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P-ROCEEDI-NGS
1:31 P.M

CHAl RMVAN ARM JO  The neeting will now
come to order. This is a neeting of the Materials,
Met al | urgy and React or Fuel s Subconmittee. M nane is
Sam Arm jo, Chairman of the Commttee. ACRS Menbers
in attendance are Dr. Mario Bonaca, M. Jack Sieber,
Dr. Bill Shack is sitting as a nmenber of the audi ence
or staff at this point, Dr. Thomas Kress and Dr.
Graham Wil lis are al so present.

Gary Hammer of the ACRS staff is the
Desi gnated Federal O ficial for this neeting.

The purpose of this neeting is to discuss
Regul atory Guide 1.207, gqguidelines for evaluating
fatigue anal yses incorporating the life reduction of
nmetal conponents due to the effects of |ight-water
reactor environnents for new reactors. W wll hear
presentations from the NRCs Ofice of Nuclear
Regul atory Research and their contractor, Argonne
Nat i onal Laboratory.

W will also hear presentations from
representatives of the Anerican Soci ety of Mechani cal
Engi neers and AREVA.

The Subcommittee will gather information,

anal yze relevant issues and facts, and formulate
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proposed positions and actions, as appropriate for
deli beration by the Full Conmttee.

The rules for participation in today's
neeti ng have been announced as part of the notice of
this nmeeting previously published in the Federal
Regi ster. W have received no witten coments from
nmenbers of the public regarding today's neeting.

A transcript of the neeting is being kept
and wi Il be nade available as stated in the Federal
Regi ster notice. Therefore, we request that
participants in this neeting use the mcrophones
| ocated throughout the neeting when addressing the
Subcommi tt ee.

Parti ci pants shoul d first identify
t hensel ves and speak with sufficient clarity and
vol une so that they may be readily heard.

W will now proceed with the neeting and
| call on M. H polito Gonzales of the Ofice of

Nucl ear Regul atory Research to begin.

MR. GONZALEZ: Thank you. | amH polito
Gonzalez. |1'mthe Project Manager for Regul atory
Quide 1.207. I'mfromthe Corrosion and Metall urgy

Branch and with me, Oresh Chopra. He's from Argonne
Nati onal Lab. He's going to be presenting part of the

regul atory basis, technical regulatory basis.
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| would liketo acknow edge Wl liamCullen
fromthe O fice of Research and John Ferrer, NRR, for
their hel pful reviews and coments on this project.

Next slide.

The agenda today, we're going to be
di scussing Regul atory Guide 1.207. |'mgoing to give
a qui ck historical perspective and then we're going to
go over an overview the reg. guide. And then Onesh
will present the technical basis which is the NUREG
report CR, NUREG CR 6909, Revision 1.

|"mgoing to give a summary of the
regul atory positions. And the |ast presentation is
going to be the resolution of public coments.

The ASME Section 3, fatigue design curves
wer e devel oped in the | ate 1960s and the early 1970s.
The tests conducted were in | aboratory environments at
anbi ent tenperatures. And the design curves included
adj usted factors of 2 constraint and 20 on cyclic life
to account for variations in materials, surface
finish, data scatter and size.

Results from the studies in Japan and
others in ANL, Argonne National Lab, as illustrated.
Potential significant effects of the light-water
react or cool ant environnment on the fatigue life of the

steel, steel conponents.
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Next slide.

Since the late 1980s, the NRC staff has
been involved in the discussion with ASME co-
committees, the PVRC and Technical Conmunity to
address the issues related to the environnmental
effects on fatigue.

In 1991, the ASME Board of Nuclear Code
and St andards requested the PVRC to exani ne worl dw de
fatigue strain versus |ike data and devel op
recommendat i ons.

In 1995, it was resolution for GSI 166
whi ch established that the risk to core damage from
fatigue failure of the reactor coolant system was
small. So no action was required for current plant
design life of 40 years. Also, the NRC staff
concl uded that fatigue i ssues should be eval uated for
extended period of operation for license renewal and
this is under GSI-190.

In 1999, we had GSI-190 and the fatigue
eval uati on of nmetal conponents for 60-year life plant,
plant life. Staff concluded that consistent with
requi renents of 10 CFR 54.21, that agi ng managenent
programns for |icense renewal shoul d address conponents
of fatigue including the effects of the environnent.

On Decenber 1, 1999, by letter to the
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7

Chairman of the ASME Board of Nuclear Code and
St andards, the NRC requested ASME to revise the code
to include the environnmental effects on the fatigue
desi gn conponents.

Next slide.

ASMEinitiatedthe PVYRC Steering Conmittee
on cyclic Iife and environnmental effects and the PVRC
Comm ttee reconmended revising the code for design
fatigue curves. This was to WRC Bulletin 487.

After nore than 25 years of deliberation,
t here hasn' t been any consensus regar di ng
environnental effects on fatigue life on the |ight-
wat er reactor environnents.

The NRR request ed research under user need
requests to 504 to devel op guidance for determ ning
t he acceptable fatigue Iife of ASME pressure boundary
conmponents with consideration of the light water
reactor environnment and thi s gui dance will be used for
supporting reviews of application that the Agency
expects to receive for newreactors. The industry was
i mredi ately notifiedthat the NRCstaff initiatedthis
wor k, the devel opnent of the reg. guide. In addition,
this is one of the high priority reg. guides to be
conpl eted by March 2007.

In February and August this year, NRC
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staff and ANL, we had presented at the ASME Code
Meetings the technical basis draft, NUREG CR6909. On
July 24, 2006, both the draft reg. gui de and t he NUREG
technical basis report were published for public
comment s and t he public conment period ended Sept enber
25.

In addition, on July 25, ANL presented a
paper on the technical basis again.

CHAI RMAN ARM JO  Just to clarify
somet hi ng, newreactors, does that include -- do these
rules apply to already certified design, such as the
ABWR and t he AP1000? Are they grandfathered by virtue
of their certification?

MR FERRER:. This is John Ferrer from NRR
staff. They're grandfathered by virtue of their
certification that's already been addressed in the
reviews there, so we're not backfitting this reg.
gui de to those certified designs.

DR. SI EBER For 40 years though.

CHAl RMVAN ARM JO Wl |, actually, if you
read the safety evaluation, the way it was witten
said that they were evaluated for 60 years.

DR. S| EBER Ckay.

CHAI RMVAN ARM JO  That's kind of an

i nconsi stency in a way because they haven't been built
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inthe United States and if they were being certified
after this reg. guide is issued, that would be the
rule -- that would control the design, wouldn't it?

MR FERRER. | wish | -- | agree with you
Unfortunately, the way certified design works i s once
we certify it, we'd have to go through a backfit
evaluation if we were going to apply this. And what
happened in the backfit evaluation, if you go back a
couple of slides on the GSI-166 and the GSI-190, we
did a backfit evaluation and showed the risk was not
hi gh enough to justify a backfit, but the reason we
inplenented it on license renewal was the fact that
the probability of |eakage increased significantly
wi thin 40 and 60 years.

But again, the risk which 1is the
probability of getting a pipe rupture that would | ead
to core danage was still | ow.

CHAI RVAN ARM JO.  Thank you.

MR. GONZALEZ: Now | amgoing to go to an
overvi ew of the reg. guide.

Next slide.

How the reg. guide 1.207 relates to the
regul atory requirenments. GDC criterion, general
design criterion 1, quality standards and waivers.

And the part says that safety-related systens,
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structures and conponents  nust be designed,
fabricated, erected and tested to the quality standard
commensurate with the inportance of the safety
function perforned.

GDC-30 states, in part, that conponents
included in a reactor pressure boundary rnust be
designed, fabricated, erected and tested to the
hi ghest practical quality standards.

In 10 CFR 50. 55A endorses t he ASME boi | er
pressure vessel code for design of safety-related
systens and conponents. These are Class 1 conponents.

ASME Code Section 3 includes the design
fatigue, includes the fatigue design curves. But
t hese fatigue design curves do not address the inpact
of the reactor cool ant system environment.

The objective of this regulatory guide is
to provide guidance for determning the acceptable
fatigue |ife of ASME pressure boundary conponents with
the consideration of the |Ilight water reactor
environnment for nmajor structural materials that wll
be carbon steel, | owall oy steels, austenitic
st ai nl ess steel and ni ckel -based al |l oys. For exanpl e,
al | oy- 600, 690.

So in this guide, describes an approach

that the NRC staff considers acceptable to support
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revi ews about the applications that the Agency expects
to receive for new reactors.

| mpl ementation, this will only apply to
new plants. And no backfitting is intended. And this
is due to the conservatismin the current fleet of
reactors because of the design practices for fatigue
wor k conservatisnms all plants were designed.

Next slide, please.

Now |I'm going to -- how the technical
basis was devel oped. Oresh is going to give the
presentation on the technical basis report.

MR. CHOPRA: Thanks, Hi po.

DR. BONACA: | have a question regarding
your |ast statement. No backfitting is intended,
conservati smon cool ant reactors. |f the approach was
conservative on coolant reactors, | nmean could it be
used al so for new reactors?

MR. FERRER: Let ne try to answer that.
In reviewing GSI-166 which was backfit to current
operating plants, we eval uated t he as-exi sting fatigue
anal yses and there were a nunber of conservatisns in
the specification of transients and the nethodol ogy
and the anal ysis.

We don't know whether or not that sane

conservatismwi ||l be applied in the newreactors. 1In
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addition, there have been sonme changes in the ASME
code criteria since those original anal yses were done
that renoved sone of the conservatisns in the
analysis. So if sonebody were to do code analysis to
the current code criteria may not have the sane | evel

of conservati sns.

DR. BONACA: | understand. Thank you.

MR. CHOPRA: The issue we are discussing
here today is effect of light water reactor cool ant
environnents on the fatigue |ife of structural steels.
Over the last 20 to 30 years, there's been sufficient
data accunul ated, both in the U S. and worl dw de,
especially in Japan, which shows that cool ant
envi ronnents can have a significant effect on the
fatigue life of these steels.

And this data is very consistent. It
doesn't matter where it has been rated, all show
simlar trends w thout any exception. And also, the
fatigue data is consistent with a much | arger dat abase
on fatigue crack grom h rates affect on environnent of
fatigue crack growh rates. There's no inconsistency.
The nechani sns are very simlar and both show simlar
trends, effects of radius paraneters, material | oading
and envi ronnment al paraneters have sim |l ar i nference on

fatigue crack initiation and fatigue crack grow h.
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And this fatigue data has been eval uat ed
to clearly define which are the i nportant paraneters.
They're well defined and also the range of these
paranmeters for which environnental effects are
significant, it's clearly defined.

So we know the conditions under which
envi ronnment woul d have an effect on fatigue life. The
guestion is do these conditions exist in the fleet?
|f they exist, we will have an effect on the
environment and it shoul d be consi dered. W know from
subsection 31.32.21 that the current fatigue design
curves do not include the effect of aggressive
envi ronnment whi ch can accel erate fatigue failures and
has to be consi dered.

So the burden is on the designer to better
define these transients, to know what conditions
occurred during these transients and whether
envi ronment woul d be i nvol ved.

Next , bef or e getting into t he
environnental effects, | just want to cover a few
background information. W are talking about the
effect of environment on fatigue I|ife. Let's
understand what do we nean by fatigue Iife? The
current code design curves were based on data which

was where the specinens were tested to failure. Qite

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

14

often, these design curves are ternmed as failure
codes, but | think the intent was to define fatigue
life as to prevent fatigue crack initiation, because
t he data which has been obtained in the last 20 to 30
years in these results fatigue life is defined as the
nunber of sitings for the peak | oad to decrease by 25
percent .

And for the type of specinmen, size of
speci nens used in these tests, nostly quarter inch or
t hree-eighth round cylindrical specinens, this would
correspond to creating a three mllineter crack. So
we can say the fatigue life is the nunber of cycles
for a given strain condition to initiate a three
mllimeter crack and fromseveral studies we know t hat
surface crack, about 10 micron deep formquite early
during fatigue cycling.

So we can say that fatigue life is nothing
but it's associated with gromh of these cracks from
a 10 micron size to 3 millinmeter size and typically
this is the behavior of the growmh of these cracks is
in this shape where crack length is a fraction of
fatigue life varies like this and it's divided into
two stages, initiation stage and a propagati on stage.
Initiation stage is characterized by decrease in crack

growh rates. It's very sensitive to mcro structure.
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It invol ves sheer crack growm h which is 45 degrees to
t he stress axi s, whereas propagation stage i s not very
sensitive to mcrostructure. It was tensile crack
growt h which is perpendicular to the stress axis and
this is the stage where you see on the fracture
surface well defined striations.

Various studies have shown that this
transition froman initiation stage to a propagation
stage occurs around -- depending on the material, 150
m cron or 300 m cron, that range.

So initiation stage is growh of crack up
to 300 microns. Propagation stage is beyond that to
3000 or 3 mllineter size.

Next slide.

CHAl RVAN ARM JO  Before you | eave that
curve, just for the benefit of people who don't
under stand these curves, what is the tine difference
between or the fatigue life difference fromthe three
mllimeter crack initiated crack to through-wall
failure in the case of let's say a one-inch pi pe, one-

inch wall thickness?

MR. CHOPRA: W woul d use the crack growth

rate data.
CHAl RMVAN ARM JO  Wul d that typically

i ncrease the nunber of cycles by a factor of 2 or a
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factor of 107?

MR. CHOPRA: It depends on the conditions,
| oadi ng conditions and environment and so on. So we
know what the crack growh rates are for various
conditions. So we have to use that. But nmaybe | can
answer another way. |In a test specinen, the
di fference between 25 percent |oad drop and conpl ete
failure of a specinmen is very small. It's |less than
one or two percent.

So whether we call it failure of a
speci nen or defining it 25 percent drop, woul d be very
smal | difference. The idea of using 25 percent |oad
drop was to be consistent so that we define life as
some consistent -- all the | abs do the sanme thing. So
t hat was the idea.

O herwise, for a real conponent, if we
deal with three mllimeter steel in a tube, it would
depend on crack growth rates.

CHAl RVAN ARM JO  Ckay.

MR. CHOPRA: Now the same curve |'ve
plotted a slightly different way where | plotted still
our cracked gromh rates was the crack depths,
decreasing growh rates in the initiation stage and
i ncreasing growth rates.

Now of course, crack growth woul d depend
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on applied stress ranges. The higher the stress
range, the higher the crack growh. The delta sigma
one at very |l ow stresses, the cracks which formduring
cyclic loading may not growh to |arge enough size
that they can -- the propagation stage takes over.

DR, WALLIS: Crack velocity is really
growh rate and microns per cycle, not per unit of
tinme.

MR. CHOPRA: Right, but depending on the
time period one could convert it to --

DR. WALLIS: | know, but velocity is a
st range word.

MR. CHOPRA: Yes, maybe this should be
crack growh rate.

DR. WALLIS: If there's no cycling,
there's no crack grow h.

MR. CHOPRA: Yes, yes. Beta signa one,
when the stresses are very low, cracks nay grow to
| ar ge enough si ze for the propagation to take over and
this is known as the fatigue Ilimt of the material.
This is true for constant | oading.

MR BANERJEE: What's the nechani smthat
changes the velocity so rmuch?

MR. CHOPRA: Initial sheer crack grow h.

It will extent maxi num couple of degrees. So it's a
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sheer crack grow h, 45 degrees, whereas, once you go
deep enough, large enough size, you get into a
di fferent process where actually fracture nechanics
nmet hodol ogy can be used to express that. It's a
tensile crack grow h.

MR. BANERJEE: It's a nulti-grain sort of
size and then it starts -- a different nechani sm

MR. CHOPRA: Typically, a couple of
grains. Fatigue limt is applicable only under
constant stress conditions. |f we have random
| oading, as in the case of a real conponent, then we
can have situations where we have hi gher stresses, few
cycles of higher stresses, where cracks can grow
beyond this depth that you can grow even at stresses
whi ch are much | ower than fatigue limt.

So the history of «cycling is also
i nportant for evaluating fatigue damage.

DR. WALLIS: Delta signa is the magnitude
of this?

MR. CHOPRA: O the stress range, applied
extracted stress range. And environnent al so.

DR. WALLIS: Does it matter if it's 10
silo or conpressible?

MR. CHOPRA: On the tests which are used

for obtaining fatigue data, the strain range ratio is
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-1, conpletely reversed. So we go fromtensile to
conpr essi ve.

Even in environnent, corrosion processes
can cause the cracks to grow beyond this and then
propagati on can take over. So environment also could
accelerate. So the question is which part -- which of
these stages is affected by environment? Initiation
or propagation, or both?

DR WALLIS: Your scales are linear, are
t hey?

MR CHOPRA: This is a schematic.

DR WALLIS: Schemati c.

MR. CHOPRA: This portion is plotted here
where | have actual nunbers. And | just wanted to
show you that we know from crack growth studies that
crack growh rates are affected by environnent and
it's very well docunent ed.

DR. WALLIS: These data | ook unreasonably
wel | behaved for material s data.

(Laughter.)

MR. CHOPRA: |If we plotted a few tests, we
will see this happen.

CHAI RMVAN ARM JO.  Agreenent is |log, |og.

DR WALLIS: Even so, | nean.

MR. CHOPRA: Anyway, effect of environnment

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

20

is al so, has been studied in fatigue crack initiation.

DR WALLIS: These are real data?

MR. CHOPRA: These are real data. But we
have cal cul ated the crack growth rates in the fatigue
sanpl es by benchmarking the fatigue crack front at
different stages during fatigue life. And so we can
see the three environnments here: high oxygen -- high
di ssol ved oxygen water; |ow dissolved oxygen; PWR
water and air. And we see if you take 100 m cron
crack length and air -- it took about 3,000 cycles to
reach that. In water, it took only 40 cycles, which
gives ne an average growh rate of 2.5 mcron per
cycle and this is this region here, average of this.

In this case, it's .0033 nicrons per
cycle. So we see two orders of nmagnitude effect of
envi ronnment whi ch suggests that even the initiation
stage nmay be af fected even nore t han what crack growth
rate is affected.

| just wanted to show you t hat both stages
are affected by the environnment, even the growth of
very small cracks.

Now next, the design curves, what do the
desi gn curves --

DR. WALLIS: Presumably, this is not just

one batch of data |like this.
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MR. CHOPRA: There's lots of data. I''m

just giving --

DR. WALLIS: There's a whole |ot of data.

MR. CHOPRA: |I'mjust giving you one set,
yes. There's a |l ot of data.

DR. WALLIS: Because if there were
uncertainty in these, these curves mght swtch
positions.

MR. CHOPRA: sure, but |I'mjust presenting
that data to showthat environnent has a | arge effect.
It's the relative difference between air and water
which | was trying to show, not absol ute crack growh
rates, just to show that it took only 40 cycles in
hi gh oxygen water conpared to 3,000 which suggests
that environnent has a |arge effect on fatigue crack
initiation.

Now t he desi gn curves, we have -- the data
whi ch we have obtained is on snall specinmens. They
are absolutely snmooth and they were tested in room
tenperature air. This is what was used to generate
the design curves in the current code. And all of
themwere tested under strain control, fully reversed,
strain ratio of -1.

Now t his gives ne the best behavior of a

specinen when a crack would be initiated in a
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specinen. To apply those results to actual reactor
conmponent we need to adjust these results to account
for parameters or variables which we know affect
fatigue life, but are not included in this data. And
t hese vari abl es are nmean stress, surface finish, size,
| oadi ng history.

DR. WALLIS: Does the humdity of the air
make a difference?

