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PROCEEDINGS

MR. GOLDBERG: As I indicated in my July 2nd
letter to Diane Chavez of DAARE/SAFE, this deposition of
Emme tt Murphy and Jai Raj Rajan is being conducted pursuant
to Ms. Chavez' June 29th telephone request.

I understand from Ms. Chavez that she has
contacted the local Illinois parties concerning this
deposition, including the legal representative for the
Rockford League of Women Voters, who is not in attendance
at this deposition.

I agreed to make Mr. Murphy and Dr. Rajan
available for deposition concerning their June affidavit
on DAARE/SAFE Contention 9-C, despite the fact that the
formal discovery period has closed.

There is obviously greater latitude normally
accorded the topics for deposition, but I would expect
that the deposition will focus on the affidavit for which
these gentlemen are prepared to respond.

Any evidentiary objections I may make are for
the record. I will not instruct the witnesses to decline
to answer on the grounds that I have interposed an

evidentiary objection, and I would not encourage discussion
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to add to that, please go ahead and add that information at
the end of the previous person's discussion.
Whereupon,
EMMETT MURPHY
and
JAI RAJ RAJAN
were called as witnesses by counsel i-r the Intervenors
and, having been first duly sworn, were examined and
testified as follows:
EXAMINATION
BY MR. JENKINS:
Q Gentlemen, a couple of brief questions relating

to technical expertise in the licensing of these plants.

First of all, what areas of technical expertise
are required for a thorough understanding of steam
generator problems?

R (Witness Murphy) 1I'll do this one first, Jai,

and then you add to it.

For a thorough understanding of steam
generator problems, it requires a knowledge of a variety
of technical disciplines; mechanical, materials, chemistry,

and systems. Understanding of how the reactor plant works.

|
|
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I felt qualified to respond to the contentions set forth
and there were others that could have also responded, were
I not involved. I'm not gquite sure I understand the full
breadth of the guestion.

MR. GALLO: Can we go off the record?

(Discussion off the record.)

WITNESS RAJAN: I don't know if I can call it
an area of expertise, but I did review the steam generator
design for the Byron-Bradewocd plant, as I did for several
other plants, and our review was primarily within the
mechanical engineering aspects of the steam generator side.

This includes the internals, primarily, and does
not get involved with the systems aspects.

BY MR. JENKINS:

Q Could you define for me what is an unresolved
safety issue?

A (Witness Murphy) One, an issue for which
perhaps the safety significance is not fully understood,
and one where perhaps some gquestion exists as regards
to whether additional regulatory action or study, perhaps,
should be devoted to this particular issue.

Basically I think an unresolved safety question
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is one of whether or not the Staff is -- we have sufficient
-- sufficient regulatory control over the situation, over

the issue.

Q Are there any -- I'm sorry.
A (Witness Rajan) I have nothing to add to that.
Q Are there any safety issues which might be

described as unresolved that might be unacceptable? I'm
not asking for specific safety issues, but is that contem-
plated within the definition of a safety issue?

B (Witness Murphy) 1In terms of -- I'll go on and
I'll answer your question in a moment.

Q Okay.

A But let me mention the fact that at the NRC,
we have a specific organization assigned to perform
unresolved safety issue studies, and I'm sure they can
give you a much more polished and perhaps a better
philosophical feel for what these =-- how these issues
interrelate to existing regulatory approaches to reactor
plants, or nuclear plants.

Would you mind repeating the guestion? 1I'll

answer your guestion.

Q Right. Are there any unresolved safety issues
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40, so therefore my first answer to -- maybe change my
first answer a little bit. We must have a bit more than
40 operating Westinghouse =-- no, wait a minute.

MR. UDELL: There are 49 PWRs.

WITNESS MURPHY: I think you are correct. I
don't think we have that many Westinghouse plants. I
did bring a document, if it were necessary I could
physically run down a list of plants and count the number
involved.

Let me just say that, one, the number of PWR =--
operating PWR plants is well known, and the number of
plants that have reported anywhere from minor to severe
degrees of tube degradation has also been reported in NRC
reports. I think we are talking on the crder of in excess
of 40 PWR systems, total.

A major share of those, off the top of my head, '
60 percent, might involve Westinghouse plants, and the vast
majority of PWR plants have reported anywhere from very
minor degrees of tube degradation ranging to severe degrees
of tube degradation.

BY MR. JENKINS:

Q What proportion is that? Would you repeat that?
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Approximately?

A (Witness Murphy) Dces 60 percent sound reascnable

to you, Jai?
Let me refer you to NUREG 0886. I don't think
it serves any purpose for me tc speculate.

Q Please do.

A NUREG 0886 provides a listing ¢f all operating
PWRs, and a summary of what kinds of tube degradation have
been experienced in each of these facilities, ranging from
very minor degrees of tube degradation to the most severe
forms of tube degradation.

Q Would you refer now to that document and tell me
the number of Westinghouse plants that have had tube

degradation problems?

A I count 29.

Q Okay. And how many Westinghouse reactors are
there?

A Operating reactors?

Q Yes.

A Nine, eleven -- I count 31. That dcesn't say

I may not have missed one or two.

Q Are you aware of any problems since the
Y Y
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S Well, tc the best of my knowledge, the vast
majority have had tube degradation problems.

Q Your affidavit lists, along with AVT, three
other measures tc deal with tube integrity problems. Have
these measures been employed at the other Westinghouse
units as well?

A Let me refer to my affidavit.

Regarding item 2, improved controls and
monitoring secondary water chemistry, I'm really not the
one to address what steps, what specific steps the
industry in general has taken in regards to operating
plants to improve secondary water chemistry control.

Plants that have -- well, in-servi~e inspection
requirements in accordance with various criteria, plants
which have been licensed in the past several years, have
been subject to the requirements of the standard technical
specifications, in addition to the requirements of =--
the criteria of Regulatory Guide 1.83 and the ASME Code.

The standard tech specs represent a general
upgrading of steam generator tube surveillance regquirements
with respect to Regulatory Guide 1.83 and the Code.

Q And the fourth item there, limiting allowable
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tube sheet. A traditional locaticn of corrosion problems
in steam generators has been within the area of sludge
accumulation.

Those are two that come tc mind immediately.

Q Are these features employed in any other plants?

A Tube sheet crevice -- tube sheet crevices have
been eliminated at a handful of domestic plants, operating
domestic plants. None of these plants have, to my knowledge
experienced any tube degradation, because the crevice has
been eliminated. They are not subject to the crevice
corrosion that earlier plants had been. There have been
no reported difficulties for domestic units as a result
of eliminating the tube sheet crevice.

Q That was my next guestion.

B With regards to the second part of the gquestion,
I'm not sure that we have any significant or any significant
amount of operating experience yet.

Q In February 1982, the NRC issued a report
entitled "Steam Generator Status Report." This report
chronicled some of the problems of tube integrity, and
in section 3 it states,

and I quote:

"Short-term solutions to one problem may

l
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the plant?

A I would say based upon previous experience,
there is a high probability that they will encounter
somewhere between minor and significant amounts of
corrosion.

It's very difficult to project whether these
will be minor problems or severe problems.

Q What is the probability of tubes needing to be
repaired? Can you speculate on that?

o There is a possibility -- oh, repzired? You
mean plugging?

Q Right.

A I would say there is a likelihood that Byron

might expect to have to plug tubes during the life of its

plant.

Q Is this a high likelihood?

A Based upon previous experience, it would seem
yes.

Q After how many years is this likely to occur?

S Five years. Just a ball-parkish number.

Q Is it possib.e that a tube problem could emerge

in the first year of operation?
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A Possible.

Q How long is the vendor's warranty period?
A I don't know.
A (Witness Rajan) To this I would like to add

that plugging of a few tubes should not be put out of
perspective. It really does not affect the operation of
the steam generator, and also it does not, in my judgment,
constitute a safety problem. So if a few tubes need to be
plugged during the early life of a plant, it should not be
blown ocut of perspective.

Q Mr. Rajan, does plugging or sleeving the tubes
require any worker exposure as a result of the work
exposure?

A I do not have the numbers with me, but obviously
during the early stages the exposure is less. As it goes
to -- after the plant has been in cperation for a longer
period of time, and also the technigues have now been
;
continuocusly refined to the point -- the plugging techniquesg
that i1s, that exposure is limited to a minimum, and
plugging of a few tubes is within acceptable limits.

MR. JENKINS: Just a moment, please.

(Pause.)
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BY MR. JENKINS:

Q I want to go on and talk about a comparison
between the different models of steam generators. I have
reviewed the schematics of the D-2, D-3, and the D-4, D-5
model, and other than the size of the preheater, I couldn't
note any differences. Could you describe how the models
are different?

A (Witness Rajan) Well, primarily the D-4, D=5
preheater section has a flow pattern in it, in which the
flow, as it enters from the main feedline, hits an
impingement plate and is directed downwards, and then it
curves upwards again. This is referred to as a counterflow
type.

The reason for the preheater is to =-- the
cbject of a preheater is to increase the flow within that
region so as to increase the efficiency of the steam
generator, and this is one way of doing it.

In the D-2 and D-3 type, primarily the flow
hits an impingement plate and then is split almost half
and half upwards and downwards, but the basic idea in
both the preheater designs is to create a region of

flow in which there is mixing and high rate of heat
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Would you please define those two terms?

A (Witness Rajan) 1In fluid elastic instability
cype of phenomenon, if a tube is excited by a range of
frequencies, it responds to a very narrow band of
frequencies. And when those frequencies are =-- when
those frequencies excite the tube, this narrow band of
frequencies, the tube goes into a rather violent mode of
vibration.

In turbulent buffeting, on the other hand,
the tube responds to the exciting forces at all frequencies
and as the power level increases, the buffeting forces
increase, and therefore the tube vibrations increase, and
in such a case the vibration of the tube increases with the
power level.

Whereas, if the tube is excited by turbulent ==~
by fluid elastic instability, it is possible it may not
experience violent oscillations and vibrations at other

power levels, except at which it goes into resonance.

Q What happens if there is vibration and subsequent|

wear of tubes in the preheater?
A Some vibration is obviously acceptable. It is

oenly when the vibrations of the tubes ~-- as a matter of

i
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fact, all tubes in the steam generator vibrate to cross-
flow velocities and axial velocities. So that is some
level of vibration which is acceptable and will not create
any damage over the life of the plant.

However, if the tube, for some reason, goes into
a violent state of vibration, only then the wear rates --
the wear rates as a result of the tube hitting the support
plates~-- the wear rates increase to such levels that
degradation is rapid and can lead to a tube failure in a

shorter period of time than it is designed for.

Q Has this ever happened in an emergent situation?
A (Witness Murphy) What?

Q An emergent situation.

A Emergent?

Q Creating an emergency.

A We have not, to my knowledge, had a tube failure

rupture, or a rupture event, rather, as a result of tube
vibration. There have been some large leaks as a result
of tube vibration, but not one which we formally classified
as a tube rupture event.

Q Are you aware of any that may have occurred in

foreign facilities?
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A Not as a result of vibrations, that I'm aware of.
A (Witness Rajan) Are you talking of a leak, or
are you talking of a severance?
A (Witness Murphy) Emergency -- the emergency --
we're speaking of rupture events.
A (Witness Rajan) You're talking of severance of
a tube. I agree with Emmett.
MR. JENKINS: Just a moment.
(Pause.)
BY MR. JENKINS:
Q Mr. Murphy, you can go ahead. I was going to
ask you about Ginna. You can go ahead and make your statemeq-
on the record.
A (Witness Murphy) Okay, we'd like to amend our
previous answer to say at Ginna the tube that ruptured
at Ginna did not rupture directly as a result of vibration.
Vibration did play a role.
A (Witness Rajan) But the primary mode of failure
was another mechanism.
A (Witness Murphy) Vibration did play a role in
transferring -- in the coverall failure scenario which was

initiated by foreign objects and through a complicated
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sequence of events, led to excessive wear and pressure
burst of the failed tube.

B (Witness Rajan) We were responding, or I was
responding primarily in terms of the flow-induced
vibration phenomenon and the fluid elastic and the turbulent
buffeting type of phenomena. But as Emmett pointed out,
at Ginna, vibrations had a role in tube failures, although
not the primary cause of failure.

Q What was the nature of the problem with the
Ringhals plant in Sweden, if you're familiar with that?

A Primarily flow-induced vibrations acting on
the tubes in the vicinity of the preheater section. And
as a result the tubes impacted against the support plate,
the holes in the support plates, and there was a high
rate of wear in thcse regions. And I believe one tube
was degraded to the point, or worn down to the point that
it started to leak.

Q Was there any warning of this leakage?

2 As far as I know, it was not a failure that
resulted in the severance of the tube. When the tube wall
wore down to the point that there was a throughwall area

of leakage, that obviously provided a warning to shut the
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plant down, because of the high leakage. And in that sense,
there was warning.

Q But there was no warning of the problem emerging
or arising?

A (Witness Murphy) not prepared to answer
whether or not the leak may hav: grown from very
insignificant amounts slowly to something that was
detectable at plant shutdown, or whether the tube was
penetrated in cne instant leading to a sudden small leak,
if you will, we can't answer that question without checking.

It was a relatively small leak, though, when
you are comparing it to Ginna or Point Beach or something
like that.

Q Has there been a design fix for this problem
in the D-2, D-3 mcdel steam generators?

A (Witness Rajan) In my judgment, there is a
design fix which is in an advanced stage of test and
evaluation, and from what results that I have seen, I am

convinced that this problem will be taken care of.

Q Has this design fix been implemented in any

plants in operation?

A No. It has -- the first domestic plants during
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which it will be implemented are scheduled in September or

October.
Q Describe the nature of this design fix.
A There are a number of modifications in the

preheat section that ar being =-- they have been finalized,
and these involve =-- the basic change is the replacement
cf the impingement plates by a maaifold, internal manifold,
which has two double walls and a large number of holes in
both the plates, and the object of this impingement =--
internal manifold is to produce a uniform flow velocity

at the first row of tubes beyond the inlet region, which

is the 49th row.

And as a result of this uniform velocity, the
flow-induced vibrations and the turbulent buffeting on
these tubes, it has been shown has dramatically decreased.

Q How long would it take to retrofit this to
existing operational plants?

A I do not remember the exact periods involved,
but the time required for tooling and installation is
within weeks.

Q Will this design fix totally eliminate all

problems with tube degradation?
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A No, this fix is aimed at the flow=-induced
vibration phenomenon that is experienced in the D=2, D-3
models only. It is not expected to, for example, have
any effect on corrosion -- stress corrosion cracking or
other denting or other problems.

Q I see. Okay. That's a good clarification.

Will these design fixes be applied to the steam
generators used at Byron?

A No. As I pointed out,this fix is directed at
the model ~-- is designed only for the D-2 and D-3 steam
generator design -- steam generator models and will therefore
not be applicable for Byron.

MR. JENKINS: Excuse me just a moment.
(Pause.)
BY MR. JENKINS:

Q As the denting and corrosion problems
occur in plants, as they get worse in the plant, is it
necessary to reduce the operating capacity of the plant
to lessen the possibility and the probability of new
ruptures occurring?

" A (Witness Murphy) Would you repeat the last

part of the question, please.
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Q Yes. 1Is it necessary then to decrease¢ ihe
operational l:wel of operating of the plant in ozder to
reduce the possivility of rupturing?

A Is it necessary to reduce the rated power
of the plant to reduce the potential for acridents?

Q Right.

A No. Once you get into large-scale pl.ugging of
steam generators, ultima:zelv you may reach the p~nint where
you have physically removed such a substantial part of
your heat transfer area, your available keat transfer
area, that you do affect your capabilit”> to produce heat
and power, but does nnt affect ths prcopensity for -- the
level of plugging, as Jai Rajan pointed sut earlier, does
not affect the potential for a rupture or a failure.

Q How did Westingnouse test its D~2, D=3 steam
generators prior to its use in a nuclear facility?

A (Witness Rajan) Basically, the design is
verified on a computer model which simulates the flow
phenomenon and the thermal hydrauiics within the tube =--
within the steam generator, and this is done with the
aid of several highly scphisticated computer codes.

In addition to this, some verification is




s
& 1
2
e 3
4
s
L J 6
?
8
- 9
10
° 11
12
13
- 14
15
16
e 17
18
19
@
20
21
Y 22

32
obtained with scale models.
Q How did those test results correlate with
in-plant experience?
A This particular phenomenon, which occurred at

Ringhals and McGuire, was obviously not predicted by the
computer codes and the scale modeling tests.

Q In your expert opinion, why do you think there
is a disparity between the predicted results and the actual
results?

A Well, for one thing, we have to recognize that
this phenomenon is occurring only in a limited area of
the preheat section, and is not something that the
conventional thermal hydraulic codes used in the design
of the steam generator.

They would predict -- as I pointed out earlier,
there is a high degree of turbulence and this was
purposely created to extract more heat in that region.

So, with this high degree of turbulence, some
tubes were excited into resonant modes which was not =--
which had not been anticipated.

Q Your affidavit states that Westinghouse will

do "extensive analyses and tests, including large scale
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model tests" on the D-4, D-5 generators.
How large a scale?
A I believe it's the -- the preheat section is

being == it's a two-thirds scale model, the largest one.
Although it's entirely possible to obtain meaningful data

from smaller models.

Q Does NRC plan to empirically verify these tests?

A What do you mean by empirically, empirically
verify?

Q Well, are you planning to run your own tests, or

are you planning to look at the data and put it into your
own model?

A As far as I know, there are no such plans.

Q What is your level of confidence, based on your
expert opinion, that Westinghouse's results can be

extrapolated to actual use experience?

A Now are we talking of which?
Q 0-4' D°5.
A D-4, D~5? 1 have not seen any results of

model test data on D-4, D-5 yet, althcugh I understand
that Westinghouse is in the process of conducting analyses

and test data for the D-4, D-5 models in a similar fashion

|
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as they have done for the D=2 and D-3.

