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PROCEEDI NGS
8:31 a. m

peni ng Renar ks

CHAI RVAN BANERJEE: The neeting will now
come to order. You all ready? ay. This is a
neeting  of the Joint ACRS Subcommittee on
Ther nohydr aul i cs Phenonena, and Materials Metall urgy
and Reactor Fuels, standing Subcomrittees of the
Advi sory Conmmittee on Reactor Safeguards.

|'"'m Sanjoy Banerjee, chairman of the
Ther nohydr aul i ¢ Phenonena Subconmittee. ACRS nenbers
in attendance are Sam Arnmijo, Stephen Schultz, Joy
Renpe, Bill Shack and M ke Corradini is on the phone.
Qur ACRS consul tant, fornmer ACRS chairman, Dr. G aham
VWallis, is also present.

Mar k Banks and Wi dong Wang of the ACRS
staff are the Designated Federal Oficials for this
neeting. In this neeting, the joint Subconm ttees
will review and discuss the thermal conductivity
degradation TCD issue, how TCD inpacts |egacy fuel
nmechani cal desi gn codes and how TCD effects on safety
analysis will be the main subjects.

W will hear presentations fromthe NRC
W have received no witten conments or requests for

time to make oral statenments from nenbers of the
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public regarding today's neeting. For sonme itens on
t he agenda, the presentations will be closed in order
to discuss information that is proprietary to the fuel
vendors and |icensees, pursuant to 5 U S. C
552(b) (O (4). Attendance at these portions of the
neeting dealing with such information will be limted
to the NRC staff and its consultants, and to those
i ndi vi dual s and organi zati ons who have entered i nto an
appropriate confidentiality agreement with them

Consequently, we will need to confirmthat
we have only eligible observers and participants in
the room for the <closed portions. The joint
Subcommittee wi || gather i nformati on, anal yze rel evant
i ssues and facts, and formul ate proposed positions and
actions, as appropriate, for deliberation by the full
Conmi ttee.

The rules for participation in today's
neeti ng have been announced as part of the notice of
this nmeeting previously published in the Federal
Register. A transcript of the neeting is being kept
and will be rmade available as stated in the Federal
Regi ster noti ce.

Theref ore, we request that participantsin
this nmeeting use the mcrophones |ocated throughout

the nmeeting room when addressing the joint
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Subconmittee. The participants should first identify
t hensel ves and speak with sufficient clarity and
vol une so that they may be readily heard.

Okay. We'll now proceed with the neeting.
Just to informthe joint Subconmittees, this is
primarily an informational neeting. W can, of
course, discuss it at the end and deci de what we want
to do.

But at the noment, no letter will be
required. This is an evolving matter, and at sone
poi nt, of course, the staff will come to us with a,
probably with a request for a letter. But that's in
t he future.

Sowiththat, 1'"'mgoingtoturnit over to
-- | thinkit's -- is it going to be Chris Jackson or
is going to be you, Paul. GCkay, hi Chris.

| nt r oducti on

MR. JACKSON: Good norning. Thank you
very much. First of all, | want to thank the ACRS for
the opportunity to give you a briefing. It's ny
under st andi ng t hat we haven't given you a briefing on
this topic since last spring, so it's timely.

| want to reiterate, we're not requesting
a letter. This is an informational briefing, but we

hope we have a frank and open di scussion. As you al
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know, all vendors have taken sone action to address
the TCD i ssues. The actions vary anong vendors, and
we haven't cone to a conclusion one way or the other
yet.

The estimated effects on TCD al so vary
gquite a bit. In sonme cases, it's limted or no
effect; in other cases, it's quite high, 200 or 300
degrees. W've received 50 to 60 reports already, so
we've nade quite a bit of progress. But we continue
to work. Wth that, I'lIl turn it over to the staff,
and thank you for the opportunity to brief you.

CHAI RVAN BANERJEE: Thank you, Chris. |Is
t hat Paul now?

MR JACKSON:. Yes.

CHAI RVAN BANERJEE: All right. Go ahead.