MR. CHOPRA: Actually, if you | ook at the
basis docunment of the current code, they use a
subfactor which included surface roughness and
envi ronnent and by that environnent they neant a | ab,
wel | -controll ed | ab environment.

DR. WALLIS: Does the humdity of the air
make a difference?

MR. CHOPRA: I n sonme cases it would, but
again, that is not studied as a -- it's not addressed
as an explicit paranmeter in defining fatigue life.
Al data which was used was roomtenperature air to
generate the design curves.

DR WALLI'S: Room tenperature neans 20
degrees Centigrade or somethi ng?

MR. CHOPRA: Yes, 25, yes. To account for
these other variables |ike nmean stress, surface

roughness and so on, what the current code --
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DR. WALLIS: I'msorry, when you -- maybe
you just saidit. Wen you say PWR water, you nean at
roomtenperature or --

MR. CHOPRA: No, no. The design curves do
not address environnent at all.

DR. WALLIS: But your data that you showed
us, the well-behaved dat a.

VR. CHOPRA: Those are higher
t enper at ur es.

DR. VWALLIS: Those are higher
t enper at ur es.

MR. CHOPRA: They woul d be at reactive
t enper at ur es.

DR, WALLIS: kay. Could be a tenperature
effect as well as an environnent effect?

MR CHOPRA: There is and I'Il cone to
that actually. |In water, tenperature is a very
i nportant paraneter. And to convert this data on
specinens to a real component, what the current code
does now is take the best --

DR WALLIS: Is the PWR water that is
borated at initial strength or sonething?

MR CHOPRA: PWRis. It both has boron
and |ithium

DR. WALLIS: There's sonme sort of average
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condi tion throughout the cycle?

MR. CHOPRA: Right, right. Typically,
peopl e test around 1,000 ppm boron and 2ppm lithium

To adjust these curves to an actual
react or conponent, what the code does is we take the
best of the specinen data and adjust it for nean
stress correction and then apply these adjustnent
factors of two on stress. W decrease the specinen
curve by a factor of two on stress and 20 on life,
whi chever is the | ower gets the design curve. But as
| mentioned, it does not include the effect of an
aggressive environnent. In this case, what we are
tal king about is |light-water reactor environnments.

Now to summari ze sone of the effects of
envi ronnent on carbon and |l ow all oy steels, there are
several paraneters which are inportant. Steel type,
all of the data shows irrespective of steel type, it
doesn't matter which grade of carbon steel or |ow
all oy steel, effect of environment is about the sane.
There is a strain threshold bel ow which environnments
do not -- environnental effects do not occur. And
this threshold is very close to slightly above the
fatigue |ife of the steel. Strain rate is an
i nportant paraneter. There is a threshold, 1 percent

per second above that. Environnental effects are nore
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great and lower the strain rate, higher the effect.
And it diffuses the saturation at around . 001 percent
per second.

Simlarly, tenperature is very inportant.
Once again, there is a threshold; 150 degree C.
Hi gher tenperatures, there's greater effect. Bel ow
150 --

DR. WALLIS: Strain rate's |owest point is
. 001 percent a second makes a difference?

MR. CHOPRA: Yes. 1'll show you sone of
the results.

DR. WALLIS: Really? That's awfully sl ow,
isn't it?

MR. CHOPRA: Sone of the transients are.

DR. WALLIS: Abnormally slow.

MR. CHOPRA: Tenperature also, there is
only a noderate effect below 150. Typically, when |
nmean noderate effect, up to a factor of 2. Any water
touched surface may have up to a factor of --

DR WALLIS: Linear decrease doesn't tel
me how fast it is. Linear decrease in life after 150
doesn't tell me howrapidly it decreases.

MR. CHOPRA: There are sone slides, |'l]
show you how rmuch of a different it is.

MR. SANTCS: Do you have an equation?
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MR, CHOPRA: Yes.

DR. WALLI'S: Wi ch goes right through the
dat a?

MR. CHOPRA: Absol utely.

DR. WALLIS: Is this an Argonne equati on
or a universal equation?

CHAI RVAN ARM JO  You'l | see.

DR. WALLIS: W'Ill see, okay.

MR. CHOPRA: Dissol ved oxygen is al so
simlar. There's a threshold. 1In this case, |ow
oxygen environmental effects on carbon |owallow
steels are less. There's a threshold .04 ppm Hi gher
di ssolved oxygen has an environnental ef fect,
saturates around .05 ppm

DR WALLIS: How nmuch sulfur is there in
t he reactor?

CHAI RVAN ARM JO That's in the steel.

DR. WALLIS: In the steel, |I'msorry.

t hought you were tal ki ng about the environment. Now
you're tal king about the steel?

MR. CHOPRA: These are --

DR. WALLIS: Dissolved oxygen in the
st eel .

MR. CHOPRA: These are | oadi ng paraneters.

Some are environnental paraneters. Sone are naterial
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par anet ers.

DR, WALLIS: Ckay.

MR. CHOPRA: Sul fur also has a |large
effect on fatigue crack initiation.

DR. WALLIS: There's no other effects,
copper and stuff like that? There's no other effects?

MR. CHOPRA: In the steel? No. At |east
t he ones which we have | ooked at. Sulfur is the one
because it deals with the mechanism Actually, the
reason why these are higher for carbon and | ow all ow
steel s which these are very well|l docunented. It's the
sulfite iron density of the cracking. |If we reach a
critical sulfite iron density crack enhancenent
occurs. So these are very well docunented in the
data. This is a nmechanism That's why sulfur is
i mportant.

Roughness effects, we know if we have a
rough specinen surface it provides sites for
initiation. Life goes down. And in carbon |ow all oy
steel, in air, there is an effect of surface
roughness, but sone limted data suggests that in
wat er, rough and snoot h speci nens have about the sane
life. So roughness effects may not be there for
carbon | ow al | oy steel.

Fl ow rate al so, nost of the data has been
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obtained on very low flow rates or sem -stagnant
conditions. |If we do these tests in higher flow
rates, effect of the environment does go down. Means
fatigue life would increase in high flowrates by a
factor of about 2.

Simlarly, the effects on austenitic
stainl ess steels, same paraneters, steel type, again
different grades of austenitic stainless steel,
simlar effects and even cast austenitic stainless
steel have simlar effects on the environnent.

Once agai n we see a strain threshol d bel ow
which there is no effect and it's very close to the
fatigue limt. The dependence of strain rate and
tenperature are very simlar to what we see in carbon
and |l owal |l oy steels.

The next three, dissolved oxygen, surface
roughness and flow rate, the effects are very
different fromcarbon and lowalloy steels. In this
case, for austenitic stainless steel, it's the |ow
oxygen which gives you a larger effect. And
irrespective of what steel type we use or what heat
treatnment, heat treatnent that neans sensitization
Sensitized stainless steel or solution in the
stai nl ess steel both showsimlar life in |ow oxygen.

DR. WALLIS: That extends down to zero
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oxygen?

MR CHOPRA: Pardon ne?

DR WALLIS: That extends down --

MR. CHOPRA: If we can achieve that, you
know, but typically in a PWR, we have around -- it's
a low-- less than 50 ppm

Yes, | owoxygen, irrespective of the steel
type or heat treatnent, there's a large effect on
envi ronnent, but in high oxygen, non-water chem stry,
PWR condi tions, some steels show !l ess effect and t hese
are sol uti on anneal ed hi gh-carbon st eel s which are not
sensitized. All |ow carbon grades such as 316 nucl ear
grade or 304 L may have |less effect in high oxygen.

Surface roughness and this is both in air
and water environments, there's a reduction in life.
Even in water. In carbonate steel we did not see a
reduction in life for rough sanples. |In this case,
both in air and water there is an effect of roughness.
And flow rate, there is no effect of flow rate on
fatigue |l ife for austenitic stainless steels inwater.

The differences between these three
suggests that the nechanism may be different for
austenitic stainless steels conpared to carbon and
lowalloy steel. | nention the mechani smfor carbon

and low all ow steels, the sulfite iron density of the
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crack depth. 1In this case, it's not well known --
there's no agreenent on what is the nmechanism One
possi bl e nechani sm woul d be that as we expose stress
surface, hydrogen is created which changes the
definition of behavior and of the crack depth. But
this is one possible nechani sm

The next slides are details of what |
sumari zed. Unless there are specific questions, |'m
going to skip these next eight slides which basically
give the data which | summarized in the previous.

CHAIRVAN ARMJO | think it would be
better if you just highlight these things, just to
nmake the key points fromthese charts because | think
they' re inportant.

MR. CHOPRA: This is the strain rate
effect. You were asking about the strain rate.
plotted fatigue life for | owalloy steel, carbon steel
under certain conditions, strain anplitudes. In air,
PWR wat er and BWR

DR. WALLIS: Are you claimng there's a
significant difference between air and PWR?

MR. CHOPRA: It's up to about a factor of
2 and this could be a factor of 15 or 20 | ower

DR WALLIS: W're not going to put in

t hat much oxygen, are we?
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MR. CHOPRA: BWR has 200 to 300 ppb oxygen

and in this case, there are correlations which wll
tell you how much -- dependi ng on the oxygen, what
woul d be the effect.

This is the maxi numeffect because this is
| think .7. Saturationis at .5. So this is the
maxi mum ef f ect under these conditions.

This is strain threshold which I
nmentioned, the threshold about which effect of
environnent is there. This gives you dissolved oxygen
at .04, this is carbon steel, higher oxygen |evels,
things go down. And again, in PAR there's only a
nodern effect.

| mentioned that for stainless steel, the
ef fect of dissolved oxygen is different. Here, this
is now three or four stainless at two different
strainless anplitude. There are two different tests
at different conditions, .25 and .33 and hi gh oxygen,
no ef fect upstreamrate and | ow oxygen, it goes down.
Whereas, a 316 NG or | ow carbon grade shows sone
reduction in life in high oxygen, but not at the same
extent as you see in | ow oxygen.

So these are just a few exanples I'm
showing. There's a lot of data in Japan and Europe

whi ch shows simlar trends. This shows the effect of
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sensitization. Sensitization is defined as a nunber,
EPI nunber. Degree of sensitization is increasing and
same conditions. In air, |ow oxygen, high oxygen and
we see in high oxygen it decreases with degree of
sensitization.

Effect of -- this is tenperature again at
150 and | ower, depending on what are the strain rates
and what are the di ssol ved oxygen conditions. If it's
very low, no effect. These are | ow oxygen conditions,
no effect. Hi gh oxygen, depending on the strain rate
and dissolved oxygen levels to the extent of the
effect in pieces.

DR. WALLIS: You're just tal king about a
hundred cycles there, failure.

MR. CHOPRA: No, a thousand. 1In some
cases in the environnent, it is.

DR WALLIS: Right.

MR. CHOPRA: There is up to a factor of 20
reduction in life.

Sur f ace roughness agai n, stainless steel,
open circles, snooth specinens; closed circles are
synbols are rough sanples. A factor of 3 in air,
factor about the same in water.

CHAI RMAN ARM JO | don't want to bel abor

this, but | |ooked at these data and the one that
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shows -- the curve on the left for the air data, the
right triangles. They don't go through the best fed
curve at all.

MR. CHOPRA: Actually, this is 316 NG
316 NG has a st eeper slope, but for conveni ence we are
using a curve for all steels.

CHAI RVAN ARM JO So that's the best fit
curve there is for all --

MR CHOPRA: All stainless steels, all
grades, including high or |ow carbon grades.

DR. WALLIS: The purpose of the ASME curve
is to be below all the data, is that the idea?

MR. CHOPRA: Once we take into account,
you know | nmentioned t hose adj ustnment factors of 20 on
fatigue and 2 on stress. Once we take that into
account, once we do that adjustnment, then we want to
make sure that we are above that.

But these are best fit curves. So they
gi ve you the average behavior for all --

DR WALLIS: The ASME code has a factor of
2 init or something? | don't see that.

MR. CHOPRA: ['ll come to that. G ve nme

DR, WALLIS: Ckay. But the factor of 2 is
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in this curve here?

MR CHOPRA: No, these are --

CHAI RMAN ARM JO  ASME codes.

MR. CHOPRA: The code curve has the factor
of 2.

DR. WALLIS: No safety factor.

MR CHOPRA: This is the best fit. These
are showi ng that even --

DR, WALLIS: Oh, | see. So you've give up
your margin of 2?

MR. CHOPRA: Right.

DR. WALLIS: Ckay.

MR. CHOPRA: \What we are saying is only
the margin or adjustnent factors are gone for the --

CHAI RMAN ARM JO That's it.

MR. CHOPRA: Environment has taken care of
all that and still be within bound for a | ot of other
factors |i ke surface roughness and so on.

DR. WALLIS: You're going to tell us what
you're going to do about that?

MR, CHOPRA: Sure.

DR, WALLIS: Ckay.

(Laughter.)

CHAI RVAN ARM JO Absol utel y.

MR. CHOPRA: This gives you the effect of
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flowrate. | mentioned that for carbon and | ow all oy
steels, effect of environnent is |ess.

Now a few slides for nickel alloy.
There's nuch | ess data on nickel alloys. Here, |'ve
plotted the data which is available --

DR. WALLIS: Much less data. So you're
showi ng us nore than you showed us for steel?

MR. CHOPRA: What we do is rather than
coming with a new curve for nickel alloys, unless we
have enough data, what I'mtrying to showis that we
can use the austenitic stainless steel to represent
t he nickel alloys and even the few data we have for
all oy 690 suggests that we can use the austenitic
stainless steel code to determ ne usage factors,
fati gue usage factors for nickel alloys in air.

MR. BANERJEE: So tenperature has al nost
no effect here.

MR. CHOPRA: For carbon and | ow al | oy
steels there is some effect. Going fromroom
tenperature to 300 may reduce life by about 50
percent, but stainless up to 400. There's not nuch
effect.

MR. BANERJEE: I ncludi ng nickel alloys?

MR. CHOPRA: Nickel alloys, no. At 400,

in fact, they show longer life. But again, the data

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

36

is very limted. There's few data sets at 400 which
actually show |l onger life for alloy 600. But again,
at present, since all curves are based on room
tenperature data, we are not taking any tenperature
dependence for air. But for water effects,
tenperature is inportant and explicitly definedinthe
expressions to calculate fatigue life in water.

DR. WALLIS: That neans it is through the
nmedi an of the data in sone way?

MR. CHOPRA: 1'Il show you how we got the
best fit curves.

DR WALLIS: It's supposed to be an
average right through the mddl e of the data.

MR. CHOPRA: Right.

DR WALLIS: It's not best fit to a 95
percentile or sonething like that? You'll get to that
t oo, but what you're showing here is --

MR. CHOPRA: Average, right. These
results show ni ckel alloy data for alloy 600 and somne
of the welds. In BWR nornal water chenistry, BWR
envi ronnent and PWR envi ronnent and agai n, what we see
is the effects are simlar to what we get for
austenitic stainless steels. There's larger effect in
| ow oxygen than in high oxygen. PWR environnment has

| arger effect than BWR, but the focal effect is much
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| ess than what you woul d see for austenitic stainless
steel .

Typically, under certain conditions in
austenitic stainless steel we see a reduction of a
factor of 14 or 15. In this, the maximumis a factor
of 3. So the effect is nmuch |less, but we can use this
limted data to define the inportant paraneters and
how to estimte environnental effects.

Now we have all this data. How do we
generate the expressions? Al -- in air, all data,
fatigue data | expressed by this nodified Langer
equation where fatigue life is expressed in terns of
strain anplitude and these constants A, B, C --

DR. WALLIS: Is this an equation because
you plotted the data on | og paper, is that why it is?

MR. CHOPRA: This is the expression used
and it presents the data best.

DR. WALLIS: It's because you plotted it
on log paper. It |ooks good on |og paper and it's
i near.

MR CHOPRA: Well, the trend is also -- it
does represent the trend.

DR, WALLIS: Ckay.

MR. CHOPRA: And Cis the fatigue Iimt or

related with the fatigue Iimt of the material. B is
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the slope of that curve. A is a constant which would
vary with heat to heat. Depending on a nore resistant
mat erial would give a higher A or lower neans it's

| ess resistant to fatigue damage.

We can do a best fit of the data and al so
use this Ato represent heat to heat variability and
come up wi th a nedi an val ue, how nedi an material would
behave. Best fit gives nme the average behavi or,
whereas a distribution would give nme how various
mat eri al s behave and | get a nedian curve and then
come up with a nunber whi ch woul d bound 95 percent of
the materials. And that's what |'m going to show.

One nore thing, another term D can be
added to inpute in 1, which would include paraneters
|ike tenperature, strain rate and so on

DR. WALLIS: Does the ASME curve have a
simlar equation?

MR. CHOPRA: Yes. The Langer equation is
very -- yes.

This shows for owalloy steels in air and
wat er various heats. Now each did define even if
have 10 data points, it's 1 point. Another may have
500 data points. But if it's the same material, it's
just one point on this plot. This way, | can give

you, we can determne the nedian value for the
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materials and if | select a fifth percentile nunber,
in this case, 5.56, if | select the A or 5.56, that
curve woul d bound 95 percent of the --

DR WALLIS: It's the coefficient.

MR CHOPRA: So this is how we obtain the
design curve by defining what subfactors | need to
adj ust the best fit curve for average curve to cone up
with a design curve which woul d bound 95 percent of
the material s.

"1l give the loca probability of track
initiation.

MR. BANERJEE: There's B and C as wel |,
right?

MR CHOPRA: B and C, what | do is use it
for normalizing to get A for each heat which is the
average heat and | get a standard deviation. That's
what |'ve plotted here. For the particular heat, |'ve
gi ven t he average val ue and t he standard devi ation for
the data set.

MR. BANERJEE: You | ost ne.

CHAl RMVAN ARM JO. B and C are relatively
const ant .

MR. CHOPRA: A is the one that changes.

MR. BANERJEE: So you fix B and C to sone

val ue?
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MR. CHOPRA: Right, right. And we know

even environment does not change. The strain
threshold was close to fatigue limt so | don't have
to change the fatigue limt. And there is no data
whi ch suggests that C changes, neans that the fatigue
limt changes for naterial.

DR. WALLIS: The range of that is not very
big, but if Nis Etothe A soit's a factor of about
10 on the whol e range.

MR. CHOPRA: Right.

MR. BANERJEE: Do B and C govern the shape
of the curve?

MR. CHOPRA: Yes. Right. The slope is B
Cis where at 10° or 10"

DR WALLIS: | see where it's flat.

CHAI RMVAN ARM JO  So all the environmental
effects are just put into the A constant?

MR. CHOPRA: Right.

CHAI RVAN ARM JO  Ckay.

MR. CHOPRA: Now we come up with these
expressi ons which can be used for predicting fatigue
i fe under various conditions. Again, Langer equation
A, constant A, slope B and C. And this is the
environmental term B which would have these -- which

woul d depend on these three paraneters for carbon | ow
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alloy steel, same for content, given by these
expressions, tenperature, dissolved oxygen and strain
rate.

CHAI RMVAN ARMJO Now the Ais the five
per cent nunber?

MR CHOPRA: No. These are still the
aver age nunbers.

CHAI RMVAN ARM JO  These are average
nunbers.

MR. CHOPRA: Next, I1'Il get to where we
apply those adjustnment factors to get the design
gr owt h.

DR WALLIS: \What does N nmean here?

MR. CHOPRA: Cycles --

DR WALLIS: Environnment. N for

environnent, is that PWR?

MR CHOPRA: No, this is in error what the

expression is. This is in the |light water reactor.

DR, WALLIS: Ckay.

MR. CHOPRA: It doesn't matter whether
it's BAR or PWR because t hese are the paraneters which
will change in various environnents, react or
envi ronment s.

