NUREG-1019 Supplement No. 1, Staff
Motions for Summary Disposition, and in testimony in response to
TMIA Contentions la and 1b

reasonable assurance has been provided

that the kinetic expansion repair process has returned the 0T5Gs to




their original license basis and that there is an extremely low

probatility of abnormal learage, of rapidly propagating failure,

and cf gross rupt..., consistent with the requirements of GDC-14,




Conrad E. McCracken
Professional Qualifications

1 am Section Chief of the Chemical Technology Section in the Chemical
Engineering Branch of the Division of Engineering, Office of Nuclear
Reactor Regulation. My responsibilities ‘in this position include
supervision of the evaluation of .aT) .PwWR's for compliance with chemis-
try and corrosion requirements of the Commission. Specifically, this
includes evaluating the chemistry and corrosion control measures that
are instituted to minimize corrosion of steam generator materials. 1
have served in this capacity since April 1982. Between February 1981
and April 1982 1 served as a senior chemical engineer with the same
branch, where my duties included the evaluation of steam generator

chemistry and corrosion programs at both operating plants and plants in
the licensing process.

From 1966 to 1981 I was employed by Combustion Engineering Corporation
in a variety of management and engineering positions, the last of which
was Manager of Chemistry Development from 1977 to 1981. During this
15-year period, my prime technical responsibility was support to operating
nuclear power plants and nuclear plants in construction in the area of
chemical and radiochemical sampling, analysis, data interpretation,
establishing chemistry specifications and conducting laboratory experi-
ments to verify or support nuclear plant requirements. In this capacity
1 made frequent visits to nuclear power plants where I physically con-
ducted sample and analysis programs or audited the utilities' capabili-
ties in the chemistry and radiochemistry area. During the last twelve
years at Combustion Engineering, anproximately fifty percent of my time
was expended in areas associated with understanding and resolving steam
generator corrosion problems.

From 1958 to 1966 1 served in the United States Navy where I was Qualified
in submarines for all nuclear duties. For three years of this period I

was an instructor, responsible for teaching officer and enlisted personnel
in the area of chemistry, corrosion and mechanical systems operations and
control. My final duty station in the Navy was on the USS Nautilus, where

I was responsible for all chemistry and corrosion contrcl and personnel
radiation exposure. T

Education

I attended the University of Hartford School of Engineering and completed
course work in 1970. 1 am a Registered Professional Corrosion Engineer.




Paul C. S. Wu
Chemical Engineering Branch
“Division of Engineering

Professfonal Qualifications

FIELD: Corrosfon and Water Chemistry
TOTAL EXPERIENCE: 19 years

NUCLEAR: 16 years

KEY RELEVANT EXPERIEMCE

. Principal Engineer, Materials and Corrosion Programs at Westing-
house ARD

Supervisor, Mechanical Properties Laboratory
Lead Engineer, Advance Nuclear Control Material Development

Lead Engineer, Materials and Corrosion Evaluation for Power
Generating Equipments

Lead Engineer, High Temperature Design Criterfa and Method

Lead Engineer, Low Friction and High Wear Resfstant Materials
Deveiopment

. Lead Engineer, Liquid Metal Corrosfon and Sodium Technology
RELATED PROFESSIONAL BACKGROUND

Before joining the Metallurgy and Materials Research Branch at NRC, 1 was
employed as a Principal Materials Engineer at the Westinghouse Advanced
Reactors Divisfon. I was responsible for many materials and corrosfion
programs at ARD. From 1976 to 1979, I was in charge of all materials

and corrosion programs concerning aqueous corrosfon and pertinent to
nuclear fuel reprocessing and waste management. I was responsible for
proposal preparation, research execution, and program coordinatfon among
various Westinghouse divisions and national laboratories. Prior to 1976,
I was in charge of the Mechanical Properties Laboratory at ARD, and was
responsible for characterizing the creep, fatigue, and stress-rupiure of
stainless steels and nickel-base alloys for the national program on high
temperature design criteria and methods. Refore joining Westinghouse,

1 was a research scientist at the Ames Laboratory of USAEC engaging in
sodfum technology and nuclear materials research.




Pau)l C. 5. Wu

EDUCATIONAL BACKGROUND

B.S. (Metallurgical Engineering, 1964), Natfonal Cheng-Kung University,
Tafwan

M.S. (Metallurgical Engineering, 1967), University of Missouri at
Rolla, Rolla, MO

Ph.D. (Materials Science and Inorganic Chemistry, 1972), lowa State
University, Ames, lowa

MANAGEMENT TRATNING

Management Techniques, Westinghouse Learning Corporation

Decision Making, Westinghouse Learning Corporation

Communication Skills, Westinghouse Learning Corporation

Fracture Mechanics, Westinghouse Headquarters Engineering
HOHORS AND ACHIEVEMENTS

Who's Who in Technology

Member of the American Honorary Chemical Society

Member of the Review Board of TMS and ASM Publications

Member of the NACE Committee on Stress Corrosfon Cracking

Member of the NACE International Relatfons Committee

Westinghouse Advanced Reactors Division Cost Saving Award (1975)

Technical Program Chafrman, Pittsburgh Diffraction Conference (1976)

PUBLICATIONS AND PRESENTATIONS

I have published more than 30 technical papers and reports on subjects
covering corrosion, materials evaluation and selection, mechanical
properties of engineering alloys, sodium technology, friction and vear
of materials, nuclear control material development, fuel reprocess 9
technology, and waste management. In addition, 8 invited presentations
at Stanford Research Institute, ANL, ORNL, Sandia Laboratory and other
resear-h fnstitutions have also been accredited to me.




OSS—-examination?

iIS. BRADFORD:
garding your assertion that cracks
wall won't rupture, wha

’

statement?

WITNESS McCRACKEN: I have absolute confidence in
that statement. I have performed calculations; additionally, I
nave run tests on tubing doing exactly those tyj

) & 4

rupture tests.

1cwledge, have leaks or

ruptures ever been found in =¥ 0 /1th tubes with less than

“ul

70

percent through-wall cracl
WITNESS McCRACKEN: By definition, if it leaks or
ruptures, it has to be 100 percent through-wall.
MS. BRADFORD: However, reporte” from a last
inspection as being less than 70 percent through-wall.

WITNESS McCRACKE! You can have a report of a

depth of degradation on a tube in one inspection, and

degradation in some instances can increase prior toO another
inspection, or 1t can increase during an operating
subsequently leak.

MS. BRADFORD: vhat 1s the rate of degradation?

BT —
McCRACKEN:




the steam generat

idual conditic

BRADFORD:

On

first paragraph, startinc

n uncert:e allowance for

11

COorrosion

degradation

+
|

period, is that

2=-month

generally &

peric
WITNESS

operating period can be

a shorter period if we have determined that

tion is such that you would reach the

degradation in that time frame.

In other words, if we looked at the

S

sion as 2 non-entity and said that ir six months

anticlpate approaching the 70 thro

percent

woulad shut down and reexamine

say:

you insure that you have maintained the margin

need to maintain through that operating

MS. BRADFORD: Ti next paragraph,

gh-wal

ailiowance

hat

the rate

operating

+h
cild C

here,

can also be

of degrada=

through-wall

we

1 1
. .

failure

about

that

half-way




through the paragraph, you state, "This is accomplished Dy
assuring ourselves that either the steam generator has been
returned to its original licensing basis

licensing basis" as you use it in this

that mean as manufactured?

M

WITNESS McCRACKEN: The original

if I'm interpreting your question correctly,
sideration of how it is manufactured.
are talking about tube integrity only
used, the material that is
basis to insure that
Vessel Codes,
t me state that to you another
icensed everything
the original licensiny basis

1s determined?

WITNESS McCRACKEN: 'ne licensing basis is a series

S

of documents or general design criteria that we use to review

and insure that plants meet the safety goals we have.

MS. BRADFORD: When a plant is first licensed
operate a new plant, are the original licens

at tl ne new plant nd does that include the steam

have are basically




which 1nsures
public health and

To meet that licensing
standard codes, ASME Boiler

product 1s manufactured, it

licensee to ve fv that that

C

They typically 1t to exceed the

here are margins in excess -he code in

Y v

volilved

BRADFORD: When you set that original design

that 1s when the leak rate is established on that

WITNESS McCRACKEN: That's the original licensing

The licensing basis permits a leakage, by technical

pecifications, « up to one gallon per minute for this
lar plant.

M5. BRADFCRD: Does that anticipate a
hour leakage from a new steam generator?

WITNESS McCRACKEN:
minute.

MS. BRADFORD: That's 60 gallons per hour;
what I thought I said.
WITNESS McCRACKEN
MS. BRADFORD: Is

WITNESS McCRACKEN:

particus




MS. BRADFORD: And the source of this
one or multiple
WITNESS McCRACKEN:

~

MS. BRADFORD: One of the conditions that

BRADFORD:
states 1 the times for eddy current examina-
exceeding 50
that correct?
affirmatively.)
ERADFORD: With the 90 or 120-day shutd
of degradation,
over time?

this particular

testimony, the 90 to 120 days is not be 1 upon a predicted rate

of degradation. The degradation, b
analysis that has been done so far, shcws that it is
| 5N

Y,

Therefore, this is simply a conservatism

ilcensee shut

an eddy curre
b 4

1s not based

Licensee




- | |5 » . T ‘w‘ . |
operated unt 1€ next normal refuel

months.
Knowled
other nuclear reactor plant milar steam

detected during an outage

say "detected during
current
ind that it corrode« :r than you
would? I'm not s exactly what you're asking.

. BRADFORD: hey have various ways of measuring

leak rate, and from there they can determine approximately what

lation

leakage.

What I'm savyinc to your knowledge, has degrada-
tion ever been detected once they shi down which was greater
than that which they expected?

WITNESS McCRACKEN: gues ill have problems
with == I'm sure that there are some people who have seen
degradation in excess of what they
those are people who technically had

and made a determination
MS. BRADFORD: Has a crack proceeded through-wall

any other steam generator more quickly than that which had
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|assurances that you will not get a tube rupture.

596

been estimated? e

WITNESS McCRACKEN: I think I still have the sare

problem, which is: who is estimating?

MS. BRADFORD: Either the NRC or the owner of the
plant.
WITNESS McCRACKEN: When you do an evaluation of a

plant to determine whether you have reasonable assurances that |

it can continue to operate, you are looking for reasonable

If a tube has a small indication on it and that
indication grows and you get minor leakage from it, that does
not constitute a tube rupture. Therefore, that is anticipated,
and you have reasounable assurances that you will, in fact, get
that leak, which is one of the things that tell you that it is

then time to shut down and reexamine. So that leak occurs

prior to the tube rupturing.

JUDGE WOLFE: I think now might be a good time for

our luncheon recess. We will recess until a quarter of 2:00.
i
In the meantime, Ms. Wagner, I have hac casion to|

|
. . |
wonder -- and I zm particularly interested in your reasoning !
i

behind it, for only introducing into evidence excerpts from the

{SER and Supplement 1 thereto.

What gives me some concern is that when the Board
writes its decision, it is going tec have to have something on

the record with regard to the kinetic process itself, how it



works, to give

1s, undisputed facts

the descriptio
would quarrel wit
a continuation of

know what yo

record he E t going to make

1S going 2 his and going to say

talking about and why

I comment briefly
JUDGE WOLFE: Yes.
MR. CHURCHILL: Two points;
the Board 1is free to take administrative notice of background

AG L

material like that as is contained in the SER and

supplement. It is background 1s needed

understand that.

repalir

and the Motions fc m LSPOS] yn which have

‘i

been granted by the Board.
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1 facts which are, in fact, on the record and are available to '
|
. 2 the parties to use in their proposed findings, as well as to g
3 the Board. ;
4 We, for example, when we submit our proposed find-
5 ings, would -- which would be in the form of a proposed initial
6 decision, which is the practice before the boards in hearings
7 of this type -- rely on the information in both ours and the
8 Staff's Motions for Summary Disposition, the factual .nforma- ;
9 tion which has been found by the Board to be undisputed and,
10 therefore, not in dispute, and our facts that are on the g
1 {record. E
12 Under 2749 those facts which were not contested --
13 | JUDGE WOLFE: Once again, Mr. Churchill, you're a ;
. 14 : better judge of what is on the record than the Board is at i
15 ;this point. f
|
16 If staff is satisfied with its documents, written |

17 | testimony, whatever presentation, fine. What I am saying is,
18 ||if there are hcles, now is the time to make a proper adjustment}
19 ||I don't know; we worked hard on the motions, but that was a

;
20 |month ago. 1I've forgotten what's in the memorandum already. j
21 If you think that there is a good summary and :
92 | statement of facts somewhere in the Memorandum and Order, fine; |
23 but don't come back to me and say: gee, we forgot to set out

24 a nice little summary in summary form what this process is |

l
‘ 25 all about.
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I would drop it there. We will now recess for

{}lunch.
i (Whereupon, at 12:47 p.m., the hearing was

| adjourned, to be reconvened at 1:47 p.m., this same day.)
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AFTERNOON SESSION !