My understanding is that these will be available

by the end of the year.

A (Witness Murphy) I think it's important to
note that once it was recognized they had a problem in
the preheater, that they were able to determine =~ they
were able, through analysis and tests, to demonstrate how
the wear mechanism worked. With the ability of hindsight
they were able to demonstrate, yes, you know, you certainly
would expect a wear process to take place as a result of
vibration.

So they have been able, by analysis and test,
to say, yes, under these conditions you will get wear and
vibration, and it explains the wear patterns that we are
actually observing in the field, and being able to do this
gives you confidence that they have a model where, if they
adjust certain parameters, they have the tools necessary
to evaluate the effect cf these parameters on the overall
performance of the preheater section.

A (Witness Rajan) To this I would add that one
nondomestic plant has been instrumented which has a model

D-4 design, and data obtained from that is providing useful

i
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informaticon as to which modifications would be effective,

and which may not be of that great utility.

Q Is this domestic or foreign?
A One foreign plant.
Q Let's jump ahead to that. Are you aware =--

you're referring to the KRSKO plant in Yugoslavia?

A Yes.

Q Are yau aware of the current operating status
of that plant?

A I am aware that it has had about 2000 hours of
operation, approximately, and there was negligible == there
was no detectable degradation found as a result of measure-
ments in the tubes that normally would be affected.

The instrumented data from that plant indicated
that there is a higher level of tube vibration than is
expected. So while there seems to be evidence that this
problem is there, there is no evidence of degradation of
the tubes as such -- detectable level of degradation of
the tubes as such, so far.

Q Eddy current testing, I understand, is capable
of determining whether thinning has occurred only past 20

percent; 1s that correct?
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A (Witness Murphy) That's not exactly correct.

At the support locations where the degradation is occurring,
we would be a little hard-pressed to say what the threshold
of detectability is, but I think it is something less than
20 percent. Certainly 20 percent, I believe, should be
detectable.

Q Is 2000 hours of operation in the XKRSKO plant
sufficient to establish whether you have reached that
threshold of being able to determine if thinning has occurre

A (Witness Rajan) Well, definitely it indicates
one thing, that the mechanism of degradation is not so
severe that it would manifest itself in a short while. But
it certainly dces not preclude degradation if the operation
were continued.

Q If repairs are an eventuality at Byron, which I
believe is a fair assessment of your earlier statement =--

A (Witness Murphy) Plugging? Plugging repairs?

Q Right, plugging or sleeving r2pairs. =-- would
their retrofit be a radiocactive task?

MR. UDELL: I'm sorry, excuse me for a minute.
(Discussion off the record.)

MR. JENKINS: Okay, I retract that guestion. We
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got an answer to it previously.
BY MR. JENKINS:
Q Let me ask the guestion this way:
Is a design fix inevitable at Byron, do you
think?
A (Witness Rajan) Are we talking =-- a J.sign

fix -- okay, now we are talking of the tube vibration

problem?
Q Right.
A I believe there would be some fix. Now what

that exact fix would be, it's not -- there are several
options available, and I don't know exactly what form that
fix will take.

Q Okay. Now if the plant starts up before you are
able to establish that design fix, would that then be a

radiocactive task?

MR. GCOLDBERG: Excuse me. I don't know if
the witnesses understand the guestion, but what would be
a radiocactive task? Starting up the plant without
implementing a vibration fix?

MR. JENKINS: Doing the lesign fix after the

start-up of the plant.
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MR. GOLDBERG: COCkay.

WITNESS MURPHY: It would seem reascnable to
assume that installaticn of a fix after start-up would
involve some amount of occupational exposure.

BY MR. JENKINS:

Q Ckay, as a summary question here, in light of
the variety of tube integrity problems, in light of
Westinghouse's track record in testing, and in light of
NRC's own observation that solutions to one problem may
create other problems, why are you recommending that Byron
be permitted to operate before ultimate resolution of these

various issues?

A (Witness Murphy) I'm not sure that we've ==
A (Witness Rajan) Let me say this: That it is
our -- that we anticipate that the fix will be in place

before Byron goes into operation.

A (Witness Murphy) But we may want to discuss
this. I understand there is some guestion on this point
which we may want to discuss later, but the Staff has not
made its conclusions regarding the preheat -- regarding
the preheat problem and what an acceptable basis for

start-up of the plant will be.
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The Staff has committed in its SER to review it,

the generic problem, as it relates to Byron, and it has not
concluded -~ and in the SER, that a fix is a necessary
condition for start-up. It has not made any conclusion
whatscever as yet. The Staff must make a conclusion and a
finding before start-up. We would issue, to the extent
that -- if it were to turn out that a fix could not be
implemented prior to start-up, then the Staff would have

to evaluate the acceptability of a program for interim
operation pending a fix.

MR. GOLDBERG: Mike, I would interject, your
guestion was a broad summary question, and if I understood
the answer, when the term "fix" is used, are you talking
about now a fix for the tube vibration phenomenon?

WITNESS RAJAN: That's precisely what we are
talking about.

MR. GOLDBERG: So I don't know if you got an
answer to your guestion. Their remarks were devoted to
a position of tube vibration. I don't want to unduly
confuse the process, but I think they confined their
answer to vibration, their position on tube wvibration.

MR, JENKINS: I'm satisfied with the response.
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MR. GOLDBERG: Okay. Fine. Fine.

MR. JENKINS: Hold on just a moment, please.
(Pause.)

BY MR. JENKINS:

Q When a steam generator tube cracks, ruptures or
leaks, what is the potential for radiation to escape to
the environment?

A (Witness Murphy) When a tube leaks or ruptures,
there is a potential for radiation to escape to the environ-
ment. I am not the ocne tc =-- 1 cannot provide any sort of
expert testimony regarding the amounts of dcses, offsite
doses as a result of leakage or ruptures.

Q Let me ask it this way:

How large a leak would be necessary before
radiation could leak to the environment?

A I can only give you my nonexpert understanding,
and that is that you will get some amount of radiological
release with leakage. But once the -- once radiocactive
water gets into the secondary, the pathways are available
for the radiocactivity to get into the environment.

Q Have there been any tube degradation problems

which resulted in radiation leaks?




10

11

12

13

14

15

16

17

18

19

20

2]

2

41

A Oh, I think -- again I think if you want to
discuss radiological releases to the environment, perhaps

I think you need a different =--

Q Different set of experts?
A -- differer: set of experts.
A (Witness Rajan) The answer is yes, but we are =--

I don't think we can quantify the releases.

Q Okay.
A The answer to your gquestion is yes. Yes.
A (Witness Murphy) We'll say that the Staff does

have regulations regarding acceptable offsite releases, and
that these are enforced.

Q Well, now, I have a number of other questions
here relating to radiation leaks and safety design and so
forth, and I understand that you are not experts in this

area, so if you could just -- I want to run through them

and see if I can get an answer to the best of your knowledge‘

and just advise me if I'm going out of bounds here.

Are you familiar with the safety response systems‘

in the event of a ruptured steam generator tube? AaAnd if
so, could you please describe it?

A Jai, do you want to take a stab at that? I'm
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not, in terms of how the plant is brought to a cold shutdown|
in event of a rupture event, I'm not prepared to comment.
I cannot comment on that.

A (Witness Rajan) I am alsc not a systems man.

Q Is there a potential for any multiple failures,
for example, the pilot operated safety valve sticking
cpen? 1Is there a potential for that to occur during a
tube rupture event?

A (Witness Murphy) Once you have a tube rupture
event, and you go into emergency shutdown situation, I
would have to assume that there is something =-- there is
no reason why something else couldn't necessarily go wrong ‘
during the shutdown.

Q Do you know if this has ever happened in multiple

failures of some sort?

A I would assume that it has. I would refer you
tc an interesting document to review in that regard,
would either be the Ginna report put out by the Staff

that described the shutdown in excruciating detail. Any

problems that were experienced with valves and the like
are all in there.

There have been -- we have had a number of these
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rupture accidents. The first three are described in very --

in great detail in a NUREG report entitled "Evaluation |
of Steam Generator Rupture Events.” I don't know the

NUREG number right off the bat. And the Ginna event was
analyzed separately in a more recent NUREG.

Q Do you know if there is any potential for
seccndary to primary tube leaks under certain accident
conditions? |

A Under certain accident conditions, if you have a
tube failure, there is a potential for secondary to primary
tube leaks.

Q What could that result in? What could that

leak do, do you know? |
A Ultimately if one were to have excessive

secondary to primary leakage, you could affect your

capability to adequately cool the core. It's an ultimate

consequence of excessive leakage.

Q Now my next question --
A Well, not ultimate, but it's a consequence.
Q My next gquestion I think you probably have a

little bit more expertise in. Is there a potential for

meore than cne steam generator tube to fail at or about the
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same time?

A During normal operation, steady state normal
operation, I cannot imagine that we would get more than a
single tube failure. Ruptures obviously have happened,
tube ruptures have happened four times in this country.
They have been single failures. I cannot imagine =-- to
get mcre than one tube failure, you need a triggering event,
you need a transient of some sort.

Otherwise, under normal steady state conditions,
the rupture will occur, assuming the degradation is out
of control and not being adequately surveilled, it
will occur in a random fashion.

Q 8ut doesn't flow-induced vibration affect many
tubes at once?

A Yes, but you would not expect that each tube
would be degraded to exactly the same degree, such that
the failures would occur simultaneously.

(Pause.)

Q Okay. Again another summary question here
relating to safety and so forth.

In your expert opinion, do you agree with a

statement of Mr. Harold Denton that there is no way to
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Did you answer it?

WITNESS MURPHY: No, I didn't answer it.

MR. GALLO: There is no foundation that Harold

Denton made such a statement. Do you want to try to do
that?
MR. JENKINS: I think I'll just withdraw the
gquestion. It was more of a fun gquestion, anyway.
MR. GALLO: All right. Well, then, I have a
fun objection.
(Laughter.)
MR. JENKINS: Cculd I hear that?
BY MR. JENKINS:
Q Now I have a series of guestions that are a
bit more technical than what we've gone intec so far.
Off the record.
(Discussion off the record.)
BY MR. JENKINS:
Q Okay, I have some gquestions about what to me

at least are technical guestions relating to corrosion.

What, besides deposition of corrosive products

MR. GALLO: I'm going to object to that gquestion.
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in the tube and tube-supporting annulus, contributes to

tube denting?

A (Witness Murphy) What besides depcsition of =--
Q Deposition of corrosion products in the annulus.
A Neither Jai nor myself is well versed in the

dynamics of corrosion. I can speak only in general terms.
The dynamics of corrosion is not information I need to

have to do my job. But magnetite -- the corrosion

products you are referring to is magnetite, and it's

the corrcsion product that results from corrosion of the
carbon steel support plates. The corrosion products aren't
carried to these crevices from elsewhere in these plants.
The corrosion product is a result of corrosion leaks

in the support plate itself.

A (Witness Rajan) The denting phencmenon
essentially consists of these carbon steel support plates
that react adversely in a certain environment, and as a
result of their interaction they put excessive stresses
on the tubes, and they also can cause cracking within the
support plate itself. And if the denting progresses, it
progresses unchecked. Then the plate itself can be

broken into smaller pieces, and that's an advanced stage
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Q Is it necessary for the annulus to be completely
filled with corrosive products for denting to occur?

A (Witness Murphy) Yes.

Q Has tube denting occurred in any plants using

AVT water chemistry?

A Yes.

Q What design features dealing with tube denting
have been used at other plants, and to what extent have
you evaluated their effectiveness?

n For new generation steam generators, the support

plate designs will be used employing different materials,
stainless steel, different tube hole designs will be used

to reduce the potential for denting.

Unfortunately, to my knowledge -- well, we don't

have any Westinghouse steam generators with these new

features on line as yet, so we have no operating experience.

So that answers the guestion.

Q What, in your opinion, is the combined effect |
of reduced water flow velocity and increased secondary
water temperature and pressure relative to promoting

corrosion at the annulus?
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A I think to answer that question, you'd want
to refer to our corrosion specialists,
Q Okay. What, in your cpinion, is the cause of

the flow-induced vibraticn problem?

A (Witness Rajan) Flow-induced vibrations are a
result of high cross~-flow velocities. Either the feedwater

or steam flow.

Q And this is true of all the D-4, D-5 models?
A Yes.
Q Have you been able to verify the Westinghouse

findings alluded to in your affidavit that guote:
"Vvibration response in the preheater

section is negligible for main feedwater

flow rates, up to about 70 percent.”

A This is primarily based on data obtained at
KRSKO. In that plant, some tubes were instrumented and
their vibratory characteristics were obtained at different
power levels, and the data from that plant seems to bear
this out.

A (Witness Murphy) Let me add something else:

Even if the work Westinghouse has done =--

and what they have recorded has provided us with a certain
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amount of confidence that they are pursuing the right
approach -- but even if they're wrong, if they developed a
problem, it will be discovered probably most likely through
eddy current inspection, or perhaps small leaks in the
case of Ringhals, and if necessary, additional actions
can be taken as the need arises.

I'd just like to make that point.

Q Mr. Rajan, what is your definition of a
negligible vibration response?

A (Witness Rajan) Well, a negligible vibration
response would be such that it would not cause -- it
would not cause a wear of the tube as a result of its
impacting with a support plate.

Q Is it possible that testing and power escalation
process at Byron might fail to detect any vibration
problems in the steam generators?

A If the tubes are not instrumented, then

obviously there is no way to detect any flow-induced

vibration.
Q Are you going to require instrumentation?
A Well, we are assuming that their fix will be

available for Byron, and if we are convinced from the data
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that is provided to us that the fix is adequate, then we may
not require instrumentation.

But in answer to your guestion, we have not
ruled the option out that it may be instrumented.

A (Witness Murphy) Let me add, one, we do have
another vehicle, that is eddy current testing. What the
program will be for eddy current testing, of course, has
not been reviewed by the Staff as it applies to Byron.
But instrumentation, internal instrumentation, is one method
by which one might detect the onset of vibrations. Eddy
current testing is another.

Q What is the significance of determining the
optimum combination of main to auxiliary feedwater flow
rates, preheated water temperatures, tube support design,
and tube length between supports that would result in a
tube oscillation rate equal to the natural frequency of
the tubes?

A (Witness Rajan) I'm not in a position to
respond to that. I can see what you are asking, but I
don't have the answers to it.

Q Is this part of the SER?

A I'm sorry?
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Q Is this evaluatiocn part of the SER?

A Not within the scope of the review that we
conducted in the mechanical engineering branch.

Q What is the significance of determining the
effects on dented steam generator tubes of a natural

frequency drop by a factor of four to eight?

A (Witness Murphy, Would you mind repeating the
guestion?
Q Sdre. What is the significance of determining

the effects on dented steam generator tubes of a natural
frequency drop by a factor of four to eight?
A What is the --
MR. CHESNUT: Are you talking about dropping
the frequency or the magnitude of the vibrations, or what?
MR. GOLDBERG: Excuse me, Steve. The witness
wants the question clarified.
WITNESS MURPHY: Why is natural frequency
dropping in a dented tube?
BY MR, JENKINS:
Q If you do drop the natural frequency, what is
the effect on a dented tube?

A (Witness Murphy) How do we drop the natural
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frequency? The natural frequency is a property of the tube
and its supports. It's a property of the tube system.

Q How is that affected by the denting?

A (Witness Rajan) It would tend to make it
stiffer, if anything.

Q Is this a part of the SER? 1Is this something
that is evaluated in the SER?

A (Witness Murphy) For new plants, not typically.
Generally speaking, you kncw, denting per se does not
adversely affect the -- operating experience does not.
indicate that denting per se adversely affects the
dynamic response of the tube. If you have very severe
denting, you get support plate cracking. For tubes near
the periphery of the bundle you might effectively lose your
lateral support.

A (Witness Rajan) Let me add to this. In the
denting phenomenon, the support plate tends to crimp the
tube and the supports and this results in a much stiffer
system than one normally would have, when the tube is
free to oscillate within the support plate holes.

S0, as a result of denting, whatever happens to

the natural frequency of the tube is not likely to be a
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matter of concern.

A (Witness Murphy) That's generally =-- for most
of the tube bundle, that is the situation. In row 1 and
row 2 you have a peculiar situation where cracking can
lead to islanding, the islanding effect, whereby effectively
you are losing that lateral support.

A number of plants have run intec this situation,
and have therefore found it necessary to reanalyze the
dynamic response of the tubes. We are now making the
assumption of no lateral support at these support plates.

Q To what extent have you compared -- I'm sorry.

(Discussion off the record.)

BY MR. JENKINS:

Q To what extent have you compared AVT parameters,
monitoring and control systems at Byron with those in other
plants?

A (Witness Murphy) We personally have not done
this. This again would be within the cognizance of our
corrosion specialists who have responsibility for reviewing
secondary water chemistry controls.

Q Are you aware if those other individuals have

recommended any changes that Commonwealth Edison should
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incorporate in the Byron plant?

A They have made an evaluation which is described
in the SER of the Byron secondary water chemistry program.
There is also generic activitf ongoing, both on the part
of the industry and the NRC.

Q What has been, in your opinion, the significance

of condenser leakage as a contributing factor to tube

degradation?
A It's had a significant effect.
Q To what ext2nt will this continue to be a factor?
A I believe it will be over the long term =-- it

will become a decreasing factor, primarily for the reason
that to implement the improved secondary water chemistry
controls and monitoring, it will be necessary to more
closely menitor and control the performance of condensers
to achieve the objectives.

Q Are you aware of any specific changes that
have been required of Commenwealth Edison in its condenser
materials and designs in i1ts condensate clean-up system?