MR. BANERJEE: |s there no effective

hydrogen on it at all?
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MR. CHOPRA: In BWR environnent, there's

about 2 ppm di ssol ved hydrogen, but | think it's the
hydrogen which is created by the austenitic reaction
which is nore inportant than what is -- it does
cont rol ECP, the electrical potential of the
environnment. So hydrogen woul d change the ECP, but
bel ow - 250 el ectrical potential, effects are not that
much different. But you know, in crack growth rates
there is some effect, depending on -- well, in this
case all -- we use only 2 PPM hydrogen.

MR. BANERJEE: These are all done in
aut ocl aves or whatever?

MR. CHOPRA: And we do sinulate these
conditions. BWR, it's high oxygen, high purity, very
high purity. And pressurized water reactor, again
high purity. Then we had boron or boric acid to get
boron, 1,000 PPMand 2 PPMIlithium by adding |ithium
hydroxi de. And neasure the pH W neasure the
conductivity and maintain all these water chemstry
parameters constant during the test.

CHAI RMVAN ARM JO  These are flowing a | oop
type --

MR. CHOPRA: Very snall flowrates. |
think if you |l ook at the -- ny plot, they woul d anount

to 10°° meter per second. Very |ow.
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CHAI RMVAN ARM JO They're not static

aut ocl aves?

MR. CHOPRA: They're not static and they
are continuously reconditioned. So if they are, it's
once through. They're not repeated.

DR. WALLIS: How long are the tests done
typically?

MR. CHOPRA: Depends on the conditions.
At low strain anplitudes and low strain rates, it may
take up to 5 to 8 nonths and those results are very
limted. |In the range which people have -- we have
tested .25 to .4 strain anplifies, it can take
anywhere froma few days to a nonth or two, depending
on the environnmental effects. |In air, they' re much
| onger. So one has to consider all of these. W
can't just dedicate and that's why you see very |ow,
| ess data under conditions which have very |ong
durati ons.

Now | just want to mention that these
expressions are average behavior after rnedian
material. Same thing for rod and gas stainless steel.
Now as you nentioned that the slope of the 360 NG was
di fferent, what we have done is we have used a single
expression to represent all grades of steel and this

nunber, the fatigue limt we chose what studies in
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And Jaske and O Donnell in

1978 pointed this out that the current design curve

for stainless

experinmental dat a.

DR WALLI S:
oxygen.

MR CHOPRA:

DR WALLI S:

| ess oxygen?

MR. CHOPRA

steel was

not consistent with the

| want to check this about

You say it's worse to have | ess oxygen?

Par don ne?

N goes down when you have

In stainless steel, life goes

down di ssol ved oxygen is | ow.

DR WALLI S
way ?

MR, CHOPRA:
constant factor --

DR WALLI S:

and lowall oy steel s?

But these it goes the other

No. The oxygen, there's a

In the one before, the carbon

MR. CHOPRA: Yes. Now in carbon and | ow
alloy steel it's the high oxygen which is nore
damagi ng.

DR. WALLIS: Then it doesn't nmke -- okay,
okay. That's right. Okay. Because |I thought it was

t he ot her way around.
MR CHOPRA

negati ve.

That's a negative --

The strain rate termis a

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.

(202) 234-4433

WASHINGTON, D.C. 20005-3701

(202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

45

DR, WALLIS: That's right. | was crawing
through that and then | was trying to go back to
bef or e.

MR. CHOPRA: Actually, this whole termis

DR WALLIS: | understand that. Just
before, but the other with the stainless steel, the
| ow oxygen is bad.

MR. CHOPRA: Right.

DR, WALLIS: Ckay, that's what I'mtrying

MR. CHOPRA: | just mentioned that we
established a single curve and this we selected from
what was proposed by these studies.

Now we have the specinmen data. W know
how to predict what will happen wi th speci nens.

DR WALLIS: Wiat effect does this have on
wel ds of dissimlar netal s?

MR CHOPRA: Welds have different --
VALLIS: Al together different?
CHOPRA:  Yes.

VWALLI'S: |Is there sone basis for that?
CHOPRA: It depends on the data.

VWALLIS: You're not addressing that?

2 3 3 3 3 3

CHOPRA: No. This is the current code

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

46

desi gn curves for these grades or types of structural
steel .
CHAl RMVAN ARM JO  For exanple, a wel ded

stainless steel is |like a cast stainless steel, a weld

MR. CHOPRA: | think the behavior is very
simlar. But --

CHAIRVAN ARM JO If it's simlar, there's
a difference.

MR. CHOPRA: Because in sone cases there
may be difference. W are just |ooking at here the
rod products.

CHAl RVAN ARM JO St ai nl ess.

DR WALLIS: |Is there any effect of
fluence on this?

MR. CHOPRA: Irradiation? |'msorry, |
didn't get that?

DR WALLIS: |Is there any effect of

fl uence?

MR. CHOPRA: We're not studying that.
There is an effect, but that's not -- in the design
curve --

DR WALLIS: It's all synergistic.
MR. CHOPRA: No environment is considered

and t he desi gner has to account for other environnents
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whi ch are not considered in their design.

W have the data for specinens. Now to
use it to cone up with a design curve for conponents,
| mention that they apply this adjustnent factor of 20
on life and this factor is nade up of effects of
material availability, data scatter, size, surface
finish, |oading history.

In the current code, these are the
subfactors which are defined in the basis document.
Loading history was not considered, a total of 20
adj ustment factors. In our study, based on the
di stribution I showed for individual materials, this
subfactor can vary anywhere froma mnimmof 2.1 to
2.8. These nunbers are taken fromstudies in the
literature. Size can have an effect, mninum1.2, 1.
and so on. So we see a mnimmof 6, maxi mum of 27.
When we take a | arge nunber, for exanple, 20, what we
are basically saying is | have a very bad naterial
which is very poor in fatigue resistance. | have
rough surfaces and | have the worse | oading history.

So we used a Monte Carlo sinulation and
using these as a log normal distribution to simulate
what woul d be t he best adjustnment needed to define the
behavi or of conponents.

CHAl RMVAN ARM JO  So the present study,
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you' ve agglonerated the date for carbon steels and
austenitic stainless steels and all these factors are
al | pushed toget her.

MR. CHOPRA: Right.

CHAl RMVAN ARM JO  But you've separated
them Are they different?

MR. CHOPRA: No, these are not the effects
of materialability is here and that depends on the
material. But effects of surface finish of the
conmponent, size of the conponent or |oading history
nmeans random | oadi ng, high stress cycle followed by
| ow stress cycles. These -- in the current data
these effects are not included. So sonehow | need to
i nclude these effects to cone up with a design curve
whi ch would be applicable to a real actual reactor
conponent .

Now t he question is 20 was selected with
sonme basis. |s this reasonabl e because quite often,
this is what is being questioned. There nay be
conservatismin this which we need to elimnate. So
we are trying to see what possi bl e conservati smm ght
be there in this margin or the adjustnment factor of
20.

DR. BONACA: Twenty was arbitrarily taken

as a boundi ng nunber, right?

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

49

Where did you get the 277

MR. CHOPRA: | just took fromthe
literature what people have observed, effect of
surface -- surface finish is very well docunented.
Dependi ng on t he average surface finish, an aut ononous
value of surface finish, they have a harnless
reduction in light. So | can use typical finish for
grinding or mlling operation and so on. It's well
docunmented. We can conme up with what would be a
typi cal fabrication process, mninmmand nmaxi mrum So
that's how we canme up with this nunber.

DR WALLIS: What is the basis of the
nunbers? Is it trying to bound the data or bound the
95t h percentil e?

MR. CHOPRA: To cone up with a design
curve which will be applicable to conponents.

DR WALLIS: Wsat's the basis of this? |Is
there a rational e?

MR. CHOPRA: Right, 95 percent.

VWALLIS: N nety-five, 99, 957
CHOPRA: Ninety-five?

VWALLIS: Wiy is 95 good enough?
CHOPRA: Wl --

VWALLIS: Wiy not 997

2 3 3 3 3 3

CHOPRA: We can do a statistical
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anal ysis to see what are the probabilities.

CHAI RMAN ARM JO | think 95/5 basis is
sort of a typical basis we've used in a | ot of other
studies on failure data. But the reason that 95/5 is
okay is we've already done risk studies with fatigue
cracks initiating and growing to failure and grow ng
to | eakage and the fact of a 95/5 probability of
fatigue crack initiation still keeps you in acceptably
| ow probability of getting a failure.

DR. WALLIS: kay, so it's related to the
overal | --

CHAl RMAN ARM JO  Overall margin, yes. |If
it were just a 95/5 to failure it would be an
unacceptable criteria.

DR. WALLIS: If the consequence were nuch
wor se, you'd need to have a --

CHAl RVAN ARM JO.  Yes.

MR. BANERJEE: Can you expand a bit nore
by what you nean by this log normal distribution?

MR CHOPRA: We assuned that the effects
of all of these paraneters have a | og nor nal

MR. BANERJEE: O sone nean?

MR. CHOPRA: Right. And | took these two
ranges as the 5th and 95th percentile of that

di stribution.
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MR. BANERJEE: So what happens if you

chose a different distribution? Does it nake any
difference to the results?
VR. CHOPRA: We have tried three

different, | think Bill tried and this gets the best

MR. BANERJEE: Best in what sense?

MR. CHOPRA: Very consistent result.
There's not nuch difference between normal and | og
nor mal was not much difference. And |og normal -- you
want to --

DR. SHACK: It's basically sort of an
arbitrary engi neering judgnment question. Experience
has indicated that when we have enough data, these
things do seemto be distributed | og normally.

W generally don't have enough data,
actually, to determne the distribution. So we have
sort of just nade the engineering judgnent that the
|l og normal is close enough.

As John was expl aining --

MR. BANERJEE: It doesn't affect the
results.

DR SHACK: It doesn't affect the results
very nmuch. What we're trying to do is to bound the

data in some reasonable fashion because the
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consequence i s not core damage when we're done. The
fact that we're not highly precise on this is not
sonmet hing that concerns us, but we think we've built
in sufficient conservatism to account for these
variables in a sensible way w t hout goi ng overboard.

And the fact that these affects can be
consi dered as i ndependent is also sonething we don't
have data on. W have to sort of work on an
engi neering judgnent basis. So the Monte Carlo
simulation that we do assumes the log nornm
di stribution, assunes the independence.

MR. CHOPRA: | want to add one nore, quite
often, actually in the welding research that WRC
Bul l etin by industry, they are suggesting that inthis
margin of 20, we can use a factor of 3 to offset
environnment. This kind of analysis can suggest or
show t hat 3 nunber is very high. W do not have that,
at | east what is the possible --

DR KRESS: Is it a theoretical basis for
assumng the log normal ? There may be, you know. You
can | ook at the physical phenonena and --

DR. SHACK: Well, the | oading, probably --

DR. KRESS: Loading you would think would
be log normal. |'mnot sure about the effects of the

ot her things.
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DR. SHACK: The log normal turns out to be

slightly nore conservative than the normal and so
those were ny -- if | don't have enough data to defi ne
a distribution --

DR. KRESS: You might as well use --

DR. SHACK: | pick one or the other, sort
of on sonme sort of engineering judgnent. The
di fferences are not very | arge between the two and we
just pick the | og normal

DR. WALLIS: If you know the distribution,
why do you need -- if you know the equation for the
distribution, why do you have to do a Mnte Carlo
anal ysi s?

DR. SHACK: Because |'mtaking a bunch of
random vari abl es.

DR. KRESS: That's the way you find the
nmean, right?

MR CHOPRA: There are four or five of
t hese things.

DR SHACK: There are four or five
di stri buted vari abl es.

DR. WALLIS: Easier to do it than to try
to go through the mat hemati cs of predicting.

DR SHACK: Yes, it's easier. Yes, |

could do it the other way, right.
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DR. KRESS: Is the 95 value four tinmes the

mean?

DR. SHACK:  No.

DR KRESS: It has to be if it's log
nor mal .

DR WALLIS: Four tinmes the nean on a
constant A would be horrendous.

DR. KRESS: You've got to find the nean
val ue.

DR WALLIS: Mean value is about five.

CHAl RVAN ARM JO.  Let's nove on

MR. CHOPRA: Doing this sinulation, we get
these curves where this dash curve is now for the
speci nen, the distribution of A for the specinen and
solid would be the distribution for the real
conponent. And we see that the nedian val ue has
shi fted by about 5. 3.

And 95 of 5th percentile is a factor of
12. So we can say that in this factor of 20, there is
some conservati smand we can use adjustnent factor of
12 on life instead of 20.

DR WALLIS: \Where did 20 cone fronf®

MR. CHOPRA: It's in the design basis
docunent of the current code.

DR WALLIS: It's the judgnent of a few
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W se men?

CHAIl RMAN ARM JO. Many years ago.

MR. CHOPRA: Basically, that's what it
was.

MR. BANERJEE: Not so bad.

MR. CHOPRA: The design has several --
yes.
|'ve covered -- there is sone conservatism in the

fatigue evaluations and often this conservatismis
used to of fset environnental effects and there are two
sources of conservatism inthe procedures thensel ves,
t he way we defi ne desi gn stresses and desi gn cycl es or
this adjustnment factors of 2 and 20.

| showed there's not much margin, only 1.7
inthis factor of 20, but the current code procedures

DR. WALLIS: Is there enough to account
for environnental effects?

MR. CHOPRA: No, environnental effects can
be as high as a factor of 15.

DR WALLIS:  Yes.

MR. CHOPRA: O carbon C would be even
hi gher .

DR. WALLIS: These are all reactor data

you've got, right?

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

56
MR. CHOPRA: Those are -- unless you

define the operating transient conditions. In certain
conditions those may be possible, but again, it's up
to the designer to define what are the conditions
during a transient, mean strain rates, tenperatures
and so forth.

MR. BANERJEE: But |'m wondering whet her
i n your database you have anything which you' ve
eval uated fromN reactor data or reactor data. Do you
have any information at all?

MR. CHOPRA: There are sonme conponents and
so on and | list a few exanpl es where there have been
sonme studies. And I'll show you near the end of this.

DR. SHACK: The trouble with doing this
withfielddataisit's hardto control variables |Iike
knowi ng that the strain range and because that has
such a strong effect on it. Unless you know that
accurate, it's hard to back out the result.

MR. CULLEN: Bill Cullen, Ofice of
Research. 1'd like to explore Dr. Banerjee's question
alittle nore to find out what's behind it.

Are you concerned about irradiation
effects which really do not conme into play for
pressure boundary? O are you concerned about the

actual aqueous environnent and its characteristics?
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|*"mnot sure -- what is the basis?

MR. BANERJEE: Well, the basis is nore --
it would be nice to see sone validation under field
conditions. There are always sort of surprises
bet ween t he | ab and what happens in the field and even
if this sort of validation is not all that thorough,
a couple of data points would set your mind at rest

that it's not some unexpected factor that comes in.

It's nore like -- | have a concern al ways
of going fromthe lab to areal field situation. |It's
not for any specific issue, not like radiation or

conmbi nation of factors or boron plus tenperature in
fatigue cycles which are slow. All these things may
or may not be there but just a general question, nore
a general question.

MR. CULLEN: | understand the genera
guestion. I'ma little concerned about your word
about there always are surprises when you go fromthe
| aboratory to the actuality.

MR. CHOPRA: Maybe that's too strong.

MR. CULLEN. Alittle bit.

(Laughter.)

DR. WALLIS: Otentines, surprises nay be
smal | .

MR. CULLEN: Thank you.
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MR. BANERJEE: | don't nean to say that

this stuff should not be used or anything. Right.

MR. CHOPRA: | nentioned that in fatigue
eval uations the procedures are quite conservative, but
the code allows us to use inproved approaches, for
exanple, finite elenent analysis, fatigue nonitoring
to define the design stresses and cycles nore
accurately. So nost of this conservatismcan be
removed with better nmethods for defining these design
condi ti ons.

So in that case, there is a need to
address the effect of environment explicitly in these
pr ocedur es.

Now t he two approaches which we can use
either cone up with new set of design curves or use

sone kind of correction factor, F Now si nce

en-
environnmental effects depend on a whole | ot of
paraneters, tenperature, strainrate and so on, either
we conme up with several sets of design curves to cover
t he possi bl e conditions which occur in the reactor or
field conditions or if you use a bounding curve, it
woul d be very conservative for nost of the conditions.
Whereas this correction factor, F,,

approach is relatively sinple. You can -- it's very

flexible. You can calculate the environnmental effects
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for a specific condition. And this is what is being
proposed in this reg. guide.

The correction factor is nothing, and this
was proposed in 1991 by the Japanese. A correction
factor is nothing but a ratio of fatigue life and air
versus life and water. So we have these expressions
| showed you in the previous slides and we can then
calculate F,, for different steels, carbon steel, |ow
all oy steel, and below a strain threshold there's no
environmental effects, so the correction factor would
be one.

O her than t hat, we use t hese expressi ons,
actual conditions, tenperature, strainrates and so on
to calculate the correction factor. To incorporate
environnmental effects, we take the usage, partial
usage factors obtain for specific transients in air,
Ul, U2 and so on, nultiplied by the correspondi ng
correction factor and we get usage factor in the
envi ronment .

Now t 0 cal cul ate usage factors in air, we
shoul d use desi gn curves which are consistent with or
conservative with respect to the existing data. And
as has been pointed out quite a few years back, the
current code curve for stainless steel is not

consistent with the current existing data and shoul d
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not be used for obtaining usage. And | just want to
show before | get to that, these are the expressions
for nickel allows. Correction factor, again, as a
function of these three variables. And usage and air
woul d be obtained fromthe curve for austenitic
stai nl ess steels.

Now | nmentioned that the current design
curve for austenitic stainless steel is not consistent
with the data. | plotted the fatigue data for 316,
304 stainless in air, different tenperatures and this
dashed curve is the curve, current code nean curve.
This is the nmean curve which was used to obtain the
desi gn curve.

DR. WALLIS: Were is your design curve?

MR. CHOPRA: Design curve woul d be what
you adjust this curve for nmean curve correction.

DR. WALLIS: Your recomended curve woul d
actually bound the data, wouldn't it?

MR. CHOPRA: This is the best -- actually,
this data, the curve is based on austenitic stainless
steel .

DR. VALLIS: | thought you were
recommendi ng a bounding curve with this factor.

MR. CHOPRA: I'mjust trying to show that

the current --
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DR. WALLIS: Wat's your design curve?

You shoul d show t hat, shouldn't you?

MR. CHOPRA: These are nean curves.

DR SHACK: This is air data, mean curve.
If we put a design curve on here, we could have a
design curve in air and a design curve in --

DR WALLIS: There's all this air data.
Are you going to get to your -- it's so far down the
road, | can't -- okay.

CHAl RMVAN ARMJO | think he's just trying
to show the difference between the two sets of neans.

MR. CHOPRA: That the current neans --

DR WALLIS: You do show the effect of the
F factors yet.

MR. CHOPRA: No. I'mjust trying to show

DR. WALLIS: We've just been tal ki ng about

DR. SHACK: What he's trying to
denonstrate here is that the F factor requires himto
take the ratioinair. He's got to have the right air
curve.

MR. CHOPRA: And the current mean curve
for air, for austenitic stainless steel, is not

consistent with the data.
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Now |I'd like to nmention one thing, it's
been suggested that this curve, the data may be
different from the mean curve because of the way
fatigue life has been defined or the way we conduct
experiments. | can assure you that this difference in
t he mean curve and the data is not due to any artifact
of test procedures or the way the fatigue life is
defined in terns of failure or 25 percent | oad drop.