(1:45 p.m.)
JUDGE WOLFE: All right, Ms., Bradford.
Whereupon,

CONRAD E. McCRACKEN

I and
PAUL C, WU

were called for examination and, having been first duly sworn,

| were examined and testified as follows:
CROSS-EXAMINATION (Continued)
MS. BRADFORD: At the top of page 4 you state that

the license conditions for the repaired steam generators will

provide adequate assurance that the probability of tube rupture

remains extremely low.

i
i
w To the best of your knowledge, has the Staff ever
| |
| proposed license conditions which were assumed to provide ade~- |

qguate assurance which later proved inadequate? g
| MS. WAGNER: A point of clarification; is this any
license conditions or license conditions for repaired steam
generators?

MS. BRADFORD: For the steam generato:rs.

WITNESS McCRACKEN: I guess I'm really not sure
what question you're trying to ask me. In the area of steam
gen~rators, when there has been a corrosion concern, we have

proposed license conditions.

To my recollection, in none of the cases where a
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|
1 steam generator has been operating after review by the Staff,
. 2 under these types of guidelines, have we ever had a tube rupture?.
3 MS. BRADFORD: At the bottom of the page under j
1

4 “License Condition No. 4 you state that "If the leakage exceeds

5 ‘ithe baseline leakage rate by more than 0.1 gpm, the plant shall
6 |be shut down and leak tested.”

7 | During the incidents that were the subject of the

8 recent PNOs, was the leakage rate exceeded?

9 WITNESS McCRACKEN: Could the leakage rate be what,
10 ‘please? |

11 MS. BRADFORD: Exceeded; was that 0.1 gallon per

12 ||minute exceeded during any of those most recent events, to

|
‘ 13 | your knowledge? E

14 WITNESS McCRACKEN: I'm not sure which most recent

15 || events you are talking about. '

16 MS. BRADFORD: One moment, please. |
17 (Pause.) ,
18 MS. BRADFORD: Since the Licensee recently did ?

19 || their hot functional testing there have been three incidents

20 |of leakage. I am asking you: to your knowledge, do you know ?
21 if, during any of those incidents, this 0.1 gallon per minute ;
22 limit has been exceeded? |
WITNESS McCRACKEN: We're speaking purely now of

24 the TMI-1l once~through steam generators?

. 25 MS. BRADFORD: Correct.
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j27 |
! WITNESS McCRACKEN: Since the repairs? j
‘ 9 MS. BRADFORD: Correct. |
3 WITNESS McCRACKEN: To my knowledge, they have not E
‘ !been exceeded. |
5 MS. BRADFORD: On page 5, answer 5, you state that
6 "Bowing, if it occurs, will limit the compressive forces which
. |[exist."”
8 Dnes the tube then stay in that bowed position?
9 WITNESS McCRACKEN: Only during the heatup. The
10 |[Powing is something that occurs due to a differential in averag+
11 |tube temperature versus average shell temperature in the steam
12 ,9enerator. Because the average shell temperature is very cold |
13 |or relatively cold during the heatup, the tube is getting hot é
‘ 14 |more quickly because those inner walls tend to expand more |
, ,
15 ;rapidly.
16 So, during ihe heatup process, there is a time periéd

|
17 |when the tubes actually go into more compression or the maximum

18 |[compression they see. As soon as the plant is fully heated,

19 !Which would take a period of maybe eight or ten hours, then

20 |they equalize and they go to normal operating pressures; and
21 ||at that point that compressive load is reduced to whatever the
22 |normal operating load would be.

23 MS. BRADFORD: Then the tube will straighten?

2 WITNESS McCRACKEN: Yes. '

‘ 25 MS. BRADFORD: How much do you anticipate the tube‘»
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would bow under those conditions?

WITNESS McCRACKEN: The maximum, based on the

Licensee's calculations, which we independently looked at

a quarter of an inch, because that's a deflection that would

have it contact the tube most adjacent to it,

| through one of our contractors, was a deflection of less than

MS. BRADFORD: So there is a space of a quarter-

inch between the tubes?

WITNESS McCRACKEN: Yes.

MS. BRADFORD: If such a bowing condition would

exist and there were a less than 40 percent crack, would that

be sufficient bowing on the tube, if it should bow in the area

of the crack to less than 40 percent, would that open that

crack?

WITNESS McCRACKEN: No.

MS. BRADFORD: On page 6, in reaching the decision

of a 90 to 120-day inspection, can you tell me how you arrived

at that decision?

WITNESS McCRACKEN: Yes. The original 90 days I

selected because I felt that provided sufficient operational

time to get the system runniig and to establish normalized

chemistry control conditiors and a sufficient period of time,

if any unanticipated corrosion was progressing, that we would

be abie to find or detect it if it were there.

So I felt it

was long encugh to give me that kind of assurance.

|
i
|
|
|
|
|
i
1
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|

i
The 120 days I put in later on when I realized thaq

|
the Licensee was not, in fact, going up Lo full power in a

'normal manner, which typically would take two weeks to 30 days,
| |
iiwhich is what I had originally assumed. When I found they
;iwere not going up that fast in power, they chose to go up at

|a slower rate of power, I put in the 120 days to put an addi-

! tional limitation in to make sure we looked at it in the event
they held at low power for a longer period of time.

i MS. BRADFORD: Are you familiar with a memorandum
of May 19, 1982, from William Johnston to Thomas Novak, Assis-
 tant Director for Operating Reactors; and the title of that

jdocument is "Staff Evaluation of TMI No. 1 Steam Generator

'Corrosion Problem."

|
|
|
i
|

s Are you familiar with that?
i WITNESS McCRACKEN: VYes, I'm familiar with that.

MS. WAGNER: Excuse me, Judge Wolfe. If there is
going to be examination on this document, I don't have a copy
myself, but Mr, McCracken does.

Do you mind if I look over his shoulder?

JUDGE WOLFE: Not at all; go ahead.

MS. BRADFORD: Mr. McCracken, did you have any in-

put into this document?

; WITNESS McCRACKEN: Yes, I did. I wrote it. 1If

iyou notice, on the left-hand corner here at the bottom of the

front page it says, "Contact C.E. McCrackan." In NRC language
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that means that's the originator.
JUDGE WOLFE: Who is Mr. Johnston and who was the
receiver? >
WITNESS McCRACKEN: Mr. Johnston is the Assistant
Director of the Materials and Qualifications Engineering Branch
in the Division of Engineering, who is my superior.

My Novak was the Assistant Director of Operating '

| Reactors at that time who had responsibility for the group that|

had Three Mile Island under its control.
MS. BRADFORD: In this document you express a num-
ber of reservations concerning the proposed repair; is that

correct?

|
|
|
|
|
1
;
|
WITNESS McCRACKEN: That is correct. g
MS. BRADFORD: What caused you to change your ;

!

WITNESS McCRACKEN: I didn't change my opinion. |

|

The reservations 1 had, as I stated there on May 19, 1982, |

|was that the repair process which was going to be conducted E

could have been conducted by the Licensee under some interpre~ {
tations under what is called 10 CFR 5059, which means there
would have been no NRC invclvement or review; the Licensee
could have done it under their own license. i
I felt that the corrosion was of a sufficient mag- |
nitude, and the type of repair they were using was, at that

time, not clearly defined yet as to what they were going to do

PR SNSRI T,
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there were questions about the corrosion process =-- that we,
the Staff, should definitely review that whether we were in-
volved in a technicality of whether we were legally entitled
to or not. That memo is to express the opinion that we should
review it,

MS. BRADFORD: On page 3 of the document, item d,
it states: "Operate for 30 to 60 days, then shut down and eddy|
current test to assess progression of degradation."

WITNESS McCRACKEN: Yes.

|
MS. BRADFORD: That is a different time schedule |

WITNESS McCRACKEN: Yes, it is.
MS. BRADFORD: What caused you to change your
mind?
WITNESS McCRACKEN: In May of '82 we did not know
the exact corrosion mechanism, we did not have the information

available on what any rate of progression would be. Since that
time we have received a large amount of information on the rate

of progression, the type of attacks, the corrosive species, |

et cetera. Most of that was discussed, I think, in quite a bit

|
I
of detail in the Summary Disposition Motions.
;
]

MS. BRADFGRD: On the estimated rate of degradation

|
for these tubes, what is the rate of degradation?
|
|
WITNESS McCRACKEN: We do not estimate that there

will be a rate of degradation. Everything we have right now
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shows that the corrosion mechanism which was active has now
ceased at TMI-1,

MS. BRADFORD: 1Is the corrosion from the primary
side the only method of degradation? I mean, are there not
other factors?

WITNESS McCRACKEN: That's the only method that we
evaluated in this particular case. There are other means of
having degradation, secondary side or so on; any plant can have
'them. But certainly that was not a consideration in this par- |

ticular instance. !

|
|

MS. BRADFORD: Can you tell me why not? ‘
WITNESS McCRACKEN: Because tle instances prior to %
this degradation at Three Mile Island Unit 1 had shown that |
they really did not have any significant problem with secondaryi
side corrosion compared to what other plants in the industry haJ,
and their eddy current examinations that they conducted as part%
lof this test verified that there were no new or unique or novel;
lLituations that occurred on the secondary side.
MS. BRADFORD: Are there other means by which a
ftube would become degraded other than chemical degradation?
WITNESS McCRACKEN: Tubes can become mechnically

degraded; they can rub or wear.

MS. BRADFORD: Is one of the problems with steam

enerator tube degradation throughout the industry that the NRC

as been examining a problem with loose parts?
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MS. WAGNER: I object to that question on the

grounds that I don't see its relevance to the contention that
we're litigating right now, which is the method of determining
frequency of eddy current tests.

MS. BRADFORD: It seems to me, Judge Wolfe, that

steam generator tubes should be =--
JUDGE WOLFE: What does it have to do with eddy
current testing?

MS. BRADFORD: Because all of those elements are

\present in -- or at least I haven't heard any discussion that

they have been eliminated. So that that would be in addition
to the primary contamination =--

JUDGE WOLFE: Are you saying that eddy current
testing tests for loose parts?

MS. BRADFORD: No; no. That the possibility of
degradation caused by loose parts should also be factored into
a decision on how frequently the steam generators should be
eddy current tested.

JUDGE WOLFE: The question is eddy current testing
and the adequacy behind it; does it pick up deterioration or
does it not? That's the only question before us.

Sustained. Next question.

MS. BRADFORD: Did the secondary side environment

at TMI-1 stcam generator in any way impact on your decision as

'all of these things that could impact on the degradation of the|



repair
BRADFORD: So
2SS McCRACKEN
MS. BRADFORD:
WITNESS McCRACKEN
MS. BRADFORD:

middle of the page

r

continued degradat

inspection may be required.

When will this degradation be detected?
ferring to a 90 or l20-day =--

WITNESS McCRACKEN: Yes
120-day inspection.

MS. BRADFORD: And yot 711l hen make some
of the rate of

IcCRACKEN: We

very accurate estim: on the rate
would have two

ted and what it was : : ! operating time period.




MS. BRADFORD:

you please

WITNESS

between the beginn

MS. BRADFORD:
months:
speculation,
But any
and re
120-day inspection
1s, but woculd
corrosion that was
MS. BRADFORD:
half-way through
rate limit
those which are Pl ly implemented a
repairs,
WITNESS McCRACKEN

MS. BRADFORD:
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MS. BRADFORD: Mr. McCracken, my copy is an
exceedingly poor copy, but I'm going to ask you: did you make
the statement in this May 19 memo that the leak rate limit for
TMI was the most liberal?

WITNESS McCRACKEN: That's correct.

MS. BRADFORD: And do you still feel that to be
true?

WITNESS McCRACKEN: The leakage rate limit for
Three Mile Island Unit 1 is the same leakage rate limit for
Tech Specs, 1 gallon per minute, that the majority of operating

x
reactors have, pressurized water reactors. That is the most
liberal limit that any plant has.

There are very few that have lower limits than that

for total leakage.

The tenth of a gallon per minute which we are pro=-

posing here as a license condition is one-tenth of that number,
|

and that is the most restrictive limit that we have ever put on
a plant, g
MS. BRADFORD: Were either of you involved in the

testing of the process, the kinetic expansion process, and its
suitability to the TMI steam generators? |
WITNESS McCRACKEN: Yes. ‘

MS. BRADFORD: In what capacity were you involved

in that précess?

