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P-ROGCEEDI-NGS
(8:33 a.m)

6) OPEN NG REMARKS BY THE ACRS CHAI RVAN

CHAI RMAN SHACK:  The neeting will now cone
to order. This is the second day of the 539th neeti ng
of the Advisory Commttee on Reactor Safeguards.
During today's neeting, the Conmmittee will consider
the following: Proposed revision to 10 CFR 50.46 LOCA
criteria for fuel cladding materials; draft final
revision 1 to regulatory guide 1.189 (DG 1170), "Fire

Protection for Nucl ear Power Plants,"” and SRP section
9.5.1, "Fire Protection Prograni; subcomittee report
on ESBWR PRA;, WIf Creek pressurizer weld flaws;
proposed revisions to regulatory guides and SRP
sections in support of new reactor licensing; future
ACRS activities and report of the Planning and
Procedures Subcommttee; reconciliation of ACRS
comment s and recommendati ons; and preparation of ACRS
reports.

This neeting is being conducted in
accordance wi th the provisions of the Federal Advisory
Commttee Act. M. Taney Santos is the designated
federal official for the initial portion of the
neet i ng.

Atranscript of portions of the neetingis
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being kept. And it is requested that speakers use one

of the mcrophones, identify thenmselves, and speak
with sufficient clarity and volune so they can be
readily heard.

| rem nd nmenbers that we are scheduled to
interview two candidates during lunchtinme today.
Hopefully we' Il stay on schedul e and actual |y be abl e
to eat |unch al so.

Qur initial itemthis nmorning is the work
on the 50.46 fuel clad criteria. And since | have a
conflict of interest on that, Jack Sieber wll be
running this portion of the neeting.

VI CE CHAI RVAN SI EBER:  Ckay. Thank you,
M. Chai r man.

7) PROPOSED REVI SION TO 10 CFR 50.46 LOCA CRITERI A

FOR FUEL CLADDI NG MATERI ALS

VICE CHAIRVMAN SIEBER:  And, w thout
further ado, | would like to introduce Jennifer Uhle
to provide the staff's introduction to the
presentation on 50.46 this norning.

Jenni fer?

M5. UHLE: Thank you. Good norni ng.

MEMBER ARM JO M Chairman, we did have
a subconmmittee neeting earlier. And maybe | could

give you a little bit of a briefing.
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6
VI CE CHAI RVAN SI EBER Wiy don't you take

charge of this session?
MEMBER ARM JO. It's okay with ne.
(Laughter.)
VI CE CHAI RMAN SI EBER:  kay.

7.1) REMARKS BY THE SUBCOWM TTEE CHAI RVAN

MEMBER ARM JO. | just wanted to say that
we did have a full day of subconm ttee neeting on the
19th. Several nenbers of the Cormittee were present.
And we covered this topic in sone depth

W had presentations, of course, fromthe
staff and from Argonne National Laboratory as well as
presentations fromWsti nghouse, AREVA, and G&F on t he
i ssue of the phenonenon. As we have | earned at the
Commttee neeting, it's conplicated. [It's a conplex
phenonenon goi ng on.

The staff has done and research people
done an admrable job in the research to try and
under stand t hese various conponents. There has been
generally very good support fromindustry to this
program but the industry people have been rel uctant
to support use of the enbrittlenment criteria at this
poi nt because they believe the research is not yet
conplete. And the way to incorporate those research

results into arule is still not settl ed.
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So we will be hearing today fromboth the
staff and industry. And | think the tinme was
al l ocated roughly about 50/50 to give everybody a
chance to nake their points.

Wth that --

CHAI RVAN SHACK: Go ahead.

M5. UHLE: Thank you. Good norni ng.

7.2) BRIEFING BY AND DI SCUSSI ONS W TH

REPRESENTATI VES OF THE NRC STAFF

M5. UHLE: M nane is Jennifer Uhle. | am
t he Deputy Division Director for Materi al s Engi neeri ng
in the Ofice of Nuclear Regul atory Research.

| would like to thank the Conmttee for
taking the tine to nmeet with us today to tal k about
our research program dedicated to the devel opnent of
revised fuel clad acceptance criteria for postul ated
| oss-of -cool ant accidents. O course, these fanous
criteria of 2,200 degrees Fahrenheit and 70 percent
| ocal clad oxidation are contained in 10 CFR 50. 46.

Today we will try to describe to you our
understanding of these conplex phenonena that
contribute to the enbrittlenent of fuel clad under
t hese conditions.

Thi s under st andi ng has been devel oped over

a period of ten years. And we will do our best to
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sunmarize it in the tine allowed. To facilitate our
comuni cation, we will be providing a set of proposed
acceptance criteria. But | want to stress that today
we are not presenting to you rul e | anguage. And that
will be developed at a later date in NRR along with
research support as well as stakehol der invol venent.

W feel there is a great need for a
revisionto the present rule for a vari ety of reasons.
First, the current criteria are non-conservative. The
NRC has managed this issue of ensuring plants are
taking voluntary nmeasures to ensure safety in the
event of a LOCA

Second, we have shown that the criteria
are affected strongly by burnup as well as a choi ce of
all oy and even fabrication process.

Third, the current rule is witten to be
cl ad-specific. And licensees are required to get
exenptions from 50.46 to be able to use the new and
better-performng clads. W find this to be
unnecessarily burdensonme to the |icensees and, nore
importantly, to the staff because we're spendi ng our
time reviewi ng these submttals. And, of course, the
need for exenptions my also be hanpering the
i ntroduction of superior clad materials.

So research believes this program has

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

9

generated a sufficient anount of data to proceed with
the rul enmaking in one presentation. |In Ralph Meyer's
presentation, you will see that there is one prom nent
area deened the F factor, some of it citing, where we
have data but we have also used sone judgnent to
provi de the basis for our proposal.

Qur research believes that proposed
criteriaw |l ensure safety. And it's inportant to go
forward with the rul enaking, one of the concerns |
previ ously nmentioned, although you will hear fromthe
industry. | think other stakeholders desire to
post pone t he rul emaki ng to provi de nore of a dat abase.

Qur goal today is to try to convince you
to support our decision and our goal to nove forward
with the rul emaking. W |look forward to hearing your
views. |If there are no other questions about what
we're trying to acconplish --

MEMBER ARM JO Real quick one. [If you
went ahead with this, what is your tine franme in which
you woul d actual |y have wordi ng that would go into the
rul e?

M5. UHLE: Well, we have a NUREG
Research has the NUREG And we're witing them And
it's hoping to finish it and transfer it over to NRR

the end of March tinme franme. Then the NRR has, of
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course, a rul emaki ng schedul e devel oped that invol ves
certainly the legalities of rulemaking, which is
st akehol der invol venent.

The current rul emaki ng, at one point the
rul emaking plan that was developed a year ago
indicated that the final rule would be out on the
street January 2009, so early January 2009, so a few
years from now.

Right now the Comm ssion, of course,
requested the staff to prioritize the rul emaking
activities. And with this realization of the
non-conservati smof the current rule, the staff is
guesti oni ng whet her or not we need to prioritize this
hi gher and perhaps expedite.

Ral ph Landry, do you want to add anyt hi ng
to that? Ralph Landry is NRR. He would be in charge
of the rul emaking activities.

MR. LANDRY: Ral ph Landry, NRR |'m not
in charge of rul emaking activities.

M5. UHLE: You're in charge of the
techni cal aspects of rul emaking activities.

MR. LANDRY: The point of what Jennifer
said is very accurate. W have not initiated the
rulemaking at this point. W are follow ng very

closely. W have been very involved in this work with
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the Ofice of Research. W would |ike to proceed in
a very orderly fashion to a new rulenmaking, to
changi ng the acceptance criteria.

W have had acceptance criteria in 50.46
that have withstood 30-plus years of use. And as we
nove forward, | want to make sure that we proceed to
criteria that woul d wit hstand anot her extended peri od
of tinme that we would not need to go back and change
in a very short tine.

And we're looking at it a couple of
different ways. This was brought up at the
subconmittee neeting. Could we put perfornmance-based
words into the rule and details in a regul atory gui de
or do we have to put sone details into the rule? W
haven't pursued exactly the legalities of which
approach to take at this point, but it is very
appeal i ng to have performance-based words in the rule
itself and the details left to a regul atory gui de.

MEMBER ARM JO  Thank you.

M5. UHLE: Ckay. So if that is all, then,
| would like to introduce Dr. Ral ph Meyer fromthe
Ofice of Research, who is the |ead technical staff
nmenber in charge of the research program

In addition, Dr. Billone, who is the

princi pal investigator fromArgonne. He is also here
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if you have any particular questions you'd like to
ask.

DR. MEYER  Good norning. W' ve been
wor ki ng on cl addi ng and fuel response to
| oss-of -cool ant accident conditions for alnmpst ten
years now and have had a fair ampunt of cooperation
that | want to nmention. The industry has had us in
this program

(Pause.)

MEMBER ARM JO. Ckay. W're ready to go.
Ral ph, our apol ogi es.

MEMBER APCSTCOLAKIS:  Wio is the person on
t he ot her side?

DR. MEYER That will cost you five
m nut es.

PARTI Cl PANT: Can we ask who else is on
the bridge right now?

PARTI Cl PANT: Westinghouse. |'m going on
mut e now. Thank you.

PARTI Cl PANT: Thank you. Sorry about
t hat .

DR. MEYER. (Ckay. W' ve had cooperation
fromthe industry. | want to nmention quickly that
EPRI has been involved with us from the begi nning.

A obal Nucl ear Fuel, AREVA, its precedi ng conmpanies,
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and Westi nghouse have all provided fuel rods and fuel
cladding nmaterials for testing in the program And
t hey have been very free to give us their opinions as
wel | .

In addition to that, | want to nention
anot her programthat | sonetines forget to nention in
doing this work. And that's a programthat we have
had with the Kurchatov Institute in Mdscow.

The French | RSN and t he NRC for al nost the
same nunber of years had been providing some support
to Kurchatov to do related work. And they have done
al nrost a parallel study to what we have done up at
Argonne National Laboratory and docunented that in a
NUREG | A report that we issued al nbst two years ago.

This is very extensive and unravel ed sone
of the pieces of the puzzle that we will talk about
today. So | want to nention the Kurchatov work and
| RSN support work. And | also want to nmention the
Russi an fuel manufacturer, Tivel, is al so a sponsor of
this work and, in fact, probably paid the lion's share
of the cost, although we ran the content of the
program from this little international arrangenent
t hat we had.

Now, the work at Argonne has been

docurented in a draft NUREG CR report, which | think
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the Commttee has. W sent it to the Committee. It's

a fairly lengthy report. And we spent a lot of tine
tal ki ng about that at the subcommttee.

So there are a |l ot of things that happen
to the fuel during a |oss-of-coolant accident. And
our research has | ooked into a nunber of thembut has
focused primarily on the | oss of ductility that takes
place in a process that we just generally refer to as
enbrittl enent.

During a |oss-of-coolant accident, the
cl addi ng tenperature goes up. And sonewhere in the
vicinity of 800 degrees Centigrade, the cladding
softens. It balloons. It pops. It ruptures. It
relieves the pressure. It also goes through a phase
change just about at the sane tenperature. They're
not totally related to each other, but they do happen
at about the sane tine.

Now, only above that tenperature, starting
at around 900 degrees Centigrade does the oxidation
rate on the surface because it's in steam the surface
oxidation rate, picks up enough that you wll
accurrul ate a | ot of oxidation during the period of the
transi ent.

And at the sane tinme, the oxygen that is

|aid on the surface begins to diffuse into the netal.
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Then eventually the cooling water fromthe emergency
cooling systens cones in, cools, and quenches the
material. Then it goes back through the phase change.

The | owt enper at ure phase change we refer
to as the al pha. The high-tenperature one is the beta
phase. And |I'll come back to that in just a second.

Now, the current enbrittlenent criteria
you're probably all famliar with this. It's in 10
CFR 50.46, part B. |In paragraph 1, there's a
tenperature limt of 2,200 degrees Fahrenheit. That's
1,204 degrees Centigrade. And we will just glibly
speak of 1,200 degrees Centigrade inthe presentation.

There is an oxidation limt of 17 percent.
This isreally atine limt because it was understood
at the beginning and we know it now that the
enbrittling process does not take place on the surface
where the oxide is accunulating. It is related to the
di ffusion of oxygen in the netal.

The diffusion process and the oxidation
process run at about the same speed. And so an
oxidation limt was used. |It's very convenient. |
won't go into the details, but it turns out to be a
very convenient thing to do. It gives you a nearly
constant number that you can use as a limt.

In running a LOCA calculation, you
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calculate -- well, your basic LOCA transient
calculation is just tine and tenperature. And then
you run along with that sone equation for oxidation
and get a cal cul ated oxidation anmount during the
transient. And you keep that |ess than 17 percent,

| ess than or equal to 17 percent.

One-sided oxygen pickup is assuned
everywhere al ong the cl addi ng except in the ball oon.
And in the balloon, you recogni ze that you have hit a
rupture. And the steamcan get into the inside of the
bal | oon and | ay oxide on the inside. And then oxygen
will diffuse in fromthe inside sinultaneously with
the diffusion in from the outside. So you use a
t wo- si ded assunption within the ball oon.

In 1998, after we becane concerned about
the effects of burnup on these criteria, NRCissued an
information notice that clarified the 17 percent
nunber. And we said at that tine the 17 percent was
total oxidation, nmeaning the transient oxidation plus
any corrosion that accurul ated on the fuel rod during
nor mal power operation.

Now, in the next ten slides, | want to
just give you a brief overview of the type of work
that's been done to support the criteria that we're

going to describe to you later on
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This is work that M ke Bill one spent three
hours describing to the subcommttee. |I'mgoing to
spend about three mnutes on it literally. | just
want to give you a feeling for the magnitude of the
experimental programthat has been undert aken.

So, first of all, hereis alist of all of
the <cladding materials that we have tested,
Zircaloy-2, 4, ZIRLO, Mb, and a Russian E110. And in
some cases, we have had nultiple subsets of these.
Zircaloy-4, for exanple, we have three distinct
varieties of Zircaloy-4. W have sone ol der vintage
15 by 15 Zircal oy-4, sonme nodern 15 by 15 Zircal oy- 4,
and sonme nodern 17 by 17 Zircaloy-4, in addition to
having the high burnup Zircaloy-4 of the ol der
variety.

MEMBER BANERJEE: Wat do you nmean by "15
by 15," "17 by 17"?

DR. MEYER. The fuel geonetry, the --

MEMBER BANERJEE: Ch, the bundl es, yes.

DR MEYER -- bundle size. And the
geonetry turns out to be inportant because the nore
rods in the array, the thinner the cladding. And
you're going to see that cladding thickness shows up
in one of the equations. And so it has a direct

effect on enbrittl enent.
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So we have |looked at all of those
materials. W have a furnace that is radiant-heat ed.
It has reflectors and a central tube going down
through there with a specinen. W can use short
speci nens. W can use | ong speci nens. W can pass
steam over the outside only. W can pass it up
through the mddle and the outside. Al of those
ki nds of tests are done in this apparatus.

MEMBER POWNERS: Ral ph, you indicated in
your introductory comrents that nost of the period of
time you're interested in, rapid oxidation is not
taking place. Did you have to get up to above sone
critical tenperature before you get rapid steam
oxi dation in the claddi ng?

DR MEYER  Yes.

MEMBER POWERS: That neans in the real
reactor accident, the heat is comng fromthe inside
out to the clad. But in your experinments, you're
going fromthe outside in on the clad. Does that make
a difference?

DR. MEYER Actually, nobst of the testing
t hat we have done has been two-sided. And so there
was a tinme when we were concerned that by doing so
much of the work with two-sided oxidation, that we

were not setting the test up right. And we did then
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do sone one-sided oxidation tests.

In the end, as you saw and the rest wl|
see, we're going to suggest that the two-sided
anal ysis be done everywhere on the run so the tests
are exactly the right ones for that.

MEMBER POAERS: Thank you

MEMBER BANERJEE: So typically in a
bundl e, at these tenperatures, sonme portion of the
heat is com ng fromradi ation onto the surface in sone
forminside. What is that fraction?

DR MEYER  The heat source is --

MEMBER BANERJEE: Inside, but it's
radiating, right, as well?

DR. MEYER  Well, but, | mean, you just
have simlar rods all around. So they're all --

MS. UHLE: This is Jennifer Unhle fromthe

staff. | nean, that's hard to say. It depends on the

transient. It depends on exactly the view factors,
t he peaking factors because obviously you need the
strong delta-T to provide the driving force.

| think being fromNRR, when | was i n NRR,
revi ew maybe at nost 20 percent, | think is from
radiation at the real high tenperatures. But that's
when you're up at the --

DR. MEYERT The two mai n heat sources are
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the heat fromthe inside com ng from decay heat and
stored heat from the beginning of the transient and
then the heat from the netal-water reaction. And
those are all accounted for in the anal ysis.

So tenperature is a very inportant. This
net al -water heat affects the tenperature rise during
the transient. So in setting up the experinmental
apparatus, a lot of effort is put into calibratingthe
furnace and the tenperatures on the rods to be tested.

That picture |ooks so good on the file.
Anyway, the nmain test t hat we do is a
ri ng-conpression test. You can hardly see it here,
but there is an Instron machine that's squeezing a --

VEVMBER POVERS: It is much better in the

handout .

PARTI Cl PANT: The handout is good.

DR. MEYER -- the ring of the cl adding
that's about eight millinmeters long. W have a couple

of Instron nmachines doing this. One is in a glove box
where we can squeeze irradi ated pieces. And one is
just sitting out in alaboratory where it's easier to
get to.

The ring-conpression test results have to
be interpreted. Qur techniques for doing this are

much nore sophisticated than they were back in 1972
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and 1973, where the sane ring conpression, genera
ring conpression, technique was used. And so we know
how to do this quite well now.

The furnaces are generally programred in
a way that nore or |ess represents the tenperature
rise during a postul ated acci dent.

MEMBER APOSTOLAKI S:  Ral ph?

DR. MEYER  Yes?

MEMBER APCSTOLAKI'S: It nmay be obvious to
a lot of people here, but where are you going with
this? Wat are you trying to get out of these
experi ment s?

DR MEYER Al | want to do at -- what
we're trying to get at are criteria that can be used
to identify when the cladding |oses ductility during
this transient so you can use that as alimt and then
with that Iimt show that the enmergency core cooling
syst ens have been adequate to protect the ductility of
the material .

MEMBER APCSTCLAKI'S:  So when do you mean
the tinme? How long it will take to | ose ductility?

DR. MEYER. Well, that's basically what we
deternm ne experinentally.

MEMBER APOSTOLAKI S:  Ri ght.

DR. MEYER: And then that information is
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contained in the tenperature Iimt and the oxidation
limt and applied in the analysis, the safety
anal ysi s, when you anal yze the thing.

VICE CHAIRVAN SIEBER: Those limts are
surrogates for the | oss-of -cool abl e geonetry, whichis
t he endpoint. You want to maintain cool abl e geonetry.

DR. MEYER: Endpoint is |oss-of-cool able
geonetry. There were big discussions about this
during the hearing in 1972 and 1973. It canme down to
a position of maintaining ductility in the cladding as
the way to ensure a cool abl e geonetry.

And we have not tried to change any of the
underlying philosophy or the basic experinental
approach to it but just do it in such a way that we
can see the effects of burnup and nmanufacturing
vari abl es and update the criteria.

W were able to do four what we call
integral tests on high burnup rods before we | ost
access to the al pha-gamma hotcell at Argonne. And
these are pictures of those four. Al four of these
fuel rods were BWR fuel rods with | ow corrosion. And
you can see the single balloon and ruptured area in
each of those.

W anal yzed those in detail.

MEMBER ARM JO Ralph, I'msorry. You
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didn't do the H B. Robinson? Didn't you do an H B.

Robi nson?

DR MEYER W didn't get to the H B.
Robi nson before the --

MEMBER ARM JO.  Before they shut down?

DR MEYER -- hotcell was shut down. So
we have the specinens. And we want to test them But
we have had no ability to do that since July 26, 2005.

MEMBER ARM JO  Ckay.

DR. MEYER. W renenber the day.

MEMBER ARM JO  And you al so have the M
fuel ed rods and the ZI RLO?

DR. MEYER. No, no. It's a very painful
process to get fuel rods froma power plant for
testing. And over the years, we have been able to get
a set of BWRrods fromthe Linerick plant and a set of
PWR rods from the Robinson plant. These are
relatively ol der fuel types.

W have plans to get ZIRLO cl ad rods and
Mb-cl ad rods with high burnup for this program Those
rods have not been provided yet. So those are not in
the current test program

VWhat we were able to get were sone snall
pi eces of Mb and ZI RLO cl addi ng fromhi gh burnup rods,

getting those pi eces fromthe Skuzda Laboratory, where

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

24

they had such fuel rods for testing and we made
arrangenents to get those pieces. Those pieces have
not been tested yet either but wll be tested
hopefully in the next two nonths.

DR BILLONE: Excuse ne. This is M ke
Billone from Argonne. Just for clarification, the
hi gh burnup Mb rods that we and EPRI have agreed to
put into the programare in transit to Argonne. They
have been in transit for six nonths, but they're in
transit.

PARTI Cl PANT: Sl ow truck

DR BILLONE: Slow truck

MEMBER ARM JO. But you physically have
the H. B. Robinson rods, --

DR BILLONE: Yes, yes.

MEMBER ARM JO. -- even though that's an
ol d vintage --

DR BILLONE: Correct.

MEMBER ARM JO  Ckay.

DR OZER  Excuse. This is Cdelli Ozer,
EPRI. The Mb rods have been shipped. They're at the
| daho National Laboratory. They're just awaiting
shi prrent from | daho hotcell over to wherever Argonne
wants them

And we are in di scussi ons with
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West i nghouse for ZI RLO rods.

DR. MEYER. Well, since we've gotten onto
this subject, let nme say that we have had a program
plan for this programsince 1998. It was updated in
2003. It has been reviewed by the subconm ttee and by
the full Conmmttee several tines.

I n that programplan, we al ways knew t hat
we woul d not have the hi gh burnup ZI RLO and Mo rods in
time inthe time that we wanted to try and revi se the
enbrittlenent criteria.

And so the plan for the beginning was to
exam ne unirradi ated rods of Zrcal oy-2, Zircal oy-4,
Mb, and ZIRLOand irradi ated Zircaloy rods. Wth this
cut of the variables to nake an assunption that the
burnup effects that you saw in the Zrcaloy would
apply to Mo and ZI RLO because we realize that we
woul dn't have those rods in any tinmely way to nake t he
test. And that turned out to be the case.

So what we're going on here are burnup
effects neasured on Zircaloy and, by assunption,
carried over to Mb and ZIRLOwi th the alloy and
manuf act uri ng properties neasured on t he unirradi at ed
materi al .

| think we understand enough of what is

going on that this is a reasonabl e approach. And
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hope that | can convince you of that. Sonetinmes if we
want to do a mechanical test in the balloon, instead
of cutting a ring and conpressing it because of the

def ormati on, we do a bending test.

And we do a |l ot of mcroscopy to | ook at
the details of metallurgical phases in the oxide
| ayers that build up on the rod. This happens to be
a scanning el ectron mcroscope picture. W do a |lot
of optical mcroscopy al so.

Okay. So that was ny three-m nute sweep
t hrough t he experi nental program Now what | want to
do is to slow down and talk about what is really
happeni ng and what we have |earned fromthe results
and then how we propose to use those results.

So inmagine that a fuel rod has been
t hrough a tenperature transient such as the one that
| showed and has now been cool ed back down to near
roomtenperature and you look to see if it's brittle
or ductile.

So what you see when you look at the
sanple is that there is O, on the surface, oxide on
the surface, and then you see material that when it
went up in tenperature had all transformed to the beta
phase. But as oxygen diffused into the netal fromthe

oxide that's 1lying on the surface, the oxygen
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concentration in the beta phase got above the
solubility imt and caused it to go back to the al pha
phase, which had a | ot of oxygen in it.