A This particular area did not fall within our
area of cognizance. The condenser materials and so forth

have been evaluated and are discussed in our SER.
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Q Do you know when you will be issuing NUREG 084472

A Is that Task Action Plan A-3, A-4, A-5? Then
the answer is yes. No, I do not.

Q Do you have any prediction on the impact of any
requirements that may be required -- you will be issuing
it by January lst of 1983; correct? I believe that's in

your affidavit?

A I don't think so.

Q I read that scmewhere.

A Let me check. I don't think I would have said
that.

Q Well, then, are you familiar with any proposed

requirements under that NUREG 08442

S Yes. But, you see, this is -- at this point =--
an internal -- we have a draft report that is being
intensely reviewed and critiqued at this very moment, and
the sponsoring organization -- for you to understand =--
if you wish information regarding the exact status of the
program and where it's going, I think you'd have to inter=-
view somebody from the sponsoring organization for the
TAPS report, the generic issues organization in NRR.

Q Well, it's hard for us to go a hearing in which
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cne of the methods of evaluating the success of the steam
generator is its in-service inspection requirements, without
knowing what some of those regquirements are.

Can you describe some of the proposed requirement#
and what will be the impact?

PN I'm not sure that it's really appropriate for me
to do so, because right now the various recommendations
are being proposed internally by the Staff and are being
debated internally and discussed internally, and I cannot
predict how this is going to come out, necessarily.

I can offer some judgment on that viewpoint,
but I don't think it's really appropriate for me in this
forum, because it might be prejudicial to the proceeding.
So I think the Staff is doing an intense review right now
and it is not for me -- I'm not the right person who should
comment upon the status of the program. I think I'd be
overstepping my areas.

MR. GOLDBERG: Let me try to ask a gquestion,
because I think your guestion and answer were two different
things.

I understood you first to want some kind of

broad indication of what the Staff proposals were in the
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prospective Staff document on Task A-3, 4 and 5. And then
you switched and confined your answers to, I gather,

what the proposed in-service inspection program was for
Byron.

And correct me if I'm wrong, Mr. Murphy, is not
that program discussed in the Staff SER?

WITNESS MURPHY: I was not addressing myself
to i1n-service inspection requirements for Byron. I guess I
was addressing what I thought was the guestion, what is
the status of the TAPS issue, and where are we going with
it, what will our recommendations be, and I can only respond
that it's in progress and being reviewed very intensely by
the Staff.

MR. GOLDBERG: Maybe we can get from the generic
to the specific, because I think the witness is a little
confused. I was confused whether you were talking about
generic recommendations or specific plans for Byron.

BY MR. JENKINS:

Q Well, let me ask it this way:

Can you confirm for the record whether any

generic requirements will have a.a) effect on the plant

capacity performance or in any other respect of the proposed
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requirements in this document on the Byron plant?

A (Witness Murphy) The Staff is considering -- has
under consideration a number of recommendations-- it is
part of A-2 and it is part of other generic reviews -- a
number of recommendations that may have some effect on
surveillance requirements, methods for improving the
performance of the steam generators, the corrosion
performance. We have a number of these things under
consideration.

Q Have you required, or is it possible that these
new requirements may require Commoenwealth Edison to
install radiation monitoring equipment at potential release
points in the event of a steam generator tube rupture?

A I don't know the answer to that question.

Q What changes in Commonwealth Edison steam
generator operational procedures or design in secondary
water chemistry monitoring and control systems will be
necessary to comply with this NUREG 0844?

A Well, I have no way to answer that guestion,
because I éon't know how it's going to end up. The
generic recommendations are under -- being reviewed right

now. I can't predict how it's going to end up.
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MR. JENKINS: I have just a couple more questions

more, but let me go off the record for a minute.

MR. MUPPHY: Let me make one comment, just for
the record:

Task A-3, A-4 and A-5 is a generic ongcing
activity. It is not the~-- there is a separate gsneric
activity ongoing right now directly as a result of the
Ginna incident, but it's getting into areas that were
initially addressed by A-3, A-4 and A-5. So we have this
generic program ongoing, too.

(Discussion off the record.)

BY MR. JENKINS:

Q First of all, I'm going to refer to a telegram
from Mr. Goran Mandeus of the Swedish Nuclear Power
Inspectorate, and I have a copy of this, Mr. Gallo, if
you'd like. 1It's a telegram addressed to Mr. Joseph
LaFleur of the Office of International Programs. It's
titled "Urgent Telegram," and it says:

"This message should reach the persons

who will be in telephone contact. . ." concerning

the Almarz plant, and so forth, and I gquote here

from the second to the last page:
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". . .it has been recognized that the

curve has been computed for undamaged tube

with adequate support in all baffle plates

and not damaged tubes as the ones in Ringhals

3 with substantially increased clearance in

the support plates and thus possibly

possessing a larger free oscillating length."

MR. GOLDBERG: Mr. Jenkins, I'm not sure the
witnesses have located your reference here, but can I ask
that they be given a few minutes to familiarize themselves
with this document?

MR. JENKINS: Sure.

MR. GALLO: Why don't we take a recess so we
can read this thing?

MR. JENKINS: Fine.

(Recess.)

BY MR, JENKINS:

Q You have had a chance to familiarize yourself
with the telegram from Mr. Mandeus. Could you describe,
in your opinion, what is the significance of a drop in
the natural freguency by a factor or four to eight?

MR. GOLDBERG: Are you referring now to a
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statement in the document, Mr. Jenkins?
MR. JENKINS: Yes.
MR. GOLDBERG: Could you just refer to that for mﬁ?
BY MR. JENKTNS:
Q I will .d the last three sontences prior to
paragraph 4:
"If the support in cne or two plates
is lost partly or in whole, the natural
frequency may drop substantially. Approxi-
mately by a factor of four to eight.
According to the thecretical model cited
by Westinghouse, the threshold fluid velocity
for instability drops by the same factor or
down into the region of what can be described
as idling power for the plant."
My question is: What is the significance of
a drop in the natural frequency of four to eight?
A (Witness Rajan) I think that's a very large

drop. When we are talking of a drop of the natural frequency

of four to eight, we have to assume that the support plates
are no longer effective at at least two locations, so that

you have a much larger length of the tube now free to
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oscillate in its natural mode.
I cannot visualize losing support at least in
support plates in order for that to happen, but if one
were to make that assumption, then obviously the tubes
would then have a different natural fregquency in response
to fluid elastic vibrations, but also be substantially
different.
Q Go ahead.
The Staff has considered the

A (Witness Murphy.)

fact that with some wear of the tubes, there may be some

effect on the rate of wear, that the rate of wear may not
be constant -- that may nct remain constant, as you wear
away the surface of the tube.
In our monitoring and following of McGuire,

we have taken the consideration into account in reviewing
and approving of their interim operating program.

Q If this scenario were to occur, what would
happen if the plant were not dropped to idling power?

A (Witness Rajan) Are we assuming =--
Q The drop in frequency rate by a factor of

four to eight.

A Is this drop being assumed for just one or two
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tubes, or a whole bunch of tubes?

Q Why don't you assess the response to that
question for both circumstances?

A (Witness Murphy) Let me -- we have developed
between Ringhals and Almarz and McGuire a considerable
degree now of operating experience. We have a good idea
of qualitative =-- an idea of the qualitative relationship
between operating at higher power levels andehat effect
1t has on the observed wear rates.

In the case of McGuire, we have been =-- McGuire
has been performing steam generator inspections very
frequently, on the order of every couple of months, some-
thing of that -- two or three months, something of that
frequency. And based upon what is observed regarding the
amount of degradation or the incremental degradation that's
taken place since the last inspection, that experience is
factored into our evaluation of the next short period of
operation, in that we would not -- we do not predict that
during each succeeding interval of operaticn, that the
wear will be excessive or exceed allowable limits during
that period. And even if it did -- which we don't expect -

but even if it did, we would -- the likely conseguence is a
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small leak, but we don't expect that to be the situation.

Q Let me repeat the guestion, just so we can get
that on the record:

I1f this scenario did occur, what would be the
effect if the plant were not dropped to idling power
following that scenario?

A I guess my response is that we'd eventually be
shutting down for steam generator inspections, we'd
observe the degradation had proceeded beyond what we had
anticipated, and we'll take appropriate corrective action.

At worst, I would expect that we'd get a leak
and that would precipitate the corrective action.

Q Mr. Rajan?

A (Witness Rajan) My response would be that if
the natural frequency of certain tubes were to change by
this order of magnitude that has been postulated here,
there would be excessive -- there would be excessive
vibrations for those affected tubes, and the damage, if
it were to occur in those tubes would be at the supports

which are affected, and as Emmett pointed out, there would

be -- these would be detected by eddy current measurements.

Q Earlier you gentlemen stated that you thought
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there was not a great probability of multiple tube leaks,

but would you say that. leaks =--

A (Witness Murphy) Multiple tube failures, gross
failures.

Q I'm sorry, I misunderstood that.

A We do have occasion to experience multiple tube

leaks, simultaneous leaks.

Q Is there any increased safety risk that occurs
from that?

B From multiple tube leaks?

Q Yes.

A No. The leak rate limit, the tech spec leak

rate limit for Byron, has been set such that if you have a
throughwall crack or leaking crack which is leaking at
less than the technical specification leak rate limit,
that the length of the crack is smaller than the length of
the crack that it would take to result in a tube rupture
under postulated main steam line break conditions.

The fact that the leaks are occurring at less
t han the leak rate limit will provide assurance that these
leaks would not result in any rupture or gross leakage

under accident conditions.
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moment.
(Pause.)
BY MR. JENKINS:

Q Well, then, would you say that ruptures of
vibrations =-- ruptures resulting from vibrations in the
D-4, D-5 model, the probability of those ruptures occurring
is greater than at plants without preheaters?

I'm sorry, let me withdraw that gquestion. We're
having problems with it.
(Pause.)
BY MR. JENKINS:
Q Two very quick questicns here for the record:
Would you compare Westinghouse's record with
that of other vendors in prcblems of tube degradation?

A (Witness Murphy) They've all had tube degrada-
tion. Sometimes the problems tend to be unigue to a
particular vendor, but they have all had tube degradation.

A (Witness Rajan) The nature of the problems may
be different, but degradation is not confined to just

Westinghouse steam generators.

Q Okay. Relative to one another, are any of the
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vendors better or worse in terms of the seriousness of
the tube degradation problems?

A (Witness Murphy) Well, you know, one can make
the qualitative observation that four plants ~-- steam
generators in four units have been replaced as a result
of tube degradation.

Q These are Westinghouse plants?

A Westinghouse plants. And additional replacement

activities are scheduled for certain Westinghouse facilities,

A (Witness Rajan) One, and possibly two.
A (Witness Murphy) Pardon?

A (Witness Rajan) One, and possibly two.
A (Witness Murphy) VYes.

Q My very last guestion:

In your expert opinion, would you say that it
is possible that a steam generator tube will rupture at
an operating plant in the future?

A Possible.

(Discussion off the record.)
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EXAMKEINATIOCN
BY NMR. GCALLO:

Q Gentleren, do you have a copy c¢f the contention
in front cf you? 1It's the steam generator tukte intecrity,
9-C. I take it you have it? 1Is that richt?

A (Witness Rajan) Yes.

Q Are you able to identify that the paper that
counsel gave you contains Contentiocn 9-C?

A (Witness Murphy) Yes. the paper that we have

just been given contains that particular contention.

Q Is that the contention, Mr. Murphy, that your

affidavit addresses?

A Yes.

Q How about you, Dr. Rajan?

A (Witness Rajan) Yes.

Qc The seccnd sentence of the contention states

that -- refers tc the previocus sentence and indicates that
certain probklems indicated in the first sentence, and ncw
I am guoting:
"+ .+ .constitutes a hazard, both during
normal operation and under accident conditions."

Do you see that sentence in the contention?
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A (Witness lMurphy) Yes, sir.
A (Witness Rajan) VYes.
Q Mr. Murphy, what dces the term "under accident

conditions" mean to you as used in this contention?

A (Wwitness Murphy) It means whether -- it means,
for example, a main steam line break transient or LCCA
transient could precipitate or initiate a tube failure.

Q It's not referring or -- strike that.

Is it referring to a situaticn where a steam
generator break -- I'm sorry, steam generatcr tube break
might cause an accident in and of itself?

A I think that the statement is general enough,
rerhaps, to encompass that also.

Q But it's alsc including, if I understand your
testinony, a situation where during the ccurse cf an
accident, the accident phencmena, if I can use that phrase,
caused a steam generator tube rupture. Is that correct?

A Yes. The tuke rupture, I guess, is an accident
in and of itself. Secondly, there are other accidents
which one must be sure that you deon't run into a situation
where another type of accident could precipitate a failure.

v All right, fine.
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that interpretation ¢f this part of the contention?

A (Witness Rajan) Yes, I agree with this, and
I would add to the accident scenario an earthgquake event,
fcr example, a seismic earthquake, which can precipitate
a steam line break.

Q Okay. Now it's not clear to me which of you
gentlemen 1s expert in the area of what I will call what
we've just been talking about, I'll call it accident
analysis involving steam generator tubes.

hr. Murphy, are you an expert in that area?

A (Witness Murphy) In terwrs cf accident analysis,

it depends cn what exactly what ycu mean. I have a solid

background regarding what it takes tc fail a tuke. I know

pretty well what it takes to fail a tube. PRegarding the

systems aspects of the shutdown transient, I am not exgert

on that matter.

Q Well, how abcut the =-- do I take it from the
last statenent you macde that as far as the effects of
an accident invelving -- let's use hypothetically a design
basis loss-of-coclant accident, the effects ¢f that

accident on a steam generator tube rupture? Is that an
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area of your exgertise?

= It's an area I have knowledce regarding
the potential for a rupture event tc aggravate certain
accident situaiions. For example, LOCA. I'm aware of
studies that have been dcne tc assess these effects.

Q Anéd would that include the effects con systems
within the reactor, including the ability to keep the core
coel?

A I'm aware of scme of the analyses that have
been done ané the conclusions which have been reached. I
am not an expert on how the analyses were conducted, what
the assumptions were.

Q All right, I want to ask that guestion acgain.
Do ycu consider yourself an expert in this area as we have

defined 1t here?

-

A I'm not quite sure exactly what we're -~ I
know what it takes to Lreak a tuke. I have a general
knowledge of what may constitute excessive leakage during
accident situations. This is inforwation I must have
in order tc make a finding as to whether or not we have
adequate assurance that we are doing encugh to ensure

steam generator tube integrity.
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Really, what I wanted to know is whether or nct you're

an expert in terms of the ccnsequences of steam generator
tube failure in a design basis LOCA and its effect on
reactcr systems cperation?

A No, but I am knowledgeable regarding some of
the conclusions that have been derived from such studies.

Q Essentially you have acquainted yourself with
the werk of cthers; is that correct?

A That's correct.

Q What about you, Dr. Rajan? Are ycu an expert
in this area?

A (Witness Rajan) No, I am net. I am aware of
the forces and the stresses that would cause =-- that would
act on steam generatcr tubes during a LOCA event, and a
seismic event.

I am nct, however. an expert on how cther
systems would be affected during a LOCA event. and also
how the LOCA would =-- a LOCA event would affect the
coolability of the core, for example.

Q who is within the Staff? Either one of you

can answer that.
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MR. GOLDBERC: Mr. Gallo, let me sucgest this:
If you have some guestions which you want answered, these
witnesses haven't shown any reluctance to indicate where
they are an expert or ill-equipped tc provide the answers.
Why don't you ask the cuestion?

MR. GALLO: I ar asking the guestions. e is
doing a fine job of tellinc me the answers to the guestions
I'm asking. They have now established they are not
experts in the area I am inquiring in, and I am asking
who 1s in the Staff.

MR. GOLDBERG: But you haven't made any
particular inguiry. You have outlined scme --

MR. GALLO: Do you have an okjection? If sc,
state 1t. I want to get on with my cross-examination here.
All right?

WITNESS MURPEY: Okay. Studies of the effects
of tube ruptures on accidents have been done under the
heading of the Task Action Plan. The task manager for
that program is Jack Strosnider.

BY MR. GALLO:

Q Can you spell that for me?
A (Witness l!urphy) S=t-r-c-s-n-i-d-e-r.
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Q He's the task action plan manager?

A Yes. Task manacer, I think, was the formal
description. He managed and coordinated the studies done
by a variety of orgamizations and outside consultants
having to éo with the effects of ruptures on LOCAs and
main steam line breaks, et cetera, and sc he could refer
you to the specific people who did the analysis.

Q I understand. All right. But ncw to vour
knowledge, dc you know of any individual within the Staff
wheo 1s an expert on this accident analysis area that we
have been discussing here? I mean tc your knowledge? I
recognize that if Mr. Strosnider were here, perhaps he
could tell us, as well, but he's not.

N Yes, I think I know of guys that are fairly

knowledgeable in this area.

Q Can you name them for me?

A Chris Parcheski.

Q Can you spell that one?

A No, sir. It starts with a P.
(Laughter.)

What's his first name?

']

Chris.

b =
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Q Can you proncunce his last name again?

A Parcheski.

Q All right, that's close encucgh.

A I believe he was very involved in the LCCA

study, the one that was done to evaluate tuke ruptures

concurrent with LOCA.

Q Is that the one that was performed out at Idaho?
B Yes.
Q Anybody else that comes to mind?
A B person_by the name of Akstulewicz.
(Laughter.)

I think his first name is Frank, but that's
not for sure. He was involved in the -- was involved
in the evaluation of tuke ruptures concurrent with main
steam line break.

Q Could you try that nare cn me again, please?
A Akstulewicz.

MR. CHESNUT: I can give you the spelling of
that name if you need to know the name.
A-k=-s-t-u-l-e-w-i-c=-2.

BY MR. GALLC:

Q Is that gentleman a memker of the NRC Staff?
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A (Witness lurphy) Yes.
Q Is that it?
A Those are people that I know for sure that were

involved. People I think -- a person I think had considerakb]

involvement i1s Pasedag, Walt Pasedag.