WITNESS McCRACKEN: The responsibility had included
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the overall evaluation of the corrosion problem, the repairs,

the return to service.

Part of that was the evaluation of the kinetic
expansion repair process. So I was intimately aware of what
was going on with the qualiiication test programs, how they
were formulated, the ba=is for them.

MS. BRADFORD: Did you do any testing yourself as
the NRC to evaluate the repair process?

WITNESS McCRACKEN: Yes., We had Franklin Research
Center review many of the things that the Licensee did at the
Licensee's facilities, plus the test blocks which were dis-
cussed this morning by Mr, Slear; we also had one of those that
we independently tested to verify the results that they were
getting. j

MS. BRADFORD: That was the -~ I've forgotten the

laboratory name. |
WITNESS McCRACKEN: Frarklin Research Center, |
MS. BRADFCRD: “What sample size =-- of the tests that
the Franklin Research Center did, what was their sample size =--
let me withdraw that question and pose another.
The tests that you did, did they irnvolve using
steam generator tubing materials and expanding them?
WITNESS McCRACKEN: They did a series of tests in
addition to evaluating and watching and observing what the

Licensee did. We aid two separate things. We, one, went to
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watch the Licensee and ubserve what they did, reviewed their
calculations, methodology, the procedures whereby they did

things, to assure ourselves that they were using proper pro-

cedures and methods,

We then independently, using those same procedures
and methods, took test blocks and had tubes expanded and veri-
fied ourselves that we could achieve the same results that the
Licensee did independently.

MS. BRADFORD: How large was the sample size that
the NRC used?

WITNESS McCRACKEN: We had one of the ten-tube
test blocks, and I forget how many single-tube specimens we
used.

MS. BRADFORD: And these were tubes from the actual
steam generator?

WITNESS McCRACKEN: No, these were archive tubing

that had been heat treated along with the test blocks to simu= |
late the same condition that they would have seen after |
operation.

MS. BRADFORD: Has the NRC conducted its own inde-
pendent long-term corrosion test?

WITNESS McCRACKEN: We have not tried to duplicate

the long-term corrosion tests under anticipated operating con=- i

ditions that the Licensee has been corducting. We have reviewe*

|

those tests thoroughly to assure ourselves that we believe theyl

|

|



are appiicable.
MS. BRADFCORD: Are you awarse of any other nuclear
power plant which has conducted repairs as ext lve as were

ducted at TMI?

you talking about?
3. LRADFORD: . 77 repaiirs
jenerator tubes.
WITWISE McCRACKEN: That would be a hard question
tc accurately quantify. A number of steam geserators have had
to go through extensive repairs. ] - them have installed

something called sleeves, which is another alternative to

plugging.

I certainly think the magnitude of the repair

process 1itself in scme of those generators was probably egual
to the :magnitude of the repair process at Three Mile Island
MS. BPRADFORD: Do you know the age of those plants?
WITNESS HM72CRACKELN: The oldest one, I believe,
s.arted in 1968.
MS. BRACTORD: Were any of those
expanded, repaired by the kinetic exnansio
TNESS [HcCRACKEN:
plants that have used the kinetic e

Des arter geing into service.




WITNESS McCRACKEN: We
We do have access to
proprietary

your testimony

state that there 1eed for hardness measurements on
paired tubes.

What is the basis for that statement?

WITNESS McCRACKEN: I think I would like to
to Dr. Wu and have him answer that.

WITNESS WU: Based 1 Ol review of

failure analysis and the

corrosion examination of the failed tubes and the contaminant
that they identified which caused the failure in the first
place, and based on our staff res and also the consultant
independent tests conducted at tl} rookhaven National Labora-
tory, we have established and agreed with the Licensee that the
causative agent for the corrosive process been determined.
Also, we have verified independently that the
corrosive contaminant has been eliminated
In addition to that, the Licensee
percent eddy current ol 1LOT Based on their eddy
inspection results, they hav taken o1 of

that shows degradation




tubes which have degradation in the tubesheet
paired, then the test has been done
maximum anticipated design a
Therefore, =--

MS. BRADFORD: EXc
to the hardness measurement.

WITNESS WU: 1l
basis for our rationale for why
we have determined clearly that the corrosion
been well-established by the Licensee,
independently that sulfur-induced
was, 1ndeed, the mechanism wh

Now, 1n a stres
steel, nickel-base
parameter that enters 1nto the consideration
stress corrosion cracking.

corrosion cracking

on the basis of material properties, such as

sensitlization, as you know, and the

Hardness is not a material property

evaluation of stress corrosion
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process -- the amount of hardness increase,

and our review of the results indicated, is

roll condition, which

hardness allows more ductility remaini

process.

MS. BRADFORD: But the NRC did no

what the actual condition and the measurements

WITNESS WU We did

MS. WAGNER:

question., that a question?

MS. BRADFOR

Yes.
WITNESS WU: We did analysis,

not do testing in
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1 during subsequent operations?

2 WITNESS McCRACKEN: I anticipate that any plant,
3 when operating with corrosion processes that are available, :
4 will, at some time or another, have primary/secondary leakage

s || rates.

8 I believe that the Technical Specifications that

- are imposed provide adequate assurances that, if those types of

g | leaks occur, they are, one, detected, and two, responded to

9 prior to the potential for tube rupture.

10 Therefore, although I do anticipate that leaks |
1 would occur here as any other steam generator, the quantity or
12 | significance of those leaks will be quite small in any effect

13 | on public health and safety. j

14 MS. WAGNER: That concludes my questions. |
15 JUDGE WOLFE: Board questions? |
16 | JUDGE LAMB: Mr. McCracken, on page 3 of your i
|
17 jtestimony, the second paragraph just below the middle of the
18 {page, you mention two conditions, one of which is "the steam
|

19 | 9enerator has been returned to its original licensing basis."

20 Would you explain what you mean by that? I want to

21 make certain there is no misunderstanding on the record as to

22 | what you mean by "original licensing basis."
23 | WITNESS McCRACKEN: I think I went on to discuss
0 that a little more in the remainder of this prepared testimony,ﬁ

25 but, basically, the original licensing basis looks at two
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1 JUDGE LAMB: But not necessarily the same conditioﬁ

. 2 that the new generator was in when installed and started. |
|

3 WITNESS McCRACKEN: Not necessarily a design basis,

4 which a manufacturer would sometimes add excess design margin

|
B Tover what the licensing basis is.

l
6 | JUDGE LAMB: At page 11, under the rationale for

7 | Proposed License Condition No. 6, you talk about the long-term

|
!
|

8 corrosion lead test program, and down about the sixth or seventh
9 line in that discussion you say, "Because this test program

10 | leads actual plant operation by more than a year" -- the presené
1 tense in that suggests a continuing type of an operation.

12 Do you picture that to be a continuing kind of an

. 13 ||operation or not?

|
“ | WITNESS McCRACKEN: No. When I wrote this it was

15 | 8till in progress.

16 JUDGE LAMB: Okay.

o WITNESS McCRACKEN: It had not yet completed the

18 | full operating cycle. The operating cycle which they have

19 |Fecently completed is what we anticipated they would run; and

20 |Wwhen we wrote NUREG-1019, we assumed that the plant was going i
91 ||to be operational prior to completion of those tests.

22 Now that those tests have been completed prior to ;

that, we will see all the results of those when they finish

24 ||their examination prior to operation of the plant, w

. 25 JUDGE LAMB: So these tests are -- as I understand
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you referred to would be very similar to the utilization on

this job?

WITNESS McCRACKEN: Yes, very similar. They are |
steam generators of another manufacturer, but they are still

steam generators. They are a 20-inch crevice instead of a 22-

inch crevice. But the application is very similar.

JUDGE LAMB: Can you give us some information about
the extent to which this has been used; how many and how long

it has been in use?

|
i

WITNESS McCRACKEN: They were just in the process
of having done this on a couple of plants when I was there ovari
a year ago; they were starting to do it as a routine process.
I can't tell you right now where they are in status,

JUDGE LAMB: 1Is this on a large scale in those ;
plants; a few tubes or a great number of tubes? |

WITNESS McCRACKEN: No; this was large scale, They‘
were talking about doing entire tubesheets, not just one or two
tubes. |

JUDGE LAMB: Do you have any follow-up information |
on the results that they have observed from those, any problemsi
they have incurred? |

WITNESS McCRACKEN: To my knowledge, they have in-

curred no problems at all with the ones that they have repaired

that way.
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JUDGE LAMB: Do you know if any of these repairs
involve corroded tubes similar to the situation that was presen#
at TMI-1? l

WITNESS McCRACKEN: I don't know that. I can't
tell you. I didn't ask that question. |

JUDGE LAMB: Are you aware of the experience using.
the kinetic expansion process in that fashion, that is for
repair work, in countries other than Jagan? é

WITNESS McCRACKEN: I am not personally aware that@
other countries have used it. I understand that a couple may
have, but I do not have firsthand knowledge of that.

JUDGE LAMB: This information was available to you'
I gather, at the time you made the decision on the approvals of
the repair job here?

WITNESS McCRACKEN: That's correct.

JUDGE LAMB: I am wondering the extent to which

that experience that you have observed and discussed with other

people entered into your decision. |
WITNESS McCRACKEN: Very little. The reason that

I was satisfied with this particular process is, I have had a

lot of experience with it, myself, at Combustion Engineering

prior to going to the NRC.

We had run a number of model boilers where we had

done full depth expansion of tubes and operated them for two or
|
three yvears under very extreme chemistry conditions, and then :

f
l
a






k3

10

11

12

13

14

15

16

17

18

19

&8 ® 8 B

635
You can have localized corrosion phenomenon as we |
have had at TMI-1l and other plants have. As long as you repair
that localized area of defective tubing, the remainder ~f the;
tubing still maintains ductility for an indefinite period of
time.

JUDGE LAMB: A lot of concern has been expr:ssed

in the past about the number of tubes, the massive size of this

| repair job, the number of tubes that have been repaired and the

probabilities or statistical possibilities of failures of some
of those tubes.

Can you address that from the point of view of the
Staff with respect to safety and reliability of the repair jol i
considering the massive number of tubes? s

WITNESS McCRACKEN: Yes. Although there was a f
great deal of corrosion at Three Mile Island, Unit 1 steam
generators, the Licensee was fortunate in that it occurred i
primarily in the upper tubesheet which was an area where you !
could restrain the tubes or repair the tubes and not be |

concerned about having tube ruptures in the sense that we are

talking about or are worried about.

The amount of corrosion that occurred outside the

tubesheet was of much more concern to the Staff than the

corrosion within the tubesheet.
The corrosion within the tubesheet, the kinetic

expansion repair was a relatively simple engineering process.
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ascension." And then further down, you say limitations were
formulated by the Licensee. "Because the Licensee elected to
perform a slow, step-by-step power ascension, the staff,
conservatively, proposed a license condition,"” et cetera.

I want to ask you why you felt you had to do
anything other than simply acknowledge what the Licensee
elected to do. I want to ask, is this a typical procedure to
codify as a regulation or licensing issue a voluntary
ccnservatism? .

WITNESS McCRACKEN: What we elected to do here wasL
when we originally started proposing our license conditions, as?
I said in the be jinning, we had assumed that they would start

|

up and go to power and reach full power within roughly a month,

as most plants typically do. ‘
When we found out that was not going to be the l

case, that they were electing to go through a much more gradual:
|
process of increase in power, we felt that it would be prudent

,
|
to have available to ourselves the results of each of the
examinations they did as they went up in power. |
That does not mean that we're going to limit '
anything they're doing; we're simply saying, have available to |
us the results of those. }
And we thought the way that you had worded the ;
discussion in your Memorandum and Order of June 1 that you were!

|

interpreting it that we were trying to limit power specifically’
;

|
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for this process, and we were trying to make sure that we

L‘clarified in our testimony that we're not doing that.

JUDGE FETRICK: A short while ago there were some

questions from the representatives -: the Commonwealth of

Pennsylvania, and I'd like to clarify a point there for my own

benefit.

I think you said in response to a question, there

is no license condition for operation without the leak rate
monitor or something related to that. Could you go over that
aga’n, please?

WITNESS McCRACKEN: Yes. The representative for

‘the State of Penncylvania was discussing the leakage rate

monitor which is located at the exhaust of the condenser
off-gas system.

What occurs when you have a primary-secondary
leak 1s the gaseous activity comes very rapidly from the tube
through the steam generator and it is then removed in the
condenser off-gas system.