And so when you take it all back down to
roomtenperature, what you see is a region that was in
t he beta phase at high tenperature. You clearly see
this oxygen-stabilized al pha |ayer. And, of course,
you see the oxide |ayer.

Anmong t hese phases, the only one that has
any ductility is a portion of the prior beta phase.
It's the portion of that phase that has a | ow oxygen
content, a content |ower than about six-tenths of a
percent of oxygen.

VI CE CHAI RVAN SI EBER:  Coul d you tell us
whi ch phase is body-centered cubic and which is --

DR MEYER  Yes.

VI CE CHAI RVAN SI EBER: -- phase-cent ered?

DR MEYER Yes, | can. The
| owt enper at ure al pha phase i s a hexagonal cl ose-pack
structure. And the high-tenperature beta phase is a
body- cent ered cubi c.

When the original work was done in the
late '60s and early '70s and the rule was first
witten, there was this Appendix K that you are

probably all famliar with. Appendix K required that
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you use the Baker-Just oxidation equation.

And that was because the data that Hobson
had taken, which were used as the basis for the 17
percent nunber, had been reduced with the Baker-Just
equation. Hobson did not measure the anmount of
oxidation. He calculated it with Baker-Just. So he
used Baker-Just going in. He used Baker-Just com ng
out. And it worked.

W're switching from the Baker-Just
correlation to the Cat hcart-Pawel correlation because
it's a nmuch nore accurate correlation. And | just
wanted to put in your handout the equations that we're
using so that they would be for reference. | don't
think I need to talk about those in any detail.

MEMBER ARM JO. Ral ph, | just want to ask
one question and just to be sure. Have you confirned
or is it well-known that the oxidation kinetics for
the, let's say, various types of zirconium all oys,
Zircaloy-2, 4, Mb, and ZI RLO, have the sane activation
energies and pre-exponentials so that this one
equation represents the whole fam|ly?

DR MEYER  Yes. W have confirned that
t hey don't.

MEMBER ARM JO. Ckay. Confirned that they

don't. So would you use a different equation for each
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if you're --

DR MEYER Ckay. | really need to
explain this. And | know | ought to do this. The
Cat hcart - Pawel equati on works very well for all of the
al l oys we have tested, the ones you have nentioned:
Zirc-2, Zirc-4, Mb, and ZI RLO at the high tenperature
end of the range of interests. At 1,200 degrees
Centi grade, a Cathcart-Pawel works quite well for all
of them

As you go down in t enper at ur e,
particularly the Mo alloy, which has no tininit,
it's just zirconium1l niobium it has sl ower oxidation
ki netics, say, around 1,000 degrees Centigrade. It's
much sl ower.

Now, by using the Cat hcart-Pawel equati on,
even for Mb, we're not introducing any error into the
situation because it's just the paraneter that we
correlate against. It's our surrogate for tine. So
it does not represent the true oxidation rate for M
at lower tenperatures, but it is still a good tine
yardsti ck.

M5. UHLE: This is Jennifer Uhle.

MEMBER POAERS: Couldn't you just stick
wi th Baker-Just, then?

DR. MEYER: W coul d have used Baker-Just.
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M5. UHLE: This is Jennifer Unhle fromthe

staff. W just want to point out that in the

regul atory gui de or perhaps in the ruling, which when
it gets worked out will be the guidance to make sure
that whatever correlation or whatever equation,
oxi dation equation, you' re using to reduce your data
to show when you | ost ductility, you have to use that
in your system analysis code that will tell you what
your fuel rods would be, how brittle they would be
during a | oss-of-cool ant accident.

So right nowthere is a di sconnect because
in the 17 percent limt currently, that was derived
usi ng Baker-Just. However, in best estinate nethods
that the |icensees have and vendors have been using
for they have NRR approval to use, they're free to use
what ever correlation is acceptable for the oxidation
equati on.

So there is currently a disconnect. Now,
thankfully it's not that much in error, but in the
future, we need to nmke sure that those two are
consi st ent.

MEMBER CORRADI NI :  Just to clarify because
you tried to explainit. | thought | got it, but now
| don't have it. So let's just stick with

Cat hcart-Pawel. And you were to take a set of data.
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So you said this is just a surrogate for

time. So what you're using this for is to conpute a

percent reaction given the protocol, whichis if it's
not ballooned, it's one-sided. |If it's ball ooned,
it's two-sided and then with that percentage, then
cone back to a tine.

I"'m still not clear about that because
what you said about Ms, | renenber being the case.
" m not exactly sure how it still sounds to nme like
using Cathcart-Pawel. Wth a range of tenperatures as

you cook the fuel, you're going to overestimte
oxi dati on.

DR. MEYER: You will overestinmate
oxidation for Mb, for exanple, because it spent sone
time at a |ower tenperature. But, as it turns out,
t he oxi dati on process doesn' t cont rol t he
enbrittlement process. |It's diffusion into the netal
that controls the enbrittlenent process. So we're
just using oxidation rate as sort of a surrogate for
di ffusion rate because we can neasure it.

MEMBER CORRADI NI : | understand. My |
just ask, then, the obvious question? So if |
overestimate oxidation and it's a surrogate for
di ffusion, why am| not also overestinmating the

diffusion tinme and, therefore, overestimating the
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enbrittl ement ?

DR BILLONE: Ralph, can | --

DR. MEYER. Help nme out, M ke.

DR BILLONE: No. Let's look at it a
different way. If | test Mb at 1,200 degrees C. and
Zirc-4 at 1,200 degrees C. or 1,000 degrees C --
let's gotothe 1,000, where they're very different --
t hey pick up weight, oxygen, at different rates, but
they enbrittle at about the sane rate because what's
controlling is a diffusion process of oxygen into the
nmetal and through the netal

So Mb fornms a thin oxide layer. Zirc-4
will form a thick oxide layer, which doesn't
contribute at all as | ong as you have an oxygen source
there to drive your diffusion.

The sinple fact is when you plot M
ductility goes down |like that with time versus Zirc-4
ductility, which goes dowmn. They go down at the sane
| evel .

MEMBER CORRADI NI :  So one | ast question,
and then I'Il be quiet, which is then the oxidation
kinetics is nothing. You are using the A and the Q
and the R essentially as a solid diffusivity nodel,
which is approximately right, regardless of the

oxi dati on.
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MEMBER BONACA: Right.

MEMBER CORRADI NI : Okay. Fine.

DR. MEYER. Now, | want to point out that
you would not want to do this in calculating the
net al -water  heat, the separate matter. The
net al -wat er heat you woul d want to use a best estimate
oxi dation correlation. But for us it turned out to be
conveni ent just to use this sanme cal cul ation, plot all
of our data not as a function of time but as a
function of what we «call CPECR  Cathcart-Pawel
Equi val ent C ad and Reacti ve.

MEMBER ABDEL- KHALI K:  Wbul d you expect
this to work for any and all yet-to-be-devel oped
al | oys?

DR. MEYER | expect this to work for any
and all zirconiumbased alloys that are in the tin
niobium famly at the concentrations of around one
percent; in other words, the range of things we --

MEMBER ABDEL- KHALIK:  And this is --

DR. MEYER W tested all the way from
zirconiumtin to zirconi umniobium Anything in that
range | believe these results will be applicable.

MVEMBER ABDEL- KHALI K:  And this expectation
i s based on what? Intuition?

DR. MEYER It's based on testing that
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wi de variety of materials that are in this range which
have not only differences in conposition but also
differences in fabrication and understandi ng which
di fferences cause some change in the ductility
behavi or and arranging the criteria in such a way that
it would catch all of them

MEMBER BANERJEE: A coupl e of questions.
What is that 87.8 there?

DR MEYER It's just a geonetric factor.
Let ne define equivalent cladding. There are four
hours of details involved in this subject at |east.
Equi val ent cladding reacted is where you can do a
cal cul ati on and you assune that all of the oxygen that
is consuned goes into ZrO, at the surface. And none
is lost by diffusion into the netal.

That's what ECRis. It's a concept that
was used 35 years. There's nothing wong with the
concept. And we stick with it, with the concept.

MEMBER BANERJEE: What is it? It says
it's 20 percent oxidized or sonmething, 17 percent?
What does that sort of pertain to?

DR BILLONE: It pertains to the fraction
of the wall thickness that you consune.

DR. MEYER  The tenperature of the tine

and the wall thickness, yes.
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MEMBER BANERJEE: Thank you.

MEMBER ARM JO  Ckay.

VEMBER APOCSTOLAKI S: Now, this
tenperature, Ral ph, which tenperature is this peak?
| s that tine-dependent as well?

DR MEYER  Yes.

MEMBER APOSTOLAKIS: Big T. That's
ti me- dependent ?

DR MEYER  Yes.

MEMBER APOSTCOLAKIS:  So tine is varied in
T as wel | ?

DR MEYER  Yes, yes.

MEMBER APOSTOLAKI S:  Ckay.

DR. MEYER  So you do the cal cul ati on.
And you, just like that first slide that | showed you,
have t enperature runni ng along with ti me and changi ng.
And you can in the nodels integrate the anmount of
oxi dation that takes place, which is a good surrogate
for integrating the amount of diffusion that takes
pl ace because t hey have the same kinetics and roughly
t he same coefficients.

Okay. The first and main result that we
see is that, sure enough, the high burnup materi al
enbrittles in less tinme;, that 1is, at a |ower

cal cul ated oxidation level, than the fresh materi al .

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

So what you have here is irradiated H B
Robi nson Zircaloy-4. 1It's 15 by 15. 1It's old
vintage. It has a rough surface. And it is
enbrittling at around ei ght percent ECR, which is well
bel ow t he 17 percent nunber that we have tal ked about .

Now, i f you take very sim |l ar unirradiated
material -- |I'm not quite sure it deserves to be
cal l ed archive material, but it's as cl ose as we could
get to archive material. So here we have this sane
vintage unirradi ated 15 by 15 Zircal oy-4. And we test
that. And it tests out at about 14 percent.

Now, just as alittle matter of interest,
thisis wth the Cathcart-Pawel nodel. |f we had been
using the Baker-Just report, Baker-Just equation,
there's a 3 percent difference. It would be 17
percent. This is exactly what was tested, the result
that was obtained in the early 1970s, on which the
original rule was based.

MEMBER ARM JO.  Ral ph, just so everybody
knows, vyour ductility reference is two percent
ductility. That's your target that you want to
achi eve.

DR MEYER  Yes.

MEMBER APOSTOLAKI S:  Ckay.

DR. MEYER: Sorry. Sorry about that.
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have glibly used the word "ductility" here. W
actual ly have two techni ques that we use. One of them
comes directly fromthe I nstron machi ne, where we | ook
at the displacenent versus tine and can get sonet hing
we call an offset strain.

And the other nethod is actually sinpler.
You just neasure the dianeter of the ring wth
m croneters before you squeeze it and after you
squeeze it, right at the point where you devel op the
first through-wall crack.

And in one case because of bendi ng and
other things that | don't understand but | hope M ke
understands, in one case the zero is at one percent
when you use mcronmeters and it's two percent when
you're using this offset strained value that we
measur e.

MEMBER APOSTOLAKIS: So when you say,
“hi gh burnup" roughly --

DR. MEYER: High burnup. This had a
burnup of --

DR. BILLONE: Sixty-seven.

DR. MEYER: -- 67 gigawatt days per ton.
You can see that the specinen that was tested here had
a corrosion thickness of about 80 microns. |f you run

t he nunbers and t ake 14 percent, convert 80 nmicrons to
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equi val ent cl addi ng reacted as a percentage, multiply
that by 1.2, which is the F factor, and subtract it
from 14, you get 8.

So this is where the so-called F factor
comes in. The reason that we didn't just say 1.2
right off the bat was before we made t he neasurenent,
we didn't know what the nunber was going to be. And
so we just put a factor in the equation.

After we neasured it, we found sone
sensitivity to heat-up rates and cool -down rates,
which could cause this F factor to have several
val ues.

So we have, in fact, explored the possible
range of those values and, as a matter of judgnent,
selected 1.2 as the nobst appropriate value to use.
This is the point where judgnent has entered into the
final result and where there can be sone difference of
opi nion on what the F factor shoul d be.

MEMBER BANERJEE: Coul d you just repeat
what the F factor is?

MEMBER ARM JO. He hasn't gotten there
yet.

DR. MEYER Wit for a couple of slides
and let --

MEMBER BANERJEE: You keep saying "F
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factor.” And | don't know where it is. Al right.

DR MEYER F is for factor. |It's just a
factor. Look, this is an enpirical correlation. And
what we're doing is we know that the main effect --
and | forgot tosay it -- hereis aresult of hydrogen
that gets absorbed into the cladding during normal
operation as a consequence of the corrosion process.
W know t hat about 15 percent of the rel eased hydrogen
gets absorbed into the cladding.

But | said before that oxygen was the
enbrittling agent in the material. And so what we

believe is going on here is that the hydrogen is

controlling both the solubility limts or it's
altering the solubility limts and the diffusion
rates.

So it's not necessarily doing any
enbrittling onits own because it's all in solution at
the high tenperature, but it is affecting the oxygen
diffusion into the netal.

And on this slide, | sinply show that we
have confirmed that hydrogen is having this effect by
taking unirradiated Zircaloy-4 and other materials,
pre-hydriding themin the | aboratory, and then testing
them in the sane way. And you can reproduce the

ef fect by doing that.
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MEMBER ARM JO Ral ph, there is a

contention that | want to give you a shot of answering
before the industry folks talk that by virtue of
guenching these nmaterials fromhigh tenperature, you
i ntroduce a hydrogen enbrittlenent, inadditiontothe
oxi dation enbrittl ement, because that's an issue that
is going to cone up we'll have to westle with. Have
you confirnmed that the hydrogen effect is strictly
oxygen or is it oxygen enbrittlenent plus hydrogen
enbrittl ement ?

DR MEYER. Well, now, | think that there
i s a conponent of direct hydrogen enbrittlenent inthe
sanpl es that have been -- is it the quenched ones or
t he sl ow cool ed ones? | get confused on this. But
all of this is wapped up in the cooling rate --

MEMBER ARM JO  Ri ght.

DR MEYER -- effect, which we have
| ooked at and nade sone judgnents about. M ke, do you
want to --

DR. BILLONE: Yes. | would say nost of
that | oss of ductility that you see is due to i ncrease
in oxygen. There's a small but significant -- in
other words, if you're setting two percent as the
limt, if you slowcool the sanple, you m ght get

three percent ductility where you expect |ess than
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t hree.

And so essentially quenching freezes in
hydrogen in solution in places where it causes
enbrittlement. So if you quench at 800 degrees C.
your sanple is going to be nore brittle than if you
just cool to roomtenperature with no quench.

MEMBER ARM JO  Ckay.

DR. MEYER. Ckay. Now, the next big
effect that we found in this study was actually noted
first in some Eastern European tests that were done in
the '90s. And we learned fromwhat we did that this
br eakaway oxi dati on process had it been seen earlier,
in fact, affects the enbrittlement process.

So what happens with the zirconiumall oys?
And it can happen to all of them It turns out that
t he ol d E110 Russi an cl addi ng was t he nbost suscepti bl e
to this and provi ded the nost dramatic pictures of it.

But what happens is that as you enter this
hi gh tenperature regi on and you start |ayi ng down the
oxi de on the surface, that the type of oxide that we
normally see is black and shiny. 1It's a tetragona
form And it's rather protective and doesn't allow
t he hydrogen to enter in any significant anount during
the period of the high tenperature transient.

Under sone conditions, this oxide can
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switch froma tetragonal to a nono-clinic form A

nmono-clinic formis not black and shiny. 1t's dul
|l ooking. It's full of mcro cracks. And it lets
hydr ogen in.

And so as soon as you get into this
break- away process, hydrogen starts getting sucked
into the cladding and has the sanme effect as it had
before. So you have to be careful with all of these
al | oys to nake sure that you don't have the conditions
that pronote the bad oxide to grow.

VI CE CHAI RVAN SIEBER: |s that flakes of
oxi de?

DR MEYER  Yes, those were flakes. That
was a very advanced case of stuff. | like that
pi cture because of its dramatic effect.

MEMBER ARM JO  Ral ph, to be sure that
everyone has sone tine, it mght be a good i dea to get
to your proposed.

DR. MEYER  (kay.

MEMBER ARMJO It's 9:27. And we're
supposed to wrap up at 10: 00.

DR. MEYER.  (kay.

MEMBER ARM JO Is that right, M.
Chairman? So | think it's inmportant that people

under st and your proposal.
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DR. MEYER. Ckay. Let ne skip over these,

t hen.

M5. UHLE: Wy don't you tal k about that
one there?

DR MEYER | do need to talk about this
one.

MEMBER ARM JO.  Yes. Ckay.

DR. MEYER. Ckay. So the concept is that
di ffusion of oxygen into the netal is the enbrittling
factor, not |aying down the oxide on the surface. It
turns out that you have a big source of oxygen on the
inside of all cladding materials, UQ fuel full of
oxygen.

And we know fromour present work and from
some historic work that we | ooked up that as soon as
t he cl adding and the fuel stick together, that source
of oxygen then becomes available for diffusion into
t he cl addi ng.

| think we have incontrovertible -- is
that the right word? -- evidence that this effect is
real and it is at |east when you have a bonded f uel
| ayer, which you general ly woul d have at hi gh bur nups,
there is anple oxygen on the ID. So that you get
di ffusion from both directions, whether you're in a

bal |l oon or not in a ball oon.
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VI CE CHAI RVAN SI EBER:  That anpl e oxygen
cones fromthe UQ?

DR MEYER It cones fromthe UO ,. It
comes from --

VI CE CHAI RVAN SI EBER: | thought that was
pretty tightly bound.

DR MEYER It cones fromthe UO ,. One
other thing | need to point out -- and then |I'Ill get
right to the criteria -- is that within about an i nch
of the center of the rupture, you al so have hydrogen
absorption on the ID.  You had steamgetting in,
oxidi zing the i nner surface of the cladding, where it
can get in the ball oon.

And, again, the oxidation process frees up
hydrogen. And the hydrogen isn't swept away very
readily. |It's trapped inside. And so you get high
hydrogen absorption in the vicinity of the ball oon.

MEMBER BANERJEE: So does the oxygen
di ffuse through the oxide |layers, oxide |ayer crack,
and get through the reaction zone?

DR. BILLONE: No, no. What happens is you
are getting oxidation in the opening, the balloon
openi ng region.

MEMBER BANERJEE: |'m saying i magi ne

you' ve got this bonded fuel or whatever.
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DR BILLONE: Right.

MEMBER BANERJEE: Oxygen is now diffusing
t hrough the oxide or are there cracks in the oxide and
al l ows oxygen in?

DR. BILLONE: The steam oxygen is creating

an oxide layer. And oxygen is also diffusing through

t hat | ayer.
VI CE CHAI RMAN SI EBER:  Ri ght.
MEMBER BANERJEE: Fromthe inside?
DR BILLONE: Fromthe inside.
MEMBER BANERJEE: But when it's just
bonded.

DR BILLONE: Well, in the balloon, you
have expanded 50 percent.

MEMBER BANERJEE: Right, right. Yes, we
under stand t hat.

DR, BILLONE: |I'mtrying to answer about
the ID. |I'mmssing the point.

DR. MEYER. It is present on the surface,
and it just diffuses in.

MEMBER BANERJEE: It diffuses in. |It's
not cracked.

DR MEYER: No. It diffuses in.

MEMBER BANERJEE: Aren't there kinetics

associated with that diffusion?
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DR. BILLONE: That's the sane kinetics.

MEMBER BANERJEE: It goes to teach us how?

DR. MEYER | need to go through this.
And then | think I'mwhere you want to be. So we get
t hese hi gh hydrogen concentrati ons, very hi gh hydrogen
concentrations, 3,000 ppm the vicinity of the
bal | oon.

The bal | oon does not stay ductile. It has
some strength left, but in spite of the fact that the
current regul ati on has detail ed prescription on howto
anal yze the balloon, it really doesn't work because
the ball oon has hydrogen in it that wasn't realized
when t he rul e was put together that causes the ball oon
to be -- let nme goright to here. And I'll cone back
if I have to.

So here is what we are proposing to do.
We're proposing to keep the tenperature limt right
where it is with no change. There's a lot of history
with this. And there's also an effect that we see in
t he present work.

Once you get above about 1,200 degrees
Centi grade, the oxygen diffusion rate picks up. And
the oxidation limts would then be lower. And so you
basi cally have nore paraneters here than you need.

And you can just fix this tenperature
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right where it has always been at 2,200 degrees
Fahrenheit and then work the rest of the problemfrom
there. So that is what we have done.

And now what we are | ooking for here is a
repl acenent for 17 percent, which accounts for the
effect of burnup. And so we will start with a
nmeasur enent on uni rradi at ed cl addi ng at 1, 200 degr ees.
And there's a reason for choosing the 1,200 degrees.

This is the anal ogue of 17 percent. [|'l]
show you sone values. And we subtract fromthat the
corrosion thickness multiplied by a scaling factor,
just an enpirical factor, to fit the data.

MEMBER ARM JO  Now, currently that factor
is one, right?

DR. MEYER. Yes. |If you were to use the
informati on notice recommendation, that factor would
be one. | have to tell you that at the tinme the
information notice was witten, we did not understand
this process. It was a guess. W expected that there
woul d be an effect, and it was a logical guess to
make.

MEMBER ARM JO  You have incorporated all
burnup effects into that 1.2 tines --

DR. MEYER. Well, not quite all because

there is the matter of break-away --
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MEMBER ARM JO  Right. Okay.

DR. MEYER. -- that is accommpdated by a
separate limt. And then there is the matter of the
t wo- si ded oxygen penetration. Al of these are
accomodat ed by everything that is on this page, but
the first line takes account of the basic burnup
effect that i s a consequence of corrosi on and hydrogen
absorption during normal operations.

MEMBER APOSTCLAKI'S: This factor of one,
formerly one, ECR corrosion --

DR MEYER  Yes.

MEMBER APCSTOLAKIS: -- was that in the
information notice?

DR MEYER Yes. In the information
notice, we sinply said, "Interpret thelimt to be the
sum of the transient and the corrosion thickness."
So, in effect, you're subtracting the corrosion
t hi ckness from 17 percent.

And we didn't say multiply it by an F
factor. W just said --

MEMBER APOSTOLAKIS: So F is 1.2?

DR MEYER. F is 1.2 based on our current
data and sone judgnment about the appropriate
adj ustments to nake to account for these cooling rate

ef fects.
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Okay. Now what we're suggesting here is
that we assune two-sided oxygen pickup everywhere on
the run and sinply not do a calculation in the
balloon. And if you'll let nme, I'lIl show you how
get to that point on the next slide.

And then, finally, we measure the m ni num
break-away time and use that tine as atinme limt for
the period in the transient above 650 degrees
Centigrade. The reasons for all of these choices of
nunbers - -

MEMBER ARM JO That tine is the sane as
the tine all owable for the entire transient, that you
can't get break-away during that transient?

DR. MEYER: The period above 650. Bel ow
650, you're not susceptible to creating this
break- away oxide, but above 650, you can get the
break- away oxide. And once it starts developing, it
may persist, even if you change and nove to a
different tenperature in the transient. So we | ook
for the mnimum And I'll show you sonme nunerica
exanpl es.

MEMBER CORRADI NI :  Just for clarification,
Ral ph, | just wanted to -- so the ECR is using the
Cat hcart - Pawel nodel at 1,200 C. ?

DR. MEYER. The ECR unirradiated is the
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experinmental |y observed.

MEMBER CORRADINI: |I'mjust trying to
understand what you just said. So if | were to do a
conmputation, what am | conputing? So the ECR
unirradiated is using the 1,200 C. ?

DR MEYER This is a neasured result.

You do test. And you find the transition fromductile
to brittle behavior, just like we showed on those
slides. And you do that with Cathcart-Pawel ECR on
the x-axis, instead of tine.

MEMBER CORRADI NI :  Right. | understand.

DR. MEYER: And you take that nunber. And
that's what you have right here.