Q That I can spell.

How about you, Dr. Rajan?

A (Witness Rajan) In my judgment, ir answer to
your gquestion, I don't have any other names besides these,
but my feelinc would be that there would be more than cne
person who would be involved in the kiné cf study that
you are looking for, and these people prckakly would be
from the Reactor Systems Branch and the Accident Analysis
Branch.

Q Let me tell you where I'm going with my
gquestions. If I look at your affidavit, and I'm limiting
myself to just what's in your own affidavit, let me ask
a preliminary question:

Am I correct in concluding that beginning
with page -~ I'm scorry, beginning with paragraph 5,
through the end, which 1 believe is paragraph 12, taat

that represents a joint statement by both !Mr. Murphy and

be
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Dr. Rajan?

A (Witness Murphy) Decn't we address that up front?
8 through 12.

Q Say again?

A € through 12.

Q Paragraphs 8 through 12 are your testimony; is
that correct?

B It was sort of a joint prepared testimony.

Q Ch, 8 through 12. And what abcut paragraphs
5 through 7?

A That more or less represents mine. That does

represent my testimony.
Q I see. All right.
Now in reviewing paragraphs -- well, strike
that.
Paragraphs 8 through 12 appear to be talking
abcut a particular problem which has been referred to
here as the flow-induced vibration problems; is that
correct, Dr. Rajan?
A (Witness Rajan) That's correct.
Q Paragraphs 5 through 7 are adéressing, I guess,

the generic gquestion of stear generator tube integrity; is
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that correct, Mr. Murphy?

A (Witness Murphy) Yes.

Q And this is primarily your testimeny; correct?

A Yes.

Q Wnere in these three paragraphs or any place
else in the affidavit, for that matter, do you discuss
the accident aspects ¢f Contention 9-C?

A Item 5 is intended to address our assessment
of the requirements that have been impcsed to prevent
tube failures.

¥ So paragraph 5 deals -- is intended to deal
with routine operation and tube failure under accident
conditicns, as well; is that correct?

2 The approach, the regulatory approach to cdate

to preventing tube failures through normal operation or
accidents, 1s to surveil the tubes, inspect them recularly,
pericdically, to remove those from service that are
excessively degraded within our acceptance criteria, and
to reinforce these reguirerents with stringent leak rate
limits during normal operation.

In addition, we -- the Staff has been requiring

plants during the licensing process (o implerent improved

|
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controls in secondary water chemistry. This is, in a
nutshell, the regulatory approach to preventing failures
during normal operation, and ruptures. When =--

Q I'm sorry, gco ahead. Gc ahead.

Py These are requirements that the plant starts up
with. It's not at all unusual that as proklems do occur
in service, for the Staff to impose additional reguirements,
with the express purpose of preventinc or minimizing the
potential for tube ruptures during normal operation and
accidents.

Q When ycu used the term "tube rupture," do you
mean an instantanecus failure?

B In the context I've been using, yes.

Q And 1s that alsc true when vou use the term
"tube failure"?

A In that context, yves. But one of the things we
locked for, and the NRC does monitor the operating
experience, you know, at cperating facilities ~- ané cne

f the things we look for is leak experience. Alsc the
number of tubes found to be degraded during rcutine
periodic inspections.

In cther words, we don't wait for a tukte
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rupture tc occur before we get inveolved ané impose additional

requirements. So degradation -- if degradation occurs or
if leaks occur, of course, this then enhances any concern
one might have about potential for excessive degradation.

Q Now I guess the confusion I have by reading
this paragraph =-- strike that.

By reading paragraph 5, how am I supposed to

Know that it addresses both accident conditions and routine

operaticn? What is in paragraph 5 that gives me that
clue?

A Well, my answer tc that would be the second
sentence of paragraph 5. I refer here to steam generator
tube integrity problems. It's ncoct explicitly stated here,
but it's assumed to be understood that we are concerned
with tube integrity during normal operation and during
accidents.

Q I understand that. Part of my confusion here
is 1f I look at these four steps, if I can use that =-- or

I guess that's the wrong phrase -- four factors or

approaches that might be taken to deal with steam generator

tube integrity problems, I'm confused as to whether they

are mitigative measures or preventive measures. Can you
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clarify that for me?

A Items 3 and 4 are intended tc -- let me start
from the beginning.

Items 1 and 2 are intended to reduce the

potential for corrosion or degradation of the tubing.

Q Reduce, but not prevent?

A Hopefully it is an ultimate objective to prevent.
In a practical sense, right now, certainly ocne seeks to
minimize any potential for corrosicn.

Items 3 and 4 -~

Q Wait a minute. Wait a minute. Let's get kack
tc 1 and 2. Are they preventive measures or simply
mitigative measures? I thought you were going to tell me
they were mitigative measures, meaning they don't prevent
corrosion, but necessarily try to control it. But you
switched on me. Maykte I misunderstocd you. Is my guestion
clear? 1I'll repeat it, if it's not.

A The guestion is whether these reasures are
intended toc eliminate corrosion?

Q Items 1 and 2, yes.

A As opposed to whether they are intended to

minimize the corrosion?
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Q Yes. What do you expect?

A I expect some amount of corrosion during the
life of the plant.

Q What do you expect in terms of results from
employing all volatile secondary water treatmrent and
improved controls and monitoring of secondary water chemistry

A All volatile treatment, secondary water
treatment, should minimize, if not eliminate any ccncerns,
regarding phosphate wastage, ccrrosion ¢f the steam
generator tubes.

Q Has that been the experience so far, that
the NRC has seen at operating plants?

A AVT chemistry has been very successful in

arresting existing wastage problems and preventing new |

wastage problems from developing at plants which have not
ocperated --

Q Mr. Murphy, you and I are going to be here a
long time if we don't get a reconciliation. I'm trying
to get an answer to the guesticn. You switched from
"eliminate" tc "arresting" to "mitigate" to "reducing,"
and I'm trying tc segregate those terms.

Now I thought you were telling me that all

r >
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volatile secondary water treatrment was successful -- well,
I won't try to characterize what your testimeny is. So
tell me again whether or not all volatile secondary

water treatment is considered, in your opinion, to be a
mitigative measure or a preventive measure in terms of
steam generator tube integrity problems, as you use it in

your testimony.

A You're limiting the guestion to all veclatile
treatment?

g Yes. I'm taking it a piece at a time now.

A With regard to phcsphate wastage, I'm not a

corrosion specialist. I expect it is a preventive measure
which addresse. that particular phosrhate wastage problem.

OCbviously the treatment is intended to address
corrosion problems in general, and I would expect that
in that sense it is a mitigative treatment.

Q Fair enough.

How about the next item, improved controls and
monitoring of secondary water chemistry? 1Is that, in ycur
opinion, a mitigative or a preventive measure in terms of
steam generator tube integrity problemrs, or perhaps both,

as yocu greviously testified?
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A liitigative.

Q I'm sorry?

A In my opinion, this is a mitigative approach.
Q All right. Fine.

Now looking at items 3 and 4, I thought in one
of your previous answers you were putting items 3 and 4
in a different category from items 1 and 2.
A They are.
Q Is that true?
Could you explain?
A These items will neither mitigate nor prevent =~
well, let re withdraw that comment.
Well, these items will not directly mitigate
nor prevent corrosicn problems. They will provide a
warning that you have prcblems and will warn the utility
that it must, if it wants to save the steam generators,
it better take some corrective actions tc slew down the
process cor prevent 1it.
BEut beyond that, these last two items, items
3 and 4, are intended to detect a situation where the
tubes have become excessively degracded, and for those

L

tubes which are excessively degraded. they must ke
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repaired, either plugged or sleeved, or whatnot.

Item 4 is -- we have a one-two punch approach
here to ensuring tube integrity.

Item 3 deals with regular periodic in-service
inspections.

Item 4 is an additional very important method
or =-- not method, but provides considerable added
assurance that on top of the periodic inspecticns, that

the tube integrity is not becoming excessively degraded.

Q Is item 4 pertinent to the gquestion of tube
rupture?

A Yes.

Q Can you explain how it's pertinent?

A TwWO ways:

One is the occurrence of leaks may be an
indicator that corrosion is proceeding at a higher rate
than anticipated; that perhaps a sufficient allowance
for additional .ncremental corrosicn pre-inspection
hasn't been provided for in the plugging limits. Leakage
may be indicative of additional tubes which represent --

which are incipient leakers.

Q What do you mean by the term "incipient leakers"?|
]

|

|
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A About to leak, 90 percent throughwall, or 95
percent. But in a practical sense, then, leakace in a
sense is an early warning signal.

Secondly. any leakage rate, recardless of its
number, provides -- regardless of what you set it at,
provides some additicnal measure of assurance against
tube failures. But the limit, which I understand will be
specified for Byron, has been set to assure that if a
given tube is leaking at the leakage rate limit under
normal operating conditions, that if you were to suddenly
go intc main steam line break, that the crack length
involved would not be sufficient length to result in a
tube rupture, or a gross tube failure, or a significant
leakage during the accident conditien.

Q How dces a limit leakage rate warn us of
incipient leakers?

A In general, I would say that where you have a
tube with a defect that's gone all the way 100 percent
throughwall --

Q Wait a minute. I thcught an incipient leaker
was one that wasn't all the way through.

A Well, the answer to the guestion was why does
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the occurrence of a leaker tell me we i1ave incipient

leakers.
Q I'm sorry I interrup'ed. Go ahead.
A Based upon experienct , whenever we have leakers,

in all probability we have tube: where similar degradation

has proceeded, at least part th:roughwall, often considerably

part throuchwall. You generall’' have some secondary side
corrosion. It typically affect: many tubes in the specific
region of the bundle, not just one bundle.

So there will be many tubes behaving similarly.
A leaker will represent the tube that has been degraded
the most.

Q What you are telling me is that if there are
leakage symptoms, that this is an indicator, perhaps, that
there may be other tubes in the steam generator that might
be subject to bursting and testing ought to be dcne,
eddy current testing or other surveillance ought to kz dcne
to check it out? 1Is that what you are telling me?

A No. But as I indicated in tne second aspect
of the response, the learage rate limit is intended to

assure that individual tubes wen't rupture. So if you've

got detectable leakage that's less than the tech spec limit,
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I'm not suggesting that we're in a situation that ycu
may fail tubes even if you go into an accident.

It does suggest to anybcdy ronitering the

" performance that the steam generators are degrading, that

a number of tubes may be involved, even beyond the leakers,
and that certainly you want to keep on tor of the situation.
In the case of the PRegulatory Staff, we want

to perhaps address ourselves to whether or not the plugging

criteria remain adequate for the corrosion process that is

taking place; whether or not the frequency c¢f inspections
thar are specified in the tech specs remain adecuate for
the situation we are actually experiencing at the plant
in guestion.

Q Well, will a steam generator tube leak before
it bursts? Aren't those two inconsistent phencmena?

A The term -- the word "burst" in the context of
steam generators generally refers to --

2 As you and I have defined it already, what
the word "burst” means.

A Gross tube failure, you're talking about
the gross tube failure.

Leaks, when I speak of leaks, I'm generally
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speaking of local failure. Failure might even be the wrong
word. Local penetraticn of the tute wall, where you get
relatively small amounts of leakage, on the crder of 1, 2
gpm or less.

Q All right. But will a steam cenerator tube
that is the subject of a gross failure, will that leak
before it incurs the gross failure?

A Cperating experience indicates that generally
in the vast majority of the cases, that will be the case,
but not absclutely always.

Q All right. Are you familiar with the steam
generator tube failure incident at Point Beach back in 19752
A Yes, but if you're going to ask me whether or

nct -- yes -- well, I have some familiarity with it. 1It's
been a while since I reviewed the circumstances.

Q Do you know whether or not that involved a gross |
failure of the steam generator tube?

A It was on the order of 100 or 125 gpm, or some-

thing like that.

Q Do you know whether or not that leaked before
that happened -- the failure occurreé, rather?
A I haven't reviewed it recently enough to say.
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I believe it was leaking at some rate, but I can't --

Q I'm talking about the particular tube now,
not elsewhere in the system.

A One -~ well, I don't kncw'tcr a fact without
checking the circumstances what the prior leakage history
was for that unit prior to the rupture.

Q Are you familiar with the steam generator tube

rupture that happened at Surrey in 19767

A It happened, yes, it was about 20 gpm.

Q Was that a gross steam generatar tube failure
incident?

A It's generally classified as cne of the gross

rupture events, ves.

Q Do ycu know whether or not that tube leaked
before it failed in a gross manner?

A As I recall it -- and I'd have to check the
facts again -- there was scme initial leakage prior to the
failure. I don't recall how much. I don't recall the
specifics. 1I'd have to research that.

Q Okay.

A There are two other rupture events, of course,

which did not involve prior leakage. Prairie Island and
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Ginna. And the reasons these did not involve prior leakage
1s because we were dealing with a wall thinning phenomencn
and not cracking. If you have a general wall thinning,

you can get =-- you can lose enough wall thickness over
enough of an area of the tube, such that there will be

no telil-tale leakage prior to the event.

Q Was that wall thinning due to corrosion or some
other problem at Ginna and at Prairie Island?

A Both occurrences involved mechanical wear or
abrasion of the outer surface.

Q There was some foreign material or something
inside the steam generator that was wearing on these tubes;
is that correct?

A Yes.

Q But that wasn't the case at either Surrey or
Point Beach, was it?

A No.

Q Now as I understand this regime as you have
described it in paragraph 5, that you have this leak rate
limit and you have something called a plugging criteria,
and you have an inspection interval, and the idea is to

coordinate all three so that you plug all tubes before you
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reach a point where the tube walls are so thin, they might
burst or leak or whatever; is that correct?

A That's correct.

Q And I'm interested to -- well, I guess let
me ask Dr. Rajan:

Can you tell me briefly just what the plugging
criteria are?

A (Witness Rajan) The plugging criteria are --
they are outlined in Regulatory Guide 1.121, and basically
the criteria -- there are three criteria:

One is, number one, that the tube will not
reach the yield point, the tube material will not reach
the yield point during normal cperating pressure differential
The second criteria that has to be met is that
the margin to failure or margin to burst will have a factor
of safety of three against normal operating pressures.
In other words, if the burst pressure is 3
delta P, then the normal cperating pressure should ke
no more than delta P.
Or, putting it the other way arcund, if the

normal operating differential is delta P, then the burst

pressure should not be more than 3 delta P -- no less than |

S .
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3 delta P.

And the third criteria is that there should be
an adequate margin to burst under accident conditions and
pressure differentials and loads.

A (Witness Murphy) Alsc we built into the
plugging limit allowances to account for eddy current
error, and incremental corrosion between inspections.

Q Is there a generic yield for the first criterion
which you characterized as the yield point of the material
itself, the steam generator tube material? Is there some
throughwall thickness that establishes that yield point?

A (Witness Rajan) Yes. Based on a very large
number of tests with the different types of defects, I
believe for -- of course, this would depend on the
dimensions of the tube. Different steam generators have
different diameters and wall thicknesses. So this would
differ from tube to tube.

But in general it can be said that approximately
25 percent of the tube wall -- if there is a 25 percent
of the tube wall remaining, the yield point would not be
reached under normal operating conditions.

Q All right, now, what about under accident
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conditions?

A Under accident conditions, the minimum wall
thickness has been -- well, depending on the location of
the defect in the steam generator.

For example, the tubes that are located near
the U-bend regions, they would be subjected to higher
loads than the tubes that are near the tube sheet and
the supports.

So 1f one were lcoking for defects near the
supports, near the tube sheet -- and here again the figures
differ from steam generator to steam generator =--
approximately 25 percent of the tube wall would be adegquate.

Q So basically the criteria are the same whether
it's normal coperation or -- at least for these particular
tubes you're describing, the criteria would be the same
whether it's normal operation or under accident conditions;
is that correct?

A (Witness Murphy) I can speak to a series of
D-1 steam generators.

Q Wait a minute. I want to get an answer from
Dr. Rajan, and then you can add to it.

A (Witness Rajan) The numbers work out to be
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about the same, but they are based on different analyses,
totally different analyses.

Q I see. It's just a coincidence?

A It's just a coincidence. And here again, as I
pointed ocut, we have to lock at a specific model and a

specific tube wall thickness to determine the minimum wall

requirement.
Q Mr. Murphy, do you want to add to that?
A (Witness Murphy) No.
Q When is this analysis normally done, Dr. Rajan?
A (Witness Rajan) The Licensee makes a commitment

to abide by the requirements of the reg guide prior to
operation of the plant.

However, during operation, when the specific
tubes are being plugged, specific analyses may be done

for those tubes.

Q I see.

A (Witness Murphy) 1I'd like to expand on that,
perhaps.

Q Sure.

A Standard technical specifications contain

in parentheses, plugging limits, which I think are




generally about 40 percent -- which are 40 percent for
Westinghouse steam generators. So this plugging limit is
shown on the standard tech specs with an asterisk. The
asterisk provides guidance for the Applicant in terms
of how he might go about justifying a different limit.
The limit is -- the structural characteristics
of a tube is a function of its geometry, and there are
only a few different tube geometries out there. We have
lots of plants, but we have just a few categories of
different tube geometries. All Model Ds are the same,
all Model 51s are the same, and once a supporting

structural analysis has been performed for a plant with

a given type of tube, that analysis is generally valid

for other separate plants.
Q I see.

A So, as far as I know, individual plants don't
keep resubmitting the same analysis over and over again.
Q What is the inspection interval under the
tech specs, if you know? I mean, let me explain where

I'm coming from.
Pr. Rajan has explained the tuke plugging

criteria. So if I understand what he told me correctly,
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we have to inspect the steam generator tubes from time
to time to make sure if there's any degradation, we catch
them before they reach the yield point; is that correct?
That's the cbjective; is that right?