DR WALLIS: What occurs to me is the ASMVE
code nean curve was a nean curve to sonething.

MR. CHOPRA: Right.

DR. WALLIS: And it was presunmably through
ot her dat a.

MR CHOPRA: This curve, the current code
curve was based on very limted data. Now we have
much nmore. So |I'mjust showi ng that the data which
has been obtained since then is not consistent with
what we have.

DR WALLIS: You have a nmuch broader data
base.

MR. CHOPRA: Right.

DR. WALLIS: GCkay, that's why yours is
better?

(Laughter.)

MR. CHOPRA: W are saying we should
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change the current code curve. The current code curve
is not consistent with --

DR WALLIS: It nust have been based on
sormet hi ng.

MR. CHOPRA: And that data is somewhere in
here, up here. But since then we have nuch nore dat a.

DR WALLIS: Either that or steels have
been getting weaker.

MR. CHOPRA: Actually, that is the reason
Mostly |ike because of the strength of the steel
probably these curves were obtai ned on steel which was
st ronger.

DR WALLIS: Wait a mnute --

MR. CHOPRA: Possible difference.

MR CULLEN: Bill Cullen, Ofice of
Research again. Omresh, if you could go back to that,
|"d like to also point out that the curves on which
the original ASME code were based | think the data
only went out to a factor of about, fatigue life of
10° or sonet hi ng.

MR. CHOPRA: Not even 6.

MR. CULLEN: So you've got two orders of
magni t ude extrapol ation there that we're doing nowto
illustrate. But the other thing again is those tests

were all done at roomtenperature and you're show ng
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data from a wide variety of tenperatures up to and
i ncl udi ng operational .

MR. CHOPRA: Stainless does not --

MR CULLEN: Doesn't show nuch difference
right. To nme, that's kind of the point. It all hangs
t oget her on the | ower curve.

MR. CHOPRA: This difference is genuine.
We need to use a different curve. And we have now
proposed a design curve for air for austenitic
stainless steels, the solid line. The current dashed

line is the current code of 10 °

and the high cycle
extension in the code. And the solid line curve is

based on the Argonne nodel plus adjustnent factors of

12 on life and 2 on stress. It's not 20 and 2. It's
12 and 2.

DR. WALLIS: Now the kink that you have
here at 10° doesn't appear in the previous curve you
showed.

MR. CHOPRA: The design curve extends only
up to 10°

DR. WALLIS: So you've just extrapol ated
it here in your figure?

MR. CHOPRA: Yes, because now there is a

need to go all the way to 10

DR. WALLIS: But you're saying nean curve,
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so where do you stop at 10°?

CHAl RMVAN ARM JO  Two different things
here, hold on.

MR FERRER  This is John Ferrer. | think
originally the stainless steel curve went out to 10°
Later, they got nore data at high cycles and the data
was clearly showing that there was a drop off and so
they -- this is an artifact of fairing the two curves
t oget her and the new correction we're doing really is
strai ghtening out what they shoul d have strai ghtened
out to begin wth.

DR WALLIS: Well, it's a curve, it can't
be strai ghtened out.

(Laughter.)

MR FERRER  Fur the earlier slide was the
man curve through the data. Now we are tal king about
t he code curve which would include these factors.

DR, WALLIS: Ckay.

MR GURDAL: There is still a curve A B
and C.

My name is Robert Gurdal. |'m AREVA
Lynchburg, Virginia. Those curves is because before
just now there are three curves, there is A B and C
and they are not indicated there. | just wanted to be

sure everybody knows.
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The reason you have the | ower one which is
called a curve C --

MR. CHOPRA: But the region which we are
tal king about is this 10° to 10 --

MR. GURDAL: You go above 1, you have a
curve A, curve B and curve C.

MR. CHOPRA: | have plotted that.

MR. GURDAL: The correct curve is curve A
which is the top one.

DR. WALLIS: So it's Con this figure and
it's A on the previous figure.

MR. GURDAL: Maybe, it could be.

DR. WALLIS: Maybe. It probably doesn't
matter that nuch.

MR GURDAL: And the Cis for the heat
af fected zone conpared to the A

DR WALLIS: This is the Ain this one.

MR. GURDAL: That one could be the A
because it does not have the kink.

MR CHOPRA: This is the mean curve.

MR GURDAL: Ch, that's the nmean curve.
Sorry about that. But the design curve, if you go to
the design, there is a curve continuing wthout any
di sconnecti on.

DR. WALLIS: Wthout any king, yes. kay.
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MR. GURDAL: And that's the A. This one

is a C

MR. CHOPRA: But the region we are talking
about is this.

MR. GURDAL: Ckay, but the question was
about 10°

MR CHOPRA: \Which needs to be corrected.

DR. WALLIS: Ckay, we've resolved that, |
think. Thank you. That's very good.

CHAI RVAN ARM JO Wi ch gets to the point,
your design curve treats the weld heat affected zones
or the base nmaterial, everything as the sane as
opposed to the code.

MR CHOPRA: Yes, | think so.

MR FERRER: | think so. In the code,
think the previous gentl eman was tal ki ng about their
-- inthe high cycle regine, there are three separate
curves proposed by ASME that extend past the 10°
cycl es.

I n our proposal we've just bounded that
with one curve.

MR. CHOPRA: W al so have generated design
curves for carbon and lowalloy steels based on the
same approach usi ng the Argonne nodel s and adj ust ment

factors of 12 and 2. This is for carbon steel and
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next is for |ow alloy.

Now current code curve for these is only
10° and now this is the current code curve and an
ext ensi on has been proposed by a subgroup, fatigue
strength. This was proposed a few years back and it's
still not approved by the ASME code conmittees. W
are -- we have anot her approach to defi ne extension of
this curve beyond 10° cycle. | just wanted to give a
couple of slides to show that.

What the subgroup fatigue strength
proposed was extension of the curve which is based on
| oad control data and the data extends only up to 10°
and they use maxi num effect of nmean stress and they
propose extensi on which i s expressed by applied stress
anplitude given in terns of life with an exponent of
-.05 which means 5 percent decrease inlife, in stress
every decade. And since the data only extends up to

5 tines 10 ° extrapolation to 10 1

may give
conservative estinates.

Anot her way of extending this curve would
be to use the approach wi th Manjoi ne had proposed a
few years back where the high-cycle fatigue is
represented by elastic strain with [ife blots and if

we use exi sting data which we have extending up to 10°

cycles for these various speeds, we get a slope of -
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007. Manjoi ne proposed -.01 and we can use this
expressi on where the exponent is smaller and which is
consistent with the data and this would be for the
mean curve.

Now we take this adjusted for nmean stress
correction wusing Goodman relation which is a
conservative approach and actually if we do that this
exponent would be .017. So it's slightly | ower than
what is being proposed by the subgroup fatigue
strength, but we can use this expression and that's
what we have used to define that extension to the
curve.

DR.  WALLIS: Wen you nake these
proposal s, did you negotiate sonething with ASMVE or
did you just say this is what we use --

MR. CHOPRA: This has been presented to
t hem

DR. WALLIS: There wasn't any give and
take. It was just -- you deduced this fromyour data?

MR. CHOPRA: | attended the subgroup
fatigue strength and all our work has been presented
t here.

DR.  WALLIS: But the proposal is
essentially yours. It isn't some conpromni se proposal

It's your proposal.
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MR. CHOPRA: This was proposed by Manjoi ne

a few years back, so this is nothing new.

DR. WALLIS: Al these green curves are
Argonne curves, proposed by Argonne?

MR CHOPRA: No, the best fit curves are
what we have defi ned.

DR WALLIS: Right, so they're not
somet hi ng whi ch has been negoti ated and agreed on or
anything like that?

CHAI RMAN ARM JO. It's certainly been
di scussed.

DR WALLIS: It's been discussed. IT's
been presented. ASME hasn't conme around and said yes,
you guys are right.

DR. SHACK: One thing to think about for
t he carbon and | owal |l oy steels, there'sreally inair
there's no disagreenent over the nean curve. The
shape may shift just a smidgen, but the only rea
di fference between this design curve and the current
is they use a factor of 12 instead of 20. Then you do
have the di scussion over how to extend it.

The environnental effect is a --

DR. WALLIS: It's the big one.

DR. SHACK: That's the big one.

CHAl RMVAN ARM JCG I n the reg. guide, does
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this curve really extend out to 10" or does it -- is
it truncated at 10’, since there seemto be a big
di f ference.

MR. CHOPRA: The proposal is up to 10

CHAl RMAN ARM JO  Up to 10, but conpared
to the ASME code for this particul ar steel, your curve
i S nonconservati ve.

MR CHOPRA: Well, this is --

CHAl RMVAN ARM JO  You predict a nuch
| onger life.

MR CHOPRA: This is based on the data we
have.

CHAl RMVAN ARM JO  Right, but nobody has
data out to 10",

MR, CHOPRA: No.

CHAI RMAN ARM JO It's a | ess conservati ve

DR WALLIS: You have a C. You have a
constant C or --

CHAI RMVAN ARM JO  Ri ght .

DR VWALLIS: |I'msurprised it isn't
conpletely flat to a green curve.

MR. CHOPRA: Made up of two. | nentioned
that extension is a different slope.

DR. WALLIS: Do they ever have 18 cycles
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in a nuclear environnment?

MR. FERRER: Vi bration --

DR. WALLI'S: Shaki ng things that shake.

MR. CHOPRA: So the nethod to apply the
correction would be to use for carbon | owall oy steel
you can use either the current code design curves or
the curves | 've nentioned to reduce sone conservatism

As you see, it's -- they're based on
adj ustment factors of 12, rather than 20.

For austenitic stainl ess steels and ni ckel
all oys, we use a new design curve for austenitic
stainless steels. And in the appendix to NUREG there
are certain exanples given to determ ne sone of the
par anet ers.

For exanple, lab data shows quite often
peopl e don't know how to cal cul ate, how to define the
strain rates. Lab data shows average strain rate
al ways is a conservative approach

And simlarly, if we have a well-defined
linear transient tenperature change, that can be
represented by average tenperature and it could be
okay.

Now this one shows two nore slides and
"1l be done. There was a question that |ab data does

not represent the feed. There are certain reports
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where sonme operating reports where sonme operating
experience and conponent test results have been
publ i shed.

This is EPRI report, 1997, and gives a
conpl ete chapter, a couple of them giving exanpl es of
corrosion fatigue effects on nuclear power plant
conponent s.

Simlarly, studies in Germany, MPA and
ot her places have shown the conditions which lead to
what they call strain-induced corrosion cracking.
Thi s was denonstrated for BWR environments. And there
are exanpl es, even these exanpl es are conmponent test
results. W support the |ab data.

| want to just show the results of one
particul ar test, conmponent test, recent tests, again,
sponsored by EPRI where they used tube u-bend tests
tested in PARwater at 240. And |'mjust plotting the
results for a given strain anplitude what was the
fatigue |ife they measured.

In earth environment, these are the
triangles. So that serves as a baseline you would
expect in air. Then they tested in PWR water in two
conditions: a strain rate of .01 percent per second
and di anonds are .005 percent per second. And this

woul d give me for this strain anplitude alife in air
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of 12,500. This is about 36,000. This is 1700. And
you can determ ne for a conponent test what is the
envi ronmental factor.

In this test, inert environment cracks
were on the OD. And they were biaxial conditions.
And the water, they were on the ID.  And nearly
uniaxial. So since there was a conversion, there's a
guestion whether this nunmber is accurate.

There's another way we can determ ne the
baseline |ife. They have a very well-defined strain
rate effect between these two. | appl auded the
conmponent test results with the | ab data, exactly the
same sl ope and we know sonewhere there's a threshol d.
That would be the life in air. So |'ve got a nunber
8,000; 12,000. | use an average of 10. Gves ne a
reduction of 5.8 for one strain rate; 2.8.

And the F_, we have presented, give you
5.5 and 3.6. |i think these are very reasonabl e
conparisons froma real conmponent test.

MR. BANERJEE: So the test was done
outside the reactor, right?

MR. CHOPRA: This is a component test,
where they took an actual u-bend tube and strained it.
Soit's not a small specinen. They are testing a rea

conmponent -- it denobnstrates that lab data is
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applicable to actual conponent test conditions.

CHAl RMVAN ARM JO.  Did you conpare any of
t he ot her conponent tests that you referenced in the
previous slide with your data to see how your data
predicts?

MR. CHOPRA: Some of the earlier, no, we
have not.

MR. BANERJEE: Do you have any idea of the
-- i s there anyt hi ng whi ch happened i n a react or where
you have the strain history or sonething for a period
of time?

MR. FERRER: | think the answer to that is
it's very difficult to have the exact data on the
strain history in an actual operating event. W' ve
tried to estimate it and the best you can do is
estimate it. | think Oresh presented sone references.
| think the EPRI one which attributed sone of the
cracking to environment, but you couldn't prove it
absol utely because you just don't have the exact
t emperature nmeasurenents and the strain nmeasurenents
at the location of your cracks.

MR. BANERJEE: But you can estimate them
right? Based on those estimtes, what does it | ook
i ke?

MR. FERRER. If you go back to the
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reference EPRI report, you know, | think based on
their estimates they attribute some of it to
environnmental, but | say those estinmates are very
crude. They're not nearly as controlled as the |ab
data and if you look at fatigue, the -- at the | ow
cycle end, the small change in stress gives you a
fairly large change in the nunber of cycles if you

| ook at the shape of the curve.

And so it's not that easy. There are sone
estimates, but they're nore judgnental than accurate
cal cul ati ons.

MR. BANERJEE: But the evidence or
supports -- what you're saying --

MR FERRER. Well, there's sone evidence.
What you'll hear from -- probably fromASME is the
overal | operating experience doesn't showthat there's
a big problemthere.

MR. BANERJEE: kay.

CHAI RMAN ARM JO Ckay. That's it?

MR, CHOPRA:  Yes.

CHAI RVAN ARM JO.  Any ot her questions from
the Committee?

MR, GONZALEZ: | would like to go back to
the reg. guide to present a summary of the three

regul atory positions.
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Regul ation position 1, we are endorsing
that we will calculate fatigue using air with ASME
code anal ysis procedures plus use the ASME code air
curves for new ANL nodern air curves. This is for
carbon and all oy steels only.

Then we will calculate the F,, using the
appendi x A of the NUREG for carbon and alloy steels
and this wll be applied to calculate the
envi ronment al uses factor.

But we're given the option of using the
ASME curve or the new air curve fromthe ANL nodel
O austenitic stainless steel, we will calculate the
fatigue use factoring there wth the ASME code
anal ysis procedure, plus the new ANL nodel air
stai nl ess steel curve.

We'll use the -- also the F,, equation for
stainl ess steel and then cal cul ate the environnental
usage factor.

For nickel chrome alloys, will be Alloy
600, 690. You will use again the ASME code anal ysis
procedure plus the new ANL nodel air stainless stee
curve. As the reason was it was expl ai ned before was
because of the new dat a.

And if the F, specifically for nickel

alloys and <calculate the wusage factor -- the

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

78

envi ronnental fatigue usage factor.

In summary, Reg. Quide 1.207 will endorse
the use of a new air curve for austenitic stainless
steels and also will endorse the F, nethodol ogy. It
wi | | give guidance on i ncorporating the environnental
correction factor, the fatigue design analysis and
this is described in Appendix A of the NUREG report
and al so the NUREG report will describe in detail the
t echni cal basis.

That's it. Any nore questions?

CHAl RMVAN ARM JO  Ckay, any questions?
We're schedul ed for a break about now, but we're a
little bit ahead of schedule. | don't know if we can
reconvene in 15 mnutes or do we have to wait unti
3: 357

W'l just take a 15-m nute break. Be
back at 3:25. Is that right? 3:25, thank you

(O f the record.)

CHAl RMVAN ARM JO  kay, we've got --

i ncredi bly we' re about five nmi nutes ahead of schedul e,

so that's good.

So M. GConzalez, wuld you like to
conti nue?

MR. GONZALEZ: This is our second part,
second presentation. |It's in the resolution to public

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

79
comments. The Draft Guide 1144 and the Draft NUREG

CR- 69009.

There were eight correspondents that
submtted a total of 56 comments, both the draft
Regul at ory Gui de and the draft NUREG and all conments
wer e addressed individually.

The final reg. guide 1.207 and the final
NUREG report reflects a resolution of these coments.
There were six main issues identified.

The next slide is an exanple of the table
that was provided to the ACRS where it's show ng al
the comments, howit was individually -- there was an
i ndi vi dual response for each of them

CHAI RVAN ARM JO.  Are these all the
comment s?

MR. GONZALEZ: These are the six main
i ssues that we kind of --

CHAIl RMAN ARM JO  Right, but --

MR GONZALEZ: Six main issues were
identified, but not all of them The nunbers in the
par ent heses are the comments that apply to that
particul ar issue, so coments 1, 714, 16, 45, 521.

CHAl RMVAN ARM JO | just noticed, you
recei ved sone conmments, obviously from AREVA.

MR, GONZALEZ:  Yes.
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CHAl RMAN ARM JO  You' ve recei ved comments

from CE

MR GONZALEZ:  Yes.

CHAI RVAN ARM JO You did not receive any
comments from Westi nghouse?

MR. GONZALEZ: We received Westinghouse.

CHAl RMAN ARMJG | didn't see any there.

MR GONZALEZ: No. We've got GE, NEI
ASME.

CHAl RVAN ARM JO  Ckay. All right, thank
you.

MR GONZALEZ: Then we identified the six
i ssues and this is where |' mgoi ng to address each one
of them

The first one is the -- has to do with
operating experience and the applicability of the
speci nen data. The comrent was that the -- the first
comment was there's no operating experience to support
the need for this conservative design rules. And our
response was that there was nunmerous sanples on the
fatigue cracking of nuclear power plant conponents.
As an exanple, reported in the EPRI report reference
here.

The other issue that has to -- is about

the conments, questioning, the applicability of the
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speci nen data being representative of the actual
conmponents and service. This being the applicability
of the lab data, the conmponent behavior has been
denmonstrated by nockup and conponent tests and
references were provided in the previous, OQOresh’
presentation. |In fact, it's the basis for that
current ASME code fatigue curves.

The second comment s have to do, the second
set of coments have to do with the details on the
approach. One of the comments said that the reference
made to other guidance containing simlar F

en

approach, Ilike the Japan F_, equations are also

accept abl e and endor sed.

Qur response is that the papers listed in
NUREG CR- 16909 are for reference only and Secti on C of
regul atory position of the regul atory guide contains
t he net hodol ogy endorsed by the staff.

The second issue on the details on the
approach is that -- 1'm quoting that "since draft
Qui de 1145 utilizes a simlar F,, nethodol ogy to that
evaluated in MRP-47 revision 1, the issues identified
in MRP-47 are considered to be equally applicable to
the draft gui de nethodol ogy. Sone, but not all, of

the i ssues raised i n the VMRP-47 have been specifically

addressed in the draft guide. Based on these, the MRP
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would like to see clarification on the renaining
i ssues included in Draft Gui de 1144 and t he supporting
docunent . "

Qur response was that the Ilevel of
anal ytical detail discussedinthe additional itens in
MRV-47 revision 1 are beyond the scope of this
regul atory gui de.

The third issue was the coments were
asking to provide a guidance for nickel chrom um
all oys and this coment was i ncorporated. W saw t hat
we have the EPRI net hodol ogy devel oped for the nickel
based al | oys and we have regul atory position 3 on that
reg. guide that addresses this.