MEMBER CORRADI NI :  Okay. But | am going
to say it back to you so | get it right. You don't
have a stylized tine history for the tenperature. So
you're using that ECR,,, .siaeq @t @ constant 1,200 C. ?

DR MEYER  That's correct.

MEMBER CORRADI NI :  And then the second ECR
corrosion is what again? Wat is that ECR,,, ion?

VB. UHLE: That's the preexisting
corrosion that occurs when the rods are just burned at
nor mal tenper at ur es.

MEMBER CORRADI NI :  Cal cul at ed how?

DR. MEYER. Again, it's nmeasured. The H.
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B. Robinson rods had 80 m crons of oxide on the
surface of them

MS. UHLE: The licensees --

DR MEYER  The vendors know what their
corrosion rates are so they can tell you
approxi mat el y.

MEMBER CORRADINI:  So this is allowable by
the way you're doing this that this is allowable
relative to some predeterm ned corrosion rate buil dup
as a function of burnup?

DR. MEYER  Correct.

MEMBER APOCSTOLAKIS: So for a given
bur nup, given kind of fuel, the right-hand side of the
inequality is a nunber?

DR MEYER  Yes.

MEMBER APCSTOLAKIS: On the left, you go
to the equation, right?

DR MEYER. On the left is your --

MEMBER APOSTCLAKI S:  Cal cul ation

DR. MEYER: -- calculation, your --

MEMBER BANERJEE: But you used
Cat hcart-Pawel first, too.

MEMBER APOSTCLAKI'S:  Yes. And then the
result of that is? Tine.

MEMBER CORRADINI:  So ny |ast question is
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to get to the --

MEMBER BANERJEE: [It's whatever ECR is the
result. It has to be less than the right-hand side.

MEMBER APCSTOLAKIS: Right. But that
det er mi nes what ?

MEMBER BANERJEE: Tine and tenperature.

MEMBER KRESS: But in making that
calculation, you use the area of the clad on both
si des?

MEMBER CORRADINI: It doesn't matter.
It's the thickness.

DR. MEYER. W're using --

DR BILLONE: Two-sided oxidation.

DR. MEYER. -- two-sided equations.

MEMBER KRESS: And it's a function of
tenperature. So you have to do it al ong the whol e wad
at different tenperatures?

DR. MEYER Well, you do it just at the
peak, like you do now at the peak tenperature node.

MEMBER KRESS: You're | ooking at the peak
only?

DR MEYER Yes. In this case now, the
peak maxi mum oxi dati on woul d al ways occur at the peak
node, peak tenperature.

MEMBER KRESS: (kay. So you do it at the
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peak. But the tenperature is a function of tinme?

DR. MEYER  Yes.

MEMBER CORRADI NI :  One last clarification.
So Sam asked you about t in the last arrow. So that
t al ways has to be | ess than the actual transient tine
because you' re going to be nuch bel ow 650 for a | ot of
the transient.

| know you don't want to do this, but just
to ask it theoretically, so you have gone through al
of this effort in the first arrow to take tine and
wap it into an ECR But, yet, you cone back to a

time neasure. So why not just sinply have two tine

nmeasur es?
DR. MEYER. Well, that is basically the
way | look at it --
MS. UHLE: Well, because we al so have to
DR. MEYER -- for both of them

M5. UHLE: We have to subtract off the
preexi sting corrosion fromthe ECR cal cul ated. So you
need it to be in sonme sort of format that's
consi stent.

MEMBER CORRADI NI:  Okay. But I'mjust a
crazy academc. So I'Il --

DR. BI LLONE; No. | under st and. (N
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answer your questions.

MEMBER CORRADINI: | know how ruch the
fuel is inside the core. It's in so nmuch tinme. So
|"m got cooking tinme at one tenperature. |'ve got
cooking tinme during a transient. | have tine.

So if you're going through all of the
effort to get an ECR and have a stylized thing to be
a surrogate for time, then you conme back to a second
requirenent that's time. Wy not just sinply use
time?

DR. MEYER. Well, in nost cases, hopefully

MEMBER CORRADI NI :  But you know it's the
real tinme of how you have the fuel in the core.

DR BILLONE: May | try sonethi ng?

DR. MEYER The time is the tine during
t he transient.

DR BILLONE: Tine is a sinplistic way of
presenting this to you. 1In his first viewgraph he
showed you of tenperature versus tine, you're goingto
be integrating ECR over that and you --

MEMBER CORRADINI:  On the left-hand side?

DR BILLONE: On the left-hand side. It's
not pure tine. It's time and tenperature, which is a

measur e of oxidation. And it relates to
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enbrittlement. So if you only go up to 1,000 degrees
C., you're going to have the sanme tinme period. You're
going to get a | ow ECR cal cul ation

MEMBER CORRADINI:  1'Il stop now, but |'m
still getting that you have a correction and the
correction factor is tine of operationtine. So | can
rearrange t he thinking process and take the right-hand
side negative, put it over there, and operation --

M5. UHLE: But there's still a tenperature
issue there because the different rods are at
different tenperatures. Gkay? So we don't know what
the -- we can't just say this rod is going to be the
l[imting rod and we know it's operating tenperature
t hroughout the entire life span of that rod.

MEMBER POVERS: It would be a difference
between a snall break and a | arge break LOCA.

M5. UHLE: Yes. So you still have a
time-tenperature type couple there that you need to
factor in.

MEMBER CORRADI NI: That's a good point.
That's true. | understand. Thank you.

So, then, | ast question about the arrow on
the little t. So the history of how any i ndividual
rod is sitting inside the core is not going to affect

that? That is, | can have a hot rod --
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M5. UHLE: That's right. It does not have

a burnup effect.

DR. MEYER. So far as we know, that's
correct.

M5. UHLE: It's just the tine in the
transi ent that exists above the 650 has to be -- and
the calculated transient that the |icensees provide
woul d have to make sure that the tine above that was
| ess than the m nimumtime.

MEMBER CORRADI NI :  Thank you.

DR. MEYER If you let ne do one nuneri cal
exanpl e --

VEMBER ABDEL- KHALI K: Before you take this

MEMBER ARMJO | think we should |et
Ral ph give his thing. | think it's alittle bit

conplicated, but that second criteria is just to
prevent really crumry alloys fromgetting into your
reactor. And that's a real sinple thing. The rea
neat of the issue is the ECR during the LOCA
transient.

And so there are really two things that
they are trying to protect. And | think belaboring
that break-away thing isn't worth nuch, but Ral ph

shoul d give an exanpl e of how he would apply this to
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a real material.

So | think with that, | amgoing to have
to --

DR. MEYER Let nme show you a good one and
a bad one.

MEMBER ARM JO  Ckay.

DR. MEYER. And I'Il skip over the five in
bet ween.

MEMBER ARM JO  Ckay. Thank you, Ral ph.

DR. MEYER. Ckay. So here is Mb. And if
we take a fresh piece of Mb tubing and find the point
at which it loses its ductility, it's about 20 percent
inthis ECR definition. This is a typical value.

At end of life, Mo m ght have 40 m crons
of corrosion. And you not make a geonetric conversion
of 40 microns to the ECR unit. And it happens to be
four percent.

MEMBER APCSTOLAKI'S: | thought the ECR
unirradi ated was 17 percent. It's not.

DR. MEYER: It's not. That's part of the
problem One size doesn't fit all.

MEMBER APOSTOLAKI S:  Ckay. Ckay.

MEMBER BANERJEE: It depends on the all oy,
| guess.

DR. MEYER. It depends on the alloy. It
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probabl y depends nore on a coupl e of fabrication steps
than on the all oy conposition. So now if you take 1.2
times 4 and subtract it from20, you get 15.2 percent.
The current limt would be 17 percent m nus 4 percent
or 13 percent. So, actually, you have a higher limt
with this material.

And t he neasured tine at which break-away
occurs at the worst tenperature is on the order of
5,000 seconds. A typical LOCA is what, 1,800 seconds.
So you have no problem with break-away on this
material. And you would use in your calculation 15. 2,
i nstead of 17. Everything else would run the sane way
that the current analysis is done.

This is going to ensure you that you have
covered the ef fects of manufacturing vari abl es, all oy,
bur nup, everything that we have found.

MEMBER BANERJEE: The first number is a
nmeasur ed nunber --

DR. MEYER: Yes.

MEMBER BANERJEE: -- or a cal cul ated
number ?

DR MEYER  Measured. The second one is
al so nmeasured, but it will come from the vendor's

correlation from neasurenments in the plant.

MEMBER CORRADI NI: W know t he bad one

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

59

al r eady.

DR. MEYER: You know the bad one already
is the old style Russian E110, where we neasure with
the fresh cl addi ng of transition of about 12 percent,
not 17 percent.

Now, this cladding is very resistant to
corrosion. It has | ow oxygen content and it's al so
like the Mb is Zirconium1l niobium And so the
mat eri al, we had sonme 50-gi gawatt day per ton cl addi ng
in the Russian program And that converts to only .5
per cent .

So you get a limt of 11.4 percent for
this material. |If you were using the current rule, it
woul d be 17 percent mnus the .5 or 16 and a half.

But | ook at this. The break-away process
starts in about 500 seconds. So after 500 seconds,
these limts no longer apply. Very quickly, it wll
enbrittle. And so if you had a LOCA transient with
this fuel that spent nore than 500 seconds above 650
degrees Centigrade, it probably would not retain
ductility after that transient.

Do you want nme to quit now?

MEMBER ARMJO  Yes. W are going to have
Dr. Ozer. Dr. COdelli Ozer fromEPRI is going to speak

for the industry people, although there are sone here
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avai |l abl e to answer questi ons.

Dr. Ozer?

MEMBER ARM JO Do we have handouts of
your presentation?

DR. ZER Ral ph?

MEMBER ARM JO  The bl ue fol der?

DR. QZER: Yes. Thank you very much

| would like to thank the Conmttee for
giving ne the opportunity to express the industry's
position on this. | know we are kind of short on
time. So | amgoing to try to be rather concise.

First of all, let ne state that we are
fully in support of the overall objective of NRC in
trying to devel op performance-based criteria because
such criteria will allow the introduction of new
mat eri al s wi t hout t he concern about getting exenptions
so the licensing process will be rmuch snoother, will
go nmuch faster.

W are also very nuch in support of the
excel l ent work that is being done at Argonne, the work
that Ral ph covered in three mnutes. You know, we're
very much in support of that.

Qur concern is primarily wth the
interpretation of that work and with the proposed

changes, the changes that are being proposed to the
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current criteria.

First of all, |I think we all agree that
the data has not shown the presence of any public
safety issues.

MEMBER POWERS: | guess | just don't
understand that statenent at all. Do you nean to tel
nme that it's perfectly okay to enbrittle a clad during
atransient so that when it shatters during cooling --

DR QZER: If you let ne go --

MEMBER POAERS: No. | want to understand
this sentence.

DR OZER -- | will address it. | would
like to address that to sone greater extent. As |
sai d, we do have concerns about the interpretation of
the rules and, in particular, the use of the F factor,
whi ch has been di scussed at | ength, and the fact that
we rmay be getting oxygen ingress fromthe ID, howto
address that, whether to address it by assum ng
doubl e- si ded oxi dation. W are concerned about that
as wel | .

And, you know, the main concernis that we
feel that a rather bounding approach will have a
rat her significant negative inpact on the industry.
Again --

MEMBER PONERS: | amstill com ng back to
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your first sentence. You' ve got to explain that
better to me. It seens to ne that it is really a bad
idea to enbrittle a clad.

DR OZER One nore slide. W think that
the current criteria are conservative. The
enbrittlement issue was set up some 33 years ago
because at that tine the concern was that we really
didn't know what kind of forces would be exerted on
fuel during a LOCA event.

Since then, alot of experinments have been
done, both in Japan and in the U S., that show that
even zero ductility fuel has enough strength to
wi thstand the stresses and strains that result from
t he quench operation as well as a wi de range of inpact
| oads that may be expected followi ng the LOCA. So we
feel that there is conservatismin there.

We al so feel that thereis conservatismin
trying to determ ne when you will lose ductility from
ri ng- conpressi on tests done on de-fuel ed cl addi ng. W
think that those are tests that are very localized;
whereas, the response of fuel in the reactor will be
nore of an integral nature and will be affected by the
fuel columm that should be present there. So, you
know, we feel that those are conservatisns that are

present right now.
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W also feel that we have margin,
consi derabl e margi n, today, particularly with regards
to high burnup fuel. And this is froma presentation
that was nade by Westinghouse to the subconmittee a
coupl e of weeks ago which shows the power |evels of
different fuel as a function of burnup. And we can
see that the higher-burnup fuel is way down conpared
to fresh fuel or even once-burned fuel

What we have over on the right-hand side
is the cal cul ated response of either high-power fuel
or the | ower-power high burnup fuel, the tenperatures
that fuel will experience during a LOCA event.

What we can see is that the high burnup
fuel is in the 200-degree range. |It's nowhere near
the limt. And the only way you can get this high
burnup fuel to reach the limt of tenperatures is by
exceeding the limt everywhere el se. So, you know, if
we're putting a cap on the fresh fuel, we're al so de
facto putting a cap on the high burnup fuel.

MEMBER ARM JO.  So you are saying that the
hi gh burnup effects that are the prinmary i ssue rel ated
tothe 1.2 factor occur only in fuel that cannot reach
t hese tenperatures if that's what | heard you say.

DR OZER: What | amsaying is that --

MEMBER ARM JO Reach the 1,200, can't
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reach 1, 100.

DR. QZER: That's right.

MEMBER ARM JO.  There is not enough --

DR. ZER: There is not enough power in
the fuel to reach those tenperatures. And we are
argui ng about F factors that will apply for that kind
of a fuel

MEMBER CORRADINI: Wy is that? | mssed
that. | apologize. Wy is that?

DR. OZER: Because the higher burnup fuel
operates at nmuch lower powers. This is in the
reactor, the power distributionin the reactor, fresh
fuel, once-burned fuel and second-burned fuel.

MEMBER CORRADINI: So it's strictly a
stored energy effect? |It's not a decay heat effect?
Heat is not going to matter. |It's just the opposite
then. |If it's a decay heat effect, that's irrel evant.
If it's a stored energy effect, that's rel evant.

| nmean, if you'retellingneit's power at
t he noment | have the event | essentially redistribute
the stored energy, | accept that, but if it's a decay
heat effect, that's not the case.

DR. OZER Wl |, again, the decay heat and
t he power, stored power, produce these lines. This is

t he response during a LOCA
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VI CE CHAI RMAN SIEBER: Near term decay

heat is rmuch shorter. Long-termis higher.

MEMBER ARM JO. But it's all over by that

MEMBER APOSTCOLAKI S:  What are the axes on
the first?

DR. QZER: The first one is burnup

MEMBER APCSTOLAKI S:  Bur nup?

DR OZER  Yes.

MR- DUNNE: This is Bert Dunne from Areva.
What you are looking at is the peaking factor. And
t he cl addi ng tenperature transient is deternined by a
normal i zed decay heat rate tines the peaking factor.
So your peaking factor carries through i nto your decay
heat as well with tine, at least for the time period
of a LOCA. So we find that the stuff out here in the
third cycle is operating about half of the decay heat
that the fresh fuel would be.

MEMBER CORRADINI: So it's mainly stored
energy effect?

MR DUNNE: No. | think it's mainly decay
heat and partly stored energy.

VICE CHAIRVAN S| EBER But those are
pretty, on that graph, that shows to nme pretty, w de

power deviations, which | don't recall power
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devi ati ons as severe as that.

MEMBER ARM JO  You nean differences from
cycle to cycl e?

VICE CHAIRVAN SIEBER: No. Differences
fromfresh fuel to twice-burned fuel. Well, it runs
bet ween about 70 percent and 130 percent, as opposed
to | see assenblies there running less than 50
per cent .

MEMBER ARM JO. Yes. They're pretty dead.

VI CE CHAI RVAN SI EBER:  They're pretty | ow

MEMBER ARM JO  They're pretty dead, but,
you know, you get a lot of burnup in one cycle
nowadays, so two cycles of burnup.

VI CE CHAI RVAN SI EBER: Wl |, nodern fuel
designs try to flatten the core as best we can to --

DR OZER Well, we tried to reduce
| eakage as well so that the high burnup assenblies
will be on the periphery.

MEMBER ARM JO  But, you know, | want to
make sure that everybody understands that that i s what
they' re saying, that the tenperatures achievable as a
function of burnup are defined by curves like this.
It may be different for BWRs and sonme kind of PWRs.
So the real risk is limted by the achievable

tenperature during the LOCA
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Thank you.
we do feel that it is

And now we feel that there are sone

addi ti onal conservatives that are bei ng added on. And

that is the use of a single F factor,

of assum ng doubl e-si ded oxi dati on,

t he requirenent

not only in the

bal | oon but everywhere throughout the rod, and, of
course, the assunption that the high burnup furl wll

al so oxidize at the Iimt tenperature.

MVEMBER POWERS:

Let ne ask you a question

about it. In bright

red, you have "Experinenta

evi dence supports the viewthat enbrittled material ."
That experinmental evidence on the forces or is it on
the material ?

And if it's on the forces, gee, 1'd like
to know where that information cones from because |
have searched in vain for sone idea of what Kkinds of
i mpul ses and forces you get during an ECCS recovery.

DR OZER. This is based on experinents
t hat were done in Japan where fuel was passed through
a LOCA heat-up cool ant scenario and then guenched.
John, would you?

MR ALVIS: Yes. This is John Alvis from
Anat ech.

The Japanese run their integral sanples

through a |arge-break LOCA heat-up. They hold an
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oxi dation period. And then they cool down and quench.

But what t he Japanese dowith their tests,
their requirenents are that they hold their tests with
axial constraint. So they apply a load to their
i ntegral sanpl es during the quench process. And they
have di scovered that, even with high burnup interva
rodl ets, that they can reach ECRs out to 20 percent
wi t hout | osing the cool abl e geonetry.

MEMBER ARM JO  What kind of |oads? Are
t hese m nuscule? Are they significant |oads?

MR ALVIS: | think they hold their --
what was it? Five newtons?

DR. BILLONE: Five hundred seventy.

PARTI Cl PANT: The quench assenbly.

MR. ALVIS: Right. Their hypothesis is
that the grids would | ock up or the rods woul d | ock up
at the grid spans

MEMBER ARM JO  So they put these things
i n bending or sone way that would --

DR BILLONE: Intention, intention.

DR. (ZER: \What they do is they heat it
up. They hold it. You know, they clanp it.

MEMBER ARM JO  And then they quench.

DR. OZER: And then they quench it. And

t hey see whether it will break or not. And what they
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see is that even the 17 percent ECR fuel wll not
break, that you need rmuch higher ECRs to break it.

MEMBER ARM JO. Based on strength, not on
ductility?

DR. OZER: That's correct, yes.

MR ALVIS: Correct.

DR OZER: So that's why |'m sayi ng even
zero ductility mterial has enough strength to
wi t hstand stresses resulting from quench.

MEMBER ARM JO.  But you are not arguing
against a ductility limt, though, right? You accept

DR OZER. Not at this point, no. No.
But I"'mtrying to say that there is conservatismin
using ductility as a surrogate for what the fuel --
you know, what we are concerned about is cool able
geonetry. And we're trying to nmake sure that the fue
will survive a LOCA event.

And ductility was used as a surrogate for
anyt hing that nay be happening in the reactor during
a LOCA event.

MEMBER POWNERS:. That's exactly what
happened, is that nobody knew what ki nd of forces were
going to be placed in the fuel. This seened to say

that you do know. And |I'm asking, how do you know
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t hat ?

DR. OZER. Yes. The only thing that we
can say hereis that it will withstand t he quench, the
stresses resulting from quench.

MEMBER POWNERS: |It's the stresses
resulting from quench in a particular experinenta
apparatus --

DR. OZER Yes, correct.

MEMBER PONERS: -- with a particular kind
of configuration.

DR OZER: Yes, with a particul ar | oad.

MEMBER POAERS: What |'m asking about is
now how do | take that and then inply that it's
conservative in the reactor? It may be, for all
know, but | just don't know how to do that because |
don't know what the forces are.

DR OZER Again, | amonly using this as
an indication that there is sone reason to feel that
the sky is not falling exactly.

MEMBER PONERS: Well, | nean, when the
original rule was devel oped, people said, "Yes. The
ductility criteria will be conservative criteria."

DR OZER  Yes.

MEMBER PONERS: And they knew it fromthe

get - go.
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DR OZER: Yes. I'mtrying to --

MEMBER PONERS: The question we have now
is, what do we do about all of these new fuels that
are com ng along? And how do we keep bad fuels that
| ook conpositionally the same as good fuel s out of the
syst enf

MEMBER ARM JO.  And how do we account for
hi gh burnup effects? | think that's a fundanenta
i ssue, how much enphasis is on the high burnup effect,
because that's where the F factor is and the 1.2,

And that's where | think the focus of the
industry issue is. And we've got to understand that.

DR. QZER: That's right.

MEMBER CORRADI NI :  May | ask a question at
this point? Sam | think, characterized it. So,
really, if | understand your original slide, you have
done sone cal culations. And going fromthe notice
effect, which is in the '98 notice, essentially
correcting for it at a factor of one, correcting for
it as a factor of 1.2 is going to cause, your point
is, undue conservatisns, because already you are
correcting for the high burnup using the factor of one
if | understood what we were tol d?

DR OZER Yes. CQur concern is that a

single F factor to account for all of these heat-up,
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cool -down, quench tenperature, naterial property,
material fabrication effects is not going to be
defensible in a |icensing environment.

MEMBER ARMJO So to repeat it
differently, you would rather go on a case-by-case
basis with separate fuel to the staff?

DR ZER: No. | think our argument is
that, really, we are not ready to, we don't have
sufficient data to defend the 1.2.

M5. UHLE: Can | interrupt at this point
because | think the conversation is getting a little
off base in the sense that we're not tal king about
rul e anguage. It may be the option that NRR deci des
that a licensee or a vendor getting a fuel design
certified would cone up with the Ffactor. So | think
we're getting a little off base.

DR OZER: Yes. | --

DR MEYER Could | also nmake a comment
here. I'mtrying to restrain nyself, but for these
nodern alloys, the 1.2 factor has very little effect
because, as you saw in the nunerical exanple, the
corrosion thickness is low And the only tine that
this really is going to have a big effect is when
you' re dealing with one of the ol der claddi ngs. There

is still some in the plants, like Zircal oy, where 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

73

corrosion is high

DR. OZER: And Ral ph gave sone nice
exanpl es, where we indeed seem to be gaining some
margin. So why are we conpl ai ni ng?

MEMBER CORRADI NI:  That's kind of what |
was t hi nki ng.

DR OZER® Right. Well --

MR- DUNNE: This is Bert Dunne from AREVA.
One of the things that AREVAwants is for the criteria
to be on well-established scientific grounds because
we think that is the | ocation at which we can have a
long-living criteria. And what | look at is a
| earning curve to tell ne whether or not | am on
wel | -established scientific grounds.

| think we are still learning. Two years
ago we had two new ef fects that we needed to consi der.
This tine we're back up here. W again have two
relatively newy discovered or realized effects: the
potential for quench tenperature cooling rate to have
an effect and the | D oxidation.

So we're just kind of saying go slow if
you go or we would rather have a period of tine when
we didn't discover a new effect tonorrow

DR (OZER Let me nmention the concerns

that we have with the F factor. The F factor is

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

74

trying to cover a lot of territory. It's going to be
a function, a very conplicated function, of hydrogen
content, cladding design actually on tinme, and
tenperature history.

W have information that the cooling rate
and the tenperature at whi ch quench is introduced does
have a significant effect on the F factor. Wuld | ow
guench tenperatures, tenperatures bel ow 600 degrees,
give us a nuch better F factor, even an F factor |ess
t han one?

You know, the inpact of these variables
cannot be addressed to a single factor. Plus, the F
factor is really not appropriate for BWRs because F
factor is a multiplier on oxide thickness. And for
BWRs, really, the paranmeter that shoul d be used is the
hydrogen content in the cl adding.