And you have an instrument which, as Mr. Slear

said, gives you a response on an order of minutes that you know

you have any kind of an increase in leakage.
That particular monitor has both a high and low

range on it. The low range moritor is the onet that the State

| of Pennsylvania was gquestioning us on, and the low range

monitor is the one that would pick up leakage that would be at

|
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!
less than a tenth of a gallon per minute. It would tell you
very quickly of any increase in leakages.

And he was asking whether we had proposed any |
license conditions that would require some sort of operational
limitation on the plant if that were not in service.

We elected not to do that, because there are other
means that they use for sampling. For instance, they do have |
the grab sample which is taken every eight hours, which means |
that at most you would be without the capability to detect a |
small leak for a period of eight hours. And 1 want to point
out that I am saying small leak.

The backup to the instrument they were talking
about is a higher range monitor, and that would pick up leakage
if you got to a leakage rate that would be around the one

gallon per minute tech spec leakage limit which is currently

there.

So you could only get an increase in leakage of a
|

relatively small magnitude without picking it up by a secondary;
\

monitor which is there as a backup.

JUDGE HETRICK: Normally, are both ranges operable
all the time?

WITNESS McCRACKEN: Normally, both ranges are
operable all the time, and those are scandord equipment for
other plants. As I said earlier, this is not an instrument

that we have tech spec'd on other plants.
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! JUDGFE HETRICK: Either one of the rances?
WITNESS McCFACKEN: Either one of the ranges, yes.
lThey have other limits on == I am gettine outside my area of
|expertiae, 80 if you could bear with me a little bit -- but
they do have off-gas monitors and stack monitors where, as
yau're discharging this, if you had any significant activity
coming out, there are other instruments there to incdicate

sigrificant plant problems that would get you back into the

These are to detect small leaks vhich would be

primar 'y operatiniai problems, not public health and safety

JUDCE HETRICK: Do I understand correctly, though,
that the plant coull conceivably operate at full power for as
muc/y as eight hours without knowledge of a small lezk? I am
not sure how we define "small;" I guess by that I mean a leak

that would be observible in one or the other of those two

WITNESS McCRACKEN: Yes. They can operate for a

period of up ©o eight hours with a leik of less than a gallon al

JUDCE HETRICK: Suppose a leak on the corder

of several gallons per minute or i0 or 20 should occur with

it be detected

|
|
1

\
|

|
!
|

{
|

}
|
i
|
!

|

|
|

{
|
|

|
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WITNESS McCRACKEN: Yes, there are other plant
conditions that would tell you if you saw any significant
leakage in a hurry.

JUDGE HETRICK: Do you think there would be any
point in a license condition which would require the operability
of either or both ranges of this monitoring system?

WITNESS McCRACKEN: No. I considered that at the |
time we were going through the license conditions which we had |
proposed, and it does provide an operational convenience to the|
Licensee to be able to monitor that closely.

But looking at issues that would affect public
health and safety and looking at the potential difficulties
with having them try to maintain that instrument on line all
the time, I could conceive of them having to shut down because

that instrument for some reascn wouldn't be operational, they

couldn't get a part for it; yet the lack of that instrument

being available would really not impact public health and safety
because there are other means available of knowing if they havei
leakage. |
A leak of less than a gallon a minute for eight
hours would be an extremely small leak, and certainly far below
any of the allowable limits for release. They have committed
to meet Appendix I, which is the tightest limits that any plant

in the country has on off-site releases, so their integrated

dose over the year will still be extromely small even if that
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occurred for some eight-hour period.

JUDGE HETRICK: Do you think NRC Staff and perhaps |
1
you personally would be dismayed if such a license condition
were proposed?

WITNESS McCRACKEN: I am sure that no matter what
happens in life, people get dismayved. I don't believe
personally that it's necessary. I would not like to see the
plant in a position where, because that monitor isn't available,
they would wind up having to shut down for any significant time;

I certainly am not going to try to preclude the ;
Board from reviewing this case, as is your job, and deciding

whether you think we have done an adequate job.

JUDGE HETRICK: Maybe I should ask a better

question: do you think such a condition would be more trouble

than it's worth?

WITNESS McCRACKEN: Yes.

JUDGE HETRICK: Thank you.

JUDGE WOLFE: Cross on Board questions, Ms.
Bradford?

MS. BRADFORD: I have no further questions.

JUDGE WOLFE: Mr. Au?

MR. AU: No questions.

JUDGE WOLFE: Mr. Churchill, did you find that
question you wanted to ask? Why don't we finish here with the

cross on Board questions, and then we can come back to your
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1 question that you wanted to ask.
. 2 MR. CHURCHILL: Actually, that one guestion is

germane to the question that Judge Hetrick just asked. 1Is it

4 my turn for cross?
5 JUDGE WOLFE: Cross on Board gquestions.

6 MR. CHURCHILL: That's what I will do, and that

7 will be that question.

8 (Pause.)

9 JUDGE WOLFE: Do you have any cross whatsoever?

10 MR. CHURCHILL: Yes, I do.

11 } CROSS-EXAMINATION

12 MR. CHURCHILL: Mr. McCracken, do you happen to
. 13 !have a copy of the tech specs with you for the TMI-1l plant? ;

14 WITNESS McCRACKEN: No. E

15 MR. CHURCHILL: Would you allow that they are g

16 very, very thick?
i
17 WITNESS McCRACKEN: That's why I don't have a copy!|

18 with me. I
19 MR. CHURCHILL: I am going to ask if you think youj
20 might be slightly mistaken about whether we have a requirement

21 to operate with the RM-A5. That's not a question, that's just |
a lead-in.

I think the best way to go about this is to show

you a copy of my tech specs.

8 8 8B B

(Document handed to Witness McCracken.)
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MR. CHURCHILL: Mr. McCracken, I have just shown |

you a copy of the tech specs for TMI Unit 1, and I think I have

shown you one related to the question that Judge Hetrick was z

asking.

Does that in any way change your last answer about:
that?

WITNESS McCRACKEN: No, it doesn't change my last
answer.,

MR. CHURCHILL: It looked awfully close to what i
you said, so I am not even sure whether it's changing anything
|
or not. How about a different answer other than the last !
answer? i
l
WITNESS McCRACKEN: Okay. The particular incident
does have in the tech spec a limiting condition for operation :
which I was not aware of, which basically allows that it can be%
out of service for 28 days providing they are taking grab

samples. I was not aware they had that particular condition

in this license.

JUDGE HETRICK: Excuse me. It can be out of

service for 28 days:; that means both ranges, or are we talking

of one of the two ranges?

WITNESS McCRACKEN: The concition simply says,
"Noble gas activity nonitor, RM=-AS5," and there is an "L" and a
"Hi" on 1t, and it doesn't differentiate between low or high.

And it simply says, "Out of action, slightly out,
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under condition 27 for 28 days." And that's provided they

take grab samples, which is what they do anyway. f

MR. CHURCHILL: Mr. McCracken, are you aware also‘
that GPU has a self-imposed administrative limitation such that
if RM-A5 is determined to be out of service, an off-gas grab
sample will be taken immediately to verify leak rate and
repeated every four hours? Were you aware of that administra-
tive limitation?

WITNESS McCRACKEN: Yes, I am aware of that.

MR. CHURCHILL: And it is correct that that is not%
a tech spec reguirement?

WITNESS McCRACKEN: That is correct.

MR. CHURCHILL: Thank you. I have no other
gquestions.

JUDGE WOLFE: Redirect, Ms. Wagner?

MS. WAGNER: I have no redirect. i

JUDGE WOLFE: It is now 3:20. How do things look

cross-examination will be approximately how long on this last
portion?

MS. BRADFORD: Not very long. I would anticipate
that we will be done today.

JUDGE WOLFE: Mr. Churchill?

any cross-examination on the last issue.
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JUDGE WOLFE: Mr. Au?

MR. AU: We have very few questiocns, if any.

JUDGE WOLFE: Do you think we can conclude by
today, or shall I make some sort of arrangement to anticipate
continuing tomorrow?

MS. BRADFORD: I do not have a great deal of
cross-examination.

JUDGE WOLFE: All right. We will have a ten-
minute recess.

(Recess.)

JUDGE WOLFE: All right, Ms. Wagner.

MS. WAGNER: At this time, upon consideration of

the Board's comments directly before lunch that it might be

helpful to introduce additional pages of the SER, I would like

to present certain additional pages into evidence at this time.

JUDGE WOLFE: These will be added to Exhibits Nos.
1 and 2?

MS. WAGNER: Precisely; that is, I would propose
to add page three from the SER to Exhibit No. 1, and to
Exhibit No. 2 I would propose to add the first page which is
unnumbered entitled "Introduction" and the second page.

DIRECT EXAMINATION

MS. WAGNER: Mr. McCracken, are you familiar with

page three of NUREG 10192

WITNESS McCRACKEN: Yes, I am.,
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MS. WAGNER: Did you prepare it or was it
prepared under your supervision?

WITNESS McCRACKEN: Yes, I prepared it.

MS. WAGNER: And would you state briefly for the
record what it concerns?

WITNESS McCRACKEN: It includes a summary
discussion of the repair operation.

MS ., WAGNER: I would ask at this time that it be
accepted into evidence.

JUDGE WOLFE: I don't know whether your mike is
working or not, Ms. Wagner.

MS. WAGNER: T would ask at this time that it be
accepted into evidence, that page three be accepted into
evidence as part of Staff Exhibit Nec. 1.

JUDGE WOLFE: Any objections?

MR. CHURCHILL: No objection.

MS. BRADFORD: No objection.

MR. AU: No okjection.

JUDGE WOLFE: Page three will be admitted into
evidence as part of Staff Exhibit No. 1.

(Whereupon, the document marked
Staff Exhibit No. 1 was received
in evidence as amended.)

MS. WAGNER: Mr. McCracken, are you familiar with

pages one and two of Supplement No. 1 to NUREG 10192

WITNESS McCRACKEN: Yes, I am.
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MS. WAGNER: Did you prepare them?

WITNESS McCRACKEN: Yes, I did.

MS. WAGNER: Could you state generally for the
record what the subject matter of those pages is?

WITNESS McCRACKEN: Pages one and two of the
supplement incorporate a clarification which discusses in a

little more detail the repair process thac was discussed in

| page two and three of NUREG 1019.

MS. WAGNER: Judge Wolfe, I would ask at this time

that pages one and two of Supplement No. 1 to NUREG 1019 be
admitted into the record and incorporated as part of Staff
Exhibit No. 2.
JUDGE WOLFE: Anv objections?
(No response.)
JUDGE WOLFE: Absent any objection, pages one and
two of Staff Exhibit No. 2 are admitted into evidence.
(Whereupon, the document marked
Staff Exhibit No. 2 was received
in evidence as amended.)
MS. WAGNER: Mr. McCracken, are you familiar with
the document entitled, "Testimony of Conrad E. McCracken and

Paul C. Wu on TMIA Contention 1.b"?

WITNESS McCRACKEN: Yes, I am.

|
|
|

|

|
|
%
|

i

MS. WAGNER: Was this testimony prepared by you ori

under your supervision?

WITNESS McCRACKEN: Yes, it was.

i
|
|
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MS. WAGNER: Do you have any changes or correc-

tions to that testimony at this time?
1

WITNESS McCRACKEN: 1 have one typo on page eight,

|

the last line. The word "contaminants" was misspelled. 1I-

should be A-N-T-S at the end of the word.
"

MS. WAGNER: As corrected, is this document true

7 and correct to the best of your knowledge?
8 WITNESS McCRACKEN: Yes, it is.
9 MS. WAGNER: And do you adopt this testimony as

10 |your testimony in this proceeding?

11 WITNESS McCRACKEN: Yes, I do.
12 MS. WAGNER: Dr. Wu, are you familiar with the
. 13 ||document entitled, "Testimony of Conrad E. McCracken and Paul |
| |

14 IC. Wu on TMI Contention 1l.b?2"

15 WITNESS WU: Yes, I am.

16 MS. WAGNER: Was this testimony prepared by you or

!

17 under your supervision?
18 WITNESS WU: Yes.

19 MS. WAGNER: Do you have any changes or correctiong

|
20 |l that you wuuld like to make to that testimony? ‘

21 WITNESS WU: No. i

22 MS. WAGNER: Is this document true and correct to |
23 || the best of your knowledge? ;

|
2% WITNESS WU: Yes. '

25 MS. WAGNER: And do you adopt this testimony as ;

R T N T
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1 your testimony in this proceeding?
‘ 2 WITNESS WU: Yes, I do.
3 MS. WAGNER: Mr. Chairman, I request at this time
4 that the document entitled, "Testimony of Conrad E. McCracken
5 and Paul C. Wu on TMIA Contention 1.b" be bound into the
6 record as if read.
.
7 JUDGE WOLFE: Objection?
s | MR. CHURCHILL: No objections.
9 MR. AU: No objection.
10 | JUDGE WOLFE: Absent objections, the identified
11 direct testimony is incorporated into the record as if read.
12 (Whereupon, the Staff's testimony of Conrad E.
13 || McCracken and Paul C. Wu on TMIA Contention l.b follows:)
L] |
14 r
e
16
17
18
19
20
21
24
.