A That's the cbjective.

Q That tells me as layman that we have to inspect
at some reascnable interval related toc whatever the rate

of corrcsion might be?

A That's correct, yes.
Q Can you tell me what the inspection interval is?
A Typically plants are required to perform

under their tech specs steam generator inspections every
12 to 24 months. There are provisions, depending upon
the steam generator performance,.how well they performed,
how free of problems they've been, fcr extending the
interval for inspections for longer periods.

Q When those inspections are conducted, do they
sample by eddy current testing a segment of the steam
generator tubes? Do they do 100 percent testing?

A Yes. The initial inspection sample is a

percentage of the tubes, depending upon the ~-- the results

of this initial sample inspection can fall into one ¢f three
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If you are in the good category, no further
sampling is required. If you are in the bad category,
additional sampling is required. You may go through several
sampling stages.
Eventually you may get thrown into 100 percent
inspection of steam generators.

Q How does the Staff know that a 12 to 24-menth
interval is sufficient, inspection interval?

Let me strike that and ask the guestion better.

How does the Staff know that a 12 to 24-month
interval is sufficient to identify any steam generator
tubes that may be approaching the yield point, so that
they might require plugging?

Does that clarify it for you?

A Yes. First, let me state that the Staff is
generally aware of the condition in terms of the general
condition of a plant, whether it's got an extensive
corrosion problem, whether it's occurring at a low or
high rate.

Q It's an unfair question. Let's limit it to a

plant that 1is just beginning to operate, like Byron. Let's
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take that kind of clean plant. Can you answer the
question in that context?

A Yes.

Q How do you know that 12 to 24 months is a
proper interval?

A Based on operating experience,with one
exception, we don't run into significant wall penetrations
by corrosion generally within the first -- well, one or
two cycles of operation. If there is a corrosion process
taking place, you will see the early stages of it during
your eddy current inspection.

Q Well -- go ahead, I'm sorry.

A There is at least one corrosion phenomenon,
the primary side corrosion, stress corrosion cracking
phenomenon, that can occur quickly. This particular
corrosion problem could conceivably occur during the
first cycle of operation. It has been cbserved that way
for Mcdel 51 steam generators.

Q What's the phenomenon?

A The so-called U-bend cracking phenomenon.
Non-denting-related U-bend cracks. It's cften called the

the tangent point cracking problem.
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Q This 1is a problem you say that is only

applicable to Mocdel 51 steam generators?

A It's only occurred there, to date.

Q You said there was ocne exception to this. 1Is
this the exception you are talking about?

A Yes. Yes.

Q Did this particular phenomenon result in a gross
tube failure at scme plant?

A That particular phenomencn has not ever resulted
in a gross tube failure.

Q All right.

A We have had dozens -- tens, or perhaps dozens,
of leaks as a result of this phencmenon and they have
all been very small leaks.

Q Does the Staff change the inspecticn interval
depending on plant experience, in terms of corrosion
problems, or steam generatcor tube integrity problems that

might be identified during an eddy current inspection?

A Yes. Turkey Point 3 and 4 and Surrey Units 1 and

2 ran into extensive and very severe denting. The Staff

imposed requirements for performing -- see, first performing

steam generator inspection every three months. This was
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relaxed to every six months. For a number of years, these
four units were required nominally to operate for six
months between inspections, although the Staff did consider
on a ca;e basis extensions cf two months or four months.

As I said, on a case basis.

Q All right.

A There are other examples, as well, where we
have imposed additional inspections.

Q . Is it fair to say you start out 12 to 24 months,
and as experience dictates, you either lengthen it or
keep the same interval, or make it shorter? 1Is that it?

Y The tach specs already make provision for
lengthening the inspection interval, if you have real good
experience, and we generally don't -- we've never been
requested to relax those criteria. But we have intervened
tc require more frequent inspections than required by the
tech specs.

Q I guess the only other gquestion I have in this
particular area, is which do you select? 1Is it 12 or 24,
or a range, or what would go in the Byron tech specs? Do
you know?

A What would go in the Byron tech specs are what
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we have written into the standard tech specs, and as
memory serves me, I believe they are required to do a
periodic inspection every 12 to 24 months. Something --
we are talking about -- and the precise length of the
interval is, you know, the Licensee will select that,
depending upon his schedule.

Q All right. Jow returning to paragraph 5,
the reason I have asked these gquestions is that I would
have expected to see in paragraph 5 an item 5 in
parentheses dealing with some sort of analysis of steam
generator tube failure during the course of an accident
similar to the one that we briefly referred to, that was
performed by Idaho with respect to steam generator tube
rupture effects on a LOCA.

Can you explain to me why you don't deal with

the consequences of that situation in your testimony?

A With the requirements that we have =--
Q These four items.
A Yes. I believe that pending the outcome of

our ongoing generic programs, that with these programs,
that we have reascnable assurance against --let me remove

the term "reasonable assurance," because it applies to

102
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something else, but I believe that there is a =--
Q Well, why don't you use the language in your

affidavit in paragraph 7?

A It's used in a different context.

All right. Go ahead. Sorry to interrupt.

A I believe that we have -- there is a very, very
low likelihood of gross tube failures during accidents.

Q That's because of the tube plugging criteria,
the in-service inspection and the in-service inspection
interval, and the other controls for meonitoring, and water
chemistry treatments; is that right?

A That's correct. That's correct, but let me
correct one thing. I don't wish to get unduly carried
away. I said very, very unlikely. I mean to say I
consider it very unlikely that we would have a rupture

during == in the event that we did run into a major design

basis accident. I do believe that there are a lot of =--

with the extensive degradation that we have observed
throughout the industry, the tube ruptures that we have
had during normal operating conditions, not during a
transient, that there is sufficient cause for the Staff

to take a close look at the regulations to see that they




adequately address the problems that do indeed provide
sufficient assurance against a rupture event occurring,
both during normal operation and during accident conditions.
Q Is the Staff doing that?
A Yes.
Q Why isn't it in your testimony some place, then?

A Well, it is. I loocked upon my testimony as

sort of an expansion of testimony toc the SER. The Task

Action Plan, the generic safety issues, something that

10 is being reviewed by the Staff.

1 Q So in paragraph 2 of your affidavit, you
o 12 essentially -- I guess what you have done is adopted and

13 incorporated by reference the information and material
& 14 that's in the Safety Evaluation Reports for Byron; is

15 that correct?

16 A Yes. And I think it sc states. Yes. |

|

® 17 Q To your knowledge, has the Staff determined

18 that it is necessary to -- strike that. Let me see how

19 I want to phrase this.
. 20 We have been using the term "design basis

21 accicdent." There are a number of accidents that the Staff '
o 22 requires evaluation for before a nuclear power plant can |
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be licensed to operate; isn't that correct?
A I'm sorry, do you mind repeating the gquestion?
Q Sure. We've been using the term "design

basis accidents" during our discussion here, and I just
wanted to establish that we are on the same wave length,
that there are a number of so-called design basis accidents
which Applicants must analyze and the Staff must review
before a plant can be licensed to operate. 1Is that correct?
A That's correct.
Q I take it that the Staff has not determined
that an accident situation involving an established desicn
basis accident, ccupled with a concurrent tube failure,
should rise to the dignity of being called a desicn basis
accident, in and of itself; is that correct?
A It ms not, to my knowledge, issued a formal
conclusion to that effect. It is certainly something
that is under discussion and consideration at this moment.
Q All right. I guess it's the lack of that
discussion and consideration that has triggered me to ask
this line of questicns. Perhaps it is in the Safety
Evaluation Report and I just didn't notice it. Cculd you

point me to where that discussion might be in the Safety
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Evaluation Report?
B Jt's a lead sentence, in Appendix C.
Q Can I look over your shoulder? I'm sorry, it's

Appendix what?

A Appendix C, or whatever they call it.
Q Yes, I've got a copy of that. Go ahead.
o Addressing the primary concern of tube integrity.

The primary concern =--

Q Where are you regging, what page?

A Page 9, page C~-9.

Q Oka?, give me a chance to catch up with you.
Okay.

A The section is entitled "Westinghouse Steam

Generator Tube Integrity," and we begin the discuscion
by stating the primary concern is the capability of
steam generator tubes to maintain their integrity during
normal operation and postulated accident conditions.

Q All right. 1Is that the extent of the discus-
sion on the occurrence of steam generator tube failure
under postulated accident conditions? I don't see any
discussion on that subject on either page C-9 or page C-10.

Maybe I just haven't seen it there. It might be there
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and I just missed it.

A No, it's the -- that sentence describes the
overall objective of our regulatory approcach, yocu know,
the secondary water chemistry, the surveillance requirements
the plugging limits and the leak rate limits.

Q I know, but we got to this page through a
series of questions of which I ultimately asked you, and
I thought you said the SER might contain a discussion of
the Staff's judgment in the consideration of the need to
deal with steam generator tube failure under accident
conditions, and we are now looking it page C-9 and C-10,
and I'm asking you where that is.

S Let me first refer again to the contention.
As I say, the SER and my testimony describes what we
consider to be the rationale for --

Q Well, I'm prompted tc say that the answer to
my question is no, there isn't any discussion in either
your testimony or the SER. But look at page C-9, and one,
two =-=- the third paragraph, last sentence of the third
paragraph. I'll read it:

"The tubes and tube sheet are analyzed in

WCAP 78-32 and confirmed to withstand the




maximum accident loading condition."

E Uh=huh.

Q Does that sentence get to the point I am
trying to elicit here?

~ I don't believe so.

Q It does not?

A You know, it goes without saying that the

Westinghouse and the Applicant are designed -- are required

to design the plant, including the steam generators, to
meet all design loadings, including those which occur
during a design basis accident or a faulty condition.

There are requirements they must satisfy. They must

13 demonstrate, in accordance with established rules, that
® 14 they can sustain all normal operating or accident or
15 transient conditions.
16 Q Do those analyses assume a steam generator
ot 17 tube failure during the course of the design basis accident?
18 A No.
. 19 Q All right.
20 A But that wouldn't -- you are getting into a
2 different area, y»u are getting into in terms of systems,
» 2 does the systems respcnse consider that situation, and the ’
-
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answer is no. That is not a limited lcading situation for
a given steam generator tube.

Q Mr. Jenkins was --

MR. GOLDBERG: Dr. Rajan had something he
wanted to add.

MR. GALLO: I'm sorry, go right ahead.

WITNESS RAJAN: In an appendix to this WCAP
78-32, they did consider the steam line break event also.

BY MR. GALLO:

Q Say that again.

A (Witness Rajan) In an appendix to the WCAP
78-32, that we just referrel tc, the analysis tc do a
steam line break accident was also considered.

Q I see.

When you say that, do you mean a steam
generator tube failure was -- the conseguences of that
failure on the accident was considered in WCAP?

A Essentially the WCAP considered the effects
of LOCA loads, loss-of-coolant accident loads on the
steam generator tubes, and it determined to what extent
degraded tubes can withstand the dynamic LOCA loads, and

in an appendix they also considered these facts of steam
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Q Well, then, Mr. Murphy, maybe I misled you or
wasn't clear with my guestion. Perhaps this sentence does
address the very point that I was driving at. The

sentence on page C-9 that refers to 78-32.

A (Witness Murphy) You're =--
Q I'm sorry?
A The way I've been interpreting your guestions,

there were two situations one might want to consider:

One, whether or not we design the plants to
prevent tube failures, and the answer to that guestion is
yes. And there are established rules for that.

This sentence alludes to the fact that these
particular components discussed here have been designed
and analyzed to withstand accident conditions.

But now we're going beyond that, and we're
saying let's assume that corrosion takes place and beccmes
extensive, and let's assume that routine surveillance,
leak rate limits and so forth, in a particular instance
didn't work. I mean it didn't successfully prevent the
rupture. Okay? And what then? That's a different --

that's a little different aspect.
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Q That's the part I'm trying to focus on.

A We designed the plants to avoid that situation.
Now, if it happens, okay, and then the question is --
the question then is so what? 1Is this a concern? This
is a different consideration entirely.

Q In your judgment, in your opinion, is it
unnecessary to consider those situations in circumstances
that you just described, because of the four factors on
paragraph 5 of your testimony will essentially provide
reasonable assurance that you're not going to have that
kind of problem?

A Not exactly. I think, as I said before, we've
got to look into this situation further, and we are as
part of the unresolved safety issue alluded to here, and
it's part of another study which is also going on at the
same time. It's a related study. I think we have to take
a close look at and understand the effects of ruptures
and the consequences of LOCA, or main steam line break or
anything else we might want to postulate. We have to -~
in view of these findings, we will have to reexamine,
perhaps reevaluate our existing requirements in light of

these findings. But I know that these studies are ongoing.
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You know, I'm familiar with the steps that are
being -=- that this matter is being pursued, and pending
resolution of these items, of these issues, I believe that
the requirements that we have in place, will be putting
into place for Byron, are sufficient to provide reasonable
assurance of public health and safety.

MR. GOLDBERG: Can we go off the record for a
moment?

MR. GALLO: I just want to ask one guestion,
and then we can go off the record.

BY MR. GALLO:

Q I guess maybe to some extent, Mr. Murphy, I've
been unfair to you. If either Mr. Parcheski or Strosnider
or Pasedag were with you on the panel, perhaps they could
provide the insight that I'm striving for. 1Is that a fair
statement?

A (Witness Murphy) Well, the -- you haven't
really asked me about the mechanics of what specifically
is it about steam getting into the primary from the secondary
that causes the fuel to heat up, and when do we have to
start worrying about the fuel melting and all this kind of

stuff. They would be able to address that and tell you how
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they evaluated that.

Q You're correct, I haven't done that. I'm

basically trying to determine in my own mind whether or

not your affidavit, as you have testified, is complete,
and I'm having a hard time reaching that judgment, because
there is no discussion of the point that we have been
debating here for scome time.

Let's go off the record.

(Discussion off the record.)

(Recess.)

MR. GALLO: I've just got one guestion left
on the accident discussion, and then I'd like to go on to
a new subject.

BY MR, GALLO:

Q Mr. Murphy, Mr. Jenkins gave me a document
prior to the start of this deposition entitled "Steam
Generator Status Report, February 15982, U.S. Nuclear
Regulatory Commission."

I understand it was obtained from the NRC
under a Freedom of Information Act Pequest by the
Intervenors in this case.

I am asking you if you recognize that document,
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and have you come across it in your work in dealing

with steam generator tuke problems?

A (Witness Murphy) Yes.

Q Can you tell me who developed it, or wrote
the document, and the circumstances for its development?

A Yes. Jack Strosnider. And the raw material
behind this report was prepared under the =-- as part of
the Task Action activity.

Q T see,.

Dec you work for Mr. Strosnider?

2 No, Mr. Strosnider is in a different office of
the NRC.

Q I see.

A I used to work with him a couple of years ago.

Q Did you have any inveolvement in the preparation

of that document?

A Of this ocne? No, I did not.
Q How about you, Dr. Rajan?
A (Witness Rajan) As far as formally, no. There

may have been some input Irom me on the implementation of
Reg Guide 1.121, which I don't see here, so I would say the

answer 1s no.
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MR. GALLC: Can we go off the record?
(Discussion off th2 recocrd.)
MR. GALLO: Let's go on the record.
BY MR. GALLO:
Q Mr. Murphy, while we were off the record, I

asked you whether or not you recognized this document
as the complete report, and you indicated that perhaps
it might be a preliminary version. Would you clarify that
for the record, please?

A (Witness Murphy) I simply cannot say whether
or not it 1s a final document or no%t. 1I'd have to read
it in detail to know whether or not this was the cne. Or
better yet, to check with the issuing organization to make
sure this is the proper -- this is the final report. I
would assume that it is, judging from the date, but =--

MR. GALLO: All right. Subject to that check,

I'd like to have this document marked as Applicant’s
Exhibit =-- no, strike that, r " .el as Murphy/Rajan
Deposition Exhibit Neo. ‘lsi give it to the
reporter to mark for thi % purpus2. But as I undcderstand,

during an off-the-record discussion, that Mr. Goldberg,

on behalf of the Staff, will be kind encugh to obtain a
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and underscoring that is on this document, which I under-
stand had been performed during the review by DAARE/SAFE
peopile.
(The document referred to was
marked Murphy/Rajan Depo.
Exhibit No. 1, for identifica¢
tien.)
MR. GALLO: That's all I have on this point,
uniess there is any other comment.
MR. GOLDBERG: My only comment is one of
clarification. I assume you are making it a =-=- why
don't you just mark it for identification? I'm not sure
how to make it an exhibit, unless these gentlemen are,
y-a know, responsible for adopting its contents or you
jurst vant it =-
MR. GALLO: That's the infirmity that exists.
I£f I or anybody should try to offer it into evidence, that
objection is there. I just want it a part of the depositicn,
record.
MR. GOLDBERG: Okay.

MR. GALLO: That's all. But I'm not addressing
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Q Well, did the phenomencn occur there at that

plant?

A Yes.

Q And how is KRSKO spelled, for the reporter's
benefit?

A K-R-S-K-0.

Q All capital letters?

A All capital.

Q Any other foreign plants besides KRSKO?

A There are two other plants involved in this

phenomenon. One i1s Ringhals in Sweden, and the other
one is Almarz in Spain. And both of these have D=2 and
D=3 type steam generators which are somewhat different
in their preheat design than the Byron.

Q Now, as I understand it from your testimony,
Westinghouse has developed a generic program to deal

with this problem; is that correct?

B Yes, sir.

Q Are you familiar with their program?

A Yes, I am.

Q I believe ycu testified that you looked at

some data that was taken at the KRSKO plant with respect

-




to the evidence of vibration?
A Yes, sir.
Q And on the basis of that data, have you

4 | determined that a 70 percent power level is about right

s where the phenomenon might not be seen?
- 6 A » I would say that is a preliminary conclusion

7 I have reached.

8 Q All right. Now you say in paragraph 10 that
. 9 Westinghouse is evaluating modifications to the auxiliary

10 feedwater system and you described one of those modifica-
- 1 tions.