There is a larger variety or uncertainty
about the oxide thickness that would have to be
accounted for. And this was penalized at better
perform ng BWR cladding alloys. And this fact was
recogni zed, in fact, by NRRin preparing the proposing
interim RIA criteria, which for BWRs are based on
hydrogen content, rather than oxide thickness.

There are other problens as well. You

know, how do you determne the F factor a priori from
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prehydri ded data? W tried to do an exerci se where we
t ook t he experinments that were conducted by Argonne on
unirradiated nmatching pairs of experinents, on
uni rradi ated cl addi ng material and hydri ded cl addi ng
material, and tried to derive an F factor fromthat.
And we see that the F factor is all over the map
going from al nost two down to, again, |ess than one,
.7, .8.

What is interesting to note here is that
when you go to sl ower-cool ed cases, what we have here
i s cases that were quenched at 800 degrees because all
t he quenches, nobst of the quenches that Argonne has
done are done at 800 degrees. And when you either
don't cool it or cool it at |ower or quench it at
lower -- I'm sorry. |If you quench it at |ower
t enper atures or sl ow cool w thout quench, you get nuch
better F factors.

We are concerned that the use of 800
degrees for quench tenperature is inappropriate or
it's overly conservative. Again -- and |I'm basing
this onthis tine acal culation or eval uation provided
by AREVA for different scenarios. These are two
| ar ge- break LOCA scenarios. And they estimate the
guench to occur below 600 degrees. This one is a

smal | -break LOCA. And the quench here is around 250
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degr ees.

Now, we have simlar results reported from
our BWR colleagues that indicate that nobst of the
guench they expect to be occurring around 600 degrees
or less. And, again, when you quench at 600, you get
a better response. So that's another uncertainty.

MEMBER ARM JO. Dr. QOzer, before you | eave
the BWR situation, what is your argunment on that? You
say the oxidation is not the right parameter to use.
Why do you say that?

DR (ZER Because in a licensing
environnent, you have to account for all the
uncertainties, the uncertainty that you will expect in
predi cting the oxide thickness. And the BWR peopl e
can predi ct the hydrogen content with | ess uncertainty
t han t hey can predict the oxide thickness. So if it's
based on oxide thickness, they would have to take a
hi gher penalty.

MEMBER ARM JO Currently aren't they
doi ng that?

DR OZER |'msorry?

MEMBER ARM JO.  Currently they are doing
that through the information notice. They're
i ncl udi ng the oxidation, external oxidation.

DR QZER: Yes. And now we are applying
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a factor on top of that. And we are questioning the
adequacy of that factor for BWRs.

DR. MEYER. |If you will |look at my slide
27, you will see that there wouldn't be any penalty
for the BWRs.

MR JAHING R This is Nayem Jahingir from
G&F. Just to clarify Samis point, we have the
ductility loss. And ductility loss is nore related to
hydrogen t han oxidation. And there is sone indication
that at higher exposure, hydrogen uptake is much
hi gher for |ike same oxidation for BWR cl addi ng, too.
That's why for RIA, we are kind of weighing to the
hydrogen space, rather than an oxidation space,
because that's actually nore related to the ductility.

MEMBER BANERJEE: | just want to ask you
a question. If you go back to the previous slide, the
pre-cool i ng phase, before quench, is a fairly rapid
cool -down anyway you can see.

DR (ZER It says here.

MEMBER BANERJEE: Yes. So quench is only
a calculation for when the surface rewets. There's
extensive heat transfer, which brings the surface
down. So why do we put so nuch enphasis on the quench
per se, conpared to a process which m ght be dropping

the tenperature fairly rapidly?
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DR. (OZER. The easy answer is that

experiments showed that there is an effect. And the
effect tends to give better results when the
experiments are quenched at 600, as conpared to 800.

MEMBER BANERJEE: It doesn't matter how
you cool them down?

DR BILLONE: Yes, it does.

DR OZER |I'msure it does.

DR. BILLONE: My | clarify one point?
You' re tal king about CEA experinents. 1In the Argonne
experiments, we found no difference between quenching
at 800, 700, and 600 degrees C.

And getting back to the F factor, we can
anal yze our data and say conservatively we want
conservative nunbers, 1.6 for the F factor. |[If you
want to take into account that our experinental
cooling rates are faster than what you see there and
our quench tenperatures are higher, then we can
justify nmoving the F factor down.

But 1.2 really applies to quench
t enper at ures bel ow 600 degrees C. and cooling rates 5
degrees C. per second or less on the cooling part
before you get to the quench.

M5. UHLE: Again, this is Jennifer Unle.

This is rule |l anguage we're tal ki ng about --
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DR BILLONE: Right.

M5. UHLE: -- because it may be deci ded
that the licensee is -- it's up to the licensee to
deternmi ne the appropriate F factor.

MEMBER ARM JO. Wl |, the guidance would
be in a NUREG sonewhere.

M5. UHLE: Right. So the guidance would
say that this is the type of test that you need to run
and here is the value you need to cone up with. But
then it could be such that the vendor would then be
responsi ble for conming up with the F factor.

That coul d be a possi bl e approachif we're
tal king about -- the concern | think here is that the
1.2 doesn't apply to all different clads.

MEMBER BANERJEE: | guess the question was
that the cool-down rate affects this Fin terns of
whether it's 5 degrees per second, 10 degrees per
second, or 15 degrees per second, correct?

M5. UHLE: Well, Argonne has indicated
that the tenperatures of -- what was it? -- 800, 700,
600 didn't nmake -- we didn't see that much of a
di ff erence.

But, again, if this is sonething that
could be incorporated into the testing program

associated with comng up with this F factor, if
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that's, in fact, the wvay NRR wants to go, then that's
up for debate. And that woul d be discussed in the
st akehol der invol venent peri od.

| think the question is whether or not the
phenonena i s applicable.

MEMBER ARMJO Right. Right. | think
you're right. | think how nmuch enphasis you put on ID
oxi dation due to bonded fuel, you know, how nuch of an
effect that is, the effect of hydrogen and the --
those are the fundanmental issues. And you're still
argui ng how i nportant those things are.

DR. MEYER This is Ralph Meyer. Wth
regard to the F factor, keep in mnd that there is
only one set of data in the world. The industry
doesn't have anot her set of data with high burnup fuel
rods than those one.

So, you know, you can specul ate about how
many vari abl es are involved, but it's very tough to go
out and nmeasure it for another cladding type when you
don't have the data.

MEMBER ARM JO. But we will have the data
in a year or so, won't we, if you get your program
goi ng? You know, you get your new hotcell access.

DR BILLONE: Yes. You will have data for

Mb. And you will have data for high burnup ZI RLO
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MEMBER ARM JO And that's conmtted R&D?

| nmean, you've got --

DR BILLONE: Yes. W don't need new
hotcells for that. That's what we're working on right
now.

MR. DUNNE: MKke, this is Bert Dunne
again. You're tal king about the Skuzda exanpl es now?

DR BILLONE: Right.

MR. DUNNE: What we really want to do is
wait for the OCak Ri dge program where we're talking
about fuel that -- cladding that has fuel inferior to
it so we can |earn something about the I D oxygen
source and the relative nmerits of testing irradiated
fuel with sinulated cladding that's been prel oaded
wi t h hydrogen.

DR BILLONE: That's correct. That w |
be F.Y. 2008 for the fuel tests, but for the cladding
tests with the nodern alloys --

MR DUNNE: Still within the time frame
that was just nmentioned of a couple of years, | hope,
if we could stay on schedul e.

MEMBER ARM JO.  Ckay. Well, Dr. QOzer, are
you fi ni shed?

DR OZER Let nme just say a few words

about our concern about the oxygen pickup on the ID
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W are not disputing that that may occur. |It's just
the assunption, again, the recomendation that we
assurme. W account for it by assum ng doubl e-si ded
oxi dati on.

W don't -- you know, for this to occur,
you have to have strong, either very strong, contact
or bonding. And we think that the results, the
experimental results, are inconclusive. This can only
be or can best be denbnstrated fromintegral tests.

So far there have been no integral tests
on PWR fuel. The only integral tests we have are on
BWR fuel. And those are -- you know, |I'mtaking this
graph fromthe draft NUREG And this is cladding that
has been irradiated. The burnup of the fuel rod was
52. W estimate that at this elevation, the burnup
here is 57, where bonding should have been rather
significant.

W see a cl ear al pha | ayer on t he out si de.
On the inside, there are sonme regions where it is said
there is no al pha and ot her regions where it is said
there is al pha.

| think one has to be really quite a
netal lurgy expert to differentiate any kind of an
al pha | ayer here, nuch | ess differences between A and

B
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So we feel that this is a question that
has to be resolved with additional experinments. And
t here have been sone statenents nade that additiona
experinments, integral experinments, wll not be
avai |l abl e for years.

MEMBER ARM JO. But you know that in high
burnup BWR fuel, there is fuel clad bonding.

DR. QZER: That's right.

MEMBER ARM JO.  You've seen it. |It's not
100 percent uniform And it's a function of burnup
and sonme clad designs. Is it the sane in PWR fuel?
It has higher external pressure, maybe tighter
contact. | don't know.

DR OZER W don't know.

MEMBER ARM JO | think that can be
expl ai ned by doing i ntegral experinments. Argonne has

MEMBER PONERS: Can we do this with --

nmean, isn't this just a nmatter of |ooking at
irradiated fuel? | nean, I'mtrying to think about
how you woul d do it experinentally. | don't think you

can do a persuasive experinment here.
DR. OZER  You would have to run it
t hrough a | ocal scenario, the heat-up scenario, to see

how.
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MEMBER POAERS: | thought that --

DR. OZER: Again, we're not disputing the
fact that it occurs. |It's just howto account for it
and how inportant is it. And also we are concerned
that if we assunme doubl e-si ded oxidation, this may be
i nterpreted, assum ng you' re cal cul ated doubl e-si ded
oxi dation. And we may have to take, may be required
to take, into consideration the energy of oxidation,
whi ch at hi gh tenperatures could be quite significant
and would result in a penalty in the --

DR BILLONE: No, no. That was never
proposed. You're not form ng any oxide in this event
on the idea of the --

DR QZER: | think you have to be clear
about that because --

DR. BILLONE: No. W were very clear
about what you use for the --

MEMBER PONERS:  You're heat of dissolution
is going to be so close to the heat of oxidation that
| don't think you have gai ned anything here.

DR BILLONE: Very clever, actually. You
know that. Very cl ever.

MEMBER PONERS: | nean, it's hard to
i mgi ne how you woul d keep up here on the inner

surface uniformy. | think you get mass transport
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[imted on the oxidation.

DR OZER As far as experinental data is
concerned, | would like to say that we don't think
that Argonne is an island of information in itself.
| think Argonne has worked closely wth other
| aboratories and has  benefitted a ot from
interactions with other labs in trying to resolve
di screpancies. And | think work at these other |abs
i S ongoi ng.

And | think probably the npst relevant
work is being done at the Hal den Lab, where, indeed,
hi gh burnup fuel rods are bei ng subjected to LOCA-1i ke
scenarios in reactors.

So, you know, these questions about
heat-up, heating up from the inside, as opposed to
heating up from the outside, you know, the Hal den
results will not be as sensitive a results being done
in |aboratories Iike ANL.

These results are expected later this
year.

MEMBER ARMJO That is part of the NRC
confirmatory research?

DR. OZER: NRC participates in the Hal den
program | nean, they send representatives. And so

do we. But, you know, it's a Hal den program
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DR MEYER: Yes. W're in the Hal den

project. They're not doing any enbrittl enment
neasurenents. They're | ooking at ball ooning and axi al
fuel relocation

DR. (OZER. And they should be able to
provide us with nmetal | urgy i nformati on about away from
t he bal | oon, extent of oxidation.

MEMBER ARM JO  But they will take it to
rupt ure.

DR OZER  Yes.

MEMBER ARM JO And so if there was
oxidation fromthe I D when they do their
net al | ography, they should confirmor correct --

DR. MEYER: Yes, this is true.

DR OZER | don't know whether | should
go into this. | think we're out of tine, but --

MEMBER ARM JO | think we got your
nmessage.

DR. OZER: -- with respect to that it's

going to be quite costly for the i ndustry to i npl enent
this, in conclusion, again, we don't feel that there
is a public safety, urgent public safety, issue at
this point. And we feel that the bondi ng approach
that is being proposed is premature.

MEMBER ARMJO Well, you know | have a
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dilemma. And |I'mjust going to nake ny little speech.
And that's to both parties: industry and the staff.

| hear that there is no urgency. And I
hear that there is urgency. | hear that there is
going to be a big inpact to the industry. Yet,
Ral ph' s cal cul ati ons show there is no inpact. But if
there is no inpact, why is there urgency?

So | can't get around all of these clai ns.

M5. UHLE: The urgency primarily stens
fromwhat is required in the regulation and what is
voluntarily done by the licensees. For instance, the
break-away oxidation netric, that is not in the
regul ati on.

| f a new cl addi ng were to be submitted for
approval, there is nothing in the regs that would
requi re any concern about the break-away oxidation.
Yet, you can see with the fabrication process of the
E110 that that was a strong effect. GCkay. So --

MEMBER ARM JO R ght now you have no
gui dance or no regul ations that require the --

M5. UHLE: Break-away.

MEMBER ARM JO. -- suppliers to even think
about break-away.

M5. UHLE: That's right.

MEMBER ARMJO (kay. So that's a
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defi ci ency.

M5. UHLE: And so when we say there is no
urgency, that is because we have tal ked to NRR about
this. And NRR has gone out voluntarily and done a
spot check to see "Ckay. |Is there a safety issue
| ooki ng at howthe |icensees are currently operating,
voluntarily operating that way?" That doesn't
precl ude them from changi ng the way they operate.

So with that, we can say --

MEMBER ARM JO  They're not likely to do
t hat .

M5. UHLE: Well, again, that would cone in
fromintroduction of a newcl ad design. That could be
a change in the way they operate within the regs as
witten. And they are free to do so. They don't have
to tell us exactly what they're doing on a day-to-day
basi s.

DR OZER But couldn't that be addressed
t hrough a reg gui de?

M5. UHLE: There is no regulatory
requi renent that woul d force anybody to take this into
consi derati on.

MEMBER ARM JO. Unl ess there are sone
ot her questions, | think | am probably way out of

time, M. Chairman. And | would like to end this part
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of the session.

Ckay. Thanks, everybody. | think we got
the issues on the table. GCkay. Dr. Shack, it's al
yours.

CHAl RMVAN SHACK: Yes. It's tine for a
break. We would like to nake it a short break since
we are a little bit behind. |If we could conme back in
ten mnutes?

(Wher eupon, the foregoing matter went off

the record at 10:29 a.m and went back on

the record at 10:43 a.m)

CHAI RVAN SHACK: | woul d |ike to conme back
into session, everybody. Yesterday | read the
gual i fications and experience of our new senior staff
engi neer, Ms. Zena Abdually. And she will be hel pful
in the Conmittee's review of power uprat e
applications, thermal hydraulic issues, and TWR sunp
per f ormance i ssues.

What | neglected to do yesterday was to
wel come her aboard. And | would like to do that
t oday.

M5. ABDUALLY: Thank you.

(Appl ause.)
8) DRAFT FINAL REVISION 1 TO REG GUIDE 1.189

(DG 1170), "FIRE PROTECTI ON FOR NUCLEAR POWNER
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PLANTS, " AND SRP SECTI ON

9.5.1, "FI RE PROTECTI ON PROGRAM'

CHAI RMAN SHACK: Next up on our agenda is
a presentation on reg guide for fire protection and
the SRP 9.5.1. And we'll be |ead through that by Jack
Si eber, our Fire Protection Subconmittee Chairman.

VI CE CHAIRMAN SIEBER: Thank you very
much, M. Chai rnman.

8.1) REMARKS BY THE SUBCOWM TTEE CHAI RVAN

VI CE CHAI RVAN SI EBER: this is a ngjor
effort by the staff, the revision of reg guide 1.189,
whi ch was draft guide 1170 inits earlier days. It is
sort of a conmpanion to the 805 risk-inforned fire
protection effort.

And t he purpose of reissuing this, anpong
others, is to consolidate all the references, of which
there are over 100, to preexisting docunents and
consol idate those into a docunment that is easier to
read and easier to follow The | atest docunent does
not introduce or break new ground in the fire
protection area, but it is nore a consolidation.

W nmentioned SRP section 9.5.1. That has
now been i ncorporated into the draft reg gui de, which
we're reviewing. And so because of that

consolidation, we need not conduct a review of a
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separate docunent.

What | would like to do now is introduce
Cor nel i us Hol den, who is responsible for the overal
effort in this guide, to introduce to us the staff
per sonnel who worked on this and are responsible for
it.

MR. HOLDEN: Thank you very much

8.2) BRIEFING BY AND DI SCUSSI ONS W TH

REPRESENTATI VES OF THE NRC STAFF

MR. HOLDEN: | am Cornelius Hol den
Division Director, Ri sk Assessnent. Wth nme today is
Suni | Weerakkody, who is our Branch Chief for Fire
Protection; and Bob Radlinski, who is our senior
person on this effort, will be conducting the briefing
today. Wth that, Bob?

MR. RADLINSKI: Good norning. everybody.

Dr. Sieber, you covered my introduction
pretty well.

VI CE CHAI RMAN SI EBER:  kay.

MR. RADLINSKI: So nove on to the next
sl i de.

VI CE CHAI RVAN SI EBER:  Yes. Just so the
Comm ttee recognizes it, a couple of nonths ago, we
wote aletter onthis draft guide for public conment,

suggesting that the staff issue it. And now the
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cormments are back and we're revisiting the subject
agai n.

MEMBER APCSTOLAKIS:  So our letter just
said to issue it?

VI CE CHAI RVMAN SI EBER:  Issue it for public
conment .

MEMBER APOSTOLAKI S:  Comment on --

VI CE CHAI RVAN SI EBER: Wl |, there were a
| ot of conments that came back. W did not have any
comment s.

MEMBER APOSTOLAKIS: So we are allowed to
make conments today?

VI CE CHAI RVAN S| EBER:  You coul d have nmade
t hem even better two nonths ago.

(Laughter.)

VI CE CHAI RMAN SI EBER:  Okay.

MR. RADLINSKI: COkay. The objective, as
we have nentioned, is that we are going to describe
how t he NRC staff addressed the public coments that
were received on the reg guide and al so, of course, to
obtain ACRS perm ssion to issue the reg guide.

Just to summarize the comments and the
responses, the NRC received 95 what are called new
comments on the draft guide. Al of those conments

were from NEI. The reason | say "new conments"” is
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because they also included 16 additional selected
comment s that were made on t he previous draft gui de of
the original version of draft reg guide 1.189 when it
was issued the first tinme.

There were excellent coments, very
constructive. W incorporated or agreed with 67 of
the 95 comments. |It's over 70 percent. And the final
draft will reflect those comrents.

Al so, earlier this week we had a public
neeting to sumrari ze what our resol ution was of those
comments, an opportunity for additional discussion.
And t hat went very well.

Also, in the interest of time, ny
presentation today is only going to talk about the
comments that we did not agree with and/ or significant
i ssues.

MEMBER APCSTOLAKI S:  Can you give us sone
i dea of what kinds of comrents you agreed with?
nmean, were they editorial or substantive or --

MR. RADLI NSKI: Conmbi nati on, nothing that
woul d change positions or anything. It just added
clarifications. They were very hel pful in identifying
areas where we may have assuned or we had t hought t hat
the regul atory requirenents were clear. But obviously

because of the comment, they were not. So we added
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sone additional clarification.

Ckay. There were basically seven
categories of comments that we did not agree wth.
The first was that sone of the guidance in the revised
reg guide is a backfit.

Now, the second is that we shoul d not
issue the reg guide at this time because of the
comments that the Conmm ssion had with respect to the
generic letter that we recently submtted for
publi cation on spurious actuations.

The third is that we should endorse
i ndustry standards in lieu of issuing the reg guide.

Next i s that the gui dance that is provided

in generic letter 81-12 should be applicable to

I1l1.G 2 areas, the appendix R II1.G 2, as well as
I11.G 3 areas. O course, |I'll be getting into nore
detail in each of these issues.

The next one is that detection and
suppressi on are not necessarily required w th operator
manual actions when they are accredited for alll.G 2
ar ea.

MEMBER APOSTCLAKI S:  What does that nean,
by the way?

MR. RADLI NSKI: There has been quite a bit

of di scussion about this. Wth all of the actions and
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di scussi ons that have gone on over accrediting of
operator manual actions for I1l.G 2 areas, we issued
a RIS, 2006-10, that tal ked about this.

The industry contends that if they are
able to credit an operator manual action in lieu of
the protection requirenments of I11.G 2, t hen
det ecti on/ suppression, which is generally required by
I11.G 2 or portions of I1l1.G2 and I11.G 3, are not
necessarily part of that design. They would not
necessarily be required.

VICE CHAIRVAN SIEBER It has been the
staff's position that they are required.

MR. RADLINSKI: Yes. W have been
steadfast in that position. Let's see. Item#6, sone
of the new reactor guidance that we have added to the
reg guide.

Actually, the reg guide did not have any
new reactor guidance init before. A lot of it was --
t here had been sone in the previous version of the
SRP. And we rolled that over into the reg guide and
al so added sone new gui dance. The conment is that
some of that new guidance is not a specific
requi renent of the regul ation.

And, finally, | think we nentioned thisin

our |ast neeting before we sent the reg guide out,
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that we would like to revert to 50.59 as a basis for
eval uati ng plant changes for fire protection.

kay. The details. On the backfit,
again, the gist of the comment was that some of the
new and revi sed guidance in the draft guide would be
a backfit for existing plants.

W went back to the process with the
original issuance of reg guide 1.189. W | ooked at
the CRGR neeting minutes. And the full Conmittee
reviewed that docunent. And they reach a concl usion
that it was not a backfit, that a backfit anal ysis was
not required. That was essentially based on the fact
that conpliance with the reg guide is not required,
it's not inposed conpliance, and that conpliance
shoul d be assessed agai nst a plant-specific |icensing
basis, not against the reg guide. And |licensees
perform ng their own self-assessnments should al so do
t hose assessnents against their licensing basis and
not the reg guide.

Al though we added some guidance and
changed sone of the existing guidance in the original
version, the sane basis for a no-backfit conclusion
woul d al so apply to the current revisions of the reg
gui de.

And, in addition to that, we did review
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the latest version with the CRGR chairman. It was
agreed that the update is |ikew se not a backfit and
does not require a backfit analysis.

MEMBER MAYNARD: Just froma practica
standpoint, | wunderstand your bullets, your points
there relative to the backfit. But that would al nost
be saying that the reg guide basically is not going to
be used in any assessnment or eval uation or anything.

It's saying that conpliance is goingto be
based agai nst the licensing basis, not the reg guide.
So what's the purpose of the reg guide if it's not
going to be used in any assessnent?

MR. RADLI NSKI: Ckay. O course, any reg
gui de i s one acceptable approach to regulations. To
my mind, it will be used as a baseline for a |licensee
who has a configuration that isn't addressed in his
plant licensing basis, isn't addressed even in the
regul ati ons.

This would be the baseline for an
i nspector to say, "Ckay. This is one approach that
will work. This is one approach that woul d be
acceptable to the staff for nmeeting the regulations in
general. |If you are not doing it this way, then you
can propose something else and explain to us why

that's acceptable and why it neets the regulations.”
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So this is kind of a starting point. It
gives the inspectors, gives the |licensees a baseline
for what would be considered by the staff to be an
accept abl e approach. So that's kind of howit will be
used.

MEMBER MAYNARD: So if they propose an
alternative approach, you would be assessing that
agai nst the licensing basis, not starting with the reg
guide 1.189 as a mninmum | evel of effort?

VI CE CHAI RMAN S| EBER:  Correct.

MR. RADLINSKI: Correct.

VICE CHAIRMAN SIEBER In fact, the
starting point, reg guides are issued to |icensees as
wel | as internal use by the agency. And ny experience
inlicensingis that's where you go first because it's
t he easi est anmount of work.