June 29, 1984

UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING BOARD

In the Mattér of

METROPOLITAN EDISON COMPANY, ET AL. Docket No. 50-289

(Steam Generator Repair)

(Three Mile Island Nuclear Station,
Unit No. 1)

R

TESTIMONY OF CONRAD E. McCRACKEN
AND PAUL C. WU ON TMIA CONTENTION 1.b

Q.1 Please state your names and positionc with the NRC.

A.1 My name is Conrad E. McCracken. I am the Section Chief of the
Chemical and Corresion Technology Section, Chemical Engineering
Branch, NKC Division of Engineering. A copy of my professional

qualificaticns is attached.

My name is Paul C. Wu. I am a Chemical Engineer in the Chemical
and Corrosion Technology Section, Chemical Engineering Branch,
NRC Division of Engineering. A copy of my professional qualifications

is attached.

Q.2 What 15 the purpose of this testimony?

A.2 The purpose of this testimony is to address that portion of TMIA
Contention 1.b. dealing with the potential for the kinetic expansion
repair process to increase the probability of simultaneous tube

ruptures involving both TMI-1 steam generators.




Q.3
A.3

Q.4

A.4

Why is the alloy Inconel-600 chosen as the steam generator tube material?
Inconel-600 is a nickel-base alloy. Like the austenitic stainless
steels, Inconel-600 is a standard engineering material for applications
which require resistance to corrosion and heat. The alloy has excellent
mechanical strength, its room temperature yield strength is about

40,000 psi and, at 1,000°F, its yield strength still remains above
32,000 psi. The alloy does not embrittle after long exposure to high
temperatures. Test results* indicate that the alloy maintains its

room temperature ductility after 2159 hours of creep test at 1000°F
under 10,000 psi. Inconel-600 is highly corrosion-resistant in water
and particularly it is more resistant than stainless steels to
chloride-induced stress corrosion cracking. Consequently, Inconel-600
has been chosen as the steam generator tube material for the commerical

nuclear industry.

Will the Inconel-600 tubing lose its strength or material properties
after a certain period of service in an operating steam generator?
As pointed out in response to Q.3, mechanical strength and ductility
of Inconel-600 does not change significantly even after prolonged
exposure at 1000°F. At the normal nuclear power plant operating
temperature of about 600°F, there will be no significant change in
mechanical properties, microstructure or carbide precipitation

of Inconel-600. Consequently, the alloy is expected to maintain

its original strength and ductility even after prolonged service

in operating steam generators under ncrmal operating conditions.

“Inconel-600", Huntington Alloys, Huntington, West Virginia, 1973, at 9.




Q.5

A.5

Q.6
A.6

Q.7

A.7

The TMI-1 steam generator tubes are sensitized. What does sensitized
mean?

Inconel-600, 1ike the austenitic stainless steels, containing more
than approximately 0.025% carbon by weight will, when heat-treated in
the temperature range between 800°F and 1600°F, form grain boundary
networks of chromium (Cr) carbides. The precipitation of Cr carbides
along grain boundaries results in a network of Cr-depleted zones
adjacent to the grain boundaries in which the Cr concentrations fall
below those in the bulk of the grains. This enables the formation of
electrochemical cells between the grain boundaries and the grains.
This phenomenon is commonly referred to as sensitization. Austenitic
alloys, containing networks of Cr carbides along grain boundaries with

adjacent Cr-depleted zones, are said to be sensitized.

What caused the Inconel-600 tubes at TMI-1 to become sensitized?

When the manufacturing process is completed, the entire OTSG is placed
in a furnace and heated to approximately 1100°F to relieve stresses

in the structural welds. This heat trecatment leads to precipitation
of Cr carbides along gran boundaries with adjacent Cr depleted zones,

thus causing the Inconel-600 to become sensitized.

What effect does sensitization have on the structural integrity
of the kinetically expanded repair joint?

Sensitization does not significantly alter the mechanical strength
or ductility of Inconel-600. The microstructural changes which

occur when Inconel-600 is sensitized affect primarily its



Q.8
A.8

Q.9

A.9

resistance to various types of localized corrosion. Because

sensitization does not significantly alter the mechanical
strength or ductility of Inconel-600, it does not adversely

influence the structural integrity of the repaired joint.

What is the safety margin for degraded steam generator tubes?

The TMI-1 steam generators, as fabricated and installed, have tube

wall thickness which exceed the Section III requirements of the ASMC
Boiler and Pressure Vessel Code. At tube wall degradations of
approximately 70% (30% tube wall remaining) it has been demonstrated

both analytically and experimentally that the boiler and pressure

vessel code requirements are met and that steam generator tube

integrity will be maintained for design basis accident conditions.
Because the code itself contains a built-in conservatism of approximately
a factor of 2, additional margin to failure exists for design basis

accidents even if a tube is degraded in excess of 70% through wall.

In NUREG-1019, its supplement and affidavit accompanying Staff's Motion
for summary disposition it is concluded, in part, that the kinetic
expansion repair process is acceptable because the OTSG's are returned to
their original licensing basis. Considering that the Inconel-600 tubes
have been exposed to various service and shutdown conditions for a period
of ten years, how is it possible to conclude that they have been returned
to the original licensing basis?

As discussed in response to Q.3 through Q.7, Inconel-600 tubing

maintains its mechanical strength and ductility even after extended

service in the steam generators. Inconel-600 was specifically




. selected for application in nuclear steam generators because

its strength and ductility will not significantly change during the
design life of the plant. In NUREG-1019 at Pg. 2 and 4 and Supplement
No. 1 to NUREG-1019, at Pg. 1 and 2, the repair process is described.
The repair process relies on a six-inch defect-free kinetic expansion
joint plus a 2-inch or 7-inch defect-free unexpanded section. As
discussed in Response to Q.8, the repaired joint plus the unexpanded
sections could have met the ASME boiler and pressure vessel code
requirements and therefore the original licensing basis even if
degradation had been present. Because the licensee elected to

remove from service all tubes which had defects within the kinetic
expansion repair area and the defect-free unexpanded sections, the

kinetic expansion repair process has returneu the steam generators to

‘ the original licensing basis.

Q.10 Has the kinetic expansion repair increased the probability of
simultaneous tube ruptures involving both TMI-1 steam generators?

A.10 No. The kinetic expansion repair has returned the TMI-1 steam generators
to their original licensina basis. Because Inconel retains its strength
and ductility despite previous operation and because the repair itself
did not affect that strength and ductility, the tubes are as resistant to
rupture now, after the repair, as they were when they were new and had
not experienced operation. Therefore, the probability of
simultaneous tube ruptures involving both steam generators is no

greater now than it was at the time of the original licensing.



‘ Q.11 Does the NRC consider the potential for tube ruptures in multiple
steam generators to be any greater for TMI-1 than for any other plant?
A.11 The staff does not consider the potential for tube ruptures in multiple
steam generators to be any greater for TMI-1 than for any other plant.

A number of factors influence this conclusion.

1. The licensee has thoroughly quantified the corrosion condition
of the steam generators by conducting 100% eddy current testing
(ECT)' of both steam generators.

2. When considering steam generator tube ruptures, tubes in the free
span (the 52 feet open area between upper and lower tubesheets)
are the primary cencern, because this is the only location
where the classic guillotine break is possitle. Tubes which
have been repaired within the tubesheets are restrained from

. separating within the tubesheet crevice. Therefore, although
leakage in the tubesheet is possible, "tube rupture" in the
classic sense is not. Greater than 95% of all corrosion at
TMI-1 took place within the upper tubesheet crevice, where
separation is restrained. A1l tubes in the free span of both
TMI-1 steam generators that were identified as defective have
been removed from service. Therefore, both TMI-1 steam

generators will be returned to service under the same criteria

ECT is a means whereby the electrical conductivity of a tube

is checked by passing a coil with an induced voltage along

the tube. If some form of tube degradation has occurred

(such as corrosion) which has separated the metal, an electrical

discontinuity exists. The eiectrical discontinuity will be

proportional to the amount of metal which is missing. If 40%

or more of the tube wall is missing, the tube is classified as
‘ defective and has to be repaired or removed from service.



as other units which have experienced cor.osion. These

criteria have been demonstrated to be successful in reducing

the pctential for tube rupture.

The most limiting initiating event for a steam generator tube

rupture is the main steam line break (MSLB) accident. Under

MSLB, maximum differential pressure will exist on the tubes.

For a tube to rupture during a MSLB, it would have to be

uniformly degraded through by greater than 70% of its wall

thickness. The tube plugging criteria of less than 40% includes

a corrosicn allowance for the next operating period and an

uncertainty allowance. Because most corrosion mechanisms do

not result in uniform degradation that would cause structural

failure before an unacceptable leakage occurs, 40% plugging

criterion is very conservative. This is evidenced by the fact
that no steam generator tube ruptures due to corrosion have
occurred since 1976, and only two occurred prior to that time.

In addition to the conservatism of the tube plugging criteria,

a number of other factors contribute to making tube rupture in

multiple steam generators at TMI-1 no more like'y than before

the corrosion problem.

a. The vast majority of defects are within the upper tubesheet.
The tubesheet structural restraint would act to prevent tube
rupture, even if continued degradation occurs.

b. A1l tubes with detected defects in the tube iree span

have been plugged.



The extent of ECT for the TMI-1 steam generators is greater
than that performed at any other operating plant. The
techniques used and extent of ECT pruvide reasonable assurance
that defects which may be present have been detected. (NUREG-
1019, Section 3.3).

A significant difference exists in the extent of corrosion
between the two steam generators. Although both steam
generators have been repaired to the same criteria, a
statistica! difference exists as to the potential for con-
tinued corrosion. This factor reduces the probability that
ruptures would occur in multiple steam generators, even in
the event of a MSLB.

The corrosion which has peen found is circumferential, and
in most cases involves less than one-third the tube circum-
ference. This results in sufficient tube wall remaining to
maintain structural strength, even for a MSLB, in the event
a defective tube has not been identified.

Extensive pre-critical hot functional testing has been
performed to verify reliability of the steam generators.
Subsequent to criticality, power escalation will be slow
(approximately 8 weeks to reach 75% power). Once 50%

power is reached, the plant will be shutdown within

90 to 120 days and the steam generators examined by ECT

to monitor for continued corrosion.

Extensive efforts have been conducted to identify and remove

the contaminents to mitigate the possibility of recontamination



of the reactor coolant system (NUREG-1019 and Supplement No. 1
tc NUREG-1019).
In summary, the probability of steam generator tube ruptures in multiple

steam generators is no greater for TMI-1 than for any other plant.



Conrad E. McCracken

Professional Qualifications

1 am Section Chief of the Chemical Technology Section in the Chemical
Engineering Branch of the Division of Engineering, Office of Nuclear
Reactor Regulation. My responsibilities in this position include
supervision of the evaluation of .aTl .PwR's for compliance with chemis-
try and corrosion requirements of the Commission. Specifically, this
includes evaluating the chemistry and corrosion control measures that
are instituted to minimize corr.sion of steam generator materials. 1
have served in this capacity since April 1982. Between February 1981
and April 1982 1 served as a senior chemical engineer with the same
branch, where my duties included the evaluation of steam generator
chemistry and corrosion programs at both operating nlants and plants in
the licensing process.

From 1966 to 1981 1 was employed “y Combustion Engineering Corporation
in a variety cf management and engineering positions, the last of which
was Manager of Chemictry Development from 1977 to 198). During this
15-year period, my prime technical responsibility was support to operating
nuclear power plants and nuclear plants in construction in the area of
chemical and radiochemical sampling, analysis, data interpretation,
establishing chemistry specifications and conducting laboratory experi=
ments to verify or support nuclear plant requirements. In this capacity
1 made frequent visits to nuclear power plants where I physically con-
ducted sample and analysis programs or audited the utilities' capabili-
ties in the chemistry and radiochemistry area. During the last twelve
years at Combustion Engineering, approximately fifty percent of my time
was axpended in areas associated with understanding and resolving steam
generator corrosion problems.

From 1958 to 1966 I served in the United States Navy where I was Qualified
in submarines for all nuclear duties. For three years of this period I
was an instructor, responsible for teaching officer and enlisted personnel
in the area of chemistry, corrosion and mechanical systems operations and
control. My final duty station in the Navy was on the USS Nautilus, where
I was responsible for all chemistry and corrosion contro)l and personnel
radiation exposure. . e

Education

I attended the University of Hartford School of Engineering and completed
course work in 1970. 1 am a Registered Professional Corrosion Engineer.