Overvi ew of TCD | ssue

MR. CLIFFORD: Ckay, good norning. The
purpose of today's briefing is to provide a status
report on TCD. | will begin by introducing the cause
and effect of the degradation and thernmal
conductivity, and provide atinmelineillustratingthe
avai lability of data in the approval of the current
fuel performance nodel s.

Ken Geel hood from PNNL will provide the

second presentation. He will describe the algorithns
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used in the fuel thermal solution, their calibration
and validation and the supporting enpirical database
in nmore detail.

Inthethird presentation, | will describe
the inpact of TCD on each of the fuel performance
codes, along wth the short-term and |ong-term
corrective actions.

Ben Parks fromthe Reactor Systens Branch
will provide the fourth presentation, where he wll
describe the inpact of TCD on downstream safety
anal ysis, and the steps taken by the staff to address
this issue, and in the last presentation, | wll
address the root cause and corrective actions.

Irradiation danmage, the build up of
fission products, pellet cracking, changes in grain
structure, changes in velocity all affect the transfer
to the fuel pellets.

Legacy fuel performance codes do not
include a reduction in thermal conductivity wth
i ncreasi ng exposure, because earlier test data was
i nconclusive at the tinme that these codes were
appr oved.

At the beginning of 1990's, neasurenents
col |l ected at the Hal den research reactor through their

i nstrument ed fuel assenblies have provided sufficient
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evi dence to denonstrate the fuel thermal conductivity
isin fact a real issue that needs to be addressed.

MEMBER ARM JO  Paul, before you go
further, help ne understand the second bullet. The
| egacy fuel rod codes didn't explicitly include a
t hermal conductivity degradation effect.

But if the codes were calibrated agai nst
hi gh burnup fuel data, let's say fission gas rel ease
data or cl addi ng, dianetrical change or sonething like
that, it's buried in there.

The effects are in the, inthe really to
get into the codes in sone way, although they don't
know what part of the fission gas rel ease resulted due
to thermal conductivity degradation, what it could do
to tel ecracking and rel ocation and all of those other
t hi ngs.

So to a certain extent, it seens to ne
that if the fuel codes were calibrated agai nst, you
know, quality high burnup data, the effect is in there
somewhere, but it's not explicit and what's m ssing?

MR CLIFFORD: Well, the short answer is
that there are integral tests that are needed to
cal i brate kind of the overall effects and the feedback
effects within the fuel rod. As you nentioned,

fission gas release. Yes, there's always been -- |
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shoul dn't say "always been." There has been a good
anount of fission gas release data at high burnup
fuel .

So you could tune your nodel so that the
fission gas rel ease was correct. So that piece of the
equation was okay. But your fuel tenperature would
have been artificially low, and that woul d have
i npacted other cal culations in the performance.

MEMBER ARMJO So until you could
separate the TCD effect by itself, right, you really

MR. CLIFFORD: That's an artificially high
fission gas release nodel, based on the actual
tenperatures that were being predicted. W'l get
into that in a little detail 1in the second
presentation, when we tal k about the calibration of
each of the nodels. Ckay.

MEMBER SCHULTZ: That's how you woul d
expect it to result, that you' d have a conservative
prediction of fission gas release if the nodel or
t enperature was incorrect?

MR. CLI FFORD: Because you were tuning it.
You're forcing, you are forcing the algorithmto natch
t he dat a.

MEMBER SCHULTZ: Right.

NEAL R. GROSS
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MR. GEELHOCOD: Because the inputs to like
a fission gas release nodel, like the diffusivity of
gas within the grain, isn't sonething that's readily
nmeasured. So a lot of tines that's sonething that
needs to be tuned, and so if your nodel's under
breaki ng tenperature, then your diffusivity would be
tuned artificially higher.

MEMBER REMPE: But ot her phenonenon |ike
the stored energy in the fuel, anobng other things,
woul d be gone, right?

MR CLI FFORD: Yes.

MEMBER REMPE: So that's --

MR CLIFFORD: It would affect nultiple
things. It would affect cladding strain. It would
affect stored energy, it would affect other things,
and we' Il get into that.