If you do the things in the reg guide,
then you don't have to come up with an alternative
solution. |If you can't do them because of
configuration in your plant or you have a better idea,
t hat becomes an exception which you identified to an
i nspect or when he cones to i nspect you for conpliance.

MEMBER MAYNARD: But it's also been ny
experience that these tend to becone nore or |ess

m ni mum acceptable requirenents. You nmay propose
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alternatives, but a reg guide does set kind of a
threshold | evel there. | understand your point.

MR RADLINSKI: It still can't be waived
by the inspector saying, "You re not conplying with
this." GCkay? It's not a basis for conpliance.

VICE CHAIRVAN SIEBER There is a
statenent right in the preanble to the reg guide that
expl ains what its |egal purpose is.

CHAI RVMAN SHACK:  You all sort of know the
| egal purpose.

VI CE CHAI RVAN SI EBER:  Yes. Well, | nean,
if youwant to interpret it in your own way, that's up
to you, but | read what is witten down.

MEMBER MAYNARD: There's al so a practi cal
side of how this actually gets inplenmented. So I
t hink we need to nove on.

VI CE CHAI RMAN SI EBER:  Ri ght.

MR. RADLINSKI: Ckay. Another favorite
topic: nultiple spurious actuations. You are
probably all famliar with the generic letter that was
prepared on this issue, particularly with the respect
to the approach of one at atime is an assunption that
woul d provide a basis for post-fire safe shutdown
circuit anal yses.

The comment was that you shouldn't be
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i ssuing this reg gui de because of Conmm ssion comments
on that generic letter. Qur response is that we did
revise the wording in the draft gui de, which was from
the public comment version, that we did basically
wat er down the | anguage.

W are now no providing any specific
gui dance on what approach to use for circuit anal yses
with respect to one at atinme. However, we do include
a note and continue to include that that based on the
industry cable fire tests, a one-at-a-time assunption
for spurious actuations nay not adequat el y address t he
potential risks due to fire, sojust kind of aflagto
licensees that there may be a problemif you use that
assunption as a basis for your circuit analysis.

We al so note or the Comm ssion coments on
the generic letter based on our changes that we nmade
to the design guide that really don't warrant not
issuing the reg guide. It's one issue. And we have
kind of watered it down or softened it quite a bit.

VI CE CHAIRMAN SIEBER: So the generic
letter now still rests as a draft and the issue is
still out there. If the Conm ssion changes its mnd
about the staff's approach to the generic letter,
woul d that warrant the change to this reg guide?

MR. RADLINSKI: A future revision to the
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reg gui de probably will incorporate the gui dance that
we plan to put into the ultinate generic letter that
i s issued.

One of the main comments the Conmi ssion
had was that we basically said, "Hey, industry, you
have a problem"™ but we didn't tell them how to fix
it.

VI CE CHAI RMAN SI EBER:  kay.

MR. RADLINSKI: And they want us to work
with the industry to come up with the nethodol ogy and

the acceptance criteria to address the potential

probl em
VI CE CHAI RVAN SI EBER.  So we shoul d stay
t uned?
MR RADLI NSKI : Yes, yes.
VI CE CHAI RVAN SI EBER:  Ckay. Thank you.
MR. RADLINSKI: Any nore questions on
t hat ?

(No response.)

MR. RADLI NSKI: Ckay. One of the conments
referred to sone public law that basically said that
t he gover nnent agenci es shoul d use i ndustry consensus
standards if they were avail able as a repl acenent for
things |ike reg guides.

They specifically nenti oned NFPA 804. For
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t hose of you not famliar with 804, it is strictly for
new reactors. And it is a determnistic approach to
fire protection. Ckay?

There's another version, 806, that's
comng out that's for new reactors, which is a
ri sk-informed, performance-based approach. And |
m ght note that AP-1000, al so the SBWR have referred
to 804.

Now, 804, like any other NFPA standard,
is, you know, an appropriate standard to be referred
to and provide guidance for the design of the fire
protection program however porous. It nust be done
in accordance with the regul ations.

Al so, 804 was just reissued, revised and
rei ssued, in 2006. | think the first version was
2001, but that was a previous version. And there were
a lot of changes. And we're reviewing it, but we
haven't conpl eted our review yet.

And by issuing reg guide 1.189 now that
does not preclude a possible future endorsenent of
804, you're --

CHAI RVAN SHACK: | was sort of left with
the question of what would a new plant use for
gui dance.

MR. RADLINSKI: For perfornance-based?
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CHAI RVAN SHACK: Wel |, perfornmance-based

and even determnistic.

MR RADLINSKI: Well, determnistic, as |
say, they haven't --

CHAI RMAN SHACK: This is conpl ete enough?

VI CE CHAI RMAN S| EBER:  Yes.

MR. RADLI NSKI: When you say, "this," the
reg guide?

CHAI RMAN SHACK: The reg gui de, yes.

MR. RADLINSKI: The reg guide is fine.
And, like | say, they are also referring to 804, just
like they would refer to NFP 13 for sprinkler systens
and 15 for water spray, it provides sone additiona
gui dance.

But | would also like to point out that
there are sone things in 804 that we don't agree with
that we don't consider them to be neeting the
regul atory requirenents.

The comrents inthis regard al so nmenti oned
NEl - 0001, which is the industry guidance for
perform ng post-RSA shutdown analyses. That's not
really a consensus standard.

And also we have already not endorsed
necessarily, but we have provi ded statenents of staff

acceptance of NEI-001 in a RIS and al so in reg guide
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1.205 for the --

CHAI RVAN SHACK: On the performance base,
they still have the problem right, because that
gui dance is not out yet for new reactors?

MR. RADLINSKI: For new, yes, that's a
good point. There is an 806 com ng out, NFPA 806.
That will be the industry consensus standard for new
reactors using a performance-based environnent.

CHAI RMAN SHACK:  Now, wi Il you have a very
high priority on review ng that when you --

MR. RADLINSKI: W are. W have already
submtted two sets of comments. W reviewed it in
great detail, submtted a |lot of comments the first
time around. Mbost of those were incorporated. Maybe
80 percent were incorporated. |It's back now again for
the final review by the staff.

MEMBER APCSTOLAKIS:  When will we see
this? |Is the ACRS going to see that, 8067

MR. RADLINSKI: Sunil, | don't know if you
have - -

MR  WEERAKKODY: Yes. This is Suni
Weer akkody. W have no plans to bring 806 to SRS on
this unless you request. |It's still in the works.

MEMBER APOSTOLAKIS:  It's still what?

MR,  WEERAKKODY: It's still being
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delivered by the Code Comittee.

MEMBER APOSTOLAKI S: | understand. But at
some point, you will have to i ssue a regul atory gui de,
whet her you agree or not, and accept 806 wth
exenptions and so on. And we get involved at that
st age?

MR. VEERAKKODY: W don't plan to because
we believe what's in the updated reg guide that you
see today, which incorporates the high-Ievel guidance
on new reactors is sufficient.

Now, in our review process, what we are
trying to do is make sure that 806 or 805 is in that
plan. So we have no initiative to endorse 804 or 806
at --

CHAI RMAN SHACK:  From per f or mance- based?

MR. WEERAKKODY: Right now we don't have
a plan to go in and endorse 806 for new reactors.

CHAI RMAN SHACK: So you're saying you
don't plan to have guidance for a perfornmnce-based
approach for new reactors?

MR. WEERAKKODY: At this point we don't
think that's necessary. That's correct. | think if
you | ook at the advanced rectors, if you | ook at the
advanced rectors, what we have really done is

risk-informed the design itself. Okay? You don't

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

106

need a determnistic indicator. You basically have
every area fully supported.
MEMBER APCSTOLAKIS: We'll come to the

advanced reactors on slide 11. And | had sone

problems with the appendix. 1Is it an appendi x?
Whatever it is. Yes, | think it's an appendi x. But
I"'ma bit surprised. | nean, this is, yes, appendiXx
B

Don't we typically, | nean, followingthis
public Iaw, | ook at these industry standards and t hen
express a view as to how nuch of those standards is
applicable? You will do that sonetine in the --

MR WEERAKKODY: Yes, if there should be
a need. That's what |'m saying, Dr. Shack, saying.
Now, if there is a need, if sonebody said, any
st akehol der said, "Look, why don't you consider
endorsing 806 in the rule," we definitely would | ook
at it at that state. Okay?

But if nobody wants it, why woul d we want
to spend the tine? But in the nmeantine, though, like
Bob said, we are very closely wording the review. But
| have two people in ny staff in that code comrttee.

MEMBER APCSTCLAKIS: It is just a matter
of timng and need.

MR. WEERAKKODY: Yes, sir.
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MR RADLINSKI: W will look at it in the

future, but it's just not tinme yet. | nean, they
haven't even issued 806 yet.

MEMBER APOSTCOLAKI S: | understand.

VI CE CHAI RVAN S| EBER:  The reason for
issuing this reg guide as a draft at this tine is
because of the potential for new reactors. And this
goes along with a whole suite that the staff has been
wor ki ng on the | ast few nonths.

MR. RADLINSKI: And the new reactors wll
have fire PRAs.

VI CE CHAI RMAN SI EBER:  Ri ght.

MEMBER APCSTOLAKIS:  Well, | don't know
about that, but | amwaiting until your slide 11.

MR. RADLINSKI: Al right.

MEMBER APCSTOLAKIS: See how wel | |
control nysel f, Bob.

VI CE CHAI RVAN SI EBER:  Movi ng right al ong.

MEMBER APCSTCLAKI S:  Discipline.

MR. RADLINSKI: COkay. W are on slide 8
now, generic letter 81-12 and appendix RII1.G 2. The
comment was that the guidance in generic letter 81-12,
which has a very general title of "Fire Protection
Rul e," should apply to appendix R, section IIl.G 2

areas as well as Ill.G 3 areas.
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Qur response to this is that this was
covered extensively in a RIS that we published in
2005. It's RIS 2005-30. It addresses the issue.
That RIS was issued for public comment because of the
controversial nature of it.

W received public comrents, nunerous
public coments. W even had a followup public
neeting to address each and every one of those
corments. That RIS was al so reviewed by CRGR for
backfit. And it was issued final in Decenber, on
Decenber 20th in 2005.

And essentially what it says is that
generic letter 81-12, the guidance provided by the
generic letter. And there was a foll ow up nenorandum
t hat provi ded additional guidance.

All of that is clearly applicable to
alternative dedi cated shutdown capability and not to
I111.G 2. | mean, it's related to the II11.G 2
indirectly in the sense that sone of these associ ated
circuits of concern could cause danage or prevent a
redundant train fromshutting down the plant.

But other than that, | think the industry
-- they haven't said it specifically, but | think
they' re focused on the fact that one of the mtigating

conmponents or one of the options for mtigation of a
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spurious actuation of an associated circuit of concern
is an operator manual action. And they would like to
apply that to I11.G2. O course, that's not the
case.

Okay. Qperator nanual actions and
detection/suppression. As | nentioned before, the
comment is that we have inappropriately inplied that
if you credit an operator nanual actioninthelll.G 2
area, then you don't necessarily have to provide
detection and suppression. That may be true, but as
a baseline, it should be assuned that that is
fundamental to the fire protection that vyou're
providing in that area.

As we all know, there are three conponents
to fire protection defense-in-depth. You prevent the
fire. |If you do have a fire, then you detect it. And
you suppress it. And then, finally, you assure safe
shutdown in the event of that fire.

Oper at or manual actions typically support
the third conponent. They serve as a substitute for
the electrical raceway fire barrier system or
separation. They do not elimnate the need for the
ot her conponents. Ckay?

MEMBER APOSTOLAKI S:  They al so support it,

t hough, don't they?
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MR. RADLINSKI: They support?

MEMBER APOSTOLAKI S: The operators detect
the fire and alert the fire brigade.

MR. RADLINSKI: Right.

MEMBER APOSTOLAKIS: Is it just the
sub-bullet? Wen we say, "Qperator nanual actions,"
| guess we nean a specific set of manual actions.”

MR. RADLINSKI: Well, we're tal king about
a situation where you have a Il1.G 2 area. W have
redundant trains in the sane fire area. And you have
removed your electrical raceway fire barrier system
thermal |ag, or whatever and you have replaced it with
an operator nmanual action to mtigate the failure of
that circuit that's no | onger protected.

MEMBER APOSTOLAKIS: So it's that specific
set of manual actions that OVA refers to?

MR. RADLINSKI: Right. And the industry

MEMBER APCSTCLAKI S: The industry --

MR. RADLINSKI: Ckay. |If | do that, if |
take that approach, then | don't have to have
detection suppression in the area of consideration.

MEMBER MAYNARD: | f you have detection and
suppression, why do you have to rely on operator

actions?
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MR. RADLI NSKI: Def ense-in-depth.

VICE CHAIRVAN SIEBER  Detection and
suppression are not a substitute for the fire barrier.

MEMBER APOSTCLAKIS: It's for the fire
barrier.

VICE CHAIRVAN SIEBER There's a
separation requirement, which can be achieved by
barriers or distance.

MEMBER APOSTOLAKI S:  Because | guess sone
of the plants could not neet the appendi x R separation
criteria or is that the idea?

MR RADLINSKI: [In a nunber of cases, it
was because of the thermal | ag i ssue, where they just
took the thermal lag off or just didn't credit it any
| onger and said, "Ckay. W'Il assune that that cable
tray is going to burn up." GCkay? Since that cable
trap is going to burn up, I'"'mgoing to have to take
some operator nmanual action to mtigate the --

VI CE CHAI RVAN SI EBER:  Spuri ous
oper at i ons.

MR. RADLINSKI: -- spurious actuations
that could prevent safe shutdown.

MEMBER BANERJEE: But the new plants wl |l
be able to neet the separational requirenents.

MEMBER APCSTCLAKI S:  They shoul d.
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MR. RADLINSKI: Yes. That's part of the
enhanced fire protection. W'IlIl talk about that
later. But they won't be able to do that 100 percent
on the cases. |It's not --

MEMBER BANERJEE: Well, why not?

MR. RADLINSKI: It's just not physically
possible. | mean, you just have areas of the plant
where things cone together.

VI CE CHAI RVAN SI EBER: Li ke the control
room cabl e spreadi ng.

MR.  RADLINSKI: Right, obviously the
control room but under the reactor vessel and areas
l'i ke that.

VICE CHAIRVAN SIEBER  You have two
reactors.

MEMBER APCSTOLAKIS: Wth different
manuf acturers for the --

VI CE CHAI RVAN SI EBER: A reactor and B

react or.
MEMBER APOSTCLAKI'S: -- diverse vessels.
VI CE CHAI RVAN SI EBER: Movi ng on.
MEMBER APOSTCLAKIS: Dr. Kress will tell
us that the --

VI CE CHAlI RMAN SI EBER: You have to add

them right. Moving on.
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MR. RADLINSKI: Ckay. The main control

room conplex fire protection. The coment was that
"The followi ng should be deleted fromthe gui dance
that's in the reg guide."

One is to provide suppression for
peri pheral roons that are adjacent to the main control
room The other is that the industry does not believe
t hat snoke detection in the individual cabinets within
the main control roomis necessary.

First of all, the auto suppression in the

peri pheral roons may be required by appendi x R,

sectionlll.G 3. GCkay? Cbviously the control roomis
alll.G3 area. You have alternative shutdown and in
the --

VI CE CHAI RVAN SI EBER: It depends on the
strength of the barrier.

MR. RADLINSKI: Right.

VI CE CHAI RVAN SIEBER: That's a natural
pl ace for a fire, conputer roons, offices.

MR. RADLINSKI: Right, offices with paper.

MEMBER BANERJEE: Are these suppression
systens primarily sort of rapid systenf

MR RADLINSKI: No, no. Water.

MEMBER BANERJEE: WAter sprays?

MR. RADLINSKI: Just like an office. And
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with respect to cabinet detectors, they made the
argurment that control roons continually man. The
operators are there. But products of conbustion
detectors, inside cabinets nay detect the fire nore
qgui ckly than an operator's eyes or nose since they're
detecting visible products of conbustion.

But, nore inportantly, the detectors in
the cabinets tell you exactly where that fire is.
Okay? If you're an operator and you snell snoke or
the ceiling detectors set off the alarm you nay not
know where that fire is. You may have to go around
openi ng cabi net doors to try to find it.

MEMBER ARM JO  What's the logic for
saying, "Don't do that"? | nmean, why would they say

VI CE CHAI RVAN SI EBER It costs noney.

MR. RADLINSKI: It costs noney and --

MEMBER ARM JO It can't cost that nuch.

MR RADLI NSKI: To be honest, the NRC has
allowed them to not do that in a nunber of cases.
They' ve submitted exenption requests. And we have
approved t hem

MEMBER ARM JO It can't cost that nuch.

VI CE CHAI RVAN SI EBER:  Everything costs a

| ot .
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MR. RADLI NSKI: But, interestingly enough,

and the 804 actually required cabi net detection. And
that's the industry standard that they would like to
adopt .

MEMBER APOSTCOLAKI'S:  |s that the standard
t hat we have approved, the agency has approved?

MR, RADLI NSKI:  No.

VI CE CHAI RVAN S| EBER:  No.

MEMBER APOSTOLAKI S:  No?

MR. RADLINSKI: Ckay. Now we're on --

VICE CHAIRVAN SIEBER: |s there an error
on page 10? |Is there an error? On page 10, is there
an error on that slide?

MR. RADLINSKI: Ch, yes. On the handout?

Did | nention that? For sone reason, the handout
didn't get the correction. |It's correct in mne. It
should be I11.G 3, not IIl.G 2.

VI CE CHAI RVAN SI EBER:  Ckay. So for the
menbers who woul d rmake that --

MR. RADLI NSKI: Thank you for bringing
that to ny attention.

Al right. The comment with respect to
new reactors, one of the coments, was that the
gui dance that we' ve added i s not specifically required

by the regul ations. And specifically we nade conments
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to the effect that new reactors should have m nima
reliance on operator nanual actions and alternative
shut down and al so that operator nmanual actions should
be avoi ded.

Furthernore, we said that reliance on
el ectrical raceway fire barrier systems should be
m nimzed. They objected to the use of these terns.
And t he comment was t hat those ternms and t hat gui dance
is not in the regul ati ons anywhere.

This is guidance. The reg guide provides
gui dance. And these are considered to be appropriate
goals for new plants, where the fire protection
protection programcan be i ntegrated i nto the planning
and desi gn phase of the plant.

Furthernore, it supports the Conm ssion's
concept of enhanced fire protection for new reactors,
al t hough, again, it's not in the words or the
description of the enhanced fire protection. But it's
al so consistent with GD C3.

MEMBER APOSTOLAKIS: Yes. The issue of
newreactors infire protection, all the risk-inforned
initiatives we have undertaken the |ast eight, nine
years have been voluntary.

And the argunent has been, you know, we

have already licensed the existing reactors using
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separate criteria. So we can't really go back and

i npose nowt hat they becone risk-informed. So they're

vol unt ary.

And that has led to situations where we
are really dancing around an issue. |f you do this,
you do that. If you do this, you do that. But for

new reactors, why don't we demand that they be
ri sk-informed? 1In other words, it seens to ne that
there is a general consensus that NFPA 805 is a good
thing to have. And we like plants to foll ow NFPA 805,
assess the risk.

And then i f they want to change | ater, you
know, they can do a risk evaluation and go to the
regul atory gui de and so on and so on because it gives
an integrated view of the plant.

Why can't we say that newreactors should
foll ow the NFPA 805?

MR. RADLINSKI: | wi sh Ray Galucci were
here to hear you say that. |'msure he would
appreciate it.

MEMBER APOSTOLAKIS: |Is there anything in
the regul ations that forbids that?

VI CE CHAI RMAN SI EBER: | think you have to
do it by rul emaking --

MR RADLINSKI: Right.
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VI CE CHAIRVAN SIEBER: -- if you want to

i npose it as an absol ute requirenent.

MR. RADLINSKI: Ckay. That's a legalistic
argurment, | mean. Then you go to appendi x B, which
refers to fire probablistic risk assessnents. And you
seethings like a detailed fire PRAis not necessarily
required for a new reactor fire protection program

And then |ater on it says, however, if an
appl i cant for a conbi ned operating |licenses references
a certified design and if that certified design
devel oped a fire PRA, then we inpose additional
requi renents that the PRA has to be reviewed, right,
and all that stuff, which | don't see here right now.

But, I nmean, we put all these "ifs." And
we rely on the good will of the applicant to do the
PRA. So if sonmebody doesn't do a fire PRA, then they
don't have to do all these things and they go back to
being determ nistic and all of that.

In other words, we are perpetuating this
situation of having two parallel regulatory systens,
| mean. And at the sane tine, we see nmajor utilities
right now switching to NFPA 805 because they believe
it's to their advantage.

MR RADLINSKI: Right.

MEMBER APCSTOLAKI S: Wiy have all of these
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ifs that a detailed fire PRA is not necessarily
required but if their certified design devel oped a
fire PRA --

VI CE CHAI RMAN S| EBER: \Were are you
readi ng from George?

MEMBER APCSTCLAKI S:  Appendi x B of this.

MR RADLINSKI: | believe the "ifs" are
there because we don't have the regulatory rule in
place for that. But it's very inportant to note that
AP1000 and ESBWR, both DCDs, both have fire PRAs, --

MEMBER APOSTCLAKI S:  Yes, but where --

MR. RADLINSKI: -- which neans that the
COL applicants nmust adopt that fire PRA and naintain
it.

MEMBER APCSTOLAKIS:  Yes. It says, "Then
the COL applicant is to use that PRA and update it to
reflect site and plant-specific information that may
not have been avail able at the design stage. 1In
addition, the Ilicensee that has a risk-infornmed
per formance-based FPP simlar to NFPA 805 or that
pl ans to eval uate pl ant changes using a risk-inforned
approach must have a detailed fire PRA. "

And you look at all of this and say,
"Well, gee, they're asking ne to do all of these

things if thereis afire PRAin the certified design.
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And if there isn't, then what do | do? | go back to
appendi x R?"

MR.  RADLINSKI: The reality of the
situation is that you are going to get what you want.
They do have fire PRAs.

MEMBER APCSTCLAKI S:  But how do you know
that in the future they will also have fire PRAs?

MEMBER BANERJEE: Well, it will be EPR
right?

MEMBER APOSTOLAKI S:  Does EPR have a fire
PRA?

MEMBER BANERJEE: Well, it hasn't cone
yet, but | presumed it woul d.

MEMBER APOSTOLAKIS: |Is that a good way to
regul at e?

MEMBER BANERJEE: Well, you can not
reference the design if you don't want to reference.

MEMBER APOCSTOLAKIS: |t seens to ne,

t hough, that the NFPA 805 appears to be the way to go.

MR RADLINSKI: But it's not for new
reactors. It's specifically for --

MEMBER APCSTOLAKIS:  No. It's doesn't say
anything, right? | mean, there is --

MR, RADLINSKI: No, no. It says

specifically for existing operating reactors.
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MEMBER APOSTCLAKI'S:  Well, but since we
like it for existing reactors, why don't we like it
for future reactors?

MR, RADLINSKI: W do.

MEMBER APOSTOLAKI S:  Yes.

VI CE CHAI RVAN SIEBER.  All you need is a
rul emaki ng.

MEMBER APOSTOLAKIS: And that's such a
maj or probl em

MR. RADLINSKI: It takes two years to
wait. Then we can do that.

VI CE CHAIRVAN SI EBER  Two years. You
need an SMR to start one.

MEMBER APCSTOLAKIS:  Well, but then,
again, it seens that two designs we have certified
al ready have a fire PRA that woul dn't upset anybody
because - -

VI CE CHAI RVAN SI EBER.  They woul dn't be
upset .

MEMBER APCSTOLAKIS:  Yes. It wouldn't
upset anybody. And it would be the good way of doing
busi ness.

VI CE CHAI RVAN SI EBER:  Pretty easygoi ng.