Paul C. S. Wu
Chemical Engineering Branch
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proposal preparation, research execution, and program coordination amon
various Westinghouse divisfons and national laboratorfes. Prior to 1976,
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. wWho's Who in Technology
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. Technical Program Chafrman, Pittsburgh Diffraction Conference (1976)
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MS. WAGNER: That concludes the Staff's direct

Hexamination.

JUDGE WOLFE: Ms. Bradford, cross-examination?
CkOSS-EXAMINATION
MS. BRADFORD: On page 3 of the testimony, answer

seven, you indicate that sensitization does not significantly

jalter the mechanical strength.

Would you define "significantly" for me, please?

WITNESS WU: Under the severe sensitized condition,
the micro-hardness measurements and also the characteristics ofi
the tensile test -- by that I mean the stress and strain
curve -- might be changed, when you compare heavily sensitized
material with annealed material.

But with an alloy such as inconel 600 in the f
sensitized condition as we are referring to in the TMI-1 tube
case, the degree of sensitization does not change its mechanicai
properties.

MS. BRADFORD: So you are saying that the word
"significantly" there -- {

WITNESS WU: What I mean is, for any alloy, there
is a range of its yield strength and ultimate tensile strength
and ductility.

The range, when you test a specimen for instance, ;

|

and even in the fully annealed condition, you would have dif-

ferent answers but they would fall within the range of STME i
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little bit. However, it does not change their nominal yield

|
lstrength or ultimate tensile strength to any significant amount
|

that would render them out of spec.

other words, for all practical speaking from an engineering

and an annealed alloy.

However, microstructurally,

standards. The minimum yield strength has to be above that.
For the sensitized condition, heavily sensitized

condition tested, the stress-strain curve for that particular

carbides which are present in the sensitized alloy and the
fully annealed condition without any precipitates.

So, it will show in the stress-strain curve a

understand what you mean by "significantly."

WITNESS WU: I think I tried to be here more
specific technically. From a microscopic point of view for a
material scientist when you look at an engineering alloy, it's
a little bit different than say a design engineer or a

mechanical engineer looking at engineering properties.

microscopically,

654

|
|
!
|
|
{
|
i
|
|
|

alloy will show slight change microstructurally because of the

strength hardening at the localized grain region between the

MS. BRADFORD: Does the sensitization process or I
the annealing process which causes sensitization and attacks %

the grain boundaries and precipitates -- I am just trying to

So here, "does not sigrificantly change" =-- in

point of view, it is the same when you test a sensitized alloy

there

|
]
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1 are slight Adifferences there. But that differences does not
‘ 2 make this alloy inferior mechanically in terms of load-carrying*;

3 capability with respect to annealed alloys.

4 MS. BRADFORD: On page four, question nine at the

5 bottom of the page, it states that "Inconel 600 tubing maintains

[ its mechanical strength and ductility even after extended

7 service in the steam generators." Does that include a long

8 down time?

9 WITNESS WU: Yes.

10 MS. BRADFORD: Does that have a different effect

11 than service conditions? 1

12 WITNESS WU: No, it would not have a different

. 13 || effect than service conditions. As a matter of fact, a dowvn |
14 time would have less, because the temperature is lower than

15 operating temperature.

16 Even at operating temperature, about 600 degrees ?

17 ||[Fahrenheit, it does not change the mechanical property of

18 Incone. 600.

19 MS. BRADFORD: On page five, answer ten, you say

20 there that "...the repair itself did not affect" the strength

21 and ductility of the tubes. Did NRC conduct some testing to

determine that that statement is correct? Did you yourself do

testing on samples that were kinetically expanded?

& ® B B

|
WITNESS WU: I have not carried out any tests on ‘
|
the T™I-1 steam generator tubing. However, I have conducted |
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|

|
!
'many mechanical tests on Inconel 600 before when I was employedf

hat Westinghouse. And at 600 degrees Fahrenheit, which is the i
(inormal operating temperature for a PWR, the mechanical property*
gnamely the yield strengths, only slightly drop. :
And it dces not embrittle the material at all at |
the temperatures that we are interested in here.

WITNESS McCRACKEN: Additionally, we did review
the Licensee's data on the three heats which they examined and

determined that those were representative of the range of

ductility of the €0 heats that are in the steam generator. |

“ MS5. BRADFORD: Does tne NPC consider the pctential

for tube rupture to be gyreater at TMI than «t any other plant?

WITNESS McCRACKEN: No.

MS. BRADFORD: On what do you Hase :that response? i

WITNESS McCPRACKEN: On the whole evalvation proces$
that we have gone throuvh for two and a half years, as given in‘
NUREG 1019, Supplement No. 1 to it, and our Summary Disposition|
Motions.

|

We have thoroughly reviewed the process that causeé

the corrcsicn. We are satisfied that the causative agent has i
jbeen determined, has been remo.ed; that adequate assurances é
have been provided that the regalr in fact has returned the i
gen: rator to the original licensing basis; and all other |

potential questions that we had had been answered.

MS. BRADFORD: The one gallon per minute limit
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on the leak rate, is that for both steam generators?
WITNESS McCRACKEN: That's total leakage.

MS. BRADFORD: What is the safety impact of leaks

|

i
|
|

in both steam generatcrs--that is, up to the allowable limit =--

if they were presumed to be evenly distributed?
MR. CHURCHILL: Your Honor, Licensee objects to
that question. That's outside the scope of this issue, which

as posed by the Board is: 1is the likelihood of a simultaneous

rupture involving both steam generators any greater now because,

of the repair?

Safety consequences are clearly not within the
scope of that, and none of these witnesses, either the Staff's
or ours, in fact testified on that because it was clearly out-
side the scope of the issue as formulated by the Board.

MS. WAGNER: Staff joins in that objection.

MS. BRADFORD: I will withdraw the question.

Is it possible that there are cracks in the free
span which went undetected?

WITNESS McCRACKEN: It is possible that there are
small cracks below the threshold of detectability of the eddy
current test probe that could exist in the free span.

MS. BRADFCRD: On page seven, item three, you

uniform degradation that would cause structural failure before

an unacceptable leakage occurs...." First let me ask you, the

|
|

|

' state here that "... most corrosion mechanisms do not result in
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1 individual tubes, are you able to calculate 2 Load for an :

: i

. 2 |individual tube within the steam generator? Is that possible? |
|

3 “ITNESS McCRACKEN: If you're referring to the !

I

!

1 3,140 pounds, that is the limiting load for the tube that has |

| the most stress c: it, and it is based on the conditions taking

)

6 worst-case conditions in all parts. |

-3

MS. BRADFORD: But you are not able to actually |

8 |predict a load for each individual tube? 1

9 WITNESE McCRACKEN: I don't believe there is any

10 iway 0 say that this specific tube is going to see 3,147 pounds
l

11 and the one beaside it will see 2,937.

|

2 ; MS. BRADFORD:. Is there any relationship to that
. 13 unc#rtainty and the action of the ccrrosion mechanism; that is,

14 ; that some tubes might see a varying load, and for that reason

i E<the corrosion mechanism would react in a different wa; 7 ?

16 WITNESS McCRACKEN: I am not sure I understand

17 what vou are trying to sk me.

8| MS. BRADFORD: One 0f the identified means of Lhe:
|

19 corrosion cracking or the Scepario of the corrosion cracking ,

20 is +that there was an axial load placed on the tubes.

21 . Now n~u just told me that there :sn't a wa to

22 identify what that load might have been fcr each individual

23 | tube. And I am asking you i1f that is part or the reason that

I . | | . : . |

4 a corrosion meci:anism dcos not result in uniform degradation.

2* WITNESS McCRACKEN: I think now I kiuw where you




10
11
12
’ 13
14
15
16
17
18

19

g8 2 8B B

are at. My confusion was the 3,140 pounds. They are talking

about a design basis load. If you are asking the question,
when the original corrosion occurred, could a factor have been |
in the reason the distribution was different between the two
steam generators that maybe there was a little more stress in
one generator than the other during the cooldown where this
particular corrosion initiated, the answer is yes, that's one
of the possibilities that could have affected the magnitude of
corrosion.

MS. BRADFORD: My question went to more than that.

If the axial load is a factor in this corrosion mechanism and

you are not able to accurately predict the load for each tube,

|

|

. ’ * '

| then the distribution of the damage within each steam generator!

is in part dependent on that axial load, and therefore to some é
extent unpredictable as to its distribution. |

MS. WAGNER: 1Is that a question?

MS. BRADFORD: That was my question.

WITNESS McTRACKEN: The Jistribution of the damagei
in th2 steam generators was not attributed to either the load
or the chemistry conditions. When you opened those generators,i '
they were both open to the atmosphere at slightly different
times. The amount of level fluctuations would have varied. ‘
Therefore, t he amount of chemical concentration and dry-out ‘

could vary across the tubesheet. We could not conclusively say'
that the reason for the differences was either the environment i
or the ‘particular amount of stress in the material at the time.;
It could have been a combination of both. ‘

l
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MS. BRADFORD: In that same paragraph, you state
that there have been no steam generator tube ruptures since
1976. How many reactor years were there prior to 19762

WITNESS McCRACKEN: Prior to '76 -- and I'm giving you

an estimate -- there were, I would guess, somewhere between

50 and 100 operating reactor years for pressurized water ?
reactors. In that time frame, there were two ruptures.

Since that tir , there have been an additional

perhaps 300 operating years for pressurized water reactors,
and there have been no ruptures.

MS. BRADFORD: The 70 percent limit that you have

|
set on degradation, was this determined for all steam generator%
no matter the tubing material, or was this determined specifically
|

for once-through steam generators using inconel 600?

WITNESS McCRACKEN: All steam generators, with one

exception, in the United States use inconel 600. That 70 perce%t
number applies to TMI-1l specifically. ?

There are other plants that have numbcrs that are f
even higher than that. There are some plants that have numberq

!
as hich as 80 or 82 percent.
MS. BRADFORD: I have no further questions.
JUDGE WO. ‘'I: Mr. Au?
CROSS-EXAMINATION

MR. DORNSIFE: On page 7 of your testimony, you

list reasons or factors that you feel contribute to the fact
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| tubes they found with corrosion on them that did not have

661 |

that multiple tube ruptures in separate steam generators are
not a possibility or a low probability.
Focusing on the second reason -- "All tubes with

detected defects in the tube free span have been plugged."” -- |

focusing on that particular reason, would your conclusion about
simultaneous tube rupture be diffe.ent if there were missing
plugs? {

WITNESS McCRACKEN: I would have to know where the
plugs are missing from and what tubes they had been in. 1If
they are tubes that had been preventatively plugged, I would
figure there was not any significant change.

For this particular plant, the majority of corrosion

£
which they had went through-wall. There were very few of the

| through-wall defects.
Therefore, on this olant if they were to be minus
a plug it would probably leak and give you a very rapid

indication that you've got a problem.

An additional factor ac this particular plant was
that this particular corrosion that was detected in the free
span was a very small circumferential length. In other words,
if you look at the total circumference of the tube, it was
not 360 degrees around the tube, which is v .t you would need
to get a tube ruptured severance in the context of tube rupture

which we discuss. It was more like -- I forget the number
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exactly -- I think 70 degrees or to a maximum of one-third of
the circumference. Under that kind of a condition, even if a

plug was absent, you could get leakage. You would probably

get leakage in excess of tech specs, but I would not anticipate|
|
|
a tube rupture.

MR. DORNSIFE: Are you aware of problems the
Licensee has had recently with missing plugs?

MS. WAGNER: I object to that.

JUDGE WOLFE: I didn't even hear the question.

MR. DORNSIFE: I asked if the witness is aware
of problems the Licensee has had recently with plugs that are
missing.

JUDGE WOLFE: You object to that?

i

MS. WAGNER: Yes. I don't see the relationship

| between that and the issue, which is whether the repair process

] has increased the probability of an accident.
|
| MR. CHURCHILL: I join the Staff in the objection,
|
|

| Your Honor.
JUDGE WOLFE: What do you have to say?

MR. DORNSIFE: The witness has indicated that that:
|

is one of his reasons for concluding that simultaneous ruptures

are not possible. So he himself has made that an issue and

considers it part of the repair process, apparently.
JUDGE WOLFE: Were there simultaneous tube rupture4

recently?

|
|
l
|
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MR. DORNSIFE: No. I am saying that all tubes have
been plugged that have defects. He's making that a criteria
for making that conclusion that it lowers the probability of
simulténeous tube ruptures.