The fourth comrent is on the burden due to
the increasing |l ocation required to be anal yzed. The
practice will lead to nore anal yzed pi pi ng, reg.
| ocations to nore installed pipe width restraints and
to the signs that will be nore detrinental for nornal
operating conditions. The NRC staff will consider a
justified nodification with appropriate technical
bases of the fatigue criteria for fossilation of pipe
breaks inplenmentation of the current criteria, saw a
significant increase in the nunber of required pipe
with restraints.

The fifth issue is the sane commenter,
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believes that the alternative nmethods for fatigue
anal ysis i n NUREG CR- 6909 and draft Gui de 1144 are too
conservative and shoul d not be used for the design of
new react ors.

Qur response was is that the staff
position is based on a 95th percent confidence, that
there is less than 5 percent probability of fatigue
crack initiation. And inplenentation of this criteria
results in a carbon and lowalloy steel air curves

which are |ess conservative than the existing ASME

Codes.

The last comment was from ASME that
basically ASME will continue to develop a code case
that will cover alternative ways of addressing the

i mpact of light water reactor environnment. And
they're saying that the code case will be issued in
early 2007. Once these code cases are issued, ASME
will request NRC to endorse these codes in the
revision Reg. Guide 1.84. And we agree with that.
The NRC staff will consider endorsing avail abl e ASME
code cases through its normal process for revising
Reg. Cuide 1.84.

Concl usi on, the Reg. Guide 1.207 is ready
for issuance and the final Reg. @Quide and NUREG

reports reflect aresolution of these conments and t he
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final Reg. Guide and NUREG wi | | be published by March

2007 and so we' re seeki ng ACRS concurrence to publish
a final effective guide.

Any questions?

DR. BONACA: Just a question regarding
your last -- the sixth issue.

MR GONZALEZ:  Yes.

DR.  BONACA: Tal ki ng about revising
Regul atory Guide 1.84. Can you expand on that?

MR. GONZALEZ: Regulatory Guide 1.84 is a
reg. guide that is updated each tine for any new code
cases. The NRC reviews and sets --

DR. BONACA: Ckay.

MR FERRER Yes, this is John Ferrer
The intent of this statenment is we'll |ook at what
ASME puts out as a code case and if we think it's
appropriate, we'll endorse in the update of 1.84 and
maybe get rid of the reg. guide, but right now we
can't wait for ASME to put sonething out because we
have on-going reviews and we need a position
established to do these reviews wth.

MS. VALENTINE: This is Andrea Val entine
from the Ofice of Research. This is norma
procedure. There's a reg. guide that endorses Section

11 and O&M Code. So this is nothing different than
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what we normally do for code cases.

DR BONACA: | want to mamke sure that
revising that will not nmean to nodify what you are
proposing in this NUREG

MR. FERRER: Well, we could possibly, you
know, ASME is going to conme up with a position. W
don't know whether it's going to be exactly the sane
as our position or it's going to be a different
position. |If they make a good enough argunent that
their position is better than our position, we nay
consi der adopting the ASME position. But | mean that
woul d be a tough case for ASME to nmake, once we get
the reg. guide out.

(Laughter.)

MS. VALENTINE: And also to add to that,
if yourecall earlier fromHi po' s slide, this has been
deli berated for a nunber of years over 25, so this
wasn't sonmething we just did in a vacuum and deci ded
to take this route because it was a short-termi ssue.
It has been sonething that was discussed for nany
years.

DR. BONACA: Regarding issue five, | nean
the contention here is that the NUREG w Il inpose
excessi ve conservatism and you di sagree. You don't

have the basis for that statenent.
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MR. FERRER: Well, let ne explain the

basis for that. There's a lot of -- a lot of coments
we're arguing that we inpose an overly conservative
position in this reg. guide and what we're trying to
poi nt out here is the basis for our position which is
a 95/5 with a shift in the current position of ASME
and it's actually, if you apply it to air curves, it
results in a curve that's | ess conservative than the
ASME al ready has.

DR. BONACA: | guess | was trying to
understand how the -- if they agree with your view

MR. FERRER: You' ve got them up next.

(Laughter.)

CHAI RVAN ARM JO.  They're coming. They're
com ng.

DR. BONACA: Ckay.

CHAl RMAN ARM JO.  Ckay, if there are no
ot her questions, the next speaker will be M. Ennis of
ASME.

At least that's what's on the agenda.

(Pause.)

MR. BALKEY: M nane is Ken Bal key and |'m
Vi ce President of ASVME s Nucl ear Codes and Standards.
And we appreciate the opportunity to neet with the

Advi sory Comm ttee on React or Saf eguar ds,
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Subconmmittee, on Materials, Metallurgy and Reactor
Fuel s.

What we'd like to do is address our
vi ewpoi nt and comments on the proposed reg. guide
which is DG 1144 as issued for public comrent.

Next slide.

What 1'd like to dois -- this is a very
broad i ssue that inmpacts particularly our ASME Secti on
3 of boiler and pressure vessel code. Joining at the
table with ne are Kevin Ennis who is the Director of
ASME Nucl ear Codes and St andards and i s nmy counterpart
as the ASME staff. |'mthe Senior Vol unteer for
Nucl ear Codes and Standards.

Joining nme are Bryan Erler who is the Vice
Chair of our Board on Strategic Initiatives and he's
been a long-tine nenber of ASME on the Boiler and
Pressure Vessel Codes Subcommittee 3.

Dr. Chris Hoffman, who is a nenber of the
ASME Boiler and Pressure Vessel Min Commttee,
St andards Conmittee is with us and he's al so a nenber
of the Code Subcommittee and al so a nenber of many
ot her subgroups and working groups in Section 3 as
wel | as other parts of the code.

And then finally, M. Charles Bruny, who

is a nmenber of the ASME Subgroup on Design and he's
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past chair of the working group on vessels.

The reason we have this team assenbl ed,
first of all, 1'd |like to pass along the regrets of
M. Richard Barnes who i s the chai rman of Subconm ttee
3 and his schedul e prevented himfrombeing able to
join us here today.

The fol ks who are here are true experts
from Section 3 are M. Erler, Dr. Hoffman and M.
Bruny. But in ternms of background, my own background,
well, 1've done a significant anount of work in risk-
infornmed, in-service inspection and other risk-
infornmed initiatives prior to ny role here with the
Board on Nucl ear Codes and Standards. | built plants
back inthe '70s and | actually applied the rules. W
did the very first plant, B317 back in 1972 for the
Trojan Plant. As we were transitioning fromB311 to
B317 and then to Section 3, | have ny own persona
i nsi ghts about what's happeni ng here with the proposed
rules and what it neans when you actually conme and
you're going to actually physically build a plant and
t he chal | enges you get into.

M. Erler was a senior executive with
Sargent Lundy and also built reactors. Dr. Hoffman
and M. Bruny are al so | ong-termmenbers i nvol ved with

designing and building plants and conponents. And
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that's going to be one of the key el ements you'll hear
fromus is that there's a | ot of good work that was
presented here this afternoon, but there's a practi cal
aspect of translating this into use in actually
desi gning and building a plant that really needs to be
gi ven serious consideration.

Next slide, please? |'msorry, we already

had that slide.

Wat |1'd |like to do is just take one
mnute, not tojust -- | knowyou're fanmiliar with the
codes and standards, but | would like to touch upon

our organi zation and how we do our work relevant to
t he proposal in front of you.

The ot her issues we did put aletter inin
Sept enber, as you all well know, ASME, we wanted to
have a chance to review this reg. guide and the
proposal in detail and conme up with a consensus
techni cal position, but the reg. guide cane out right
bef ore our Nevada neeting and we put our letter in
asking for a 60-day extension in order that we could
have such discussion at our neeting in Louisville,
Kent ucky about a nmonth ago. But because of tine
schedul e, we were not granted that request, but there
are sone conments that we have gathered from our

col | eagues within Subcommttee 3related to this draft

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

90

gui de that we would like to go over.

And then we'd like to go over and give
some background on efforts that we've done addressing
the i npact of fatigue. There's three approaches that
have been | ooked at and we continue to |ook at and
we' |l have a technical discussion on each of those
before we present a summary and sone future actions.

Next slide.

On organi zation, just we have, of course
we wite codes and st andards beyond j ust nucl ear power
pl ants. W have about 3,000 volunteers witing codes
and standards for pressure devices, elevators, lifts,
screw fasteners and a whole host of nunber of
appl i cati ons.

In our nuclear codes and standards, one
uni que feature is that Section 3 and Section 11 are
two of the 12 sections of the boiler and pressure
vessel code and so as we |ook design roles or
mat erials or certificationrequirenents, we just don't
it within the nuclear. |It's done, any technical
requi renents comng forward go in front of the Boiler
and Pressure Vessel Standards Conmittee so that our
practices can be reviewed by experts in simlar areas
from other industries who are addressing the sane

types of issues, whether it be fatigue or corrosion or
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ot her design factors that one would want to take into
account .

And it does conme in because one has to
remenber that the plants we are operating today were
built on design requirenments that were put in place in
t he 1960s and 1970s for the nost part, and those rul es
evol ved fromthe use of the B31 |line power piping code
as well as Section 1 and Section 8 for the vessels.
So we -- our nuclear -- we've adopted those prior
experience where there's been rel evant experience for
many, many years. That plays into what we'll be
di scussi ng here today.

| just wanted to nmention that the Section
3 and 11 are part of this other organization that
reviews it from broader than just a nuclear power
i ndustry.

The next slide is just a verba
description of some of the acronyns that make up the
ni ne groups that report to the Board on Nucl ear Codes
and Standards. The next slide deals with the
consensus process. There were comments made about
hey, we've worked on this for 25 years. W haven't
come to a consensus and | would really like to ask
Kevin Ennis to go over some points relative to ASME,

what it neans when we achi eve consensus or what it
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means when we don't achi eve consensus. So Kevin, if
you woul d be ki nd enough to do that.

MR. ENNIS: Thank you. Al of our
conmittees, all of our volunteers in nucl ear codes and
standards operate in an open and transparent process
and that process is geared to achi eving consensus on
what appears in our codes and standards. Now these
vol unt eers are nade up of world experts. They're from
all over the world. They conme to our codes and
standards neetings and if you know the hierarchy of
our committees, the further down you drill into the
commttee structure, the higher the concentration of
expertise, so that when you're really down into the
peopl e who do fatigue analysis, that's what they do
and they conme fromall over.

W have nuch international participation
and we always stress that we rely on industry to
support this participation. W don't pay any of these
volunteers. And | would also like to take a second to
thank the NRC for their participation in ASME codes
and st andar ds.

But the achi evenent of consensus fromthe
users' perspective, you only see the consensus
results. But there is a whole process that the

vol unteers go through and the first thing that they
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have to achi eve consensus on is the technical basis to
respond to identified neans.

DR, WALLIS: That my question here.
Doesn't this work that we just heard about provide the
broader technical basis than you had before?

MR ENNIS: It provides some data that has
been devel oped over tinme, but we al so | ook at our past
experience. W never forget our history. As Ken
quite rightly noted, the original new plants are B311
plants. We still build coal-fired plants today to
B311, the piping. And we have great success with
them As we identified needs for the nuclear
i ndustry, B317 was devel oped --

DR. WALLIS: Coal plants don't have
pressurized water reactor environnent.

MR ENNIS: No, they don't, but there are
ot her B31 docunents that have dramatic inpact on
envi ronnent al | y-caused failure nmechani sns and we rely
on those people too. One of the sections of the
boi | er code, Section 8, and its piping division, B313,
they have lists of failure nmechanisnms that are
dramatically |l ong, much | onger than what you see in a
nucl ear power plant.

W do rely on that expertise and

experience. They operate at much hi gher tenperatures
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and pressures and nmuch nore severe cheni cal
environnents. So we do have their expertise is also

| ooking at this. And we rely on that heavily and they
learn fromus. W started out with the risk-inforned
before they did. So it's a nechani sm whereby
expertise that is -- grows up in different industries
can exchange information and ideas and solutions to
probl ens.

And when you read the statenent, identify
technical basis, inplicit in that statenment is that
there i s consensus on the need and | think you'll hear
| ater today or later in our presentation, that really
hasn't been achieved yet. And it's not only in
nuclear, it's also in the design experts that come
from outside nuclear that | ooked at our work that we
talked to during boiler code week when all 12
subcommi tt ees neet.

So there is a lot of discussion going on
and still at least inthe |limted amount of di scussion
and exposure | have to the experts, because now |'m
director, | don't, | don't perceive consensus has been
achieved on the need. And that's one of the things
that's taking so long. And, once that happens, then
you can get a result and that's the consensus

everybody sees outside of the commttee structure.
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And t hat consensus we al ways say nust be technically
accurate, nust obviously assure adequate safety, but
nmust be practical and workabl e.

And anot her one of the coments you'll
hear from the other presenters from ASME goes al ong
the idea of practical and workable. Are we really
goi ng to achi eve good by maki ng this change? And, is
our achi evenent worth the cost?

DR, VWALLIS: Well, presumably, a curve
that's there nowis practical and workable and i f you
replace it with another curve it's just as practi cal
and workabl e as the previ ous one was.

MR. ENNIS: Not necessarily, and |'l|
| eave up to the design experts to get into that
detail. But at |east they raised enough questions in
my mndtosay is it, is the new curve, practical and
wor kable? But I'lIl leave it up to themto bring up

DR. WALLIS: If the process is the sane,
of just taking the --

MR ENNIS: No, it's, it would not be.

DR. WALLIS: ~-- if the process is the
same, but you'll tell us --

MR ENNIS: There's nore to it than just
t he curve.

DR. WALLIS: -- you'll tell us. GCkay.
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MR ENNIS: And what | do, any ny role

with ny staff, is we provide the structure and the
adm nistrative support. Gve the experts the
opportunity to cone to consensus and hopefully try to
corral theminto doing that. And with that, I'Il pass
it back on to Ken.

MR. ERLER. Well actually on to ne.

MR ENNIS: Yes. M. Erler is going to
review t he open conments, some technical coments we
gathered. The reason we call themis open conments is
that they were not in our paper, they have cone from
del i berations we've had and they're comments fromt he
menbers. They're, it's not a, we haven't had a
consensus to say t hese, there's a consensus, everybody
agrees these are the conments on the Reg CGuide --

DR. WALLIS: It doesn't look like a
consensus at all, this slide here.

MR. ERLER. The process, really, it's a
very unique process and | think that was why it was
i nportant that Kevin address the fact is that we have
experts fromaround the world that are experts in al
various industry and it really provides a strength in
t he code.

And the nunber one coment that we're

dealing with is we've been working onit for 25 years.
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The phenomena we have no disagreenent with., It
exists. The issues that we're dealing with are we've
had no failures with regard to environnental fatigue
i mpact. We | ooked back at our operation and the
answer that was presented here today was, the EPRI
research or there's a few of them And they really
were nore related with corrosion or corrosion/stress
corrosion and fatigue interaction. It was not a pure
fatigue issue.

And many tines, the fatigue i ssues -- not
fatigue issues, other failure issues are dealing with
vibrations or other related type phenonena and
separating it out, we really | ook at the fundanenta
experience of today that the operating pl ans have been
served wel | by the design basis we've had for a nunber
of years. But we've |ooked very carefully. W've
done research, we've assigned various task groups. W
brought people in fromaround the world and we can't
al | agree anongst these experts that there's a need to
change, that there's sufficient nmargin in the design,
has proven itself to be very effective.

The other itemreally is how does it
apply, you know? Sonme of the research that we have,
there's obviously these specinens don't reflect

environnent that primarily piping or vessels are in,
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where the internal diameter of the conponents are the
ones that are exposed to the environment, not the
whol e net al .

DR. WALLIS: Could you expl ain sonet hing
to me? | sort of got the inpression fromwhat was
presented, the Argonne work, that your curves are
based on tests in air.

MR ERLER That's correct.

DR. WALLIS: How do you then account for
the additional effects of putting it in water with
various amounts of oxygen and so on in there?

MR. ERLER. The original criteria that
goes back to 1960 --

DR, WALLIS: Twenty and --

MR ERLER It was the 20 and 2 factor
that we put in.

DR. WALLIS: Is that good enough today?

MR. ERLER. That's correct. You' ve got to
| ook at the nethodol ogy that was used for analysis.
The met hodol ogy that was used for the margins that
exi st el sewhere in the code and the reluctance to
really start taking out margin in the code or adding
in for special analysis that was totally done in the
| ab.

So that's where we're | ooking at, trying
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to bring together an operating experience and the | ab
data that we have. W're not ignoring it as will be
outlined in our approach that we have proposed.
Twenty sone years of working at it, we've had a | ot of
heat ed di scussi ons from many, many experts that have
brought forward sone very, very valid points.

The issues that we're dealing with are
just some of this data is not the sanme as was
presented here. The nethodol ogy that was used for the
dry test, with this 25 percent drop rate nethodol ogy
is not the same as the crack gromh. So there's sone
adj ustment that has to be done and then anal ytica
figuring of the F, factor.

So there's a | ot of anal yti cal
mani pul ati on of data that may not apply to the actual
conmponents and we haven't seen the failure in the
pl ants that we have --

CHAl RVAN ARM JO. Now didn't the Argonne
researchers do the mani pulation and share that with
you and did you find fault with the way they did it?

MR ERLER  Yes, well, no. There's a |ot
of argunents with the way -- that's why you have the
di spute in these neetings. There's sone fundanenta
di sagreenents with howit's being done, howit's being

adj usted and does it really represent what you have in
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t oday' s environnent?

DR. BONACA: Could you comrent on bull et
nunber two. |I'minterested in understandi ng that
better.

Environnmental fatigue affects only inside
surface --

MR. ERLER. W are dealing primarily --
our fatigue is really dealing with the inside surface
of piping and so therefore you're not dealing with
conmponents that have been subnerged in water or in
oxygen or other environnents that you have. And so
when you apply it to the nethodol ogy that you have,
pi ping analysis is a structural analysis. You don't
| ook at internal and external. You have to apply it
to the whol e conponent.

And so here you have a bendi ng conponent,
bendi ng, not bendi ng on the piping, but bending within
the wall thickness that we're applying a penalty on
across the board. So that's part of the application
probl em that you have here. You' ve got realize sone
of the design, for a vessel, it's pretty sinple. You
have certain rules and certain -- that's in the code
rules and we've expanded it to cover phenonena, but
the fact of the matter is that when you start applying

this anal ysis, as even stated here, that you need to
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go into a very detailed finite analysis, finding out
exactly the stress concentrations, the cycles that you
have to go with. And it doesn't really apply to the
same met hodol ogy you really had in the code directive.
So we have a way of translating that. That's what
we' ve been working on is arguing how you translate
that into applications into today's analysis.

MR. BRUNY: Could | add to that? Chuck
Bruny. Current nethods in today's piping analysis is
done wi th sone standard equations that are in the code
and stress indices that are devel oped for various
conmponents in the piping system and for various
| oadi ng conditions. Now this stress index is a way of
getting the maxi mumstress sonewhere i n t hat conponent
that is generated by that |oad or that condition.
These are then are all added together. It may not be
the stress at the IDsurface and the stresses fromone
| oad condition may not occur at the sane |ocation as
another. So the industry today works with a
sinplified approach which <cones up wth very
conservative stress eval uati ons for nost of the piping
conponent s.

The addition of the F, approach and the
i mpact is that many of these | ocations anal yzed under

this current net hodol ogy will prove to be unaccept abl e
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and therefore significant detail analysis will have to
be undertaken in order to evaluate the stresses at
specific locations on the inside surface of these
conmponent s throughout the piping systemin order to
apply the F,, approach in a way that isn't so overly
conservative that it has dramatic inpact on the
pi pi ng.