12 To your knowledge, is Westinghouse considering

13 modifications in addition to the cne you described in
L J 14 paragraph 107?

15 A That's correct, they are considering several

16 apprcaches and these may be used in combination or
® 17 individually.

18 Q Do you know whether or not Westinghouse is
& 19 recommending any of these approcaches for implementation?
| 20 A No, they have not. They have not finalized

21 their recommendations as to which approach or combination
e 22 of approaches they will adopt for Byron, or for domestic
*
B e . Bt =" R e e PRI etk = ar - T LAk - ) e



53

12

13

14

is

16

17

19

21

22

120
plants.
Q Do you know when they might do that?
A My understanding is that the schedule for this

is they have made -- they havé made a preliminary presenta-
tion on what these options are.

Q To whom?

A To the NRC Staff, and they are currently doing
the analyses and testing and evaluation of the various
options, and my understanding is that by November or
December they will have finalized the test results and
data for Staff review, and at that point we will proceed
on the acceptance or nonacceptance of those options.

Q Will the Staff approve cne or more of thcse
options? Is that what will happen?

A I can only predict at this point.

Q I'm not asking you if in fact you will, but

is an approval, up or down, down the road, is t at what

you plan?
A Yes.
Q So Westinghouse will come in with their program,

Staff will review it and approve those aspects that it

finds acceptable; is that a fair statement?
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A I think it should be clarified that we are
avare -- we are aware in more than a general way of what
is being considered. All we are waiting for is hard data,
and results of analyses. We are aware in a fairly --we
have a pretty good idea at this point as to how Westinghouse
is approaching this problem and what the most likely fixes
are going to be. So we have a fairly good idea at this
point.

Q What hard data do you need?

A Well, the hard data would consist of -=- it
could consist cf, for example, model test results and it
could also consist of stress analysis results of some of
the fixes that they are proposing. And it could also
result -- well, thermal hydraulic analyses and the results.

So we are aware of the fixes in a general way,
but we have not reviewed the documented information yet.

Q I guess I neglected to ask you. What fixes
are you aware of besides the one you described in your
paragraph 10?

A There are several fixes. One of them is the
addition cof flow-straightening veins that will be attached

to the impingement plate, and the effect of this would be
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to reduce the turbulence and make the flow uniform in that
region.

Another is the change of the flow restricter
device from one which has three holes to one which has a
larger number of holes.

And then they are also considering sleeving
of the tubes and the supports to stiffen the tubes in that
region, and I forget, but these are the major other opticns
besides the change in the aux feed system.

Q Now is the purpose of these fixes to reduce
the flow of the water sc that the vibrations don't occur?
Is that it?

A No, it's not ~- the object is not necessarily
to reduce it, but the object is to reduce the turbulence
in the flow.

Q And one way to do that is as suggested in your
paragraph 10 in your testimony; is that correct?

A In 10, I talk about actual reduction of flow
to the main feed.

Q I see. Well, but you've got 30 percent coming
from another source; is that correct?

A That's right.
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Q The effect of the two is to provide as much
water as the current design has now?

A Yes. Yes.

Q So by creating two sources, I assume we deal
with the turbulence problem you are talking about?

A That's right.

Q Now I think you have testified that you expect
the Westinghouse anclysis on their potential fixes and

recommendations in October or November?

A That is the general timeframe that has been
discussed.
Q Are you going to persocnally be involved in the

review of these analyses?
A Yes.
‘

Q Do you have any estimate of how long the Staff's
review might take?

A Well, we have consultants assisting us in the
Staff review, and generally we can complete this in short
order. I cannot give a timeframe.

Q Well, what do you mean by short orier? Don't

give me a specific date, but just ball park.

A Within weeks.
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Q Within weeks?
A Within weeks, vyes.
Q Now you answered Mr. Jenkins' question that way.

Are we talking 52 weeks, 100 weeks, or can you do any better
than that? I don't want to press you unduly, but the
reason I asked the question is on the bottom of page 4 of
the testimony, you say it is anticipated that Westinghouse
will have completed its generic program to select the most
effective combination of auxiliary feed and/or steam
generator modifications to enable installation and Staff
review prior to start-up of Byrcn. And I am trying to
probe to find out the basis for that statement.

We now know that Westinghouse -- we expect
something from Westinghocuse in the Octocber-November time-
frame, and now how long is the Staff going to take?

A Let me clarify that again, that what we are
expecting from Westinghouse is not going tc be a surprise,
fcr example. It's something that has been discussed.

Q All right.

A And we are aware generally of what is there.
What they will come up with is field data and test data

from scale model testing. So essentially it will be a
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confirmation of what we feel are going to be the fixes,
and the review for that should not take too long, if the
end results do indeed conform with what we expect from
them,

Q I see.

So these are in the nature of confirmatory
studies and analyses?

A That's -- I think that would be correct.

Q So you feel that you know enough now that you
could draw the conclusion that this prcoblem of flow-
induced vibretion can be resclved prior to start-up of
the Byron facility?

A We have gone far+her along with the D=2 and D-3
fixes. We have reviewed the flow model test data and the
analyses, and based on what has been accomplished there,
we feel that these are very promising avenues, and these
are very promising methods of approaching this problem.
So we do feel that an adequate fix will be available,
and we would like to see confirmatory results and analyses
along these lines.

Q Is the supplement to the SER that =-- strike

that.
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Somewhere in the materials there is a statement
with respect to the flow vibration problem. The Staff
intends to address it further in the supplement in the
SER; am I correct in that?

A (Witness Murphy) VYes.

Q Is the purpose of that to deal with the results
of these confirmatory studies?

A That particular part of the SER was meant to
address either one, the fix or any other alternative
approach that the Applicant would propose before start-up.
The SER was written in a general way before, you know, we
knew -- before we had much information from the Applicant
or from Westinghouse regarding where they were going with
this.

Cur anticipation, as expressed in the testimony
here, was based upen our understanding of what Westinghouse's
schedule is for completing its design review and what they
call their generic modification selection program.

Q And is that the October-November timeframe that
Dr. Rajan mentioned, or is that a different timeframe?

A Yes. Yes. Yes. This was a date they gave us

at a meeting here in May.
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Now we can't -- we certainly can't make any
conclusion regarding whether or not Westinghouse can meet
its schedule, or we cannot speak for the Applicant, who
may not choose to buy this modification.

Q What happens if the unexpected occurs and the
analysis is either not completed by the time of start-up
of Byron or it shows it's unacceptable to the Staff?

What happens then, in terms of licensing the Byron facility?'
Dr. Rajan?

A (Witness Rajan) It would seem to me that if
wa do not find acceptable fix, we could limit the opera-
tion of the Byron plant to somewhat less than 100 percent
power. That is cne of the cptions that is obviously
available.

Another option might be that it might be
de layed in the extreme situation, the operation might be
delayed.

A (Witness Murphy) Well, you know, there are
factors -- we have a lot of things to consider. I think
-- I believe that from a strictly technical standpoint,
forgetting about questions like ALARA and so forth, I

believe that a satisfactory technical basis could be
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arrived at, in terms of justifying an operating program
for Byron. Based urcn tne experience we have acguired
day to day at McGuire, and based upon the experience
overseas and what our knowledge of the Westinghouse
analysis and test results regarding the causes of the
problem are.

Q The Staff believes that -- I guess it is your
present understanding and belief that the vibration
problem dcesn't occur below 70 percent. Would that be
the power level you'd select if you were going to limit
start-up of Byron, something less than 100 percent of full
power?

A (Witness Rajan) At this point it would be
conjecture, but that could be. That could be an option.
We will have to examine the KRSKO data in far greater
detail and make a determination as to what level of
power operation would be safe.

Q But you're telling me at that time you'd have
to review the data to see if 70 percent was still the
correct number?

& That's correct.

Q What's happening at McGuire? Are they limited
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A They are, they are limited.

Q Can you tell me what it is?

O They are limited tc 75 percent power.

Q At the present time?

a At the present time.

A (Witness Murphy) This is following their

start-up from the present outage?
Q Do you want to speak up?
A This was an aside. It should be off the record.
MR. GOLDBERG: If the witnesses want to
confer before giving an answer, they are entitled to.
(Discussion off the record.)
MR. GALLO: All right, let's go on the record.
BY MR. GALLO:

Q Do you want to clarify, dMr. Murphy, Dr. Rajan's
statement or testimony that McGuire is operating under a
75 percent power limitation?

A (Witness Murphy) McGuire has operated at
different times under either a 50 percent or 75 percent
power limitation. They are currently shut down, and

the Staff is evaluating what it considers to be an
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acceptable program for future operation beyond this cutace.

Q Do you know whether these limitations, these
power limitations, were imposed by the Staff, or were
they voluntarily assumed by the utility?

A (Witness Rajan) They made a recommendation
and we reviewed the data and the analyses which formed
the basis for proposal, and then we allowed them to
continue for a certain period of time for 75 percent, up
toc 75 percent power, and as Mr. Murphy pointed odt, they
completed that periocd of operation recently, and now they
are shut down.

A (Witness Murphy) They originally at one point
last spring proposed a period of coperation at 75 percent
power. We found they provided insufficient justification
for that power level, and limited them to 50 percent
operation. They resubmitted their basis, and we bought
off on it, based upon our review, the second time around.

Q You mean you agreed with the higher =--

A We agreed with their justification, that they
had reasonable justification, based upon their resubmittal
on a technical basis.

Q For what level?
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B 75.
A (Witness Rajan) 75.

MR. GALLO: I just want a minute here to look.

(Pause.)

MR. CALLO: Okay, I'm finished, Steve.

MR. GOLDBERG: Okay. I'd just like to note
for the record that it's 1:05 p.m., anc we have exceeded
the allotted time limit, with the indulgence of the
witnesses, and at their further indulgence, I am going to
ask some further questions, but I would urge the parties
to attempt to bring this to a rapid conclusion there-

after.




10

11

12

13

14

15

17

19

21

22

132

EXAMINATION

BY MR. GOLDBERG:

Q To the extent I address a guestion to Mr.
Murphy and, Dr. Rajan, you wish tc add a comment, or vice
versa, please feel free to do so.

First, I wonder, Mr. Murphy, can you briefly
describe your relevant educational background regarding
your testimony or affidavit on Contention 9-C?

A (Witness Murphy) I will. My education, I
have an M.S. and a B.S. degree in the field of engineering.
I got the B.S. in aeronautical engineering, and M.S. in
civil. My specialty being structural engineering.

I have worked for the Bettis-Tye Power Lab
for six years, engaged in the analysis and design of
core structurals, the Naval Reactors Program. I was not
involved at that time specifically with steam generators.
This was primarily in the area of core structurals.

fince joining the NRC in July of 1979, I have
been involved exclusively in the review of steam generator
operating experience, surveillance programs, repair
programs, et cetera, anything having to do with the

integrity of the steam generator tubes, particularly with
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regard to cperating reactors, I have been involved in
those reviews.

With regards to my association with steam
generator problems, that association goes back three years.

Q I think you have combined an answer that I was
going to ask. I was also going to ask professional
background, but I think you have given that in addition
to educational background.

Let me ask you, what is your role in the
Staff consideration of resolved safety issue A-3, which if
I'm not mistaken, is the steam generator tube integrity
task?

2 For the past several weeks, at least the past
two weeks, and probably for the next few days, we have
been commenting extensively on the current draft =--

Q I'm sorry, I'll take that answer, but I think
it's not to the questicn I asked. I said what is your
personal role in that effort?

A My personal role has been that for the past
several weeks, has been to provide my comments to the
draft report.

Q Are you part of that Task A-3?
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A I'm not part of the task, per se. I have made
contributions to the report.

Q In what areas?

A In the areas of steam generator inspection
programs, procedures, sleeving, and surveillance in
general.

Q These are subjects in which you have been engaged

since you joined the NRC in, I believe, 1979, you say?

A That's correct.

Q I wonder, Dr. Rajan, if you can give me your
relevant educational and professional background.

A (Witness Rajan) I have a B.S. in physics-
chemistry, and another B.S. in civil engineering, with a
major in hydraulics, and a Master's in structural
mechanics, and a Ph.D. in fluid mechanics. I have worked
for six years with the Naval Research Laboratory in their
piping programs for nuclear submarines, and since '74,

I have been with the Nuclear Regulatory Commission, and
besides other things, been the principal reviewer in the
mechanical engineering branch for problems of steam
generaters related to the mechanical engineering branch

scope of review.




10

11

12

13

14

15

17

19

21

22

135

Q You have a prominent Staff role in consideration
of this so-called flow-induced vibration phenomenon?

A I'm sorry, can you repeat that?

Q Yes. Do you have a prominent Staff role in
terms of the consideration, further Staff consideration
of the developments in this flow-induced or mechanical
tube vibration problem?

A That's correct.

Q Mr. Murphy, there were several guestions that
Mr. Jenkins asked, all regarding past, present and
anticipated steam generator tube integrity concerns.

I wonder if you can tell me just generally
on the basis of your experience at what level of tube
degradation doces it become significant from a public
safety standpoint?

A (Witness Murphy) Okay. That particular --1I
interpret your gquestion to mean how much -- how much
leakage would it take during an accident before we got
severe consequences. And that particular issue is
addressed in some detail in the document -- the February
1982 document that has been made part of the record about

20 minutes ago. This is the one prepared by Jack
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Q Okay, let me clarify. I'm not sure it's been
made part of the record. 1It's been identified, and
will accompany the transcript of this deposition.

I guess what I'm saying is there was a line
of questions about what I think was described as overall
steam generator tube problems, and I'm trying to get some
kind of understanding of this, the magnitude of the
problem, from the standpoint of public safety.

In other words, does a steam generator tube
problem equate to a public safety problem, and where is
the line drawn, based on your experience?

A That's a very complex issue. In my opinion,
based upon what I know, I think that without proper
controls and regulation, that steam generator tube
degradation could ultimately lead to severe problems.

The whole issue in terms of what the concerns are, and
how we should be approaching these concerns is under =--
you know, it's under study by the Staff, but I believe
that based upon everything known to me of the analyses --
based upon my understanding regarding preliminary analyses

concerning the consequences of an accident with ruptures
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and so forth, that our current regulatory approach is

adequate for this interim period before we issue our
final generic conclusions.
Q Let'me ask it a little differently:
You indicated, I think, in response to some
questions by Mr. Jenkins that you couldn't preclude some
steam generatcr tube integrity problems over the expected

lifetime of Byron; is that correct?

A It was -~ I couldn't preclude corrosion.

Q Okay, we'll confine ourselves to corrosion.
A Or degradation in gene.al.

Q Ckay. What kind of measures give assurance

that this isn't going to be a public safety proklem?
Should we be concerned about this?

A In my opinion, the current regulatory approach,
which we have discussed guite extensively up to now, I
think provides reascnable assurance for the public health
and safety but, you know, I alsc believe that it's
necessary for the Staff to reexamine all the relevant
issues concerning the steam generators, both for what
the safety concerns are, and I think we have to study and

make the finding that the current regulatory approach is
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satisfactory.
Q Let me get at it differently:
I gather that =--
A Let me take away the word "satisfactory."
Whether or not it should be approved further.
Q This corrosion-related steam generator tube

integrity phenomenon is considered generally an unresolved
safety issue; is that correct?

A Yes.

Q And that is part of an ongoing Task A-3; is
that correct?

A Yes.

Q To which you referred.

Now ycu have also taken a position, I believe,

in the SER and in your testimony that notwithstanding

those ongoing efforts to which you have continually alluded,

that to quote you on paragraph 7, page 2, of the affidavit,
that Byron can be operated before resolution of the above,
which I assume is this particular generic issue, without
undue risk to the health and safety of the public.

A That's correct.

Q Why don't you just, at the risk of redundancy,
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then tell me why.

A It's not really on the basis of -- well, the
major basis for this finding is my assessment of operating
experience. The fact that surveillance requirementé have
proven generally successful in preventing rupture
occurrences, though not absolutely. That where we have
had ruptuie occurrences, that these have not resulted in
unacceptable consequences. The results of the conseguences
have not been severe. That even if we were to have a
tube rupture assumed to occur concurrently with the
design basis accident, the only Staff studies =-- the
conclusions of Staff studies that I'm aware of all
indicate that the results would not be unacceptable.

That last item does not factor directly into

any safety evaluation which we customarily prepare. It

is something that I -- that provides me with some added
assurance.

Q Go ahead, if you want.

A That's enough for now.

Q By the way, Dr. Rajan, 1f you want to add

anything, go ahead at any time; not that I'm inviting a

response now.
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You indicated that as part of your answer to my
last question, you alluded to the steam generator tube
ruptures that have occurred in the past; am I correct?

A I'm sorry?

Q In the past, there have been past instances.
I believe in response to guestions by Mr. Jenkins, you
identified four instances in which there have been steam

generator tube ruptures on domestic reactors; is that

correct?
A That's correct.
Q Did any of these ruptures result in impermissible

releases to the environment, to your knowledge?
A To my knowledge, none of these rupture events

resulted in unacceptable releases to the public, or to the

environment.
Q By unacceptable, do you mean -~
A To my knowledge, no requirements, 10 CFR 100

or otherwise, have been vioclated. The radiological
consequences of the rupture events which have occurred,
have been evaluated in detail by the Staff, and have been
reported upon and documented.

Q Has the Applicant, to your knowledge, done a
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steam generator tube rupture accident analysis, as part of

its application?

A The answer to that is yes.

Q Was it done as a design basis accident?

A The tube rupture event?

Q Yes.

A It's my understanding that that is a design

basis condition.