MS. WAGNER: And he already stated that if some
of the plugs were missing it would not change his testimony.

I didn't object to your first question, but I think
your second one is not related.

MR. DORNSIFE: I understood that depending upon
how far through-wall the cracks were. That's how I understood
the answer.

MR. CHURCHILL: Your Honor, a tube is plugged and
taken out of service. Now, I suppose 1f the plug at each end
of that tube were to be missing, it's back into service again.
And if it's a leaking tube and both ends of the tubes are
unplugged, maybe that would have an impact, but I know of no
such situation that has occurred.

JUDGE WOLFE: That has occurred?

MR. CHURCHILL: That has occurred, yes.

JUDGE WOLFE: Isn't that your question, whether
that has occurred? Is that your question, Mr. Dornsife?

MR. DORNSIFE: Mv question was: was the witness
aware of any experic ce with plugs that are missing.

JUDGE WCLFE: I think that's a fair question.

Objection overruled.
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WITNESS McCRACKEN: Yes. I am aware of recent
occurrences of plugs missing.

MR. DORNSIFE: What do you anticipate will be the
Staff's response to that problem?

WITNESS McCRACKEN: The Staff's response will be

to review thoroughly the installation of the plug, that they |
are in their proper location, to define why these plugs are

|

missing if they were not installed in the first place, or if |
they were installed, why they weren't properly installed and i
didn't retain themselves in &s they should have, and then ensurl
that they are properly installed according to Reg Guide 1.121.
MR. DORNSIFE: Would that be independent of this
particular license amendment? Would you not approve the 1icens+
amendment until that issue is resolved?

WITNESS McCRACXEN: No. That is a routine repair

process within their current tech specs. The plugging and

plugging themselves were not part of this particular license

amendment. I

MR. DORNSIFE: But you would not anticipate allowin&
operation until that process, through review and approval, was
completed?

MS. WAGNER: 1 object to this. I think again he
is getting outside of the contention and outside of the
testimony of these witnesses.

JUDGE WOLFE: We've already ruled on that. I think
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the witness has already answered that. Haven't you already

answered that?

MR. DORNSIFE: I asked in the context of this

license amendment, not in the context of the other review.

|

l

| JUDGE WOLFE: We will allow the question. Can
|

you answer the question?

WITNESS McCRACKEN: Do you allow the question?

JUDGE WOLFE: Yes.

WITNESS McCRACKEN: The NRC will certainly review
what is going on with the plugging problem, and the question
lof plug retention will be resolved to cur satisfaction prior

to the restart.

. 13 MR. DORNSIFE: Thank you. I have no further

14 ||questions.

JUDGE WOLFE: Mr. Churchill?

5 |

16 | MR. CHURCHILL: No guestions, Your Honor. i
17 ! JUDGE WOLFE: Does that conclude the presentation |
18 ;of direct testimony by Staff? i
19 | MS. WAGNER: Yes, sir. ,'
20 JUDGE WOLFE: I guess then we are nearing the

21 completion of this hearing.

22 JUDGE WOLFE: We will go back to you then, Ms.
23 Wagner, for any redirect.

2 MS. WAGNER: I have no redirect.

‘ 25 JUDGE WOLFE: Now we will go to Board questions.
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JUDGE HETRICK: On page 8 of the testimony, the

second paragraph, could you clarify a little bit the statement
that "a statistical differcnce exists as to the potential for
continued corrosion"?

WITNESS McCRACKEN: Yes. That is simply trying

to state that in the event there are undetected defects

present in either steam generator which are below the i

detectability of eddy current testing, that there will be more ?
i

in one generator than the other.

As any corrosion process occurs, there is always
one that proceeds most rapidly. Therefore, you would anticipat#

that corrosion in the generator that had the majority of

corrosion, if it were to proceed, would proceed first, and that

would leak before and give you an indication of a problem
before you would get the same conaition in the other generator.

That is borne out by an enormous amount of data

on corrosion in all operating steam generators, where every
time you shut down and examine a generator with a corrosion |
problem, there's always one that winds up having more
corrosion than the other one, or other two or three do.
JUDGE HETRICK: I think earlier today I used the
phrase -- or you used the phrase "leak before break". Could
you put that into better words? What does the concept mean?

WITNESS McCRACKEN: I can put it into I think

words maybe in relation to steam generator tube ruptures and
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1 ||relate that to tech spec leakage limits.
. 2 The term "leak before break" when applied to a ;
3 |steam generator tube means that you would like to have |
4 |reasonable assurances that a steam generator tube will in fact
5 |leak and leak at numbers below the tech spec limit so it can
6 |be shut down and repaired prior to the point that a defect
7 could grow and cause you to have a tube rupture or break open. |
8 The most limiting condition for that or the most |
9 |[limiting type of corrosion is a longitudinal corrosion going
10 llalong the length of the tube.
1 It has been determined analytically that a half
12 |[inch long defect in a tube would leak at approximately .3 gallo;ixs
' 13 |lper minute; and the half inch long defect is the length of
14 ||size that we would be concerned could propagate or open wide
15 |[during an accident and create the same effect as a tube rupture
16 So, therefore, if you saw a leakage of .33 gallons
17 per minute from an individual tube which had a crack in it,
18 |which is a limiting type of failure mechanism, then if you
19 |shut down prior to thét, that tube should not have been able
20 |[to fail during an operating period where you have a design
21 |basis accident.
JUDGE HETRICK: Are you satisfied this will happen
23 {in this plant?
24 WITNESS McCRACKEN: Yes. I am very satisfied with

. 25 |the condition of these steam generators, the eddy current test
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program and the qualification of the tubes that are now in

service.

JUDGE HETRICK: Were you involved in reviewing the

basis for the conclusion that was discussed this morning with

the Licensee's two witnesses? 1In other words, are you satisfied

|

of tubes that were actually removed from the steam generators

thhat the properties of the archival tubes are representative

land also that those tubes that were removed are representative
of tne tubes that remain?

WITNESS McCRACKEN: Yes. We had access to that
information when it was first developed. The Licensee prepared
rather extensive plots showing where the distribution of every
heat was in their steam generators. They overlaid that with
where "hey had indications of corrosion so they could look at

which tubes were corroded by heat versus location in the steam

generator.

Additionally, they took out all of the heats and
they had the material certs on them so they could show that,

|
|
|
|
!
I
in fact, all the materials did meet the ASTM specification BIG#
|

requirement. That gave them the range of ductility for all

i
|
{
of the materials they had which were within the standard ‘
i
|

nuclear grade specification.

The three they pulled were representative of that

specification. They went ahead and tested those.
i

We have in the past simply accepted verification od
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heat numbers and not actual testing to prove that a tube has

maintained ductility, because in all the examinations where we ,

have had tubes removed from operating steam generators, we have

not seen any indication of a change in ductility in an operatin
isteam generator tube that would have put it outside the normal
specification for a nuclear grade tube.

JUDGE HETRICK: Do I conclude that you are
satisfied that the correct conclusion was reached with regard
to using these archival tubes? [

WITNESS McCRACKEN: Yes. We think that was a
proper decision.

JUDGE HETRICK: Even though there were no pull-out
|| tests involving tubes removed from the steam generators and

subsequently expanded, you conclude that the system has been

‘returned to its original design basis?

WITNESS McCRACKEN: It has been returned to its ’
»foriginal licensing basis.
{ JUDGE HETRICK: I beg your pardon; licensing basisﬂ
WITNESS McCRACKEN: Yes. |
JUDGE HETRICK: Are you aware of any probabilistic
risk assessments involving steam generator tube ruptures?
WITNESS McCRACKEN: Yes, I am.
JUDGE HETRICK: Was any performed for this plant?

WITNESS McCRACKEN: We didn't perform any specific

probabilistic study for this plant.
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JUDGE HETRICK: Was any such study performed for
a typical or some other once-through steam generator?
WITNESS McCRACKEN: 1In the past two years, we have

been doing work to resolve unresolved safety issues A-3, A-4

and A-5, which are associated with steam generator tube

integrity.

As part of that, we have looked generically at |

We have not done that on a mechanistic basis by manufacturer. ;
We have simply put all generators into the same lump, simply !
saying if you can have a steam generator tube rupture by any i
mechanism, it applies to all plants. So it's a very conservati+e
one when you look at it from that point of view.

JUDGE HETRICK: 1Is this then an ongoing study in

connection with the end result safety issues?

WITNESS McCRACKEN: It's a study which we have

}

|
t
now completed and is before the Commissioners for their approval

for issue.

|
|
|
|
1
1
|

JUDGE HETRICK: You don't happen to carry any

numerical results in your head, do you? f

|
|

WITNESS McCRACKEN: I guess the only one I carry in

my head is the probability of significant core damage from any |

and the probability of multiple is obviously a lower probability

than a single tube rupture.



835

10

11

12

13

14

15

16

17

18

19

&8 ¥ 8 B

I

671 !

JUDGE HETRICK: Is that probability per reactor

year?
WITNESS McCRACKEN: Yes.

JUDGE HETRICK: In our Board's Memorandum and ]

Order of June lst, we stated at that time that we reject the
concept that the design basis for a new plant constructed usingf
new materials is necessarily relevant to restart after extensivé
and uncommon repairs. I don't think your testimony addressed
that point precisely. I wonder if you would like to make a |
comment on that at this point. !

WITNESS McCRACKEN: I believe that our interpreta-
tion of the statement you had made was that you were questioning
whether inconel 600 could still be as ductile and have the
same yield strength as it had when you started.

Our interpretation was you were trying to ask: how
can you say that a material that has been in service through

10 years of whatever kind of experience is still as good as it

was in the beginning and therefore you can draw a conclusion
that you can use it and repair it to the same condition you

|
|
{
|
started with. So, therefore, I thought we had addressed that,,
at least our interpretation of what you were asking. l

JUDGE HETRICK: In addition, we observed in the
same Memorandum and Order that there had been other arguments
concerned with the adequacy of emergency procedures and the

possibility of attaining uncoolable conditions and that we
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accept the Staff's position on these issues.

Are you satisifed that the Staff's position on
these issues is correct?

WITNESS McCRACKEN: That is an area where the

feel I should try to testify in that area.

JUDGE HETRICK: I have one final question. Are
there any additional license conditions that you would like
to see the Board impose?

WITNESS McCRACKEN: In reviewing the license

conditions which I have, I only have seen one potential

plant condition which I think I did not anticipate, and that

is that they would run for an extended period of time even
up to a full fuel cycle without ever going above 50 percent
?of power.

I would assume if that were to occur that I would
like to see another eddy current examination sometime in the
middle of the cycle.

In other words, the license condition, as I've
read it, said "90 days after reaching 100 percent power or
120 days after reaching 50 percent power." I did not believe

the plant would run for an extended or protracted period of

less than 50 percent power. If that were to occur, my

review was conducted by some other people. I am not an expert

4
in that area. I can tell you that I personally feel comfortablé

with what they have told me, but I am not an expert, and I don't




s37

10

11

12

13

14

15

16

17

18

19

21

22

24

inclination would be after 180 to 200 days or something like
that, that we would talk to the Licensee and tell them that

we would like them to shut down eddy current tests, which I

|

assume they would be willing to do.

I would have no serious objections if that were

i
Hadded on to the license condition to make it clear that
that's the intent.

JUDGE HETRICK: Thank you.

N
~J
w
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JUDGE WOLFE: I don't think this question has

been posed before. On page 8 of your direct testimony,

I don't quite understand Paragraph E. Whoever wrote that,
would they please explain particularly the second sentence of
i!t:he paragraph.

WITNESS McCRACKEN: The reference to that I sort of
touched on a little bit in the past when I talked about the
extent of circumferential defects. The punch line on it is
that the majority of corrosion that has been found within the
free span has been small in circumferential length, which
means it has not affected the majority up to two-thirds of
the actual tube. Therefore, up to two-thirds of the actual
tube is in its original structural condition.

Two-thirds of that tube, even if you had 100

| percent through-wall defect on the other third, is capable

of holding its normal structural loads. That's all that is

trying to say.

JUDGE WOLFE: Ms. Bradford, cross on Board
questions?

MS. BRADFORD: I have no questions.

JUDGE WOLFE: Mr. Au?

MR. AU: No questions.

JUDGE WOLFE: Mr. Churchill?

MR. CHURCHILL: No questions.

JUDGE WOLFE: Any redirect, Ms. Wagner?

i
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MS. WAGNER: No, sir.

JUDGE WOLFF: ‘ow I think we are coming into the

lconclusion of the hearing. There is one housekeeping matter
!with respect to TMIA Exhibit 1, which was marked for identifi-
cation.