CHAl RVAN ARM JO. Do you know how to do
t hese anal yses?

MR, BRUNY: Yes.

CHAI RMAN ARM JO So it's the amount of
wor k and the amount of detail you have to do.

MR. BRUNY: It's a significant armount of
addi ti onal work over and above current nethodol ogy to
do that and the approach that was taken in life
extension was a very limted nunber of |ocations were
evaluated in the |life extension analysis and

application of F_, and sone of those did use this

extensive analysis, but on a very linmted nunber of

| ocations, not the entire piping systemfor a plant.
CHAl RVAN ARM JO  When you did not

particul ar analyses did you conpare them what the

standard code process would predict? | mean were they

consistent? Was the standard code anal ysi s

conservative conpared to the nore sophisticated
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anal ysi s?

MR. BRUNY: | haven't |ooked at the
detailed analysis or detailed results. What | have
heard is that the F,, approach, in general, would give
hi gher fatigue usage factors than the code anal ysis.
In other words, there were nore | ocations, nany nore
| ocations that would have a fatigue usage factor
hi gher than the .1 value that is the current threshold

for determning a potential pipe break |ocation.

MR. ERLER: Let ne expand on that a little

bit, because that's a -- the F,, approach and you | ook
back in '91 and a | ot of this was done, was identified
as an issue in pursuit, primarily focused on anal ysis
for Iife evaluation where you go in and nake sure,
find out where you are in the plant and that's why in
all of the license renewal, you find the plants are
acceptable, so the answer to that is | say yes,
because every place you've applied it in plants for
license renewal or for existing plants that are
currently certified have been acceptabl e.

Soit's alot nore work, but it was very
inmportant in operating plants to be able to verify
that for the added 20 years that you were putting on
it. | think the difference we're focusing on here,

Section 3, we're tal ki ng about design, up front design
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where you don't know necessarily. You're designing
somet hing you don't want to go into detail analysis
evaluating research and pick out -- design is
significantly different than evaluating the inpact.
And t herefore, we need a desi gn approach which is, has
the margin in there that we know can be handl ed by t he
vari ous conditions and environnent and cycl es that we
have.

DR. WALLIS: Can we talk nore about this
F.,? As | understand it, there's a curve that you get
from tests in air when you do tests in other
envi ronment s such as PWVR  water, di fferent

tenperatures, you get sonme other data. Al F_ does

en
is tells how much the curve noves when you nove to a
different environnent. That seens to ne an
appropriate way of treating the data. Now you may be
ar gui ng about how practical it is, but | don't see how
you can argue it's not an appropriate way of treating
t he evi dence.

MR. ERLER It may be. |[If you |look at our
last comment that we have here is that the
i mpl enentation of the code design rules has a nunber
of issues. Those issues were identified in the EPR

report IRP47.

DR. WALLIS: It's the application of these
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factors you conplain about, not the way that -- it's
not an inappropriate way of treating the data, are
t hey?

MR ERLER It's the conservatismin it
and the application of it in a design environnent in
desi gni ng a new conponent .

DR. WALLIS: The application is what you
obj ect to.

MR. ERLER. This wite up was significant,
going into a lot of detail on the difficulties of
trying to apply it and it is appropriate. Were ASME
is comng fromand the debate that we have in all of
our committees is for what benefit? |If we haven't
seen a problem --

DR. WALLIS: For public safety, you have
a better --

MR. ERLER Well, then let's go back to
our item bullet two here. One of the things that
we' re very rmuch concerned with, those usage factors is
the fact that we're going to end up with a lot nore
pipe restraints installed, a lot nore in-service
i nspection required because of usage factor being up.
And you're going to have a lot of other issues for,
again, very little benefit.

It kind of remnds a |ot of our people
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that are around the table of where we were in the ' 70s
and ' 60s where we were putting in nore pipe restraints
because of increase in seismc analysis response
specter, decrease i n danpi ng val ues that were al | owed,
and then 10 years l|ater we spent another bunch of
noney taking it all out, because what we're doing is
we're constraining a systemthat would prefer to be,
have sone nore flexibility to respond to the therm
and the dynam c response.

So it has a possible negative safety risk
that we have and that's probably the nore stronger
opi nions at the table when you're debating it. It's
not the fact that we have to work nore at it because
nost of the people there probably get paid nore for
doing that analysis. The fact is that it would be
unconservative. The application of E for evaluation
of existing plants and |ife predictionis a very good
approach. It's applying it as a design approach that
we object to, especially when you look at it and it
hasn't had been proven that the existing design
approach is a problem

And we're going to get into nore detail
when Dr. Hof f man goes through the approaches that we
have. Like | say, we haven't given up on the fact

that we need to address this. It's how do we address
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it, what is the issue we need to address and what
approach shoul d we use?

CHAl RMVAN ARM JO But if you wanted to
freeze the approach with the codes that are in
exi stence today, the ASME curves, would you al so
freeze all the anal ytical procedures to the state-of-
the-art at the tine that they were inposed and not
allow any nore sophisticated analysis? Because
ot herwi se you' re erodi ng nargin.

MR. ERLER. That's right. There's a |ot
of debate on that and you can't -- you can't freeze
either, really. What we try to have is sonme kind of
standard, codes and standards stability to deal with
and sonme kind of oversight with regard to the
anal ytical capabilities that you have. But not for
every Class 1 piping systemdo you want to have to do
it, or every valve that you have to do it.

DR. WALLIS: No debate that in the
environnent and in the PAR the netal is nore prone to
fatigue than in air? There's no debate about that, is
t here?

MR. ERLER | think the statenent is we
agree that that phenonena exist. Does the current
standard cover --

DR. WALLIS: The current standard doesn't
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t ake account of that, does it?

MR. ERLER Not explicitly, but it does
state in the criteria docunent that the 20, that wll
account for environmental effects.

DR. WALLIS: It's good enough to take
account of it.

MR. ERLER. That's what currently in our
criteria docunent.

DR. WALLIS: Twenty is good enough. You
don't need to adjust it any other way. That's your
position?

MR. ERLER Let nme say this. W really
shoul d go through the rest of our position. Because
we' re not digging our heels in on this here. W just
want to get to the right solution

DR. WALLIS: | thought you were.

MR, ERLER. No, no, no, no.

DR WALLIS: You are flexible on this?

MR ERLER. It's a very conplicated area
to deal with and finding the right solution, that
doesn't bring the bad stuff with the good sol ution.

DR. WALLIS: There is hope for conpromn se
after 25 years?

MR ERLER | believe there is. So we've

dealt wth, | think -- does the inplenentation
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approach result in wunnecessary code, regulatory
burden? This is the analysis and then we're talking
about then the inplenentation side. So |I guess that
really covers nost of the open issues.

DR. WALLIS: Have you eval uated that?
The burden and the benefit? |Is that being eval uated
or are you just raising a question?

MR ERLER. W're tying it together with
the bull et above it, that the fact of the matter is it
does take nore analysis in order to bring within
al l owabl es just like potential new allowables I|ike
Chuck Bruny st ated.

DR. SIEBER That you quantified that
additional effort?

MR. BALKEY: Let nme try a different tack
here because it cane up in the discussions here. Wen
we did the risk-informed in-service inspection, nore
t han 90-sone reactors have inplenmented here in the
United States as well as six or seven ot her countri es,
in a way that was -- that assessnment was al nost a
check on the plants that were operating. How does the
risk from the operation of these pressure boundary
conmponents, how does it conpare to the risk for other
contributors to overall plant safety?

When we did the risk-informed |SI where
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you' re conbining the probability of failure at various
| ocations and at that point you already have a fixed
design. It was done to whether it was B311l, B317 or
Section 3, and you're doing this assessnment. One
nmet hod uses policy fracture nechanics, another one
went through an entire operational history, and what
you find out that the risk, first of all, the risk
frompressure bond t hrough failures using this codeis
a small contributor. It is not a |arge contributor.

DR. WALLIS: Small has been used before
today. How small is it?

MR. BALKEY: W're talking definitely |ess

than 10°

DR, WALLIS: On CDF?

MR BALKEY: On CDF. Now let ne cone back
toit. Evenif -- 1 don't want to argue how low is

| ow enough, but when you | ook at where the predom nant
contributors were to the risk fromthe piping, it's
not fromfatigue. It's fromthe things where you nmay
have the possibility of back | eakage through a check
valve. It may be in thermal stratification that you
may be predicting. It nay be that hey, we have an
envi ronment - -

DR. WALLIS: That's thermal fatigue or is

this a stressor solution we're tal king about?
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MR. BALKEY: You could have a -- if a
check val ve started | eaki ng, you'd end up with thernal
striping and you'd end up with a very --

DR. WALLIS: It's a fatigue problenf

MR BALKEY: Pardon ne?

DR. WALLIS: A fatigue problem

MR BALKEY: Yes, but the issue is not the
cal culation of fatigue, the issue is the |oading
environnment itself, once you get into a |oading
environnment that's causing that chall enge.

And the point I'mtrying to nake is that
even when you -- | went through the regulatory
assessnent. The statenment was nade that when this --
the inpact of environnmental fatigue, even for life
extension, the NRC did risk analysis calculations to
show that it's acceptable to safety. So the question
you have to ask like | said, we're not trying to say
you don't address these factors. The question is do
you do it here in design or do you address it through
your in-service prograns. And that will come bearing
out .

So therefore, the NRC and the industry
have worked very hard to focus our resources where it
matters. And one question you have to put on the

table is are we asking the industry to do a
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significant armount of work on an area where the risk
may be | ow.

DR. WALLIS: The question | would ask is
how bi g does this F have to be before you are forced
to make a change?

MR. BALKEY: What we're saying is the
operating experience today is not bearing that out.

DR. WALLIS: You say the influence is so
small that it's not inportant. How big would it have
to be? Wuld it have to be twice as big or sonething
before you say you have to do somet hi ng?

MR. BALKEY: Well, 1'Il respond when we
| ook at Section 11. Section 3 is talking about
design. If | go over to Section 11, as soon as we
have experience and our Section 11 group is dealing
with all the different cracking nechanisns that are
comi ng and we have reached consensus on a nunber of
code cases in order to change the inspection and the
repair and replacenent of that equipnent. But it
cones back to what Kevin Ennis said, that the
challenge and the question we have is is the
information that's avail able, does it warrant going
back to do all this work and is it going to add
addi ti onal burden?

DR. WALLIS: The problem | have with your
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presentation so far is you really haven't denolished
the view of ANL and the NRC. You' ve tal ked about a
| ot of things, but you haven't convinced me that in
any way they're at fault.

MR. BALKEY: | think that the position
that we're saying is the fact that in design part, we
have found that the design of the plants you end up
with fatigue being adequately covered by the process
originally set up

DR. WALLIS: Are you going to show that
sonehow?

MR. BALKEY: The way to keep that going
forward is to keep an eye on it through the nonitoring
programthat you have in place, rather than trying to
make, squeeze a nore conservative design on existing
conponent system

CHAl RVAN ARM JCG But if you do a better
j ob in designing piping by using data, nodern data and
noder n anal yti cal procedures, sonewhere along the line
you ought to be able to say | don't need to do as much
in-service inspection. | don't -- there will be a
benefit comng out of it, even though there's an
upfront cost. | agree there will be an additiona
cost, but it seems to me that if we know these

environnental effects exist, and we nmeasured the
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phenonena. W've got data. It seens strange that we
woul dn't use it along with our nore nodern anal yti cal
procedures. You know, just everything inproves.

MR BALKEY: And we are committed to
wor king with everybody to | ook for that sol ution.

CHAI RVAN ARM JO  And a benefit of this,
you m ght have a nuch better piping design by virtue
of doing the nore -- using the nodern data and the
nodern anal yti cal approaches and the payoff could be
inless in-service inspection or nore reliable piping
system

| just -- or both. | can't see why you're
just looking at it as just a burden and we ought to
stick with --

MR BALKEY: Except that the E procedure
or the revised fatigue curves may not be t he sol ution.

CHAl RMVAN ARM JO There may be ot her
sol uti ons.

MR BALKEY: It's a better solution than
we've -- and that's what we want to work for.

CHAI RVAN ARM JO | think we should nove
over now to --

MR. BALKEY: Dr. Hoffman is going to go
through a little nmore technical information on what

ASME has done.
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DR. HOFFMAN. This vyou've already seen
and heard previously. There has been activity within
the ASME Code Committees and initially with the PVRC
Steering Conmttee on Environnent for a long tine.
The only thing that I would like to highlight from
this slide is that there are a couple of itens, the
i ntroduction of Appendi x and Code Case N643. There
were specific actions that the Code Committees did
come to agreenment on and published new rules to
address environnental effects in both of those itens.

The N643 code cases is of note because it
all ows you to decide, based on the environnental
conditions and the transi ence occurring in a conponent
whet her or not the environnental effects need to be
considered. It kind of turns themon or off,
dependi ng on the |l ocal conditions.

Next slide.

Just earlier this year, the Section 3 has
a task group on trying to decide what to do about
environnental effects. They just conpleted their
efforts earlier this year and these were the
recommendati ons t hat t hey forwarded t o subgroup desi gn
of Section 3 to decide whether any changes needed to
be made to the design rules or to adopt new fatigue

curves that incorporated environnental effects or to
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use an F,, type approach. These are the various itens
that we' ve heard about earlier today, either changing
the curves or the F,, effect.

So subgroup design is still |ooking at
t hese.

DR. WALLIS: It seens that option 2 here
woul d i nvol ve sonme change in the fatigue curves that
ASME recommends.

DR. HOFFMAN. Right, there have been --

DR WALLIS: Factor 20 woul d beconme 30 or
somet hi ng or what ever.

MR. BALKEY: O the fatigue curves --

DR WALLIS: Right.

MR. BALKEY: There have been proposals to
i ntroduce new curves that have the factors built in.

MR. BANERJEE: What do you nean by w t hout
the extra conservatismin the guide?

VR. ERLER That particularly was
addressing the -- there's a nunber of factors that are
included in the guide in terns of applying F .. If
you | ook at sone of the early research that you had
and now the subsequent research that would indicate
the factor should be 1.5 as opposed to 2.

DR WALLIS: Is the conservatismin this

95t h percentile or noving the curve over further than
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it needs to be?

MR. ERLER. Well, you know, obviously,

t hey' ve noved sone of the curves, the stainless steel
down and t hey' ve noved sone of the carbon steel up and
-- but the margin that they're aimng for has been
consistent and the margin is, we think, is too
conservative when you consider you're inproving your
knowl edge that you have and you're inproving what
you're considering in your analysis, so that sone of
that margin shoul d be reduced.

So part of the debate, if you' re going to
apply it, what should that nargin be?

DR. WALLIS: Isn't the margin based on
sonme statistical evaluation based on this | og norna
thing and Monte Carl o anal ysi s?

MR ERLER That's correct. That's what
t heir anal ysis was based on.

DR. WALLIS: Is sonething wong with that?
Is that extra conservative to do it --

MR. ERLER: By the tine you apply it, you
end up with sonetines an increased anount of fatigue
usage factor or decrease that causes considerable
problenms. Sonme of it goes beyond what woul d be
reasonable in ternms of --

DR. WALLIS: The probl em being that you
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have to restrain the pipes nore?

MR. ERLER. You really get down to details
and the usage factor is really connected with a | ot of
-- the transients that you have and the nunber of
cycles. You end up changing details in order to nake

DR WALLIS: Howis it you know how ruch
these things vibrate in the first place?

MR. ERLER That's the advantage of
| ooking at it in an operating environment because when
you know the nunber of transients, you have
noni tori ng, you have dat a.

When you apply Section 3, you're | ooking
at future.

MR. BANERJEE: \Where are nost of these
restraints? | mean the issue that you're bringing up
that you have to restrain these pipes nore than they
are currently being restrained. And that is
i ntroduci ng sonme probl em

MR. ERLER. There are two issues. One is
the issue of if the usage factors go up, you have to
postul ate breaks nore frequently. |If you postul ate
breaks, then you've got to put in pipe restraints and
protection agai nst those breaks. You can't get at the

pi pe as well for inspection and nonitoring very well.
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MR. BANERJEE: Could you just give us an

exanpl e of where this would have the nost inpact?

MR. ERLER. On pipes, on class 1 pipes.

DR. WALLIS: Main steam|ine or something
i ke that?

MR. BANERJEE: Steam|ine?

MR. ERLER. The surge line has a | ot of
t hem on, you know. Feedwater |ine.

MR FERRER. This is John Ferrer. Could
| add a point on this issue you were just talking
about? One of our responses to the public conments
was that that concern that you could increase the
nunber of postulated rupture |l ocations was legitimte
and that if ininplementing this newcriteriait turns
out it causes a lot of extra pipe rupture | ocations to
be postulated, we will reconsider the criteria based
on fatigue so that doesn't happen.

MR. SIEBER: Then what do you acconpli sh
when you do that?

MR FERRER. There was back in the '80s
when they were trying to get rid of the problemwth
t he excessive nunber of pipe whip restraints, one of
t he i ssues that was i npl enment ed was | eak bef ore break.

MR. SIEBER. That's right. That was a

sensi bl e one.
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MR. FERRER.  There was anot her proposal at
the tine to increase the fatigue usage factor from.1
which is the usage you postulate a rupture at to . 4.
However, at the time this particular change was
postul ated, we were aware of the concern wth
envi ronnental fatigue and that the ASMVE fati gue curves
may not be conservative. So we did not accept that
change.

Now if we're taking care of that problem
with the ASME fatigue curves, then a change in the
pi pe rupture criteria nmay be appropriate at this tine.

DR. WALLIS: Is the idea to reduce the
bur den?

MR. FERRER  Well, what we've said in our
responses is if the industry cones in and shows us
that this is going to cause an excessive numnber of
rupture postul ations to occur, we will reconsider the
criteriatotry tolevelize it so it doesn't increase
or decrease the burden.

MR. SIEBER Wl |, you have to bal ance the
i ncreases or decreases in the burden with increases or
decreases in the risk and so it takes nore to say oh,
| don't think we should do that.

DR. WALLIS: He's saying if you know nore,

you m ght be | ess conservative.
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MR. SIEBER: That's right.

DR. WALLIS: Usage factors, but actually,
it would nake it easier for industry to reduce the
bur den.

MR. SIEBER: That's right, and that woul d
be acceptable. On the other hand, just to reconsider
what sonebody is conpl aining --

DR WALLIS: But the claimof the ASME
seens to be by inplementing these F factors you
actual ly increase the burden.

MR. SIEBER  Yes.

MR. BANERJEE: And is there a case for
thinking that it would reduce the burden?

MR. FERRER. Well, if you increase it when
you inplement the environnental fatigue curves and
we've done that in license renewal, a lot of the
cases, the change in fatigue usage wasn't that great.
So if we were to increase the usage factor for
postulating breaks from .1 which is the current
position to .4 which was the proposed position in the
'80s, this would be about a factor of 4 change in the
usage. So you m ght indeed reduce the burden in sone
cases.

DR. HOFFMAN: Just to conplete, you've

al ready heard a ot on the three options here about
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whet her there's a need to nake a change.

DR WALLIS: These nmenbers of Subcommittee
3, are these taken fromthe nuclear industry?

DR HOFFMAN: Yes. W' ve also heard
recently from the French. They' ve done a | ot of
updating of their codes and standards recently in the
| ast fewyears and they' ve decided not to include this
as a design consideration in their code. Simlarly,
t he Japanese have introduced this as an operating
pl ant eval uati on met hodol ogy.