MR. WEERAKKODY: Yes. | can't give you a

conplete full answer on this issue, but | know I
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suspect we are kind of tal king about is this a policy
i ssue that's under consideration in the new reactor
space?

| knowthe ACRS has its -- what |' msaying
islike Bob is up there. And we are kind of parroting
what the current policy is as we knowit fromthe new
reactor folks. So | don't know whether we can sol ve
it in fire protection.

For exanple, even if we agree with you
that we should require fire PRAs for all newreactors,
it's not under the purview of the Fire Protection
Branch. But | have heard fromthe grapevine that you
are interested in this issue in other forumns.

MEMBER APCSTCOLAKIS: Who is raising the
i ssue?

MR. WEERAKKODY: This is just on new
reactors. Yes.

MEMBER APCSTCLAKIS: W are raising it?

MR. WEERAKKCDY: That's what | --

CHAI RVAN SHACK: I n PRA in general.

MR. WEERAKKODY: In PRA in general. So
what we are doing, Dr. Apostolakis, is we are
foll ow ng, as opposed to leading, that policy in the
fire protection area.

But in the neantine | think what Bob is

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

123
saying is he is also the lead for his ESBWR And he

knows 805. He knows the new reactors. Froma safety
standpoint, the new designs are taking care of the
saf ety business by keeping things in separate roons.

The only pl ace they bring things together,
the cable is using the control room and in the
containment. So we are |ooking at core damage
frequencies |ike 100 tines |ower than our current
operating plants.

MEMBER APOSTOLAKIS: But even if the
vendor had included a fire PRA in the design
certification application, this inplies that the
utility that wll have a new reactor doesn't
necessarily have to go to NFPA 805. That's what it
says. It can if they want, but they don't have to.

CHAI RMAN SHACK: It's performance-based.

MEMBER APCSTOLAKIS: My problemw th this
is that -- and maybe you're right, Sunil, that it's
not your business to do these things, but we have
lived with a very strange situation so far since 1998
for existing reactors because of the |icense issue.

But to perpetuate this for new reactors
and have these parallel systens forever doesn't sound
tonme likeit's arational way to proceed. And naybe

it's not your job to do that but certainly I think the
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Comm ttee's job.

VI CE CHAI RVAN S| EBER:  But that becones a
policy issue. And | think that it's fair for us if we
believe it to recomend to the staff that they
consi der developing a policy issue. But that's the
way a rul emaking would start.

MR. WEERAKKODY: If | nmay, one thing with
respect to 805, we specifically excluded newreactors
from 805 because, even though concept-w se, you know,
ri sk-informed, performance-based is okay for new
plants as well, it's kind of |ike the get-by rule, so
to speak.

W build a plant. And we want to fix the
pl ant using risk-informed because if you think of the
reg guide and the thresholds we applied in the core
damage frequency changes that allows self-approval
for the newreactor, it's way too liberal in a sense
because they start with a much advanced, nuch | ower
core danmage frequenci es.

Now then you run into another policy
i ssue. Should we be hol ding new reactors to higher
safety standards? So if there is a need to
ri sk-informnewreactors, we shoul d be | ooki ng at 806,
not 805.

MEMBER APCSTOLAKIS: Well, yes. That's a
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detail as far as |I'm concerned. And | suspect the

reason why 805 did not refer to newreactors is this
fear of not putting sonething there that you don't
have to when you approve a docunent. |It's always, you
know, focus on the imedi ate problem and don't say
anyt hi ng about 20 years from now.

As a phi | osophi cal issue, though, it seens
tone that this is a good opportunity to go with a new
system which a lot of the utilities with existing
reactors acknow edge is a good system right?

MR, VEERAKKCDY: Yes.

MEMBER APOSTOLAKIS: I n fact, how many
pl ants now, units?

MR, WEERAKKODY: Forty-two.

MEMBER APOSTOLAKI S:  Forty-two out of --

MR VEERAKKODY: A hundred and three, 104
when Browns Ferry starts.

MEMBER APCSTOLAKIS: So that is really ny
coment on this.

VICE CHAIRVAN SIEBER: Wy don't we
continue on with your remaining slides?

MR. RADLI NSKI: Ckay.

MEMBER APCSTCOLAKIS: But, again, a fire
PRA shoul d receive a peer review to the extent that

adequate industry guidance is available. So if |
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don't have a fire PRA, what do | do? Do | get a peer

revi ew or sonething el se?

VI CE CHAI RVMAN SI EBER:  There is nothing to
review if you don't have it.

MEMBER APOSTOLAKI S:  What ?

VI CE CHAI RVMAN SI EBER:  There is nothing to
review if you don't have one.

MEMBER APOSTCLAKI'S:  You don't review the
fire PRA. But then I'mdoing sonmething in lieu of
that. And | would |ike to know, would there be a peer
review for that alternative? |In other words, this
sends a nessage that if you dare go into a fire PRA
we're going to hit youwith 100 requirenents totry to
di scourage you fromdoing it.

VICE CHAIRVAN SIEBER: | think it is far
easier to do a PRA of any set and get it peer-reviewed
than it is to build architectural features into your
plant. And that's really the choice you have.

You know, you have to do all of your
thinking up front in the design stage if you want to
avoid having to take the route of risk-based fire
protection. It's still a policy issue.

MEMBER APOSTOLAKIS: It is. It is. But
we are sending the wong nessage, it seens to ne,

her e.
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CHAl RMAN SHACK: There's no other to send,

George. You wouldn't have a PRA w thout a peer
review. A peer review of a determnistic program
nmakes a whole lot | ess sense. | nean, it's perfectly
sensi bl e.

VICE CHAIRVMAN SIEBER And that's true
probably for all PRAs. | still would |ike to nove on

CHAI RVAN SHACK: We had better nove on.

VI CE CHAI RVMAN SI EBER:  -- and be no | ater
than the fuel folks left us.

CHAI RVAN SHACK: W' re taking up George's
subconmi ttee report.

MEMBER APOSTOLAKI S:  What ?

CHAI RVMAN SHACK:  Onwar d.

MR. RADLINSKI: Right. The next conment
had to do with new reactors and the gui dance that we
have provi ded that they shoul d be mai ntai ned safe for
all nodes of operation.

This entire slide is a sunmary of their
comment, basically to say to del ete the gui dance that
addresses fire protection for non-power operation.

Their basis is that the staff has al ready
approved new desi gns wi t hout di sposition, that passive

shut down pl ants woul d have to evaluate fire effects on
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active systens that are used when the plant is too
cold for passive cooling.

VI CE CHAI RVAN SIEBER: If you don't do
anything, the plant will beconme warm enough for
passi ve cooling.

MR. RADLINSKI: You are getting ahead of
me here.

VI CE CHAI RMAN SI EBER:  Ckay. And if there
is a requirenment or guidance by the NRC, the comrent
is that the NRC shoul d provide the specific method of
anal ysis that the i ndustry should use to address this.

And, finally, they nade the conment that
the staff was directed to cease activity on the
shutdown rule in 1997. | still haven't figured out
what that has to do with this, but -- so our response
is basically plants have to have a fire protection
program that maintains plant safety in the event of
fire in all nodes of operation. That's fundanent al
kay?

If you want to find bases in the
regul ations, 50.48(a)(2)(iii) requires that the neans
to limt fire danage to structures, systens, and
conponents is inportant to safety so that the
capability to shut down the plant safely is ensured.

That means keeping a safe shut down.
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Last, but not |east, 50.59. W talked

about this in the last neeting. Again, we believe
that it would be appropriate to put fire protection
back under 50.59.

The Conmi ssion has said they do not |ike
the idea of a separate license condition for fire
protection, no adverse effect approach to eval uating
changes. 50.59 is good for the rest of the pl anet.
It should be good enough for fire protection. So we
are proposing to do that.

Ckay.

VI CE CHAIRVAN SIEBER. |Is that it?

MR, RADLI NSKI :  Yes.

MEMBER APOSTCLAKI'S: | have one.

VI CE CHAI RMAN S| EBER:  Geor ge?

MEMBER APOSTOLAKI S:  Yes. Again, there is
a statement. There is a discussion of the
sel f-inmposed station bl ackout sormewhere there on page
19. And there is specul ation.

The risk of self-inposed station bl ackout
may greatly exceed the actual risk posed by the fire.
And the |icensee should consider the risk carefully
when eval uating the plant safe shutdown design and
procedures. How are they going to do this if they

don't have an estinate of the risk?
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And that, in fact, we go on and say,
"However, acceptabl e operator manual actions that are
i npl enented i n accordance with" such and such and such
and such wmy present a lower risk than the
sel f-inmposed station blackout approach. And I'm
trying to understand how in a determnistic world a
utility may deci de that one or the other represents a
| ower ri sk.

MR RADLINSKI: First of all, we did water
that dowmn a bit. W took out the word "greatly."
don't inmagine that answers your question.

(Laughter.)

MR. WEERAKKQODY: This is Sunil Werakkody
agai n.

VI CE CHAI RVAN SI EBER: That sol ved t hat
problem | think naybe | can address this a little
bit. You know, sone of these things in the absence of
a PRA, which probably aren't going to do as you
di scover a fire in certain areas made by engi neering
j udgnent or operator judgnment as to "Do | want to cope
with a self-induced station blackout or do | want to
go and put out a fire the size of a wastebasket?" And
so it becomes a judgnment call in those clear-cut
cases.

Beyond that, | think that you are right,
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George. You would have to do sone kind of analysis

for the big events where the risk is not well-defined.
But just undergoing a station blackout is an
operator's chal |l enge.

MEMBER APOSTOLAKIS:  And then there is
anot her statenent. New reactor design should not rely
on sel f-inposed station bl ackout tomtigate potenti al
fire damage to safe shutdown systens. |Is that a
policy issue or is it a technical issue or --

MR. WEERAKKODY: Even though you don't
have nunerical calculations to show that inducing a
station blackout is not a good thing, there is
overwhel m ng knowl edge that that is not a good thing
to do. | nean, it is kind of alnost |ike comon
sense.

Wy would you want to take out your
operating equi prent intentionally because you want to
be in the licensing basis. W have had to limt that
because the regulation does not, the current
regul ati on does not, prohibit that.

In sone of the cases, such as this, what
we have done is we have basically told the new pl ants,
"Pl ease don't design your plants to rely on that kind
of mtigation. It just doesn't nake sense.”

VI CE CHAI RMAN SI EBER:  You are bl acki ng
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out the plant to avoid sone spurious operation, which
is pretty drastic.

MR. VWEERAKKODY: | mean, you could confirm
withrisk verification that that is, in fact, the case
and say howbig it is, but just to say that |' mgoing
to kill these or I"'mgoing to turn all of these off so
that they don't get damaged by a spurious actuation --

VICE CHAIRVAN SIEBER It is ny

under st andi ng t hat few pl ants have that as a provi si on

MR. WEERAKKODY: That's correct because

VICE CHAIRVAN SIEBER -- in sone fire
scenari os.

MEMBER ARM JO. Has anybody ever done it?

VI CE CHAI RMVAN S| EBER:  No.

MR. WEERAKKODY: Do you nean in actual
si tuation?

MEMBER ARM JO In real.

MR VEERAKKCODY: | don't know the answer,
but we do know that in sone plant procedures, they
rely onit. Wether they actually have had a fire to
do it | do not know.

MEMBER POVNERS: | think, in fact, it has

been done, Jack.

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

133
VICE CHAIRMAN SI EBER: Where? In the

United States?

MEMBER POAERS: Yes, in sone U S. plant.
For sone reason, Pilgrimcones to nmind, but | don't
know that for a fact.

VI CE CHAIRWVAN SIEBER | don't know. |
think it would be a good thing to find out.

VEMBER APCSTOLAKIS:  So for a
clarification question, for new reactors, if they

don't go the risk-informed approach, appendix R

appl i es?

MR.  RADLINSKI: No, no. Appendix R
doesn' t apply to plants licensed after '79
technically. But the guidance is very -- | mean, it's

like appendix R It's --

VI CE CHAIRVAN SIEBER: | think that we
have pretty nmuch conme to a conclusion of the formal
presentation part of the nmeeting. M personal opinion
is | read through all of these docunents and
particularly the questions and answers. | think both
the industry, including NEl and other |icensees, did
a pretty good job of supplying coments. And the
staff did a pretty good job of responding to those.

| understand there is an NEl nmenber here.

And i f anyone woul d want to nmake a statenent, they can
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do that now. |If not, M. Chairman, | turn it back to
you.

CHAI RVAN SHACK: The next itemin our
agenda is a subcommttee report from George on our
ESBWR Subcommittee. |If you would like to say a few
wor ds?

VI CE CHAI RVAN S| EBER:  Does he know t hat ?

CHAI RVAN SHACK: He does.

MEMBER APOSTOLAKIS: Are we witing a
letter on this, by the way?

CHAI RVAN SHACK:  No.

VI CE CHAI RVAN SI EBER:  You can have added
corments if you' d Iike.

MEMBER APCSTCLAKI S:  Thank you, Jack.
know | can.

MR. RADLINSKI: |Is there a take-away that
we assume you're going to approve the --

MEMBER APOSTOLAKI S:  What ?

MR. RADLINSKI: |Is there a take-away that
we assune you're going to approve the i ssuance of the
reg guide or --

MEMBER APCSTCLAKIS: There is a question
for you.

CHAI RVAN SHACK: That's a Committee

deci si on.
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MR. RADLINSKI: My | conclude from your

comments that the Cormittee will approve the i ssuance
of the reg guide?

VI CE CHAI RVAN SI EBER. Watch your mail .

(Laughter.)

MEMBER APOSTOLAKIS:  You will get sone
sort of a letter.

VI CE CHAI RVAN SIEBER: | can only tell you
what | think right now.

9) SUBCOW TTEE REPORT

MEMBER APOSTOLAKIS: Okay. W had a
neeti ng on Decenber 14 and 15.

CHAI RMAN SHACK: W can go off the record
for this.

MEMBER APOSTCLAKI S:  Pardon ne?

CHAI RMAN SHACK: Yes. W can go off the
record for this.

(Wher eupon, a luncheon recess was taken

at 11:38 p.m)
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AFT-EERNOON S ESSI-ON
(1:06 p.m)

10) WOLF CREEK PRESSURI ZER VELD FLAWS

CHAI RMAN SHACK: Qur first presentation
this afternoon is on the Wi f Creek pressurizer weld
flaws. And our cogni zant nmenber for that is Sam
Armjo. Sam |'Il turn it over to you.

10.1) REMARKS BY THE SUBCOWM TTEE CHAI RVAN

MEMBER ARM JO. Ckay. M. Chairman, we're
goi ng to have an i nformational briefing this afternoon
related to the October 2006 indications of potential
cracking at Wl f Creek.

W will hear fromrepresentatives of the
staff as well as from Duke Energy and NEI. W're not
expected to wite a letter or make any deci si ons, but
we are free to ask as nmany questions as we think we

need to understand this.

Wth that, | would like toturnit over to
-- | think it's M. Sullivan who will start out for
NRR.

MR. SULLI VAN: Thank you very mnuch.

MR. BATEMAN. Excuse ne. Ted, before you
get started, | would just Iike to add one nore thing.
This is Bill Bateman fromthe staff. W do have a

subconm ttee neeting schedul ed for February 21st, at
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whi ch point we will have a lot nore tine to tal k about
details here -- | know you have only got an hour for
us now -- and then a full Comm ttee neeting subsequent
to that in Mrch.

MEMBER ARM JO  And also | think we have
sormeone on the phone, but I'mnot positive. |Is there?
CHAI RVAN SHACK: | don't know.

MR. LUPOLD: Qur understanding is that our
contractor, Dave Rudlin call ed.

MR RUDLIN: |I'm here.

MEMBER APOSTOLAKI S:  Who are these peopl e?

MR LUPOLD: Dave Rudlin is a contractor
that we have utilized to evaluate sone of the flaws
t hat we discovered at Wl f Creek.

MEMBER APOSTOLAKI S:  Are you NRC yoursel f?

MR LUPCLD: | am TimLupold. I'mwth
t he NRC.

MEMBER APOCSTOLAKI S: You have to speak to
t he m crophone, though, because --

MEMBER ARM JO. Ckay. Well, just as |long
as the fol ks on the phone just please put their phones
on nute so we don't hear any kind of background.

Wth that, Ted, it's all yours.

10.2) BRI EFING BY AND DI SCUSSI ONS W TH

REPRESENTATI VES OF THE NRC STAFF
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MR. SULLIVAN. M nane is Ted Sullivan.

And | work in the Division of Conponent Integrity.
And |'ve been working on this WIf Creek | aw issue
si nce about Novenber tine framne.

| wanted to set out sone very brief
background. | know this is kind of industry stuff,
but | thought it would be appropriate to help put the
VWIf Creek information in a little bit of context.
And at the subsequent neeting, | expect that either
i ndustry or ourselves will talk about this nore.

The context for these inspections is an
i ndustry "mandatory program’ under sone guidelines
that were issued by NEI. This particular programis
very customarily referred to as MRP-139. And it deals
with inspection and mtigation of dissimlar neta
butt welds and reactor coolant system of PWRs. It
provi des, anong ot her things, guidance for volunetric
and vi sual inspection of alloy-82/182 butt welds.

It is over and above what is required by
the ASME code in that it requires -- in the industry
context, I'musing the word "require" -- inspections
that are nore frequent than those required by t he ASME
code. And the whole programis sonewhat oriented
around tenperature in that, for exanple, the

pressuri zer weld | ocations need to be i nspected first

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

139

and nost frequently.

So it was in that context that these
indications or flaws at Wl f Creek were found. This
i censee was perform ng i nspections of the dissimlar
nmetal butt welds in the nozzles of the pressurizer.

And t hese indications were found as part
of inspections that were done prior to applying weld
overlays, which was their plan all along. And I'm
going to talk about that nore in subsequent slides.
W were notified of it in md Cctober by an event
notification.

So flaws were found in three of | guess
six nozzles. And I'Il get into themone by one. In
the surge line, there were three flaws found. They
were circunferential in orientation.

They are of varying sizes. One, the first
one, has an arc of about 38 degrees; the second about
21-degree arc; and the third one is a nuch snaller,
about 7 and a hal f-degree, arc.

This wel d was | ast exam ned in 1993 using
t echni ques t hat predat ed t he perfornance denonstrati on
initiative qualification program | want to say a
little bit about the qualification of the procedure
and the exam ner. The procedure that was used was a

manual procedure. It was qualified for flaw detection
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and | ength si zing.

The exam ner was qualified for detection.
He had apparently not gone through or passed -- |
don't know which -- the qualification for |ength
sizing. Notw thstanding, readings were taken for
i nformati onal purposes on |l ength and depth and all the
readi ngs were confirned by a person fromEPRI. And
that note, which will appear on sone subsequent
viewgraphs, is true for all of the welds exam ned.

MEMBER ARM JO  Was the EPRI person an
expert or did you --

MR. SULLIVAN. The EPRI person was a
person who admini sters the PDI qualification exans.

MEMBER ARM JO. But he's experienced?

MR, SULLIVAN. | would say he was very
experienced, and he was an expert. | just can't cal
him qualified because EPRI doesn't qualify its own
peopl e. They adm ni ster the exans.

MEMBER BONACA: The 13 years between the
| ast volunetric examnation, is normal, the I|ong

period of time?

MR. SULLIVAN: |'mnot sure why there was
such a long period of tine. It does seemlike a |ong
time. It's nmore than an interval.

MEMBER BONACA:  Yes.
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MR. SULLIVAN. That's a good question
That's not sonething we asked. Do you know?

MEMBER CORRADINI: Well, if I could
address that, the requirenent would be to inspect it
once every interval. And the ASME section 11 gives
latitude to defer some exans from one period to a
next. So it's ten years plus or mnus is what the
exanms would be. So it's not unheard of to have 13
years between subsequent exans.

MR.  SULLIVAN. Ckay. On the relief
nozzle, there was a very large flaw. It was a
170-degree arc. And on the safety nozzle, there was
one flaw also. It had about a 55-degree arc.

MEMBER ARMJO |'ve seen prior
presentation material that the staff has i ssued, maybe
a nonth or so ago. And |'ve seen nunbers that are
hi gher, like 11-inch cracks or indications, as opposed
to 7.7. \What is going on?

MR. LUPOLD: The nunbers that you're
referring to would be the Ilengths of the flaws, as
projected on the OD of the pipe. This is these
nunbers that you're seeing right here --

MEMBER ARM JO. | D.

MR. LUPOLD: -- would be the Iength of the

flaws on the | D

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

142

MR, SULLIVAN:  When we initially got the
data, it was over the tel ephone. And we weren't clear
where these links were. W thought they were on the
| D. They subsequently clarified it was on the ODs.
So we had to do a little conversion.

Ckay. Qur concerns with these inspection
results were that they were the first large nmultiple
circunferential fl aws identified. Previous
circunferential flaws have been identified, but these
were large. W found a very large flaw. And we found
mul tiple indications in one of the nozzles.

The expectation was to see smaller flaws
and see axial flaws. Predom nantly the inspection
data shows nore often you get axial flaws than
circunferential. And, of course, the concern with
circunferential flaws is it can lead to rupture, as
opposed to the concern you have with the axial is that
it's much nore likely to just lead to | eakage.

And our concern with the large flaws and
the multiple flaws was that it seemed to us to
i ncrease the need to conpl ete t he basel i ne i nspecti ons
on a timely basis.

So we did fracture nmechani cs eval uations
of this data. W took it as though it was axial

actual, even though we couldn't confirmit. W didn't
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change the sizes. W just used the information data
to do anal ysis.

The anal yses were done in such a way as to
basically work the probl embackwards to try to get an
esti mate of when the cracks m ght have initiated. And
t hen we worked the problemforward to get an estimte
of when the flaws could lead to | eakage if they were
left in service, if they had been left in service.
And we estimated times to reach critical flaw size,
again, if they had been left in service.

W analyzed the flaws in all three
nozzles. W didn't assunme that the flaws in the surge
line interacted. W just picked the |argest of those
three flaws. W calculated tinme ranges based on three
different residual stress profiles, two different
fracture nmechanics nodel s, and two different
t hrough-wal | fl aw nodel s.

And | think we can tal k about that a | ot
nore in the neeting on the 21st of February, but the
reason |'mbringing it up nowis that 2 tines 3 tines
2 turns out to be 12 different cases that were
anal yzed. And that will cone up on a subsequent
sli de.

These wer e not best estimate cal cul ati ons.

And they're not considered bounding. They were just
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calculations we did to try to scope the problem

VI CE CHAIRVAN SIEBER: Did you get any
clue as to the validity of the leak before a break
assunption?

MR SULLIVAN: Yes. That's where we are
going with this.

VI CE CHAI RVAN SI EBER:  Ckay. It breaks
first and then | eaks.

MR, SULLIVAN. Well, this will cone up on
the next slide. On this slide, which tal ks about the
results for the surge line, in all 12 cases we
anal yzed, we saw sonme tinme between |eakage and
rupture. And you can see that in the rows of this
particular table on this viewgraph.

So that is the salient point, | think, of
this viewgraph other than the fact that the tines
could be fairly short, | ess than two refueling cycles.

MEMBER MAYNARD: One thing to be pointed
out, WIf Creek did not take credit for |eak before
break. This was anal yzed without taking credit for
| eak before break for this particular line. So they
were not outside their design basis. | think that's
i nportant to note.

MR SULLIVAN. That's true. On this

plant, the surge line was not a |eak before break
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pi pe that had not been requested of the staff nor
reviewed. And, as with other plants, the smaller
nozzles, the safety and the relief |ines were never

submtted to the staff as candi dates for | eak before

br eak.

CHAI RMAN SHACK: | rmean, those ranges of
times don't pass ny sanity check, actually. | nean,
you know, | would say nmeasured size to | eak could be
one year to infinity. Initiation to nmeasured size
could be -- | would be astounded if it were .3 years.

It could well be 16 years.

MEMBER CORRADI NI : Wi ch one did you say
ast ounds you?

MR SULLIVAN: The first one.