Your tender of that was rejected, but we gave you
leave -- I think you said you were going to offer it through
a witness or something that first day. Do you wish to retender
‘that exhibit, or just have it accompany the record for
iidentification?

MS. BRADFCRD: I have no witness who will be able
to sponsor it. {

|

JUDGE WOLFE: I'm sorry; I didn't hear you. |

MS. BRADFORD: I have no witness who will be able :
to sponsor that exhibit. Therefore, I would like for it to |
accompany the record.

1 JUDGE WOLFE: It will follow the record; it won't
'be part or the record.

All right; TMIA Exhibit 1 remains marked for ;
identification, as well as its Exhibit 2 remains marked for
identification. |

In light of what has transpired during the course
of the hearing, the Board must make a ruling. We were aware,
and Ms. Bradford has affirmed, that TMIA has refused to accept

!
the delivery of the 35 unexpurgated documents which the licenseq
w
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!
1| originally tencered I believe on March 1, 1984. 1
. 2 We are also aware, and Ms. Bradford has affirmed, ;
3 that TMIA refuses to recognize and/or abide by the ruling of ?
4 the Board's Protective Order, a.d Ms. Bradford also affirms
5 that TMIA refuses to participate in any in camera hearings
6 with respect to the alleged proprietary data.
7 | The Board rules that since TMIA has refused to
8 | sccept delivery of these 35 documents asserted to be proprietary
® lland has refused to abide by the Protective Order, and has not
x
10 agreed and would not agree to proceed to an in camera hearing, f
1 if portions that were deemed to be proprietary were to be '
12 ' offered into evidence, in light of those circumstances there E
' 13 | is no need for the Board to determine whether this information ;
4 jis privileged commercial or financial information, and we need
» :not determine whether this information should be withheld from
" ?public disclosure. ;
o 1 There is no need because it is now a non-issue.
" 'Moreover, I would add that we have reviewed the 35 unexpurgated;
- documents and concluded that none of the asserted privileged ;
» portions of these documents evoke any concern on our part ;
" with respect to the health and safety of TMI-1. E
" Under these circumstances, we rescind our Ptotectiv?
5 |lOrder. There is no need for it anymore, and there is no need i
. " for our motion and order which granted the licensee's Motion '
|
" |for a Protective Order. As I say, all this is moot; it is a |
|
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non-issue now.

I would have all the parties recognize the status j
of these alleged proprietary documents.

MS. BRADFORD: Judge Wolfe?

JUDGE WOLFE: Yes.

MS. BRADFORD: 1I'm going to need some direction.
Yesterday there was a motion allowed, an objection by the
licensee to a question which the Board ruled involved proprietary
information, and which TMIA argued was freely available in
the documents.

Earlier at a bench conference you had -- at some
point you told me that if I could make a showing that this i
information was available, that that would affect your ruling

on that issue. I have not been able to do that because I have

simply not had the time. The information that I refer to is

80 prevalent throughout the documents that I really have not

ever bothered to cite it, so I have no cites to give you.
JUDGE WOLFE: The fact of the matter is that you

would refuse, as I understand your position as of yesterday; ‘
regardless of anything else, when push came to shove, the polic*
of TMIA would be to refuse to proceed and agree to an in |
camera hearing even if we were to agree that you could get
this information on the record. 1Isn't that so? i

MS. BRADFORD: I did, indeed, refuse to be party r

to an in camera session, and the reason I refused is I still :
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feel that that is not proprietary information. I am not

interested in any information that the licensee has deemed
proprietary and to which that proprietary privilege attaches.

I have objected to the licensee six months later
attempting to bring in more information under the umbrella of
a proprietary privilege. That was my objection at the bench
conference yesterday.

And to that ¢’ jection, you wanted to know where

it was cited, and I have not been able to provide that inform=-'

tion because I simply have not had time.

JUDGE WOLFE: Yes, and we are at the last day of
hearings, and I don't know what we can do about it, because
I do intend to close the proceedings this afternoon.

MS. BRADFORD: I understand that, but it is my
contention that TMIA has been harmed by the ruling that was
made yesterday. I was not permitted to continue a line of
questioning because there were proprietary claims.

JUDGE WOLFE: That has always been so.

MS. BRAD.ORD: What I am saying to you now is that
I thought the proprietary claim at the time was improper, and
now I am asking guidance on how I shculd proceed.

JUDGE WOLFE: Does anybody recall that particular

'question? I think it had to do with -- I think you said: if

4 can show you in the documents that this particular matter

has been disclosed in various portions of these 35 documents

|
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1 and was not deleted therefrom as being allegedly proprietary,

. 2 |lwould you allow me -- you -- to ask the question? {
|
3 Isn't that the way it went? ;

4 Then I said that if you could show me that, then

5 iI would permit you to ask the question.

6 It is late in the day and late in the proceedings.

7 | If you knew of something, it should have been brought to the

8 | Board's attention before the completion of this hearing. That's
9 Jlall I'm saying at this point.

10 Absent any such showing to this Board -- and we

1 ar. going to close the record -- that's it. Our ruling remainsi
12 lthe same because we don't know yet; we have had nothing from

!

|
‘ 13 |yYou as to where this does appear, apparently, as a non-privilegfd

15 All right, one final matter. Does the State of

|

4 lpiece of information. ‘
|

l

|

|

16 |Pennsylvania, Mr. Au, intend to file proposed findings of fact

17 land conclusions of law and a recommended form of Order?
18 You are not required to do so; I'm just trying to f
9 llfind out whether you intend to. f
2 MR. AU: We are not certain at this point, but E
A e will abide by any Board Order concerning that. |
2 JUDGE WOLFE: Will the parties in a short five- a
B Iminute recess propose to the Board when the applicant shall |
. U leile its proposed findings of fact and conclusions of law, brie‘
! » 'and proposal on the order and decision, when TMIA will file l

L___________________________________________________________‘_~4A4_¥¥¥444447 |



p36
680

|
1 lltheir submissions, when Staff will file its submissions; and !
. - I would indicate in this final ruling or order that the parties!
|
are directed to file these submissions, and if they don't they I

4 lwill be held in default.

5 So let me hear those filing dates and I will

¢ incorporate that into an order, and then I will close the

7 lrecord. f
8 MS. WAGNER: Judge Wolfe, may our witnesses be

% |excused? ‘
10 JUDGE WOLFE: Certainly. The witnesses are excusedi
1l (Witnesses excused.) |
12

JUDGE WOLFE: We will recess now. l

. 13 ({Recess.)

" JUDGE WOLFE: Has there been some agreement on '

» Efindings?
- MR. CHURCHILL: Yes, Your Honor. The parties got 2
i Jtogether and agreed on the following dates and the following
= conditions. Licensee will file its proposed findings of fact
" and cbnclusions of law on August 3. We will hand-deliver on
» that date our filing to both the Staff and TMIA. i
. TMIA's date for filing is August 10,
| JUDGE WOLFE: When was that again?
|
| MR. CHURCHILL: August 10th.
. » JUDGE WOLFE: Intervenor?
25

MR. CHURCHILL: The intervenor will be Augqust 10th,
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I
ﬂ and the Commonwealth would also be that date if it chose to

file.

With respect to intervenor, Licensee will make

| available a messenger to physically pick it up that day and

|
|
i
|
| delivery it to the Staff.

JUDGE WOLFE: Who will do that?

| MR. CHURCHILL: The Licensee.

JUDGE WOLFE: That won't have to be in the order.

but that is what we plan to do.

The Staff's filing then would be due on August

JUDGE WOLFE: And then a reply brief by Licensee?
ﬁ MR. CHURCHILL: If that were required, I think
ﬁthat would just be according to the rules, which would be in
hfive days.

? JUDGE WOLFE: Before we get into that, the Board

‘had conferred. We just wondered if we understood what your
lproblem was, Ms. Bradford, when you asked for guidance. When
someone asks for guidance, we try to give the best guidance
we have. I thought I understood what your problem was. Per-

Paps in giving you the answer I did. I really didn't under-

that once again?

Go ahead.

stand what guidance you were seeking. Would you please explain

MR. CHURCHILL: That won't have to be in the order,
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MS. BRADFORD: During yesterday's bench conference
I expressed the opinion that Licensee could not bring in this
issue as a proprietary right because --

JUDGE WOLFE: On a particular question?

MS. BRADFORD: On a particular question. The
rest we would agree and have abided by, all of those conditions.

My point is that six months later you cannot extend
that proprietary umbrella without a justification.

JUDGE WOLFE: I don't understand that.

MS. BRADFORD: We have documents that were avail-
able and have been available sinc~ January or February, and
six months later the Licensee suddenly says, "Oh, we forgot
something, and we would like to cover that also." And I am
saying that that is not possible without a justification argu- |
ment. I mean showing justification for doing that and |
including it in the initial proprietary grouping, if you will.

The Brard then told me that if I could make a

| showing that this was freely available and documents were

available to both TMIA and to the public that you would
reconsider your ruling.

I don't even know that we got to the word, "recon-
sider." You wanted me to make a showing. My statement is
there really hasn't been time to locate that.

As I said before, it is so prevalant throughout

the documents that I had assumed that it was common knowledge.
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JUDGE WOLFE: So what precise guidance are you
seeking?

MS. BRADFORD: My question to you is: must I

' produce cites to show to you -- you wanted some showing that

this, indeed, was not covered b, the proprietary order.

JUDGE WOLFE: I wanted some showing?

You now want guidance from us as to what we meant
in the sidebar conference by suggesting that you make some
showing that this information has been in the public domain,
for example, for some six months?

MS. BRADFORD: That's correct.

JUDGE WOLFE: All right. 1In conferring with my

t
colleagues, they refreshed my recollection now. I do recollect

that this, indeed, was brought up, and saying that if you

could make such a showing we would hear the testimony or
allow you to ask the questions.

My colleagues refreshed my recollection, and my
recollection, as refreshed, is now that I suggested that if

you could make such a showing that this alleged proprietary i

data had been in the public domain for some six months, that
you could ask the questions, but that we upon objection would
then have to rule upon whether an adequate showing had been
made. I believe =-- that is my recollection on how we ruled.

Your request for guidance now is how you should

go about making that showing? .
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MS. BRADFORD: Yes.

JUDGE WOLFE: But as I indicated earlier in our
initial ruling -- wels, in our ruling today, as I indicated,
it is too late to make such a showing.

If certain data, as you assert, was for whatever
reason made a part of or became a part of the public domain,
and, as you indicated, appeared in severa)l documents, between
yesterday and today, which is the day the proof is being closed,
such a showing should have been made.

Therefore, it is too late; it is now moot. There-

’fore, I see no point, even if 1 were so disposed to advise a

kparty on how they could make a showing to shore up their

"

rargument in the case, even if I were so disposed time has run

|

iQUt' You hive no more time. The request for guidance is in

a vacuum.

All right. The final oral ruling is: pursuant to

ﬁlO CFR, Section 2.754, the pa:rties arc directed to file, and |
|

|will be deemed in default if they do not file, proposed findings
¢f fact and conclusions of law, briefs and a proposed form of

order or decisinn.

The Licensee shall rile by August 3, 1984 proposed

f.idings of fact and conclusions of law and brief and a
'proposed form of order or decision.
The intervenor shall file by August 10, 1984 its

provosed find.ngs of fact and conclusions of law and brief.
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The State of Pennsylvania may if i: so desires
file by August 10 its similar submissions.

The Staff shall file by August 20th.

To the above-described submissions, the Licensee
shall have the regular time to reply, within five days, to
the filings of proposed finding; of fact, conclusions of law
and briefs by the parties.

The proposed findings of fact and proposed con=-

clusions of law shall follow the format in Section 2.754(c).

|
!
Further: }

(1) Proposed findings should not summarize plead-

ings and filing dates.

(2) They should not summarize testimony.

(3) They should not summarize prior rulings in |
I

the case except when necessary. |

(4) They should set forth in declarative sentences ‘

and use the active voice. '

(5) Uncontroverted findings shall be set forth first.

(6) Ultimate findings of fact should be supported

by subsidiary findings.

(7) Those parties filing after the Licensee should,

Wherever possible, incorpocrate by reference Licensee's proposed

findings with which they really do not disagree.

The parties should file a brief discussing the

important issues and how they should be resolved. The brief

|
|

|
|
|
\
|
|
|
|
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|

l

!should set forth in captions its contentions and discuss the
reasons why the contentions should be resclved in favor of

ﬁthe submitting pa-ties, and it should cite controlling statutesE

and case law, and should cite the supporting findings by number,

l Is there anything else to be discussed before we

'close the record?

I (No response.)

JUDGE WOLFE: All right; the recoid is formally

i;Losed. Thank you.

f (Whereupon, at 5:10 p.m. the hearing was closed.)
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