MR. BANERJEE: Have they heard the view
that NRC just put forward?

DR. HOFFMAN:  The French?

MR. ERLER  Bot h.

MR. BANERJEE: And they agree w th what
was said or they disagree with what was sai d?

DR. HOFFMAN: |'m not sure exactly which

DR. WALLIS: Did they see the Argonne data
t hough?

DR. HOFFMAN. They' ve seen the data, yes.
They participated in the --

MR. BANERJEE: The |ast argunment was
actually not increase the burden, but nmay reduce the

bur den because you' ve got better know edge now, you're
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going through a nore sort of a fundanmentally sound
procedure than you were before, so it may actually
reduce the burden, correct?

DR. HOFFMAN:. Potentially.

MR. BANERJEE: Now did they actually hear
that view and did they disagree with it or did they
agree with it?

DR. HOFFMAN. | don't think -- they
probably have not heard that view. | think nost
people's perception in these neetings is initially
that the burden is going to be increased. And until
you' ve got through that process --

DR WALLIS: If the burden was reduced,
woul d that make this nore acceptabl e then?

DR. HOFFMAN. The problemis you have to
go through the process to find out if that burden is
going to be reduced or not.

MR. ERLER. The Japanese, they participate
significantly on all the code commttees, on the
Board, as well as on Section 3 and Section 11. And so
they're very much involved in all of the data that's
bei ng tal ked about here.

The sanme is true, not as nuch in terns of
active involvenent, but the French are always at the

neetings and followi ng what we're doing. They do
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share their decisions on it.

DR. WALLIS: WMaybe we should nove on to
t he next slide and see what the other options are.

DR. HOFFMAN. As | said, the adoption of
new curves, that's been considered. There have been
a coupl e of proposals brought forward. The probl ens
with this have been identified. They tend to be
overly conservative. W're applying a factor across
t he board for everything and again, the concern that
the additional restraints that mght be needed
resul ting from hi gher usage factors.

CHAl RMAN ARM JO  Is that really the only
solution you have, that you'd have to put pipe whip
restraints? Couldn't you change the di mensions of the
pi pe beam or wall thicknesses or just sharpen your
pencil and do nore detailed analysis? It seens |like
there's only one outconme and that's a whol e bunch of
pi pe whi p that nobody wants.

DR HOFFMAN:  The comment we received from
Don Landers who chaired the Subconmmittee 3 task group
was that applying this F,, factor or having new curves
isn't going to change the routing of the pipe. It's
j ust going to nmean you have to do additional anal ysis.
And 1'd ask if M. Bruny would have any further

comment on that?
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CHAI RMAN ARM JO It's additional, nore
sophi sticated anal yses that will cost nore noney.

MR. BRUNY: Yes, and | amnot privy to al
the details, but John nentioned that in the life
extension analysis there in several cases there was
not a significant increase in the fatigue usage
factor, but | chall enge whether that was on the sane,
usi ng the sane anal ytical basis as the original
cal cul ations or whether it required to go through the
much nore extensive analysis in order to achi eve that
simlar result.

MR. FERRER: | don't m nd answering that
guestion. | thank you for asking it.

| think one of the corments | nmade earlier
was that the original design of these plants were done
to codes that were back in '69, '71, '74. In the
i ntervening years, in piping, there was a significant
change to the criteria related to fatigue that nakes
it less conservative and that was a change to the
paranmeters that were included in the primary plus
secondary stress cal culation. And the significance of
that is if you exceed a certain value, you apply a
strain concentration for the peak stress when you do
the fatigue analysis and these strain concentrations

are the things that really drive the fatigue usage at
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nost | ocations.

What was done in | ater codes was to pul
out what they call a delta Tl or a through-wall
tenperature transient stress fromthat equation 10 and
that significantly reduced t he nunber of | ocations you
had to apply to strain concentration |ocation. W
t ook advant age of t hat when we were | ooking at |icense
renewal , so that did have an inpact. Using the nore
recent version of the code is not as conservative as
the old version that a | ot of the anal yses were done
to.

DR HOFFMAN: The last itemon the F_, |
t hi nk nost of these points have al ready been addressed
to one extent or another.

DR, WALLIS: Wiy woul d they nake the
plants | ess safe now? | wasn't sure about that.

DR. HOFFMAN: That's the additional
supports and restraints.

DR. WALLIS: They put it in order to nmake
the plants nore safe, why would they result in making
them l ess safe? | don't understand that. |[|f they
were put there to stop the vibration and the strain of
the notion and so on.

MR. ERLER It is the issue of being -- if

you |l ook at the plants that we ended up with putting
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inalot of supports, constraining the pipe, you have
nor e of a chance of havi ng ot her stress concentrations
due to binding up of the expansion and --

DR WALLIS: Is it a badly designed
restraint systenf

MR. ERLER: Like | says, it sends us back
to where we were in the '70s and saying we're really
better off getting a nore appropriate criteria where
we al | ow expansi on, all ow supports to be appropri ate.

DR. WALLIS: That's not a question of F
factors, that's a question of when you use this -- any
ki nd of fatigue nmethod, you' re using the right kind of
solution to --

MR. ERLER. Except if you have a greater
conservatism you end up cranking it up nore. The
other is the issue of access of pipe whip restraints,
getting at pipes for in-service inspectionis a
significant problem the nore restraints you have.

DR. WALLIS: Despite the fact you think
this is a |ousy piece of work or sonething that you
are going to try to adopt it anyway, is that -- am|
just putting it in those ternms to try to -- by taking
that position to get you to respond.

What do you nean by the first bullet here?

You're going to try to do sonmething simlar to what
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t hey di d?

MR, ERLER That's right. Wrk with
everybody that's working on it, do what we've been
doing and try to work our way through sone of the
fundanental issues that have to be addressed and
maki ng sure -- you've got to renenber that the F
factor is from one specific curve to another issue,
dependi ng on the environnment that you're in.

DR. WALLIS: right.

MR ERLER And that's a different factor
dependi ng on whi ch curve you're starting fromand what
the environnent -- how to apply it is what we'd be
working at to making sure that it would be a design
practical approach.

DR WALLIS: So in principle, it's not a
bad i dea?

MR. ERLER. Make an adjustnent for it has
merit.

DR WALLIS: Sounds --

MR. ERLER Like | say, the phenonena,
we're quite --

DR. WVALLIS: By following this bullet, you
m ght actually reach consensus with the staff.

MR. ERLER  You have to sit in the

neetings --
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DR. WALLIS: Wy don't you do that?

MR ERLER And to hear the different
points of view from around the world and different
experts to understand the i ssues that are technically
sound on the table. But there's a feeling you can
work it out. It's just going to be a --

DR. WALLIS: The problem| have is it
seens that there's an unwarranted reluctance to take
t hi s approach.

MR ERLER No, | don't think so. | think
that it's finding the right F, and how to apply it.

DR, WALLIS: Well, yes, but let's find the

right F, and then apply it if it's a reasonable

appr oach.

MR ERLER That's correct.

DR, WALLIS: You wouldn't say that's
unlikely. That's sonething that you could work with
the staff to achieve?

MR. ERLER.  Absol utely.

DR. WALLIS: How long would it take? It
woul dn't take 25 years?

MR ERLER O even 10 years or even 5
years.

DR. WALLIS: This is like the last tine we

went with ASME and the staff on these i ssues or i ssues
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like this. W sinply said you guys ought to go away
and work on one of these bullets and rmake it happen.

DR. BONACA: It would be interesting to
hear fromthe staff now Cearly, there is a search
for a consensus and what really troubles ne the nost
is that ASME is a nationw de organization, it's a
wor | dwi de organi zation and typically we strive for
consensus. And so | hear two sides and | would |ike
to see an effort to reach consensus. To reach
consensus you have typically all parties try to step
tothe table and | really would |i ke to know what you
t hi nk about this.

MR. ERLER:. | think at |east at the |ower
group | evel because | did sit in on one of the groups
on fatigue analysis that we were reasonably close to
consensus and there were a couple of issues that were
apart on the staff and the industry on a |level of
conservatismof these F,, factors.

Wth the current version, we changed the
basis for defining these factors to this 95/5 which
reduced sone of the conservatismin the original staff
posi tion.

So we believe we've noved towards the F,,
position that the industry was proposing at one tinme

and we were hoping that to see a little bit of
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novenment at ASME to recogni ze that one, we had noved
our positionslightly to be slightly | ess conservative
and it shouldn't be that far away fromwhat they were
at | east proposing at the | oner code conm ttee | evel s.

DR WALLIS: So they are proposing an F,,
appr oach?

MR ERLER  They had an F,, approach that
was proposed. It never got through the |ower
conm ttee |evels.

DR. WALLIS: On Slide A they seened to be
saying the F_, approach itself is no good. The
factors are not appropriate and inconsistent.

MR. ERLER. That's directed at the reg.
guide itself and the specific factors.

DR. WALLIS: But you're saying that the
F., approach itself is no good?

MR. ERLER  No.
DR. WALLIS: | thought you were saying
t hat the whol e approach is no good.

CHAl RMVAN ARM JO | guess | am nore
troubled by the fact that at this stage, there is
still wording in your chart that say there's a | ack of
agreenent on need to do anything. And | would -- that

nmeans that some people in your conmittees are just

saying we don't have to do anything at all, period.
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And sonehow that's gotten past your hierarchy that
says sorry, guys, there is a need to do sonething, so
we're not going to put that bullet on there, but we're
goi ng to do sonet hi ng.

At least |'d be alittle nore confortable
with the ASME's position if they said hey, we
recogni ze there's a need to do sonething. The old
codes and net hodol ogy and the old data wasn't just
perfect. W have nodern ways of doing things and
we're going to do it in a nodern way and we'll work
with NRCto work it out. That, to ne, would be a nore
confortable --

MR ENNIS: That cones back to the focus
of comi ng to consensus on the need. Wat is the need
that you're trying to address? |If the need is let's
use nore nodern data or let's use nore nodern
techni que, to upgrade ourselves, that is satisfying
one need.

If you're saying the need is there are
fatigue failures of this type in plants and we have to
change --

CHAI RMVAN ARMJCG | think this industry
has failed nmany tines to design things properly with
respect to environnment and we've cracked pipes and

repl aced pi pes and cracked numerous conmponents, spent
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billions of dollars and when that happens everybody
agrees there's a need to do sonething.

Thi s approach says hey | ook, we've gotten
a lot smarter, we've got nore data. W've got nore
experience. So we can anticipate these things, design
it right, put the right criteria, mnaybe be nore
flexible on the usage factors that the NRC regul at es
because we know nore. It seens to ne that's
fundanmentally a sounder way of approaching it and
rather than say well, let's wait and see if we get
some unexpected fatigue failures. | just don't like
t hat approach because that's what we' ve been doi ng for
SO many years.

MR. BALKEY: And for our l|ast slide here,
| guess we felt that -- you' ve heard through the
presentations that well, it's not explicitly, but we
do have factors that are considered in our design
criteria and we' ve obviously westled with the needto
change the current design requirenents andif thereis
t he need, then how that change gets inplenented. So

it's the aspect of in going back and --

DR. WALLI S: It seens to ne the need is to

respond to this new data which seens to be fairly
broad and not conprehensive which shows that you can

get fatigue failures earlier if you have these
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envi ronments.

| think as | gather fromthis -- | mean
your position is that your factor of 20 i s good enough
because these effects are not that big. |Is that
really your basic position, that if the effects turn
out to be bigger, then it could be covered by your
factor of 20, then there woul d be a nore obvi ous need.
| s that your positionreally, that the 20 covers this?

MR. ERLER Basically, that is the
position of the various codes and subgroups that the
fact, everything has cone to a vote. |It's been
extrenely towards the side of not changing it.
There's been new curves that have been proposed.
There's been an EPRI approach that's been proposed and
it ends up --

DR WALLIS: The rational e has been that
the factor of 20 covers this new --

MR- ERLER There's a whol e series of
rationale. You've got to have --

DR. WALLIS: Sone of it could be just we
don't want to do anyt hi ng.

MR ERLER No, no. | don't think that's
the truth of any of the working group. W' ve had two
task groups that have been assigned within Section 3

to work through it. The design group has been -- and
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it's going to be Richard Barnes wasn't able to nake it
here, but he wants to drive it up to Section 3 and
nmake a decision with regard to get a vote at Section
3 and at such a vote you'll see the negative reasons.
They have to be witten reasons as to why -- as
opposed to di scussi ons.

We have nont hs and nont hs of di scussions
that |ast all day, arguing about the shape of these
curves, the data, the statistics. The experts are
gui te amazed, you know, where they all cone from but
the process is such that | think that it is really a
series of concerns that have been identified of howto
deal with it. The sinple statenent that we agree the
phenonena is there.

To date, it looks Iike we haven't had any
failures that we can identify specifically wth
environnental contributing to a shorter fatigue life
for a particular conponent provides a lot of
reassurance for people to -- at the sane tinme, there
has not been an agreenent to stop doing anything on
it.

| mean our |ast bullet down here is we're
going to continue to get noney and do research, work
with the NRC, work with all of the organizations to

get data, to find out where it's appropriate.
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It's not unusual, the design of any -- of
a building that you don't design for exact conditions
t hat you have.

DR. WALLIS: Does license renewal make a
di fference? Now you're extending the life, so that
experience up to date with fatigue may not cover the
future.

DR HOFFMAN: Can |? Well, this
environnental fatigue effect is addressed for |icense
renewal by a set of sanple analyses. But, in fact, to
nmy knowl edge, no plant that's gone for |icense renewal
has i ncreased their nunber of transients by a factor
of 50 percent.

DR WALLIS: It is close to this usage
factor limt? They don't get close to that?

DR. HOFFMAN: No. It's been addressed for
license renewal and it's just anot her exanple of a |l ot
of the extra margin that's built into the Section 3
desi gn process.

The design transients that are identified
are far grater than what are actually seen in
operation. So there's |lots of other sources of margin
in the design

MR. FERRER. May | coment on that because

we have | ooked at at | east two dozen plants on |license
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renewal and actually we have a NUREG CR- 6260 whi ch we
di d sone sanpl e anal yses. The staff had done by EGG
at ldaho. That's not quite correct. There are cases
where the nunber of design transients was
nonconservative and it occurred nostly on BWRs where
they originally assuned 120 cycles of start-up and
shut - down and nowt hey' re postul ati ng somet hi ng cl oser
to 200 cycl es.

And so there are cases where there were
nore design cycles, the original design was not
necessarily conservative in terns of cycles. There
are a nunber of cases that were eval uated where they
did an evaluation and the fatigue usage canme out
greater than one. And there's an open issue for them
to conme back before the period of extended operations
to propose to either do sonme nore rigorous re-anal ysi s
or to do sonme kind of an agi ng managenment program at
those locations. And that's an open issue in a nunber
of license renewal reviews.

DR. WALLIS: Now if you use the F factor
nmet hod as proposed, presumably those usage factors
woul d becone even bi gger.

MR. FERRER: Well, that's what we did in
i cense renewal .

DR. WALLIS: You did in license renewal .
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You used the F factor.

MR. FERRER:  Yes, but we used a slightly
nor e conservati ve position than i s now bei ng proposed.
W originally took the 2 and 20 adj ustnment factors to
the environnmental data to get the design curve. Now
we use this 95/5 which is 12. So it's not quite as
conservative

CHAl RVAN ARM JO.  Did you have to rel ax
the regulatory position on the -- what was all owed,
t he usage, the .17

MR FERRER \What we did in license
renewal was we didn't apply the environnmental on the
cal cul ation of the pipe postulation |ocations. W
only applied it on the calculation of the fatigue
usage for code conpliance considerations.

The reason this hasn't been discussed
previously, | thinkisthe first time the staff really
t hought about it is based on the public comments to
the reg. guide. Wen sonebody nentioned that this my
be a problem causing additional pi pe break
postul ations, we said we'll consider adjusting the
criteria. But in license renewal, we've had no
problems with that because we didn't specifically ask
them to apply the environnental factors on a break

| ocati on cal cul ati on.
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DR. BONACA: Now these are Regul atory

Quide. This is an approach. You still have the
option of presenting alternatives.

MR. FERRER: You are correct.

DR BONACA: That neans there will be
addi ti onal work and maybe there is some consensus.

MR. BALKEY: That's what we're trying to
say inthe last slide here. | nmean it's -- we're not
trying to say we don't want to do this. W do, but
we're just westling wit how you do it and we're
willing to even | ook at the draft reg. guide as a code
case in order to get the input to the ASME
constituents.

W're also | ooking at other alternatives
and we have other alternatives in process. But it's
a difficult challenge with getting all t he
st akehol ders to agree, based on an extra day, how we
can go forward in doing that, both fromboth design as
well as in operational eval uation.

CHAl RMVAN ARM JO  Ckay.

MR. BALKEY: Thank you.

DR. WALLIS: Wat do you expect the ACRS
to do?

DR. SIEBER. There's al ways sonebody.

(Laughter.)
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DR. WALLIS: Are we supposed to conme down
on sonme side or the other or are we supposed to say
knock your heads together and say go away and agree or
what are we supposed to do with this?

MR. BALKEY: The thing that struck nme, as
| said, | did piping work in the 1970s for about 10
years and thi s i ssue becanme nmuch nore know edgeabl e as
the reg. guide cane out over the sumer.

And one thing, | get concerned when we net
fromB311 and it addressed the comrent about we want
to go to nuch better analytical nethods. W went
t hrough B311 to 317. Everyone viewed 317 for better
design rules. The plant that | worked on, the
architect did all the piping | ayout based on 311. But
when t he conm t nent was one that hey, this plant woul d
be licensed to the B317 code, then a confirmatory
anal ysi s was done.

And what happened when we noved and did
this better work, we ended up adding in 230 snubbers
at the last couple nonths before this plant needed to
go on critical path. And | know when | went out to
wal k down the line with the architect, | mean we
really had a | ot of congestion. And you set yourself
up for pipe gromh that ended up, you know, snubbers

woul d | ock up and you end up with high stresses that
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you weren't counting on.

And as John Ferrer and ny ot her col | eagues
said then, that was just one plant. That was
experienced across a nunber of reactors back in the
'70s. The code worked real hard with the NRC. W
actual Il y changed eval uati on nethods to pull all those
restraints back out. But snubbers as well as whip
restraints. That was an enornous anount of effort.

| think the question that | have fromt hat
experience from 30 years ago is right now |I've not
seen where sonebody took a plant and did a trial
application to see using these nmethods from a design
st andpoi nt. where do we end up here.

What we have to be careful is that we
don't end up what we did 30 years ago where you do a
ot of work and then you find out well, we're back
here again. W're revising this criteria, that
criteria and all it does is set up regulatory
instability, both with the code as well as the
regul ati ons.

That would be -- that's the question in
terns, because the plants that we hope are all com ng
forward, they're all | ooking for regulatory stability.
They're trying to keep the design fixed and not get

into what we did 30 sone years ago.
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So t hat woul d be the question | woul d have
with -- and | know you've done this on other
regul atory gui des where i nstead of the issue is final,
it's issued out as a trial application until you get
real experience, then nake the determ nation.

Atrial application would be real hel pful
data to ASME.

DR. WALLIS: Wuld that fit in with your
second bullet here? |I'mnot sure what the code case
iS.

MR BALKEY: A code case allows --
whenever we have a new t echnol ogy and you want to try
it out, a code case allows for early use and gets sone
trial applications. A good exanple is --

DR WALLIS: It doesn't nmake a | ot of
sense. Does the NRC agree with that sort of thing?

MR. SI EBER: They occasionally approve it.