CHAl RVAN  SHACK: \What were the
assunptions? Well, maybe that's sonmething we can just
wait. |I'Il just nake that coment. We'll wait until
we get to the subcomm ttee neeting.

MEMBER ARM JO  Even though there was no
claim on |eak before break, those are pretty big
pi pes, 15-inch, 16-inch pipes. That's a pretty hefty
pi ece of netal there.

MEMBER MAYNARD: The surge line is a
15-inch line. And then those nozzles are 8-inch

i nes.
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MR. SULLI VAN: I n our evaluation of this

information, we didn't really give any particular
credence tothe time. And | think the results of this
analysis as I'lIl get into it really are not
surprising. |It's not surprising that on the surge
line, you woul d see | eak before break behavi or.

On the smaller lines, which are not as
flaw-tolerant, it's not surprising that you woul d see
rupture turnout in the cal cul ations before |eakage.
And that really is pretty nmuch how we used the
i nformati on.

MEMBER BONACA: It still troubles nme when
| think about what we're saying in license renewal,
that a 10-year inspection was good when the plant was
10 years old. Then it's good when the plant is 50
years old. And this is confirm ng ot herw se.

MR, SULLIVAN. Well, | guess the reason we
are pretty confortable with this is that industry has
put together a reasonably aggressive program to
mtigate these welds. And so in license renewal
space, we think that that's really what |icense
renewal is relying on, is the program to mtigate
t hese wel ds and address PWSCC.

MEMBER BONACA: Yes. This is the problem

of the day.
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MR. SULLIVAN: That's right.

MEMBER BONACA: Then tonorrow there is
going to be sone other conponent. | mean, there has
to be a recognition that aging is going to create new
flaws. It just is inevitable.

MR, SULLIVAN. Right.

MEMBER BONACA: And |'m just saying that
we'll have to reflect on the inspection intervals.

CHAI RVAN SHACK: Yes. Let ne ask another
guestion about the inspections. | mean, every section
Xl inspection now of a wel ded pipe is going to be done
with a PDI-qualified inspector?

MR SULLIVAN: That's correct.

CHAI RMAN SHACK: (Okay. So there will be
no nore inspections that will be done by anybody
that's not through the qualification process?

MR. SULLIVAN. That's true. | nean, you
have to recognize, though, that there are PD
suppl ements to address, at |east the cast stainless
steel. That problemis still being worked.

CHAI RVMAN SHACK:  Ri ght.

MR SULLIVAN. And | think one of the
points of this -- and i ndustry will probably nake this
point on the 21st, but there are a | ot of these welds

that can't be inspected because you don't have access

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

148

or you've got materials that are not i nspectable. But
one of the thrusts of the MRP-139 programis to make
t he configuration inspectable, evenif you have to put
a weld overlay, a full-structure weld overlay, on the
wel d to acconplish that.

CHAI RMAN SHACK: So you can inspect the
overlay? You still can't inspect the pipe?

MR. SULLI VAN: Dependi ng on the material,
underneath it, you can inspect into the original weld,
at | east some di stance, again, depending on what the
adj acent materials are.

Ckay. W have kind of covered the point
here already, but I'lIl just get into it briefly. In
the leak to rupture row, the fourth rowon this tabl e,
the inportant informationis in the note. And what it
shows is that in 8 of the 12 cases we anal yzed, there
wasn't any tine between | eak and rupture.

And, contrasting that with the safety
nozzl e, we found sonet hing simlar, although not quite
as dramatic, which is that in 4 cases, 4 out of the 12
cases, there was no tinme between | eak and rupture.

And | think that we can discuss this
further on the 21st. W're trying to nake
arrangenents to send over to the ACRS the report that

our contractor put together that will discuss this in
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a lot nore detail. You can see exactly which
assunptions led to which results.

MEMBER ARM JO |s your primary assunption
that this was PWSCC and that the crack grow h rates,
you had crack growth rate data that you could use in
t he anal ysi s?

MR. SULLIVAN: Yes. In this analysis, we
treated the flaws as PWSCC, which was the nost
probabl e causae that was identified by the |icensee.
And we used t he MRP-115 crack growt h rates, which were
generated by the industry using a lot of data, both
i ndustry data, probably some NRC data, and sonme Navy
dat a.

MEMBER ARM JO. Ckay. So then you worked
back fromthe tine to -- you worked backwards from
those. So that left a long period of time for
initiation, right?

MR, SULLIVAN. Well, basically this is

MEMBER ARM JO That's Bill's issue, isn't

MR. SULLIVAN. -- Dr. Shack was comenti ng
on, that it shows the possibility that these flaws
generated in a non-credibly short period of tinme.

CHAlI RMAN SHACK: | mean, even to do these
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things, you have to make all sorts of assunptions
about how many cracks initiated, you know, whether
t hese cracks are 11 inches | ong because you initiated
100 short cracks that linked up or there is this one
crack that grewthat arrested itself going through the
wal | and then grew around the thing. So you pick a
nunber. | can come through here and give you an
anal ysis that can be just about any nunber you want.

MEMBER ARMJO O the state of stress.
What's the stress where these things are grow ng?

MR,  SULLIVAN. Well, we had to nake
assunptions about part of that. W used the design
| oads that cane fromthe |licensee and maybe ultimately
from Westinghouse. And we used three different
residual stress nodels. So that's where the stress
assunpti ons canme from

Ckay. Moving on into some | ess nunerical
mat eri al , sone general observations are that longcirc
fl aws decreased tinme between | eak and rupture. Your
flaw tol erance goes down if you start out assum ng
that you' ve got long circ flaws to begin wth.

And the second observation is basically
that smaller dianmeter welds are less well-tol erant
than [arge dianeter welds. And then specifically I

think the rest of this slide just kind of reiterates
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what we just tal ked about, that the relief Iine had
the | east nmargin based on our analysis, with 8 of 12
cases showing no tinme between | eak and rupture.

The safety line analysis had a shorter
flaw. It showed that 4 out of the 12 cases anal yzed
didn't produce any evidence of |eakage prior to
rupture. And the surge line, | think in part because
of the way we analyzed it, not |inking up any of the
flaws, we sold it in all cases with sonme tine between
| eak and rupture. And the shortest tinme on all of
t hese anal yses or nost of them not every single one,
or nost of themwas | ess than two operating cycles, |
t hi nk between initiation and failure.

l"ve got a little treatnent here of
conservati sns, non-conservatisns, and uncertainties.
And it's kind of difficult in this case to try to
figure out which box to put sone of these aspects in.

Resi dual stress relaxation is a problem
t hat was worked by i ndustry prior to our |ast neeting.
That's a potential conservatism The only reason |
say "potential” is | think it could vary dependi ng on
what residual stress nodels are used.

The axi synmetric resi dual stress
distribution is generally thought of as a

conservatism That's something | haven't nentioned up
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until now, but the way the residual stresses are
nodel ed for practicality and possibly al so because of
lack of better information, they're nodeled as
axi synmmetric. And that's generally viewed as a
conservatism although | don't think it would
necessarily be.

There are sone potential non-conservatisms
in the analysis. Not to overwork this, but we have
tal ked about some of these already. The first one
certainly | have tal ked about.

The pipe loads that we used were not
necessarily bounding. W got WIf Creek-specific
nunbers. And we're aware they aren't bounding for the
industry. The indication sizes may not be boundi ng.
W really don't know what is out in the fleet. The
i ndi cati ons we use may be boundi ng, but they may not
be.

The i ndustry recomrends and uses the 75th
percentile crack growth rate. That's what we used in
this analysis. That's not necessarily boundi ng.

And in terns of uncertainties, | think we
have hit on sone of these. The residual stress
distribution is certainly an uncertainty, no pun
i nt ended.

MEMBER APOSTOLAKI S: | don't understand
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the statenent of the 75th percentile is not
necessarily boundi ng. What does that nean?

MR, SULLIVAN. Well, a 95th percentile
crack growh rate would be nore conservative. |'m
just pointing out that what was used in the analysis
was the 75th percentile.

MEMBER CORRADINI: Growth rate?

MR. SULLIVAN. G owth rate, yes.

MEMBER APOSTCLAKI'S: But neither one is
boundi ng.

MR SULLI VAN: That's true. One would be
nore conservati ve.

As | think we may get into later, there
are 37 wunits that have not been addressed under
MRP-139. That's a little bit just slightly bigger
than half the units.

And fl aw depth i s anot her uncertainty. As
| pointed out before, the flaw depths were neasured,
but they weren't measured with qualified techniques.

The position that the staff has been
developing is based on the thinking that the
i nspections or mtigations needto be accel erated from
the current industry schedul e for sone plants. | know
that statenent is alittle bit in a vacuum but if we

have tine, I'll talk nore about what that neans.
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CHAI RMAN SHACK:  You aren't going to give

us a hint as to what sone plants are?

MR, SULLIVAN. Okay. |I'Il get into that
right now. | said that 37 plants haven't conpl eted
their MRP-139 evaluations. There were 19 plants that
don't even have dissimlar nmetal welds.

There are sonething |i ke 13 plants that up
to now have already inplenmented the MRP-139
i nspections or mitigations. Mst of them have
mtigated. Sone have just inspected with an augnented
i nspection frequency requirenment in MRP-139 over that
in the code.

There are 26 or 27 plants that are
schedul ed to do the i nspections in 2007. Two thousand
and seven is the schedule that was originally in
MRP- 139 for conpleting the baseline program That
| eaves 9, 10, 11 plants sonmewhere in there.

The reason |'mbeing alittle bit vague is
that it hasn't happened yet. W just have information
on what is planned. But sonewhere around ten plants
are slatted to do the exanm nation after the origina
schedule in MRP-139, nanmely in 2008. And they're
really the target of this first bullet.

MEMBER ARM JO. The plants that don't have

dissimlar netal welds, are they exenpt fromthis
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i nspection?

MR, SULLI VAN:  Yes.

MEMBER ARMJO |Is there a reason for
t hat ?

MR. SULLIVAN. The programis designed to
address PWSCC. And PWSCC has only been found to date
in alloy 82, 182 welds and all oy 600 products.

MEMBER ARM JO  And what are these
material s? Are those --

MR. SULLIVAN: This program and the Wl f
Creek welds only applies to 82, 182 --

MEMBER ARM JO. Right. No. |[I'mtalKking
about the 11 that --

CHAI RMAN SHACK: They woul d be stainless
with 308 in all likelihood.

MR. SULLIVAN: No. The 11 plants are 11
pl ants who have pl anned to do the inspections in 2008
that all have alloy 82 or 182 wel ds.

MEMBER ARMJO Yes. | got that. [|I'm
going back to the ones that are exenpt fromthis
i ssue.

MR. LUPOLD: GCkay. W are referring to
the plants that we said don't have materials that are
susceptible. And those materials typically are

stainless steel materials. Sone of those materials
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could be alloy 52 or alloy 152 al so.

Now, MRP-139 actually tal ked about those
type materials. They' re considered to be resistant
materials. And all MRP-139 would do is have you go
back and inspect in accordance with the ASME section
11 program

MEMBER ARMJO (Ckay. So there is sone
basis for those materials to be viewed as | ower risk
or no risk?

MR LUPOLD: That's correct.

MEMBER ARM JO  And at the subconmttee
neeting, | would like to get nore information on why
that is true.

MEMBER PONERS: | amnot famliar with
152.

MR. LUPOLD: Alloy 152 is a nickel - based
al l oy which has a much higher chrom umcontent in it
than alloy 82 or alloy 182. And having the higher
chrom umcontent has denonstrated it is nore resistant
to primary water stress corrosion cracki ng and testing
that is being conducted on the material.

CHAI RVAN SHACK: It's sort of the weld
equi val ent of 690.

MEMBER CORRADINI: Yes. That's a very

good st at enent .
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MR, SULLIVAN. Ckay. Returning to this

vi ewgr aph, the second part of our devel opi ng position
is that we view that enhanced RCS | eakage nonitoring
with action levels to shut down and visually inspect
wel ds would be a very desirable thing to do unti
i nspections or nitigations are conpleted. And in
devel oping this position, we considered a nunber of
factors.

| think we tal ked about nost of these
already. So | think I will just nove on to the next
vi ewgr aph.

Now, | don't want to in any way
shortchange the industry, but we put together a
listing of bullets of the industry position. W have
lifted these strictly out of their docunents. They're
going to have tine to explain their position nore, but
| just wanted to lay out a couple of things.

| ndustry has stated they believe the
i nspection findings are an anomaly. W don't think
we're in the position to treat it as such. And
anonmal ies have been -- inspection findings have
occurred in the past that have been ascribed to
anonal ous behavior. And nost of the tine they don't
turn out to be anonal ous.

| ndustry agrees with an enhanced | eakage
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detection program | think our differences at this
poi nt have to do with action |levels and specific tinme
lines for conpleting action |evels and shutting down
the plant if that's what it cones to. They have a
very good program but it's not as prescriptive as we
would like to see.

| ndustry is undertaking sone non-Iinear
finite el enent analyses to try to address sone
di fferences between industry results and what they
think is a nore realistic outcome. |'ll comment on
that in the next slide.

And | think that's probably enough for
now. Industry is going to have tine to talk about it
some nore.

MEMBER BONACA: Sorry. The issue, you had
some bull ets about bounded by plant design basis
acci dent anal ysi s, exi sting safety anal ysi s
conclusions renai ning valid. O course, frequently of
the breaks is an el enent of those anal yses. And so
sonmebody will explain why these woul d be acceptabl e.

MR. SULLIVAN: | think industry is going
to be up in a few mnutes. So maybe they can --

MEMBER BANERJEE: | have a question about
the finite elenment analysis. This has to assune sone

sort of a residual stress distribution, right, when
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you do this? So what sort of assunptions would be
made t here?

MR. SULLIVAN: In the anal yses that have
been done so far, we used three different residua
stress assunptions. One of themwas an ASME nodel .
It appears in the ASME code. It was pegged to a
hi gher yield stress than the one in the code because
the materials have a different yield stress.

The second nodel is one that was devel oped
by our contractor based on finite el ement anal yses of
wel d deposition.

MEMBER BANERJEE: When the weld was done?

MR.  SULLIVAN. Right. That's ny
understanding. And the third assunpti on was no
residual stress at all.

MEMBER ARM JO  Just applied | oads?

MR, SULLIVAN. Just applied | oads,
correct.

MEMBER ARM JO  That was your | ongest
time, right? And it should have been if it wasn't
somet hing --

MR SULLIVAN: | think it was.

MEMBER BANERJEE: But do these actually
bound the situation?

MR. SULLIVAN: No, we don't think they
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bound it. That's why |I nade the statenents earlier
that these anal yses are just scoping anal yses in our
view. They're not bounding or best estimate. W just
tried to do sonme anal yses to show what coul d happen
MEMBER BANERJEE: What will industry do to
improve this situation or are they going to tell us?

MEMBER ARM JO.  They are going to tell us.

MR. SULLIVAN. Well, | think they are
avai l able to answer in nore detail, but | think the
main thing is that these analyses will renove the

constraint that the flaws remain elliptical

MR. LUPOLD: W should just go right to
t he next slide.

MR. SULLIVAN. W have sonme skepticism
This isn't about the anal yses. W certainly think it
will be interesting. W think it's inportant work.
W're interested in understanding what's going to
happen fromthese anal yses. And the NRC is interested
in doing sone simlar work itself.

But in ternms of using this for regulatory
deci si on-maeki ng, that's kind of another natter. W
think that these analyses will basically turn out to
j ust be anot her scoping study. And they may come up
with different results. They may show that you get

| eak before a break.
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But | think the end result would be what

we al ready know. You may or may not get |eak before

a break. | think that unless these anal yses could
rule out rupture prior to l|leakage, | don't think
they're goi ng to hel p us in regul atory

deci si on- maki ng.

So that's kind of the point of the first
bullet. | already made the second bullet. W talked
about that. W don't consider these results
anonmal ous. W don't think that's a position that
experience proves out wth previous inspection
results. And, you know, that's not sonething we would
ever do.

| previously kind of alluded to our
concernwith industry's | eak-nonitoring program It's
an excellent program but it doesn't have tine
constraints for inplenenting actions. And it doesn't
requi re shutdown dependi ng on what could be found.

MEMBER BANERJEE: How do they nonitor
t hese | eaks?

MEMBER CORRADI NI :  Typically RCS | eakage
is neasured just through a mass balance for the
reactor cool ant system

MEMBER BANERJEE: In the systemitself,

right.
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MEMBER CORRADINI: Yes, in the system

It's neasured at every plant at |east every 72 hours.
Sonme plants will do it 48 hours. Sonme plants will do
it every 24 hours.

MEMBER BANERJEE: Well, what are the
t hreshol ds of detection here?

MEMBER CORRADI NI : I ndustry may be able to
answer this question a Ilittle bit better, but
typically you could nmeasure into the hundredths of a
gal | on per m nute | eakage.

MEMBER BANERJEE: Hundreds of gall ons.

MEMBER CORRADI NI :  Hundredths, .OLl.

MEMBER BANERJEE: Hundredt hs?

MEMBER CORRADI NI : . 01 gal |l oon per m nute.

MEMBER BANERJEE: So you can actually
monitor all the inflows and outflows and everything
down to .01 of a gallon?

MEMBER CORRADINI: It's nonitored over a
time period. So you collect how nmuch | eakage you have
over like a 24-hour period. And then you do the nmass
bal ance. And you can conme up with changes of a couple
of hundredths of a gpm you know, fromone day to the
next. You can see that in the cal culations. And
typically, though --

MEMBER BANERJEE: It depends on the
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accuracy with which you can neasure various --

MEMBER CORRADINI: Yes, it does. It
depends on the accuracy of your neasuring instrunents
and, you know --

MEMBER MAYNARD: This has tech specs
associated with it, not only the instrunentation but
the requirenents to do it. |In addition to being able
to do the nass bal ance and | eakage that way, if you
get a leak in this part of the system you al so have
radiation nonitors and you have containnment
t enperature, contai nment pressure. You have a number
of other things that are going to alert you to a | eak
froman area like this.

MEMBER CORRADI NI:  Right. You al so have
your --

MEMBER BANERJEE: So just to go back to
this nmass bal ance thing, when we had these | eaks in
alloy 600 and alloy 600 welds, were such
| eak- noni toring prograns underway to do a nass bal ance
and detect the | eaks?

MEMBER CORRADI NI: Yes. Uilities have
used the nass bal ance for some tinme period. A very,
very small | eak froman alloy 600 weld or an alloy 82
weld will probably not be detected in a nass bal ance.

MEMBER BANERJEE: So with Davi s-Besse,
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woul d this have been detected or not?

MEMBER CORRADINI: | hate to specul ate on
that because | don't really have the background
information on Davis-Besse to really answer that
guesti on.

MR SULLI VAN: W' ve done sone
cal cul ati ons of situations where a fl aw goes fromj ust
a pinhole. Acirc flaw, for exanple, goes froma
pinhole to a longer flaw assunmng that the overall
length is short enough to remain stable.

And we bel i eve you get enough fl ow out of
a long, stable -- well, not a long -- a short -- can
anybody help nme here? Dave?

MR, RUDLIN  Yes?

MR SULLI VAN  You did sone cal cul ati ons
of | eakage.

MR RUDLIN: Right.

MR. SULLIVAN. Do you have sone idea of
how | ong the flaw m ght have to be before you would
see sonmething on the order of, say, .1 gpn?

MR. RUDLIN. It depends on the |oad and
nmoni toring factors.

MR SULLIVAN:. Did we do these
cal cul ati ons assum ng the Wl f Creek | oads?

MR. RUDLIN:. Yes, yes, but we didn't do
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any cal cul ations from obtainable type | oads. W did
them for ideas |like through-wall crack types.

MEMBER CORRADI NI : Dave, | was going to
ask you. 1Is it safe to say that a | eak rate woul d be
a high enough volune to detect before we encroached
rupture of a pipe?

MR. RUDLIN. The problemis that when you
have just the flaw just breaking through, the tinme
between the first pinhole to the tine it beconmes an
idea like athrough-wall crack, it's probably goingto
be very snmall. The growth in that little |igament
area i s going to happen very, very quickly.

Inthe relief line type of calculation, a
surface crack was actually unstable. And so before
even | eakage, the surface crack woul d have fail ed,
creating a |l arge opening that woul d have been | onger
than the critical through-wall crack size.

That was a specific uni que case, | think,
with the relief line. | think in nost of the other
cases, where the surface crack was stable until
| eakage, there probably would be enough tine for
det ection before you can get the critical through-wall
cracks stopped.

MEMBER ARM JO.  Yes. Well, those kind of

details | think we have to address in the subcomm ttee
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neeting. But | just want to ask one question. |I'm
going to ask industry the same thing. Are you
convinced that these are cracks -- it's as sinple as
that -- these are cracks and not just sone other
anonmal y, bad NDT signals or --

MR. SULLIVAN. | don't think we can say
t hat we are convi nced because there is no destructive
exam nation dat a.

MEMBER ARM JO  Ri ght.

MR. SULLIVAN. But the analysts called it
as a nulti-faceted indication, which this is the sort
of indication you can get from stress corrosion
cracki ng, although you don't necessarily only get it
fromstress corrosion cracking.

| think the position of the regulatory
agency is we have to treat it as stress corrosion
cracking. It's the only sensible position for us to
take. We cannot be in a position of saying, "Well, we
don't know for sure. So we're going to treat it as
t hough it's not cracking."

MEMBER ARM JO | know that Wl f Creek did
not take a sanple for nmetall ographic exam nation.
Does anyone in the industry intend to do that if they
find something so you can put it to bed that this is

really PWSCC and not sonething el se?
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MR. SULLIVAN:. | think that rmaybe Al ex or

sonmeone - -

MEMBER ARM JO. Ckay. Fine.

MR. SULLIVAN: -- can answer that question
in the next segnent.

MEMBER ARM JO.  Any ot her questions?

(No response.)

MEMBER ARM JO  Ckay. Well, | think the
next speaker is -- where did we have our little -- who
is the next speaker? 1Is it Alex Marion? Yes. NEl.

MR- HAMMER: Sam | understand that Duke,
the Duke representative is not here but that Al ex
Marion is going to make the presentation.

MEMBER ARM JO  Ckay.

MR. HAMVER  NEI .

MR. MARION: Good afternoon. M nane is
Alex Marion. 1'mthe Executive Director for Nuclear
Operations and Engi neering at NEl. M ke Robi nson was
schedul ed to give this presentation, but he was unabl e
to attend because of weather conditions in the south.

| have with me G enn Wiite from Dom ni on
Engi neeri ng, one of the technical consultants that the
industry is using; and also Jim Riley, who is the
Director of Engineering of NEI. Hopefully M ke

Robi nson is on the tel ephone. MKke, are you there?
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MR. ROBI NSON: | am here, Al ex.

MR MARION: Good. And we al so have
Christine King fromEPRI on the phone as well.

M5. KING That's right. | am here

MR MARION: So | have a team of four
peopl e to keep nme out of trouble.

MEMBER ARM JO. Wl l, these are EPRI | ogo
charts.

MR MARI ON:  Yes.

MEMBER ARM JO. But you are presenting for
ever ybody.

MR. MARION: Yes. The EPRI program as
Ted Sul l'i van i ndi cat ed, cones under the auspi ces of an
industry-wide initiative that was undertaken by the
Nucl ear Energy Institute. And the EPRI nmaterials
reliability project is one of the i ssued prograns that
come wWithin that programor within that initiative.
And their primary focus is on pressurized water
reactor piping systems and conponents relative to
degr adat i on.

What | would like to do is offer the
i ndustry perspective relative to this question of the
generic inplications of the WlIf Creek inspection
findings. Let ne just say that our position is that

t he i ndustry has put forth a very proacti ve managenent
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programto assess the condition of alloy 82, 182 butt
wel ds and PWR prinmary systems. And we have devel oped
that with a focus on the nore susceptibl e areas.

Basically the first phase involves the
wel ds located in the vicinity of the pressurizer. And
we have reeval uated the schedul e and the focus of our
program which is docunented in MRP-139. And we do
not believe that we need to accelerate the schedul e.