Q Okay. I believe there were earlier guestions
about the necessity to consider a steam generator tube
rupture coincident with some other significant design
basis accident, such as a LOCA, and you indicated by --
well, I'm not sure what you ==

B That's not a design basis accident.

Q It's not presently then a Staff reguirement
for design basis accident, and you're not making any
recommendation today whether or not it should be; is that
correct?

A No, I'm not. It's something under evaluation
by the Staff.

Q And it's under evaluation, I gather, as part

of the overall review of steam generator tube integrity
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problems generally; is that correct?

A Yes. But as this report that's been identified,
this February 1982 report, discusses, the analyses that I'm
aware cf that have been performed to examine the
consequences of tube failure concurrent with an accident
indicate that the consequences of a tube rupture, a single
tube rupture during accident conditions will not result
in unacceptable consequences, whether we're talking about
a LOCA or a main steam line break, or what-have-you.

Q The February 1982 document you are referring to

is the one that Mr. Gallo earlier marked as Deposition

Exhibit 1?
A That's correct.
Q Let me talk about this mechanical tube vibration

problem for a moment. I guess I'll direct my comments,
then, to Dr. Rajan.

I wonder -- first of all, the Ginna accident
which was referred to earlier, I believe it was your
testimony that that did not result from this flow-induced
problem; is that correct?

A (Witness Rajan) That is correct.

Q I wonder if you can distinguish for me the
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difference between the Model D~2, D-3, and Model D-4,

D-5 Westinghouse type steam generators from the standpoint
of both their susceptibility to tube vibration problems
and, secondly, their amenability to corrective modifica-
tions.

A The one thing in common with D-2 and D-3, on the
one hand, and D-4 and 5, is that both are preheat type
steam generators. The difference is that in the D=2, D-3,
the flow is split upwards and downwards, as it emerges
from the feedwater nozzle.

In the D-4 and D-5, on the other hand, the flow
is directed downwards, and this design is referred to as
the counterflow type, in which the flow is directed down-
wards, and then i1t goes upwards again to a series of baffles

The fact that the flow does not impinge on the
tubes directly as it comes from the feedwater nozzle, in
my judgment, scmewhat reduces the possibility of flow-
induced vibrations in the D-4, D-5 model. Although let me
emphasize that this whole area of preheat region is an
area of turbulence, and the first rcw of tubes has eviderce
from data at KRSKO to experience unacceptable flow-induced

vibration.
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So we do recocgnize that there is a problem, but

in my judgment, the magnitude of the problem is somewhat
less severe in D-4, D-5, as opposed to the D-2, D-3.

Q Let's assume for a moment that contrary to
present expectation, the corrective modifications are not
available and satisfactory at the time that Byron is ready
to operate.

In questioning by Mr. Gallo, I think you gave
some alternative measures that were available. I wonder
if you can just briefly summarize what posture you think
you'll find yourself in if that's not the case.

A Well, at the end cf the review of the options -~
of the analyses and test results from Westinghouse, if
we do conclude that it has not been adequately demonstrated
that the flow-induced vibrations have been eliminated or
reduced to within acceptakle limits, then at that point
we will have, in my judgment, twc options:

One of them would be again based on the results
of the test data and operating plant experience at that
point, we can limit the power at Byron to less than 100
percent. And until such time that a fix can be found.

The other option, of course, would be tc delay,

l
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delay th: stert of the plant until a fix has Leen
-=- acceptable fix has been found.

Q Okay. Both of these alternatives =-- some kind
of power restriction and delay -- would you say it's fair
to characterize those as primarily imposing an economic
burden on the Applicant, as distinct from representing a
safety problem to the public?

Is my question unclear?

A Our decisions would primarily be based on
what the effect of the fix would have on the safety.

Q Okay. So clearly, then, the objective of
some kind of alternative plan, then, would be to ensure

public safety during some period of operation or defer

operation if it was found that it could not be satisfactory?

A That's right.

Q So just to follow up, then, the absence of
final corrective modification at the time Byron may be
prepared for power operation does not mean that there is

not some alternative measure by which public safety can

be assured pending some ultimate corrective modification or

fix: is that not correct?

A Yes.
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MR. GOLDBERG: Hold on for one second.
(Pause.)
BY MR. GOLDBERG:
Q Mr. Murphy, let me ask you one or two particu-

lar questions about some areas in which you were examined
by Mr. Gallo.

One of the measures identified in your affidavit
on page 2, paragrapn 5, to minimize the onset of steam
generator tube integrity problems, is utilization of
all volatile secondary water treatment; correct?

A (Witness Murphy nodding.)

Q Does all volatile treatment chemistry =-- excuse
me, chemistry control add phosphates to the steam jenerator?

A (Witness Murphy) No.

Q Does it then prevent phosphate wastage on new
plants such as Byron?

A Well, you don't have the ingredients for phosphatT
wastage, as I understand.

Q SO is it your belief and is it your testimony
today that these -- I'm sorry, strike that.

Okay, a second component of the seccond measure

that you identify as designed to minimize steam generator
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secondary water chemistry; is that correct?

A Yes.

Q Is it your belief that improved chemistry

controls will reduce corrosion to at least controllable

levels?
A Yes. Yes.
Q Okay, how does both the all volatile treatment

chemistry control and other improved chemistry measures
protect the steam generator from corrosion?

A The chemistry AVT affects the -- AVT is a
method for treating the secondary water, for scavenging the
oxygen, for gauge control, and its function is to minimize
corrosion problems relating to the secondary coolant.

I cannot go into it any deeper than that,
because quite simply corrosion is not my specialty.

The dynamics.

Q Okay, Mr. Murphy. As I understcod your answer
to questions by Mr. Gallo, you referred us to the statement
made in Appendix C, Section A-3, containing the Staff
review of the steam generator tube integrity problem

which you adopted as a principal response to guestions
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concerning, I guess, the hazard of steam generator tube
failure problems coincident with other accidents; am I
correct?

A Yes.
Q And that statement -- and let me just read you

the statement, I realize you may not have it in front of
you. The statement is that the primary concern is the
capability of steam generator tubes to maintain their
integrity during normal operation and postulated accident
conditions. 1Is that correct?

A That's right. And therefore it pertains to
the hazard presented by various degradation mechanisms
like stress corrosion cracking and so forth.

Q And if we look to Contention 9-C, it cites
the steam generator tube integrity problem stemming from
corrosion cracking and denting and fatigue, and goes on
to submit that this constitutes a hazard, both during
the normal operation and under accident conditions.

A You're asking me to respond to that, and the
response is indicated in item, I believe, 5 of the affidavit
-=- of the testimony, which states that we have implemented

-- requirements have been established to keep these
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degradation problems from becoming a hazard to the public.

Q Okay. Realizing the limitations, perhaps, on
your knowledge and experience in this area -- and, Dr.
Rajan, if you have anything to add, I'm just going to
kind of ask you the question that maybe Mr. Gallo stopped
short of, but in the context of that particular contention,
do you have an opinion about what kind of incremental
risk is posed by the addition of the steam generator tube
rupture to a design basis accident?

Let's maybe stick with one of the worst, a
design basis LOéA.

A I'm not sure I understand the gquestion. You
are saying =-- does the question assume a tube rupture
concurrent with an accident?

Q Assume that you have a design basis aécident,
let's say it's design basis LOCA, one of the most severe.
What incremental contribution would a steam generator
tube rupture have to the severity or public risk stemming
from that kind of an accident?

MR. GALLO: I'm going to object to the gquestion.
The witness has already t-stified he is not an expert in

that area. I just make that for the record. Go ahead.
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MR. GOLDBERG: That's your objection.

WITNESS MURPHY: Well, I think it's safe to
say that tube rupture during a design basis accident
aggravates the severity of the accident. I don't think
there is any doubt about that.

The question is whether -- how much does it
aggravate the accident. The Staff is -- other organizations
are pursuing studies in this area. The document that has
been identified, the internal =-- I guess it's classified
as an internal NRC document, addresses the preliminary
findings, or the findings of those analyses.

BY MR. GOLDBERG:

Q Unless you have anything to add, Dr. Rajan -=-

A (Witness Rajan) The only thing I would say,
that these studies have been pursued and we are aware of
some of the results of these studies.

My understanding is that during a loss-of-cocolant
accident, several -- a rupture of several tubes can be
tolerated.

Now, the exact number I'm not aware of.

A (Witness Murphy) Well, the exact number,

according to the existing analyses, is 1300 gpm. This is
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more than the leakage that you would expect during a LOCA,
even if you assumed the tube completely double-ended during
a LOCA, which is an unlikely failure mechanism. But this
amount of leakage considerably exceeds the expected leakage
in the amount of the double-ended failure of a tvbe during
LOCA conditions.

Q You are acquainted with existing Staff analyses
that document that point?

A Like I say, I have testified here that I am
acquainted and have read the results and conclusions, and
am familiar with the results and conclusions of the analysis.

MR. GOLDBERG: Okay. I have no further questions,

MR. JENKINS: I have three, very brief, that
were raised, but before we go into those gquestions, I would
like toc note for the record Mr. Connell's presence here,
which I do not believe was noted in the record.

MR. GALLO: Who? Mr. Connor?

MR. JENKINS: Mr. Connell? 1Is that your name?

MR. GALLO: Connor.

MR. CONNOR: Connor.

MR. JENKINS: Connor. 1I'm sorry.

MR. GALLO: I noted that when he entered the
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You'll find that in the transcript, I'm sure.
MR. JENKINS: I'm sorry.

MR. GALLO: He's from Westinghouse, in any

MR. JENKINS: All right. Very good.
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to leak, perhaps.

Q Are you saying that McGuire has some unigue
problems?

A That's correct.

A (Witness Murphy) All Model Ds have unigue
problems.

A (Witness Rajan) All Model Ds have unigue
problems.

Q You averted to U-bend cracking. Now that is

something that I have never been familiar with before.
Would you just briefly describe what that is?

A (Witness Murphy) It's described in excruciating
detail in NUREG 0886. There are two U-bend cracking
phenomena.

Cne 1s caused by -- is a direct result of
denting in the upper support plate.

The other is not related to denting.

The denting-related U-bend cracking led to the
Surrey rupture in 1976. The phenomencn is believed to be
well understood now. There are a lot of tell-tale -~
there are some tell-tale indicators that a plant may be

approaching the condition where cne must be concerned about
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BY MR. GALLO:

Q Has the Staff, Dr. Rajan, conducted any analysis
to determine the likelihood of a gross tube failure
occurring the course of a design basis accident?

A (Witness Rajan) Are you talking in terms of a

probability number now?

Q Yes.
A No, sir, I have not.
Q Are you aware of anycne on the Staff that might

have performed such analysis?

A I am not aware of anyone.
Q How about you, Mr. Murphy?
A (Witness Murphy) The analyses which have been

done have determined the probability of tube ruptures
during accidents, assuming that you have -- that you have
degradation in the steam generator.

These analyses were done for the purposes of
evaluating various sampling plans versus the tolerable
number oI tube failures during an accident.

Q Is it possible -- I'm sorry, go ahead.

A Insofar as I know, there has been no risk
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assessment evaluating the probability of a tube rupture at

any plant if it had a main steam line break.

Q Do either of you know whether or not it is
possible to perform such analysis? Just offhand, the
uncertainties seem to be so great that it would seem to
be difficult to perform an analysis. Do either cne of you
have an opinion on that point?

A (Witness Rajan) I would think that it is
possible to make an analysis although the uncertainties
about the accuracy of such an analysis would be rather high.

A (Witness Murphy) Jai and I have been recently
discussing such a risk assessment, but this is -- to our
knowledge, there is no -- there has been no -- well, maybe
I'd better -- I'm not aware of a specific risk assessment
regarding the potential for steam generator tube ruptures
during an accident.

Q Okay. Two short questions:

You have been referring here today to design
basis accidents and the occurrence of a gross steam
generator tube failure during the course of such an
accident. What ones are we talking about? We mentioned a

design basis loss-of-coclant accident which I guess for a
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PWR would be the double-ended guillotine break. 1Is that

correct?
A Yes.
Q And the main steam line break, is that another

design basis accident that we would be concerned with?

A (Witness Rajan) Yes.
A (Witness Murphy) Yes.
Q And I think, Dr. Rajan, you mentioned an

earthquake situation. Are you talking about SSE?

= (Witness Rajan) Yes, that would be a loss-of-
coolant accident in conjunction with a safe shutdown
earthquake, in conjunction with an SSE.

Q How about a break to a feedwater line, or is that

not a PWR procblem?

A It is 4 PWR problem.

Q Would that be another design basis accident?

A That would be another design basis accident.

Q Are there any others?

A Well, for the steam generator, I would say that

these are the main design basis accidents, or the bounding
design basis accidents.

Q Just one last gquestion:
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BY MR. GOLDBERG:

Q Dr. Rajan, the accidents you have just
identified for Mr. Gallo and called bounding, those are
all fairly low probability accidents, aren't they?

A (Witness Rajan) They are.

Q Coupled with a steam generator tube rupture,
they would be even lower; is that correct?

A That's right. That's absolutely right.

MR. GOLDBERG: Okay. I have no further gquestions.

(Whereupon, at 1:55 p.m., the deposition

was adjourned.)

EMMETT MURPHY

JAI RAJAN
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STATE OF MARYLAND

COUNTY OF MONTGOMERY

I hereby certify that the above-named witnesses,
EMMETT MURPHY and JAI RAJAN, persconally appeared before

me and signed and subscribed to this deposition.

Notary Public,
Montgomery County, Maryland

My Commission Expires:
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1 problem Definticn
A, Summary of Tube Degracation

Degradation of steam generators (56) manufactured by each of
the three pressurized water reactor (PWR) vendors has resulted due to 3
cambination of steam generator mechanical design, thermal hydraulics,
materials selection, fabrication sechniques, and secondary system design
and ocperation. In the early and mid-197Cs, Westinghouse (W) S.G. experiences
caussic stress corrgsion cracking, ané W and Combusticr Engineering (CE)
§.5.5 experienced tube thinning [wastage). These mcdes of degradation
vere cue %0 difficylties encountered with phosphate sacondary. water
chemistry. 3ecause of these difficulties, most W and all CE plants
converted to an all volatile (AVT) secondary water sreatment. Althougn
shis conversion greatly reduced she occurence of stress corrosion Cracking
and wastage, other degracation moces including denting (deformatlicn of
ene $.G. tubes due TC corrosion 2f the carton steel supsort plates)

began to occur.

parcock and wilcox $.G., which have a significantly different
design from W or CI ana rave operased exclusively with AUT water crenistry,
ha¢ relasively gooC cperating exzerience in their garly years ¢f operaticn.
Nevertrelass, they nave experienced numerscus tude iea«s. The princigd
~odes of degracation in Z&k units have peen fatigue crack growin, confines
primarily to limited sets of tubes locatad on the cpen inspecticr lane,

and more recently erosicn-carrcsicn and primary side intergranuyiar

attack.

To date, many ¢ifferent foms of stean generztor degracatior
have Seen identified including: stress corrosion cracking, wastage,
intergranylar attack, denting, erosion-corrosicn, fatigue cracxing,
sitting, fretting, and support slate cegradation. Jne arc gore ol these

- el

forms of decradation have affected 2t least 40 mmerastins 2425 3ni-nays
Tes. tec 1n extensive S 0Ll ll2, Tihe plugqing, resair, Or repliCeTeni.

Recentls, roreign wJestinghouse S.G.s 0F ne same cesign 3s McouiTe nave

pygesAam A3 - - s
rdsic “es v =

aresert cetatlae:

experierced tule wear associated with ‘low inducec V1

new intsgral prenheater design. References !, I, anc
discussions of domestic 5.G. coerating experience.

-
-~
-

The economic impact of steam generator degracation has odeen
significant, dgproximately 225 s non-refuel1ng outage tire "as oeen

0
sreribyted %o Steam generator cecracatiofn. “he coss of sucn oQutages 17

erms of replacement power a.0ne 1S very high, However, pernags the
-

greatest financial costs incurred %o cate are those 2sscclated wit
steam generatcr replacament. Replacament of the Surry Unit 1 and Unis

2 §.G.s cost approximateiy S2CC =it lign, including cost of makeuf DOwer.
Replacement of che Turkev Point 3.G.5, currently 1n procress, will ¢0s%
an esc mated s+a0 miiiien. NRC scaf® time 1nvoived with these activilles
TS escimates 2t o000 mannours for Turkey Point (which included time for
a hearing) and 3000 manhours ¢or Surry. Less radical operalions also
incur significant costs., Recent tude sleeving operations at San Onofre

e n

involved resair of approximately 7000 degradec tupes 2t a COST OF S/~
million. Propesed sleeving of 3000 tubes 3% R,E. Ginna has an estimated

=

O

et of €20 miliion,

¥ )
B -

g, Safety Significance

The safety significance of S.G. sube integrity can be dividec
y S¢S



N LT —— .