MR. FERRER. Yes, as a matter of fact, one
of the proposals in the ASME was exactly to do that

and it was with the F approach, but it didn't go

t hrough the system
W woul d have probably -- had t hey put one
out, we would have probably endorsed it with sone

exceptions, mnor exceptions. W would have been

slight nore conservative, but we woul d have endorsed
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it and | said that at many of the code neetings that
| sat in when they were discussing that there was a
di fference between ASME and NRC that all they had to
do was i ssue their proposal and we woul d adopt it with
t he exceptions that we thought were necessary.

M5. VALENTINE: And | would just like to
add to that, this is really a timng issue. As we
said many tinmes before there has been di scussion on
this for many, many years.

The staff s wvery <clear wth the
instruction fromthe Conm ssion that we have severa
high priority reg. guides to issue by March 2007 to
support new reactor applications. As we stated many
times, this has been a consistent process, but this
does not -- our reg. guide does not stop that
consensus process.

This is a Regulatory @iide, not a
regulation. So the staff has been very clear on what
we expect to cone out of this neeting which is
agreenent for issuance of an effective reg. guide.

CHAl RVAN ARM JO.  Ckay, with that, | think

we'll close on this one. W have one nore
presentation by -- thank you, gentlenen, for your
presentation. | appreciate it.

(Pause.)
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CHAl RMVAN ARM JO.  Ckay, let's start.

MR COFFLIN:. M. Chairman, Conmttee
Menbers, first of all, 1'd like to thank you for
giving me the opportunity to make statenment here
today. | won't be presenting. |1'Il just be taking
from sone notes | have.

| kind of got inserted at the last mnute
and | appreciate that.

Thank you, Gary.

My name is David Cofflin, and I work for
AREVA MP, Incorporated in Lynchburg, Virginia. |
supervi se a group of engi neers who are responsi bl e for
| oadi ng, stress and fatigue analysis of the reactor
cool ant system for the USEPR which is AREVA's entry
into the advanced |ight water reactor nmarket. And as
such, | have a practical viewpoint of what this reg.
gui de nmeans to people say at the working |evel.

W have recei ved DG 1144 sone ti ne ago and
we issued it to all three regions of AREVA. That
woul d be France and Germany and the U S. And we
reviewed in Septenber on the 22nd. W sent a letter
to the NRC which outlined out concerns and conmments
with the draft reg. guide.

| actually have copies of the letter here.

There were sone passed out earlier. Does everyone
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have one?

O hers in the gallery, | have sone here
t 0o.

My pur pose here today i s not to go t hrough
the letter point by point or in detail. | just want

to summari ze our rmaj or areas of concern with the draft
reg. guide.

What AREVA woul d |i ke out of this is that
the advisory conmittee consider these concerns and
guesti ons when they're formul ati ng their
recommendat i on to t he Conmmi ssi on regar di ng
i npl enentation of the draft reg. guide.

"1l nmove onto our concerns. AREVA is not
aware of any operating experience that supports the
need for the conservative fatigue design rules
proposed in DG 1144. | guess ny placenment in the
schedul e was fortunate because ASVE has handl ed nost,
if not all of these comments already.

DR. WALLIS: Are you saying that because
not hi ng has happened we don't nearly need a rationale
way to predict what m ght happen?

MR. COFFLIN. | would argue that the
nethod that we're using now is sufficient for what
we' re doi ng.

DR. WALLIS: W don't need a rationa
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nmet hod of predicting what m ght happen?

MR COFFLIN: That's a fair statenent.
But all I"'msaying is | think the nmethod that we have
now i s rational

DR WALLIS: But it seens to be the
argurent that because not hi ng has happened so far, we
don't have to worry about it. W don't need to
rational ly predict what m ght happen?

CHAl RVAN ARM JO I f absol utely nothing
changed. And the methods and the data and the
regul ati ons of 1960 or whatever, then you m ght have
an argunment. But things are always changi ng and |
don't know if we can count on that kind of stability
inthe anal ytical processes to be there to provide the
conservatism that it provided by being just so
sinplistic.

And so | don't understand this idea that
we have to have sonet hing fail before we do sonet hi ng.

MR. SIEBER. Let's not think that nothing
has ever failed. There's been a |Iot of nickel-based
al l oys that have not perforned well.

VR. COFFLIN:  Through different
mechani sns.

MR. BANERJEE: Every 7 or 10 years we find

a surprise. |Is that Bill Shack who said that?
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(Laughter.)

MR. SIEBER: And that keeps a |ot of us
enpl oyed.

CHAl RVAN ARM JO Ckay, go on.

MR. COFFLIN. AREVA believes that the
proposed rul es and we' ve been through this again, wll
lead to nore postulated break |ocations which wll
lead to nore whip restraints and jet shields.

This will lead, in turn, to reduction in
overall plant safety due to the increased risk of our
spring thermal expansion and nore difficulty in
obtaining accurate inspection results due to the
addition of whip restraints and jet shields. Again,
a point that the ASME has made.

It is not clear why the application of the
proposed rules is not limted to those | ocations which
are nost sensitive to environnmental fatigue effects
simlar to how environnmental fatigue effects are
treated in license renewal s phase. License renewal is
operating under a different set of rules.

AREVA does not believe that the NRC shoul d
establish very conservative design rul es without peer
consensus which we tal ked about.

The entire fatigue analysis methodol ogy

shoul d be consi dered when devel oping rul es to account
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for the effects of environnment, rather than limting
considering to material effects only. And practiced
the current ASME fatigue anal ysis and practice the
current ASME fatigue analysis nmethodol ogy already
contains multiple conservatisns that are not easily
removed fromthe fatigue anal ysis process.

Finally, in our Septenber 22nd letter
through the NRC, AREVA has highlighted severa
techni cal concerns with the proposed rules. These
i ncl ude concerns with the representative nature of the
materials tested and the | oading applied during the
tests. The difficulty in translating results from
| aboratory specinen test results to field conponents
and the lack of appropriate threshold values in sone
of the formulations.

And that is a very quick and brief summary
of what's in the letter. You' Il find nuch nore detai
in the letter. I'ma practical guy. I'mtrying to
| ook at it fromthe standpoint of what it neans to ne
as a piping and conponent analyst, but particularly
the technical conponent, the technical comments.
There's a fair bit of detail and background in the
| etter that describes what they are. | just briefly
hit them

Thank you.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

149

DR. WALLIS: You seemto agree that there
is an environnental effect.

MR. COFFLIN: Yes, sir. There is.

DR. WALLIS: But it's not big enough to
requi re any change in the procedures.

MR COFFLIN: | believe to restate that is
that it -- we believe that the nethods that we're
currently using would cover environnental fatigue
effects.

MR. BANERJEE: Your letter here has quite
a lot of detail technical points.

MR. COFFLIN: Yes, sir.

MR. BANERJEE: The NRC, presunmably, has
| ooked at this because the | etter was sent on the 22nd
of Septenber. And did you respond to these points
t hat they nade?

MR. COFFLIN. | think one of the biggest
poi nts that they made and said previously that it may
i ncrease the nunber of pipe break postul ati ons and we
considered that a valid conmrents and woul d consi der
adding the criteria.

Wth regard to sonme of the detailed
technical comments on the conservatisns and the
anal ysis, we agreed with sone of them but sone of

them we disagree with and one of themwe just
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nmentioned earlier in the nunber of postulated
transients is not always conservative as we found in
our reevaluations. There's some that they under-
estimated in the original design and it turned out to
be nore transients than they esti nated.

One of the comments in the AREVA letter
was technically incorrect. One of the argunents they
made in the letter was that the ASME evaluation
criteria is based on Tresca which is called the
maxi mum stress criteria and that was overly
conservative in the anal ysis.

VWell, the Tresca criteria is an overly
conservative failure criteria, but if you use a
different criteria such as VonMses criteria, you
woul d cal cul ate a hi gher stress and therefore a hi gher
strain to go into the ASME fatigue curves. So really
that argunent, that part of it 1is really not
conservative, if you look at it in terns of VonM ses
criteria.

MR. GURDAL: But Omesis is less. | hope
it isso. | may not speak, but it is truth. 1In every
book they list a rectangle, and an ellipse and it
shows that you can go to a higher stress | evel to cone
to a rupture when you have QOmesis. So in other

words, the Omesis stress itself is | ess than Tresca.
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Tresca is always nore severe than Omesis. All the
samre. Al the sane. Fifteen percent maximum |'1]|
send you that page.

MR FERRER. |'Il refer you to an MRP
study where they were looking at those U bend
specinens that Dr. Chopra showed you and they
eval uated them based on Tresca and showed that there
was a clear effect of the environnent. And they went
back to a VonM ses type criteria and showed that with
hi gher cal cul ated strains they were cl oser to the ASME
fatigue curves. However, you don't use VonM ses to do
fati gue anal ysis.

MR. GURDAL: This is not a conpetition for
Omesis and Tresca. |It's the one where it's called
maxi mumtotal principle strain range. |It's that one.
It's not a conparison between Tresca and Omesi s.

MR FERRER | don't think we're going to
get anywhere with this cross argunment, but if you go
into a textbook, they will showyou a plot of VonM ses
versus Tresca. It's a standard plot under two
di mensi ons.

MR. BANERJEE: To go back to the original
guestion, they lay out a nunber of let's say technical
cormments. Now do we have a response to these -- okay.

That's really the question |I was asking.
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And then these responses have been
recei ved by AREVA, presunably.

MR, GURDAL: No.

MR. BANERJEE: Have not. | see. | think
t hat answers ny questi on.

DR. SIEBER O by us.

MR. BANERJEE: O by us, right.

DR WALLIS: W have received them

DR SIEBER W have?

MR SANTCS: It's on the disk.

DR. SIEBER. Ch, okay. [1'Il look at this.

CHAl RVAN ARM JO. But | think this thing
about pipe whip restraints and snubbers and
proliferation of those things as being the only
out cone of applying this reg. guide is kind of hard to
believe. It's either that or spend sone nore noney
and nor e sophi sti cat ed mechani cal anal ysi s and/ or seek
sone relaxation of the criteria, all of which are
avai l abl e to you.

| don't think it's the end of the world
and the only thing that will conme out of this is a
bonanza from the pipe whip restraint industry. It
seens |like that's the point that's getting overstated,
at | east my point.

DR SIEBER | guess I'min a position to
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confirmthat having to redo your analysis and have a
ton of restraints costs mllions of dollars, does
occur.

CHAI RMAN ARMJO  But | think this is a
different situation now, Jack. They're saying that
nobody wants it. The staff certainly doesn't want
that to be the outcone, at least that's what 1've
hear d.

DR. SIEBER. Well, you may be in better
shape now than you were in 1980 when these things
becane a fact.

DR. WALLIS: | don't quite understand
that. Because if the F factors are already within
this ASME factor of 20 as they claim | don't see why
it's making that ruch difference.

DR. BONACA: Well, that is the point of
ASME. | think the presentation we got fromthe staff
made a case for addressing specifically environnental
concerns and so nowif, in fact, this causes nany nore
restraints to be placed in |ocation and an assunpti on
to be nade, does it nean that the ASME position, in
act, does not address envi ronnent al concerns
adequately. W're left with a question. It neans
that there is sufficient difference there to state

that the ASME case currently does not address
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adequately the environnmental concerns, it seens to ne.

If you're telling me that there are going
t o be hundreds of additional constraints and | ocati ons
for breaks, it neans to nme again that there is
significant difference between what we have heard in
a techni cal presentation where environnental concerns
were specifically addressed in the ASME case which is
real ly nost about the basis. It sinply provides sone
mul tipliers.

So I"'mleft with having to judge between
something | understand. | saw a presentation. | saw
some basis for it versus an assunption that says this
nunber has not been causing problens in the past, so
we just live by that.

| really have the feeling that | don't
know, naybe it's not going to cause so nany addi ti onal
restraints.

DR SIEBER. It seens to me that if the
staff were to issue this reg. guide and ASME woul d
devel op their code case and staff would approve that
wi t h sone del ayed i npl ementati on, we woul d | earn a | ot
of these answers.

DR. BONACA:  Yes.

DR. SIEBER. Technically that's -- if we

say don't issue the reg. guide, it will be 25 years --
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that won't happen. On the other hand, industry
argurent s are good enough as to question whether this
is too rigorous. | think this is a way to show
whether it is rigorous or not, too rigorous or not.

DR. BONACA: You know, | agree with you,
by the way, on the case. On the other hand, this is
the first tinme |I've seen specific cal cul ations or
tests addressing environnmental concerns. W have
di scussed this through license renewals plenty of
ti mes and we had no i nformati on except we had GSI - 190
and we were left with the question of what does it
nmean for |icense renewal 20 nore years? This is the
first tinme |'ve seen some of these.

Now the letter from AREVA questions somne
of the technical aspects of the tests, sothat -- it's
open here and | think there are answers for that. But
in general, | think that we have seen sone techni cal
basis for what is being proposed.

DR SIEBER | think what the staff is now
doing in license renewal space is probably as good as

they can do with the regulatory authority that they

have.

Yes sir?

MR. ERLER | guess the one other issue
that -- you've identified the issues that are
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critical. 1'd add to that how to apply the E. That
isadifficulty. It was identified in the MRP-47 and
that has not been addressed. There's as nany
negatives on getting sonmething through, of passing
somet hing that you don't know how to apply it to the
person. So that's what's going to take us a little
nore tinme in our code case to be able to develop the
application of it so that it nakes sense, with the
code equations and everything.

That's why we really would Iike to buy
some time. | think it's good that you put sone
pressure on us to nove by having sonmething in front,
but I would like rather than lock it in place, some
time there to work through that.

DR. SIEBER There is a way to do that, |
t hi nk.

MR. FERRER: Again, we need sonething to
i npl enment our current reviews. |f ASME devel ops
sonmet hing as has been stated here before, this is a
regul atory guide, just gives a nethod acceptable to
the staff and an alternative nmethod could be found
acceptable if we find you put out sonething that had
an adequate basis to cover the concerns.

MR. BANERJEE: How many reviews are you

facing in the near future?
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MR. FERRER. Right now, two. W have

ASBWR and EPR. That's why AREVA is here. The other
one would be GE. And they're near term W need the
criteria nowif we're going to inplenent sonething.

DR WALLIS: W have no idea what is the
actual inpact of these criteria on say the ASBWR?

MR. FERRER: No, because at this point,
this was an open i ssue in the reviewand we're waiting
for the proposed response on how they're going to
address it. Because at the tinme we raised it, they
didn't -- the reg. guide wasn't on the street. In the
interim it has now been issued, so that they could
come in an propose to use our reg. guide and then we
could do an evaluation of its inpact.

DR. KRESS. Wn't it show up at the COL
stage instead of --

DR. SIEBER. Yes, but that's
certification. It will be grandfathered.

DR. BONACA: It will show up at the design
st age.

MR. FERRER. This is not quite true
because they are doing sonme sanple analysis in the
design certification stage for both plants, | believe,
and so we will get a feel for the amount, whatever the

anount they do in the design certification stages,
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what the inpact is.

DR SIEBER Well, it certainly is easier
to do before you've taken any nortar and steel and
played with it. Pencil and paper is far cheaper.

MR. BANERJEE: Well, with EPR you stil
have tine before that happens, right?

MR. FERRER: Yes, yes. Right now they
have a topical in 1 think on the criteria which we're
going to review. W haven't really gotten started
with it yet. ESBWR, we're much further al ong.

They' re actual | y doi ng anal yses of certain systens and
we have the issue as an open issue with them waiting
to see how they're going to attenpt to resolve it.

If we can't resolve it in the design
certification review, then it will be an open issue
and it will roll over to COL.

DR. BONACA: Now AREVA is in the process
of building an EPR in Finland, correct?

MR FERRER That's correct.

DR. BONACA: So you should have sone
feedback there. | mean what kind of codes and
standards are they using?

MR. COFFLIN. They are using RCCM which is
the French code. It's roughly equivalent to the ASME

It does not have environnental fatigue rules init.
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DR. SIEBER Then that's not going to help

you.

MR GURDAL: | am Robert Gurdal. For
Finland, |ike David said, they are usi ng RCCMwhich is
t he code fromthe French which was really based on t he
ASME to start wth, but then it just further
devel oped, so it's kind of a hybrid fromthe ASME. |
don't know how to say. But now that code does not
tell you to do environnental effect, but STUK, if you
know them S-T-U-K, that's |ike the correspondi ng NRC
in Finland, can | say like that, | think.

DR. SIEBER R ght.

MR GURDAL: And their code is called YVL.
They are asking what the French, because it's really
under France and Germany, are going to do for the
environnmental effects. So it's a question there, but
it's kind of kept open to the French to see what they
want to do. And what they have prom sed is to | ook at
four locations very simlar tothe license renewal and
t hose four | ocations are surge, surge nozzle and CDCS
with a nozzle. What is it? Control and vol une?

DR. BONACA: So AREVA has an ability to
have a test then, it's an evaluation in and of itself.

MR GURDAL: Yes.

DR. BONACA: This case, and really see
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what the inpact is.

MR. FERRER It nmay be a timng thing. |
prefer the nusic.

MR. GURDAL: They hope to do this analysis
for the first three nonths of 2007, but then prior to
that they are also doing tests, because what they
don't really believe in is those triangular types of
cycles. They say that the real cycles are nore what
| would call Delta T1, Delta T2 types. In other
words, when the fluidis comng. So in that case, the
environnental effects are in place. But the other
big, big thing that they don't believe is that you
don't have the surface effect and the environnental
effects at the same tinme. Very inportant.

He has an incredi bl e surface effect in his
12 which is what between 2 and 3.5. You take the
square root of that, that's approximately 2.6 and the
surface effect we see is something like 1.1, 1.2 that
you can see in the EPRI tests done in Irel and.

So what they really think is that once you
use the environnental effects, you should not have
those factors of 2 and 20. |If you have any factor a
lot less of 2 and 12, and that's conpletely
consistent with the Japanese who have a 1.5 down and

nothing else. First, that's Dr. Nakanura if you want.
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DR. WALLIS: That's in your letter, right?

MR GURDAL: | don't renenber. That was
i n Septenber.

Part of it is. | could -- in the
nmeantine, we learn a little nore, but because of the
deadline we have to rush. That's why it's Septenber
22nd, which was a Friday for the 25th. W woul d have
nore information. And the French, | spoke with the
French yesterday on the phone and he wants to be sure
for Flamonville, that's the second EPR in the world,
the third, hopefully, is in the United States. For
Flamonville, it's already decided no environnenta
effects. And that's reported by EDF

No, the environmental effects is an R&D
phenonenon that you don't see in conmponents. That's
his one sentence. Maybe we shouldn't put that in the
record.

So Flanonville -- the only interesting
guestion about Flanonville is they are discussing
whet her t he desi gn woul d be accordi ng to ASME or RCCM
| don't know if that -- but for Finland, it's RCCM
Oh, but the fatigue curves in the RCCMare the sane as
ours, the fatigue curves.

CHAl RMVAN ARM JO  kay, thank you very

much.
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MR. FERRER: Thank you. Thank you for

your time.

CHAl RMVAN ARM JCG | think we've got --
we're done, unless the Conmittee wants to nmke any
comments, speeches. There will be an abridged
presentation to the Full Conmttee.

DR. WALLIS: Do you want to have a caucus
of the Conmttee off the record, after this?

CHAI RMAN ARM JO  Yes, | would. | think
it would be a good idea of what to wite.

Ckay, with that, 1'm going to close the
neeting and thank everybody for their presentations
and for the discussion. | think it was very well
done. Of the record.

(Wher eupon, at 5:18 p.m, the neeting was

concl uded.)
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