So fundanentally our first principle is
that we feel that the bases for MRP-139 inspection
program as well as the safety analysis that was
devel oped to support that inspection program remain
valid in light of the findings at Wl f Creek.

MEMBER ARM JO. When that program was set
up, were you basing that on the existence of axia
cracki ng or did you have circunferential cracking al so
in mnd when you came up with these?

MR MARION: | believe predom nantly axi al
cracki ng based upon the available information from
| aboratory data as well as field experience on the
ki nd of cracki ng phenonena we have been experiencing
on an international basis. And all of that was
factored into the programthat we have devel oped t hus
far.

| don't knowif Mke or Christine want to
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el aborate on that at all.

MR. ROBI NSON: Just a quick comment, Al ex.
When we put 139 together, we did assune axial cracks,
but we al so went back and accounted for the fact that
certain cracks were very nuch a possibility. So 139
considers the possibility of both and circ cracks.

MR, MARI ON.  Ckay.

MEMBER ABDEL- KHALI K: Just to ask a
guestion about this enhanced |eakage nonitoring
program what i s bei ng proposed here? Tightening tech
spec limts on unidentified | eaks or --

MR MARION: | will speak to that in a
little nore detail later in the presentation if | can
defer that question.

MEMBER ABDEL- KHALIK: Al right.

MR. MARION. Basically, as we indicated,
the pressurizer |ocations were the nore susceptible
| ocati ons based upon the know edge that was avail abl e
at the tine that we put the program together. And
clearly they have our highest priority.

Fundanmentally with regard to the WlIf
Creek findings, we think they' re anomal ous because
they're not validated or confirmed by any of the
previous findings in basically the worldw de

experience to date.
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| will elaborate alittle bit nore on the
| eakage nonitoring  prograns, as I i ndi cat ed
previously, but we think this is very inportant
because we as an industry believe safety needs to be
mai ntained and it is being mai ntained. And one of the
key aspects of doing that is to have an effective
responsi ve | eakage nonitoring program

MEMBER ARM JO  Just to make sure |
under stand, you said you don't think these are valid.
Does that mean you still have doubts whet her these are
cracks, that there may be just some NDT anonal y?

MR. MARI ON: Yes. Hindsight being 20/ 20,
we wi sh we had taken a boat sanple at the tine, but we
didn't.

MEMBER ARM JO  Me, too.

MR MARION: And so, as the staff
i ndicated, they feel that they're in the position
where they have no choice but to take a very
conservative stance relative to the inspection
findings of WIf Creek. And because of their
uni queness, we don't feel that we have to take the
same position.

There are di scussions going on --

CHAI RMAN SHACK: That doesn't inspire

confidence in your inspection program though, if you
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are that skeptical about the results.

MR MARION: Well, the reason we're
skeptical about the results is because there wasn't a
sufficiently conprehensive NDE conducted to really
deternmine the depth size, et cetera. And that's a big
guestion that renains.

And t he uni queness of the indications on
-- was it five indications? -- basically averaged
anywhere from22 to 33, 35 percent through all going
circunferentially around the pipe. And that has never
been seen before at all.

CHAI RVAN SHACK: But, | nean, that is
fairly typical of a crack in a weld. You know, we
have core shrouds cracked partway t hrough by the foot.
You know, there nust be -- well, make it the
kil ometer.

MEMBER ARM JO.  Yes. In BWR pipe cracks,
we have had multiple indications and --

MR RILEY: Thisis JimRley, NEl. A
coupl e of the reasons that we felt this was unusual is
that there was no axi al conponent to these. And where
we have been predicting axial all along kind of being
i nspected degradation pipe, there was no axial
conmponent here.

And, in addition, we found all of these
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i ndi cations at basically the sanme pl ace, through-wall,
which is a little curious also because if they are
cracks and if they are growing rapidly, to find this
many at basi cal |y 20-sone percent through-wall, all at
a snapshot in tine, is unusual.

MEMBER ARMJO Not for BWR piping. W
have certainly seen that kind of circunferential
cracking, that depth, also hard sizes on BWR pipe
cracking and --

MR. RILEY: D d you find themall about
the sane depth at the same tinme?

MEMBER ARM JO.  Sure, sure.

CHAI RMAN SHACK: That is exactly what |
woul d expect, actually, fromstress corrosion cracks
in a pipe weld.

MR. RILEY: They would all be grow ng on
a basis we started at the sanme tinme growing at the
sanme --

CHAI RVAN SHACK: No. That they sl ow down
as they go through the weld. And now the guess is,
have they stopped or have they just slowed down?

PARTI Cl PANT: They're growing laterally.

CHAI RMAN SHACK: So they're going to
around and spread and initiate around. So you're

going to get long cracks growing slowy through the
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wal | . But now the question is, how slowis slow and
how | ong?

MR MARION: Well, if | amnot m staken,
we're tal king about different materials and different
fornms of degradati on.

MEMBER ARM JO. | don't think so. They're
definitely different material s.

CHAI RMAN SHACK: It is a residual stress,
and it is a stress corrosion crack.

MEMBER ARM JO. Unless you're sure it's
not a stress corrosion crack by virtue of that you
don't have confidence i n your NDT net hods, then you' ve
got to assunme that it is, | guess.

Go ahead.

M5. KING This is Christine King. |
would Iike to offer one other point relative to this
bei ng an anomal ous i ndi cation. W have recently taken
sanpl es out of the North Anna Unit 2 reactor vesse
head and cut into them

And those were indications that were
called large circunferential flaws as well. \Wen we
actually cut into those flaws, what we found was a
repair that had intruded into the nozzle. And that's
what was actually found and called by the NDE

W had simlar -- it had facets and t hi ngs
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like that. So it's not that we don't have confidence
in our NDE, but sonetines you do get a repair that by
a UT nethod looks as if it is a PWCC fl aw.

MEMBER ARMJO Well, let ne tell you I
was involved in BWR pipe cracking at the very
begi nning of that problem And | can't tell you how
many tinmes people said we had an anomal ous finding,
one of a kind, and it turned out to be a maj or probl em
for the industry. So | think the prudent thing to do
is assune they're real until you prove that they're
not real cracks. And you're going to save yourself a
| ot of noney in the |ong run.

MR. ROBINSON. Alex, just one other
comment. You know, the cracks at the indication at
Wl f Creek aren't the first indications of cracking in
t hese pressurizer nozzle | ocations.

There are, | think, if nmenory serves ne
correctly, about 20 worl dwi de ot her occurrences where
cracki ng has been found in these | ocations. And when
you go back and |ook at the indications that were
reported fromthe other 20 or 17 | ocations, you find
t hat nost of those were axial in orientation.

You al so find that where there were ot her
circ cracks, they were rmuch snmaller in scale. But

t hey al so had an acconpanyi ng axi al conponent, whi ch,
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again, there were other reasons why we believe that
part of what we're seeing here at Wl f Creek really
doesn't fit the nodel of what we have seen el sewhere.

MEMBER ARM JO.  Yes, but nature doesn't
feel it has to fit your nodel. It does what it wants.
And then your nodel has to fit the data. Anyway, go
on.

MR. MARION: That's a point well-taken.
Thank you. | would like to nove on with the
presentation material because | only have 40 nore
slides to go in the next 5 m nutes.

Al'l pressurized water reactors will have
i nspected or nmitigated pressurizer |ocations by their
next normally schedul ed refueling outage, which is
| ess than 16 nonths away. Let ne offer another
perspective. And we'll get into details on this when
we have the subconmittee neeting.

If you look at the tineline of activity
and when MRP-139 was i ssued where plants were in their
outage cycles, regardless of whether 18-nonth or
24-nonth cycle, and you look at the tineline and you
could see clearly that not everybody was going to
conplete the inspections by the end of 2007, we
recogni ze that on the front end. And the Decenber 31,

2007 was from the industry perspective a reasonable
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date to basically put on the table as a goal to be
achi eved, but we recogni ze everyone coul dn't neet that
gaol .

CHAI RVAN SHACK: When will everybody neet
t hat goal under your plan?

MR MARION: The utilities that have
pl anned to do i nspections in 2008 have eval uated their
justification and rationale for not neeting the goal.
And t hat eval uati on has been revi ewed i ndependent|y by
the utilities.

MR. ROBINSON: Alex, a nore direct answer,

right now there are nine plants that are planning to
do either inspection or litigation in the spring, in
the Spring 2008. There is one plant that has an
out age scheduled the first week of February 2008,
t hree pl ants that have outages schedul ed for the first
week of March of 2008, a fourth plant that has outages
scheduled in April of 2008. And the last plant that
has an outage to do with this particular material and
this issue occurs in early June 2008.

CHAI RMAN SHACK: Thank you.

MR MARION: Al right. One other thing
that had cone up is the NRC was concerned about not
having specific information on what utilities have

conpleted relative to this inspection program nor do
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they have conplete information relative to what
utilities were planning to do under this program

And so all the utilities have agreed to
submit letters to the NRC. And those letters were to
be in by the 31st of January articulating the status
of their inspection results or mtigation results to
date as well as their plans going forward.

And to date all plants have conpl et ed bare
nmetal visual exam nations. And a nunber of them have
al ready conpl eted volunetric exam nati ons.

This graphic represents the inspection
mtigation plans by plant. W already tal ked about
the utilities that do not have the susceptible
material. There are four plants that have repl aced
their pressurizer. And the material that they're
using in the weld is nonsusceptible materi al .

| nspections have been conpleted at two
plants thus far. Mtigation has been conpleted at 11.
And I'"mnot going to go through all the statistics
because of |ack of tinme. You have that information.

But | think this represents a very
di sci plined, balanced approach to executing this
i nspection program

MEMBER ARM JO |If any of these people

find circunferential cracking of areasonabl e size, is
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there any new requirenent to get a bolt sanple so you
can confirm what the mechanismis?

MR. MARION: That's an excel |l ent question.
One of the things that we're doing with this program
i s conducting | essons | earned after each of the outage
campai gns.

And we j ust conpl et ed eval uati ng pot enti al
| essons learned from the Fall 2006 outages. W're
going to do the sane thing in the spring of this year
as well as possibly in the fall of this year.

And we cl early recogni ze t hat we needed to
i nprove on the comuni cation, the conmmunication from
the individual utility at the tine that they find an
i nspection indication or inspection result that calls
into question sone of the fundanental assunptions we
have al ready made.

And we have positioned the industry
resources to be responsive to that particular utility
so they can do an evaluation and provide sone
recommendati ons on what the utility should do going
forward. And we're trying to set that up so it's very
timely.

There were conmunications that were
conducted as a result of the WIf Creek inspection

findings. But, quite frankly, we feel that we can
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i mprove on that process. And so we have that in
pl ace.

| will never say never, but | cantell you
that we're putting whatever checks and bal ances we
need going forward so that we can identify these
findings right away, communicate themto the right
techni cal resources within industry, and then provide
some guidance to utility in the m ddl e of an outage so
t hey can make an informed deci sion.

CHAI RMAN SHACK: How about a standby team
ready to --

MEMBER BONACA: One question | have, |
think one inportant element in the timng of
i nspection would be in ny judgnment how I ong has it
been since a utility has done vol unetric i nspection of
its own pressurizer flaws? | mean, are you
consi dering that?

MR. MARI ON:  Yes.

MEMBER BONACA: (kay.

MR MARION: Yes. W' ve asked the
utilities to | ook at the docunentation they may have
relative to the fabrication of the original welds as
wel | as the results of inspections that were conducted
previously. And we talked about a little bit during

Ted Sullivan's presentation on the ten-year ISl
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As | mentioned before -- and | amgoing to
go through these quickly because | want to try to --

MEMBER ABDEL- KHALI K:  Excuse ne. Wuld
you, then, have a nodified graph |i ke the one you have
on this previous slide that shows tinme between the
pl anned i nspection and the | ast inspection?

VR. MARI ON: W can provi de that
information. We'll make that a slide for the
subconmittee neeting later this nonth if that's okay.

MR. ROBINSON: Alex, just a point along
that line also. Part of the reason nbst are going
straight to mtigation, as opposed to trying to do
i nspection, is sinply because many confi gurati ons t hat
currently exist in the plants are not inspectable.

The current PDI, you know, your protocol,
we may have |'m sure al so have done inspections, but
t he questi on renmai ns how nany have done? You have the
PDI -qualified inspections, which is the rules we're
pl ayi ng by.

MEMBER MAYNARD: We didn't hang up on him

CHAI RMAN SHACK: You are right. The
conference lasts an hour, right.

MR MARION: Okay. So I'll nove on.
Enhanced | eakage nonitoring. There are a couple of

things in place. Wat the utilities had comuni cat ed
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to the NRC was their current enhanced | eakage
noni t ori ng program

Now, that programgoes well beyond what's
inthe tech specs prinmarily because of | essons | ear ned
fromthe Davi s- Besse experience. And | have a graphic
that will speak to that in alittle nore detail.

Addi tionally, I NPO was conducting review
visits of the utility programs relative to managi ng
degradation of primary systemconponents. And one key
aspect of that is an effective | eakage nonitoring
program

The data we have collected thus far for
t he 2007 and 2008 plants indicating that the utilities
are taking action up to around .3 gpm that's .3
gal l ons per minute unidentified | eakage.

CHAI RVAN SHACK: But Davi s-Besse was |ike
.1to .2, right?

MR MARION: No. | think it was like .6.
Wasn't that the average? |'msure the NRC can speak
to that at the neeting, the next neeting of the
subcommi tt ee.

The Westinghouse Owners' Group has
devel oped some guidance on an enhanced | eakage
nmonitoring program And that guidance is currently

being evaluated by the Pressurized Water Reactor
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Owers' Goup. And they understand quite well what

the NRC staff expectations are relative to the action
| evel s, specifically taking shutdown action at certain
t hr eshol ds.

The way our programis set up, we allow
the issue prograns the opportunity to detern ne what
positions they want to take that become nmandatory for
all of the utilities that are affected by that
particular program That's sonmething that's in play.
And we expect that to be resolved within the next
nmonth or so. But that group is taking a serious |ook
at these prograrns.

This represents the results of a qui ck and
dirty survey we took based upon responses from 44 of
the 69 plants. It gives you a range of the threshol ds
that they have in their prograns to date.

Wien we refer to the baseline, each --
wel |, not each one, but there are different baselines
that people are wusing based upon the current
conditions or leak rates fromthe | ast inspection, et
cetera. So it is alittle bit of a variable. But
these are the action thresholds, if youwill. And we
wi |l hopefully have nore data on this as we prepare
for the subcomrittee neeting on the 21st.

The real big issue between the industry
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and the NRC is the fact that we think there is
adequate time between | eakage and failure of the pipe
such that appropriate corrective action can be taken
by the utility.

W did duplicate, if youwll, for | ack of
a better term -- and if |I'msaying an incorrect term
from an analyst's point of view, | expect to be
corrected. W did duplicate the NRC anal ysis and cane
up with relatively simlar concl usions.

But we feel that a nore detail ed anal ysi s
woul d be warranted. And we, quite frankly, believe
that it may indicate that there is additional margin
bet ween | eakage and rupture.

Now, the industry is prepared to deal with
the results of this analysis. And if the results show
there is additional margin, then that information wll
be provided to the NRC, but if the results show that
nothing has changed from what we have already
concluded, then the utilities will take appropriate
action.

The point of doing this analysis is to
make sure that we have the best information avail able
to the utilities so they can nake the best deci sion
they possibly can as to whether or not they should

continue with their current plans to do i nspections in
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2008 or possibly expedite those inspections by doing
sone in 2007

| can tell you right now nmy own persona
opinion, for what it's worth, | don't think all nine
pl ans can do i nspections in 2007. | don't believe we
have the infrastructure. | don't believe the good
conditions will allow it above and beyond what's
currently planned for 2007, but that's a personal
opinion at this point.

| don't know if denn wants to add
anything relative to this non-linear finite el enment
anal ysis. W just started the work. W had al ready
indicated to the staff that as we go through this
technical work, we will be engagi ng them and keepi ng
t hem appri sed of what assunptions we're making, what
| oad conditions we're considering, et cetera.

And our objective is to try to get this
analysis conpleted mdsunmmer so that we can
comunicate the results tothe utilities again so they
can make an inforned decision on what their actions
ought to be going forward.

MEMBER ABDEL- KHALI K: | guess that ny
understanding is that the time period that the
unidentified |l eak remains unidentifiedintech specis

relatively short before the operator if the |eak
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remai ns unidentified for arelatively short period of
time, meaning a day or so, then the operator has to
t ake sonme acti on.

So that time period seens to be
significantly shorter than the accuracy of any
nodel i ng that you conme up with. So | am not sure what
are you gai ning by sort of sharpeni ng your pencils as
far as the nodel s are concerned?

MR. WHI TE: The nmin question at issue is
whet her you' re going to have a through-wall flaw that
can |l eak at all before there is a rupture of the weld.
If one has a large enough crack that does not
penetrate through the entire thickness, that could
still cause a rupture directly with no opportunity at
all for detection of |eakage.

MR. ROBINSON: This again is Mke. But I
think it's inportant to point out if you | ook back up
on slide 8, there's a reference to a Palisades and a
Tsaruga 2 event. And both of those are in these smal
bore lines that we're tal ki ng about .

And what t he experience there showed us i s
we had small leaks that were identified on plant
i nstrumentation and plant wal k-downs. And these are
the same lines that we're talking about. There's

essentially being a very small increnent of tine
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bet ween | eakage and pipe failure.

So here are two cl ear exanpl es where that
is not the case.

MR WHTE: | would add a few coments to
follow up on Alex. The programthat we are in now
Al ex nentioned we just started. It's a five-nonth
program but within the first nonth, we wll have
results. The whole five-nonth period is to allowtine
for reaching consensus on assunptions to | ook at
sensitivity cases, to |l ook closely at the conditions
for the nine plants that are nost at issue that are
planning to do mitigation in Spring of 'O08.

So it's a program that is intended to
bring in experts within the industry on the NRC side,
outside the industry together to | ook t owards boundi ng
cal cul ati ons and towards consensus. |It's not intended
to be another scopi ng cal cul ati on.

MEMBER ARM JO Exactly what is this
analysis is expected to change, for exanple, the
geonetry of the growi ng track?

MR VWH TE: There are two main things that
we are looking at. The first itemis the shape of the
crack. Previous cal cul ations have assuned it stays as
a sem-ellipse and driven by crack growh at the

deepest point and the surface point, which were
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assumed to have rel atively high stresses i n conparison
to the stresses at other points along the crack front.

So, inreality, the crack shape is going
to change. And prelimnary work indicates it can be
a significantly smaller cross-sectional area of that
crack when it reaches through-wall penetration versus
this sem-ellipse assunption. So it's a technica
assunpti on.

CHAI RVAN SHACK: But how are you going to
handl e the range of residual stresses that you --

MR WH TE: That's the second part that
we're looking at. That is to a multi-prong approach.
W have done many calculations sinulating welding
residual stress in the past. W're going to build on
that to |look specifically at these nine plants at
i ssue.

On top of that, we're going to |ook at
nore sensitivity cases and then use that as the basis
for sensitivity cases, different magnitude, residual
stresses, different profiles through the wall,
different profiles around their circunference, and to
| ook at enough cases to build consensus that we have
sufficient assurance about how these cracks should
gr ow.

CHAI RMAN SHACK: | can understand you
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getting probablistic results. | have a hard tine
believing you'll get a bounding result that you can
live with.

MR WHTE Well, we want to have
sufficient confidence in our result in order to --

CHAI RMAN SHACK: It will be interesting.

MR, MARION: Ckay. |In conclusion, we
fully understand NRC concerns with regard to recent
i nspectionresults and their basis for extendi ng t hose
concerns to the remainder of the fleet. But we
fundanmentally think that the NRC s position is
extrenely conservati ve.

| tal ked about the letters that utilities
have submitted to the NRC. So the NRC now has
docketed commtrents, if you will, of what the plans
are for those wutilities to conduct inspection
mtigation in 2007 and 2008.

As | nentioned before, the programwe have
laid out in MRP-139 we continue to believe is valid,
reasonabl e, and i s responsive to our understandi ng of
this inportant degradati on nmechani sm

And, lastly, we believe that the plants
are still in a position where they can continue to
operate safely until the next refueling outage when

the inspection and mitigation activity is conpl eted.

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

190

And that concludes ny presentation. |
would |ike to speak to the one question that was
rai sed about opportunities to conduct destructive
exam nation of the Wl f Creek.

We have had sonme discussions with the
managenment of Wl f Creek along those lines. And the
di scussions are still inplay. | amnot at liberty to
suggest any concl usi on.

| think WIf Creek's next rescheduled
outage is the Fall of 2008 if my nenory serves nme
right. And, as we progress, once a decision is made
relative to what Wl f Creek may do or nay not do, we
will be nore than happy to communicate that with this
Committee and the NRC staff. The decision at this
point rests with Wl f Creek managenent.

Okay. That conpletes my presentation.
will be nore than happy to answer any --

MEMBER MAYNARD: One other thing | think
needs to be factored into this if we | ook at
accel erating schedules is there are limted resources
that can do a quality job in both the inspection and
especially in the mtigation of these.

And | think we need to be careful we don't
overstretch the resources. | think it's inportant to

get these things mtigated correctly, rather than just
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toss a whol e bunch of nopney or sonething.

MR MARION. | would just add, speak to
M. Mynard's coments. W have spoken with key
vendors who support these i nspections. One can al ways
concl ude that you coul d squeeze anot her inspection or
mtigation activity in in the mddle of sumrer, but
t he question is whether you can inpl enent that outage
in the mddle of the sumer, when you need the
electricity. And so that's one of the --

MR ROBINSON: This is Mke. Wat we're
talking about, to do a typical overlay of these
nozzl es on a pressurizer, you're tal king about a
m ni mum of roughly 30 days fromthe tinme you shut the
pl ant down, get it into a condition where you can do
the overlay, performthe overlay, performthe work,
denode the area, and then put the unit backbone,
you're tal king about roughly a good 30-day period.
And that assunmes you don't have any rework or other
i ssues that you encounter as you're going through the
project itself.

MR. RILEY: There's a nyriad of other
considerations that cone to play here. The dose
considerations are one. You can fit so many of these
in based on the resources of being able to do the

overlay. But these overlays actually hold quite a bit
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of dose. And the people who are the fol ks who do the

overlay are --

MEMBER ARM JO.  Plant to plant.

MR RILEY: -- limted fromthat
perspective. And it can be pretty significant.

Anot her thing that --

MEMBER ARM JO. | just want to nake clear
basically everybody who is doing the inspection is
going to be prepared or plan to do an overlay anyway.

MR. MARION: The majority of utilities are
planning to do overlays. There are only two that
we're aware of who are planning to do inspections.
And those are going to be conducted this year, in
2007.

MEMBER ARMJO So they go in. They do an
i nspection hoping or anticipating there would be no
fi ndi ngs of concern.

MR. ROBINSON: | think what you would find
is that the smart way to plan these if you just plan
to do the inspection is you do have a contingency to
bring in a vendor shoul d your inspection results find
something. So | don't think anybody would plan to do
an i nspection wi thout having a pretty wel |l -thought - out
and pl anned overlay as a backup.

MEMBER ARM JO. That's what | expect ed.
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| just want to nake sure.

MEMBER MAYNARD: | know at Wl f Creek, the
original plan had been to inspect and have a
contingency plan. Actually, the cost of having
resources standing by turned out to be about as much
as going ahead and planning the mitigation. So |
believe they nmade the decision to go straight to
mtigation because it didn't cost that rnuch nore.

MEMBER ARM JO Ckay. |If there aren't any
ot her questions, M. Chairman, it's all yours.

CHAI RMAN SHACK: Thank you very nmuch for
a good presentation. Let's see where we're at. It's
back to you, to, for our work on the reg gui des and
SRP sections, our favorite topic.

MEMBER MAYNARD: Qur favorite topic here.
|"msorry. Do we need the recorder?

CHAI RVAN SHACK: We don't need the
recorder any nore this afternoon.

(Whereupon, the foregoing nmatter was

concluded at 2:19 p.m)
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