=¥

into three categories: tube failures under normal operating conditions;
tube failures concurrent with postulated accident conditions; and personne!
exposure associated with 5.G6. inservice inspection (1S1), repair, and
replacement,

The majority of the S.G. tuhe failures that have occuyrred
under normal operating conditions were small stable leaks sometimes
requiring plant shutdown, inspection, and corrective acticns, but for
the most part small enougn (e.g., below tecnnical specification leak
rate 1imit) that operaticns continued until a scheduled shutdown,
dowaver, four significant S.G. tube ructures have 2ccurred in domestic
EWPs since 1975. These events occurred on Fedruary 26, 1975, at Point
8each Unit T, Septamber 15, 1976, at Surry Unit 2, October 2, 1879, at
Prairie Island Unit 1 and on January 25, 1982, at R, E. Ginna. The
first three of thess events were evaluated in NUREG-0637, "Evaluation ¢*
Steam Cenerator Tube Rupture Events." The report includes an evalyation
of system resgonse, operator action, and radiglogical consequences
during the three events., The leak rate associated with tnese evenrts
rangs¢ from ahout 80 gPm to 28C gpm. The conclusion of the report is
that no s‘gnificans ofsite dcses or systems inacequacies occurred
during tne tube rupture events analyzed. However, the s0tan+ial fop
gore significant consequences was recognized and a number of procecura;
“ecommencations were macde to correcs the deficiencies that were notec.
The present disposition of each of the recommendations is ciscussed in a
recent meme to Canmissioner 3radford from W. Jircks (Pef, 4). The
oresent design basis for assuring that plants are acceptably protected
against S.G. tube rupture events 1s a postulated doukle-endec rupture of
3 single S.G. tube. This dssumption is intended to zrovide a douncing
Teak rate far a spectrun of rupture geometries in a single tube and 2
specirum of smaller leaks in multiple tubes within a single S.G. Tre
consecuences cf myultiple *uhe failures, in excess of the design base,

£ Dave nee et mean Ligorousiv studied - NRanig Jegracaticn Detween inspectiars
of 2 Targe numbder of tupes could create the potential far myltiole tube
failures 1n the evert of a plant transient or faillure o a sirgle tub
anc the accumpanying jet impingement ang tube whip coula cause failyre
of saditional tubes. Lyrthemmore, the potential far complicatine circu~ss

o

1avolving mulsinle equiopment fatlures such as =he s-uck cpen FURV auring
the Ginna incident and 00ssidle steam bunble Formation in the arimary
o SUS080 NAve nQt RNesn aval  atan laoogner concern i¢ ruocures Th UTHE
SG.5,. I SYEUL, UNiess the slant can be rapicly deoressuriz
* o roucns Qnto 2e51dual Heat Pemoval, there is the potentia] £0 continy
el

t 9 D
558 amercency core c00ling water outside of containment. The abgove
. -
1=

O kv O
- =3
w oy o

&

concerns are Deing adcressed as part of th n. Item [,

1N the TMI Action Plan addresses $.5. tube faily e y 1

fail \SUCh as 3 stuck open safery relief valve in the
' uptures of myitiple tudes, anc simultaneous rup

The purpose of shis effore is noT T0 expancd the plan
SUT 0 assure that operator emergency procecures pr
for safely controlling the plans guring these :y

—S0rous analyses oF many of the scemarine sccey ed

<&ie.00Z lJeen complerad, ST, leax rate 'imits, and tute pluggin
{1

adre intended o guard against such cccurrences (See Section [I). In

Summary, th NSequences of S.G. tube ruptures un ncrmal operating
condi tions 2820 small; nowever, such svents £an prasent 3 significant

¥
Shdllence %o plant 20873t0rs _and safety systams.

1
4D
w

.

- «

“wm LY w»
iy ¥ '
W "‘ «

Ul O o
© .
(o

o

o

o

1

I
3
*

=

(& ]

"

o

o

D O o




tylat ident conditd such as main steam line
break (MSLB), feedwater line break, or LOCA, thg S G, tubes >'g_ggnjg;;;
%0 increased prassyre differentiais and poss’ ib] e :'-ss,rﬂ waves (e.g.
subcooled decampression pnenomena, AnC ¢10r incs, Lh g;g
loads increase the potential for failure of ﬂeﬂracnf S.E. :u,es which
cOulg éxacersaze the accident seguence. ;j the event of MS_3, faiied
S.G, tubes would provide a leakage patn from the primary to seconcary
systen and several po.ential Teak paths fCr ragigactivity €0 tne e~V"~nre~:
KoLls then sxict. 'n tne event of 2 LOCA, the core refloog rate cou!
XK he retarced by steam bBinding, This phenomencn 1§ associates with 2 ca.
leg break, in which refiood cf the core requires displacing steam generatec
in the core thraugh the hot leg, the affectgd.sleam generator, and out
#go‘ the cold leg break. S.G. tube fajlures create a secondary o
arimary leak gath which aggravates the steambinding effect and cou'd
leas to ineffecsive reflgoding of the core, Anaiytical and experimental
evaiuvations of this phenamenon are contained in References 4 and 3.
Large MSL3s and LOCAs are considered extremely low probability events,
~Jt 2re postulated as bdounding congiticns. More realistic events might
inciude smal! and intermediate size MSL3s or LOCAs. Although tnese
postulated accidents sose 2 less severe challenge to S.G. tude integrity,
tube rupture(s) leading to or following sucn events could have serious
consecuences. This is particularly true if fuel Jamage has occurrec as
in the case of Three Mile [sland.

40«

HE The ffna1 area of concern is the radiagion exposure of personne!
7Ninvolved in S.G. inspecticn, repair, anc replacement. Reference

sresents a summary of data on S.G. related personnel exposure for selectec
plants "ﬂ- 1574 20 1980. [n recent years, as much ag 255 cof some
plants annual cczupational exposurs has resulted from reutine S.G.
ingpection anc maintenance and as 7zh is 531 for S.GC. replacement,
Recent tube sleeving c*ofa"crs at San Qncfre incurred 25CQ man renm
exposure and similar operations are planned fcr other plants,
{I. Regulatory Approach

The MRC approach to assuring S.GC. tube integrity under 2l]
operazing conditions is based on inse-vice inspection (IS, primary 1S
secondary leakage rate limits, and preventive tube plugging requirements.
Guidance for performing !SI is provicded 1n R.G. 1.83, ".nservice inspecticn
of $.3. Tubes," an¢ plant technical specifications include requirements
for :SI. Typica! plant specifications recuire periodic inspections of
3% ci-ere S.G. tutes in the plant and augmented !SI in the event Tud
jegracaticn is cetected. Required frecuency of inspecticn 1s sereral 'y
-, : S'e .
flexidle enougn %0 allow inspecticrs t2 be rerformec concurrent witlh
refuel ing cutages. Certzain incidents such 2s tudbe leakage require
unscneduled [Sis. Furthermcre, many plants with extensive cegracaticn
problems have licensing amendments impcsing higher frequency and iarger
size inspections, The !S! requiraments were developed largely through
a contination of engineering judgement and operating experience. More
rigorous statissically based [S! srograms have leen developed as zart of
Unresolved Safety [ssues 2-3, A&, and A-3 (see Section V). The purpose
of the required [Sis is to determine ¥ ...e degracation is occuyrring 1N
the S.G., assess the rate cof tube zZagradaticn based on results of successive
inspections, anc i1dentify those tubes —e:“'-‘~g plugging or repair
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dyring ;re 1n:g ~al .g.gg. inspecl 1QNnS.
ts reqm ring shut

leak rate 'im

to seccndary

between inspecticns, Many serious con

dcwn,

fcation primary
'SI. and corrective
actions provide protection against unaccestable levels of cegracaticn

ditions of tupe cegr adation have

been detectes by menitoring of primary to secondary leakage and subseque

inspection. Primary
technical specifications,
First, the leak rate limit ensures
ceom tube leakage will be limited
limits in the event of a S.G.
rate 1imit is intended

tc a

?he .
11

smail

cals
fraction of the al

to secondary Teak rate limits exist
The bases for these
that

tube rupture or MSL3.
vo correspond to a defect sile "a

Second, the leak

in each plant' S
limits are twofold.

ylated desage contridy
Towadle

tien

would not be
postula ed accident condite

expected to result in tube rupture under normal or

Finally, degracaticn limits for tude plugging exist in the
slant Tecanical Specifications. Criteria for establisning the tube
plugging limits are presentec 1n 2.6. 1.121, "Basis for Plugging Jegracec
Sressyurized Water Reactor .:em* Generatar Tubes." These criteria recuire
shat the plugeirg limit include margins for eddy current testing error
and continued degradation tetween inspections., Thus, 1T 1S important to
have a good estimate of the rate of degradation based cn successive sl
results and an understanding of the degradation phenomena.

The primary focus of the gurrent NRC onilosophy is directec a4t
~aintaining orimary system intecrity. 1n1S 1§ accompiisned primarily
shrougn the requirements lescribec aoove for 1SI, leak rate monitoring,
and sube olugging. [n a sense, it is directeg at treating Tne $yMotImS
ane not the causeé of S.G. degracation, wnicn lies grima~ily in seconcary
Systen design and operations, (nis pnilosophy has ceen Zecaced excens Vel
but the current pCsition regarcs ol iminating the greblem 2% 155 SOUTCS
s an 'ng,s:'v respongibility,

[11. Current Corrective ACtions

An effecgive solysion o S.G. tude desracztion sraobleams wculd
require maior charces in S.G. mecnanicdl C€51d7, gnerma.-nydrayiics,
maserials seiection, Ta0ricaiigcn Secnnigues, anc cnanges in one S@cafdaty
syster design and operation, Eliminaticn of $.G. cegracation requires 2
systems approach Tntegrating all of tnese consicerations. o&IS are S0
imnle carrscrive aceiane, This is particulariy true for those pianis
Which have signiricant operating time anc have experiencec §.C. degracation
Design changes in operating $.3.5 that would be necessary T2 ei'minate
degracation problems are virtually ‘mpossible, For example, tube I
. mesheet crevices already contaminated with corrgsive envircaments 2re
virtually impossibie %o clean, cardon steel support plates canmnct 22
replaced witn more corrosicn resistant materials, and residual fadbrication

stresses cannot de removed ns, corrective actions may proiong S.39
1i%e, but gube degracation ‘5 expecsed £o continge 10 ODeral TC planis,
dnce the secondary System is contaminated Dy an aggressive enviromment
it 15 difficyle so reverse the acverse affects. For example, caustic
Stress corrosSion cracking anc sastige, cué to resicudl pnospnate water
chemistry conditions, still continue in some plants Tong after conversicn
to AVT water chemistry.
Several corrective actions, however, have Deen proposec anc
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are in use. These fixes include such actions as tube sleeving, siudge
lancing, soaking and flusning, reduced operating temperatures t0 slow
corrosion, boric acid injection 0 arrest denting, support plate modifications
to retard denting, S.G. replacement, and improvements in secondary

system design and cperation. Secondary system improvements include

srampt correction of condenser in-leakage, condenser retubing, remcval

of copper based alleys from the secondary system, and addition of demineraliz:®
svstems. An industry constituted secondary water chemistry guidelines

¢ amittee, under chaimanship of EPRI, is developing generic chemistry

Wil e e

1imits and operating guidelines, NRR has deen in cgntact with this

il e

committee for the past year and will review 3 copy of the draft reports
srior to issue. Chemical cleaning has also been proposed but has not
heen implemented due to uncertainties regarding its longer-term affect
on §.6. integrity. Industry efforis are currently underway to eliminate
=nese uncertainties and chemical cleaning may become a viable option in
the near future. Lhese fixes have met with varying decrees of success,
sur nons of them < 3 2403C83. “T.remermore. Snord Serm SOTUSIQNS L ‘

*M" Ten cay .reate otner provlems, Conversion from phosphate to AVT
water chemisiry, wnich minimized wastage anc stress corrosion cracking

Sut was followed by denting, is a case in point.

Einally it should be noted that tne majority of the 2lants

# yndar review for ogerating licenses have S.s.5 of simijar desicn 0
& ~urrently in operation, So tnat the potential TOr S5.G. Tude degrac2ilSl

ex15%ts 1n these plants as well.

V. NRC, Industry, and Foreign Research and Development Activities

« ¥

MRC's steam generator research program agzaresses imgroved eccy
current inspection technigues for steam generator tudING, stress corrcsion
cracking of steam generator tuding anc evaluation ¢f tube integrity.

The objective of the eddy-current program is %0 upgrade and

ction srobes, technigues and associated 1nsIruTENtI

2

improve edcy-current inspection
far inservice inspection of steam generater tubing to improve the abi'lizy
-y, - iy - 5 S s . . 141
5 identify and cnaracterize tube cefects. 3pecific opjectives incluce
imgroving defect detection and cnaracterization as affected 2y tuoe
Lol

diameter ang thickness variations, tule genting, prete wobble, tubesheet

,
anc tube suppor:t interference, anc cefect location and tyge.

-

The stress corrosion cracking program is developing cata and

nocels which will De used %o predict tre stress corrcsicn cracking
inisiation and service 1ife of Inconel 600 steam generator tuc!ng. The
testing srogram incluces variabies which inflyence stress corrcsion
cracking such as temperature, stress, strain and sirain rase, retallurgics
structures and processing, and ingredients in the Zrimary anc seconcary
coolant.

A steam generator, with service induced degradation will be
used for the validation of the accuracy and confidence 1imits of nongestruct
inspection instrumentation ang tecnnigues; Surst anc coliapse tests on

fiela deczraced tubes to valicate tube integrity mocels; anc for develop!
data fo validaticn of previously developed stress corrosion cracking
sredictive mrdels, chemical cleaning and decontamination, dose-rate
reduction and seconcary side cnaracterization. [n adaition, statistically
base¢ sampling models for inservice inspection programs will be confirmed
and/or improved utilizing the first ever confirmed data dase.

de - 3 -
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In the systems analyses portion of the report, the consequences
of steam generator tube failures during nomal cperation and postulated
loss-of-coolant and main steam line break accidents are evaluatec. The
evaluation considers predicted fuel behavior, emergancy core cocling
system performance, radiclogical consequences, ané containment response.
The results of the systems analyses lead to proposed criteria for establishing
a toierable level of steam generator leakage during postulated accidents.
1S techniques are then evaluated, and statistically based [S[ programs
presented which, if implemented, would provide adcitignal assurance thas
no more than the tolerable level of tube leakage, defined by the systems
analyses, would occur during normal or postulated accident conditions.

In the tube integrity portion of the report, the dehivior of
degraced tubes during normal and postulated accident ¢conditions and tube
plugging criteria are evaluated. Proposed changes in operating frocedures
anc design changes to minimize tube degracaticn 2are also ident-fiag,

Implementasion of the proposes requiraents and criteria
ar —m ’

deveiogned in the program for resgiution of tha U3. dre not expected IC

total 1y eliminate S.G. degradaticn, The intent of <he propesed requirements

‘s %o estadblish a logical approach to evaluating steam generiicr tube

integrity and ensuring safe steam genmerator operation. The draft NUREG-

0844 recommenrds criteria and requirements that can be used to evaluate

current and future degradation programs {7 steam generators. The establisnren:
of maximum allcwable steam generatir tube leak rates during postulated

accident conditi~ng and associated tclerable number of defective tubes

is a maior contribyuticn to the evaluaticn cf steam cenerafdr tude degracatic”

oroblems. !¢ provides objective criteria against which steam generator
tube integrity can be evaluated, Similariy, the development of statistica

ISI programs provides a rational, scieatific basis that can e used ©0
establish and evaluate [SI requirements tnat will ensure the adove

¢criteria are satisfied, Resylts from NRC 3.G. research programs are
expected to lay the experimental Sésis for many of these criteria.

In keeping with the "MPC's current ard gast ohilasophy cr/this
issue, the proposed regulatory recyirements developed in the dr2’t
repors focus on !SI programs and technigues and ftude plugging criteris.
The ~rimary =esponsibility for attacking the prab'en at 18s sturte and
eliminacint 9.5, GeGracazion s the incustry's. -owever, se:e®:’ J° tne
reQUI rements proposed 1N NURCs-oae: are in.enced to oramote ingusiry
"

efforts in this area. For examc'e, one requirement 15 TC ensure that
a'l operating plants have imolemented ar acproved saccndary water cnemistry

-

mgnitoring and contrel grogram, This is a requirement 1n the mMOSt
recent version of the NRR standard review plan for Tdcensing of ney
plants. [n addition, this type of g=cgram has been implemented at. som

all gperating plants. Unger this requirement, it is the incustry’s
respcnsisility to .:ablish specific water chemigtiry limits and effective
monitoring techniques. This will ensure that eicn utility at least
sonsiders the importance of seconcary system wafer chelistry and outs 1in
the effaort to develop a camprenensive water chenlistry program, Similarly,
LI~ 4 T

ISI requirements for condensers are prorgsed. nese requirements w!
nepefully reduce the frequency of condensér in-leakage and encourage

5
i nAr
sus not
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utilities to improve condenser perfocrmance. Use of noncopper Dased

alloys when retubing condensers and feedwater heaters is also a requirement,
Additional requirements are proposed for plants in the preoperating

license stage and many recammencaticns for operating and future plants

are made. The intent of the propose¢ requirements as stated in the

regors is to leave primary responsibility for correcting the S.G, problem

in the hands of the industry, tc allow tre industry flexibility in
addressing the issue, Dut at the same time, to strongly encourage croper
indus try actions,

8. Comprenensive NRC/Industry Program

The preceeding review has attempted to summarize the status of
the S.G. issue at this time, As indicated, the NRC has many ongoing
efforts to address this multifaceted problem. However, $o cate, -010%

MRC and industry cocperative afforts on this issye have not deen extensive,
This 15 due largely t0 sne ciilerent focuses on tne issue. NAC 'S

ey

primarily concerned with requiring adequate [S. anc corrective actions

$c srcyre primary systam intesrity, wnile the industry has been ccncernec

witn developing fixes %o orolong S.5. service '1fe and reliadiifsv. HRC
ve teen primartiy compiementary 'n nature,

Hewever, to the extent that reliability implies safety anc vice-versa

the "RC and industry effcrts are synonomous. Therefore, the staff is

pursuing the development of a joint NRC ang industry program (O agcress

both near-iermm and long-term acticns required for continued safe operation

of steam generators ultimate resolution of the S.G. degradation

preblem. The .intent is %o eval

e the degree %o wnich the KRC
- 1 . - .-~ -
expand its role in prevention 9
industry tc solve this problen.

-
¢
2 deqgragaticn and work with t
-~ o .
-
tnis type of cooperative program have been initiated and oroposals for 2
2 e <
5

res to determine the feasidilicy
Anins

% "
- - -

w

Cmm A Wie, M.
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'
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