MEMBER SCHULTZ: So sone things could be
correct, but it wuld be by happenstance, and
therefore you need to adjust it to understand the
influence of different paranmeters that would be
characterized in the nodel

MR CLIFFORD: Correct, and further in the
presentations, you'll see where vendors have | ooked at
each calculation and found that sone renained

conservative, in spite of TCD, while other ones needed
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augnentation factors. That will be clear.

CHAI RVAN BANERJEE: | guess the questions
that you're facing are arising fromthree previous
letters we wote, in which -- which OPP was that?
Which said that in spite of the fact that you show
tenperatures to the TCD mght be incorrect, the
fission gas rel ease was okay. It was tuned, based on
dat a.

| nmean that was the inpression we had. |
think this was the cause of this questioning. Wat we
are seeking at sone point you wll give us is
confirmation that the fission gas rel ease, based on
t he | egacy codes, was okay. kay. Let's nove on.

MR. CLIFFORD: GCkay. This slide
illustrates the degradation of fuel t her mal
conductivity, and in the next presentation, we'll get
into much nore detail and show you the al gorithmthere
used to solve fuel thermal conductivity and the
t enperature and burnup effects.

They're ki nd of sem -enpirical

correlations, inthat it's a mathemati cal formthat we

CONSULTANT WALLIS: Because | realize
there are different nodels which give somewhat

different results. This is an atypical result.
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MR. CLIFFORD: This is the npodel --

CONSULTANT WALLIS: It's FRAPCON, this is
FABCON.

MR CLIFFORD: This is FRAPCON. But for
i nstance Hal den has a nodel that's simlar, and other
vendors may have sim |l ar nodels.

MEMBER CORRADI NI: Can | ask a question
about the nodels? Are we on Slide 4?

MR CLI FFORD: Yes.

MEMBER CORRADI NI:  Okay. So let's just
t ake one of these curves that are just a correl ation.
Is the correlation approach with data to get the
nmedi an or the nean, and then develop a 1, 2 or 3-
sigma, or is the approach to get the |owest thermal
conductivity of the data?

|"mtrying tounderstandthis, relativeto
other correlations that |I've used. So if this is not
the appropriate tine, when you get toit, I'dlike to
know how you correl at ed.

MR, GEELHOOD: | mean the quick answer is
these are best estimate nodels, but we'll talk nore
about how uncertainties are applied nmaybe alittle bit
| ater.

MEMBER CORRADI NI :  Ckay. kay, thank you.

MR. CLIFFORD: kay, on Slide 5. This is

NEAL R. GROSS
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an inportant slide, because it illustrates the
evolution of the Halden fuel tenperature database
Each synbol represents in the reactor, online, center
line tenperature nmeasurenents taken over a period of
time in the Halden reactor for nultiple fuel rod
segnents within their instrunmented test rates.

CONSULTANT WALLI'S: Does the X axis mean
anyt hi ng?

MR CLIFFORD: The X axis is the date of
t he publication of the report.

CONSULTANT  WALLIS: Does that nean
anything, in terns of interpreting the data?

MR CLIFFORD: Wat I'mtrying to get --

CONSULTANT WALLIS: Does it get better
with time or sonething? | mean does tine matter?

MR, CGEELHOOD: You get access to nore data
as time progresses, and so you know, in 1980, we only
had t enperature gauge --

CONSULTANT WALLI'S:  But we should believe
| FA 681 nore than Slide 1-3?

MR. GEELHOOD: Not necessarily, but nore
data's available to validate nodels later, at a later
dat e.

MEMBER CORRADI NI : If | mght just ask,

however, ask a question. Also as these tests
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progress, these are different burnups right? So
there's kind of |ike another axis here that as tine
progresses, you guys are doing different burnup
anmount s?

MR. CLIFFORD: Correct, and that's the key
point I'mtrying to nake here.

MEMBER CORRADI NI:  Right. That's what |
t hought .

MR. CLIFFORD: So high burnup data wasn't
avai l abl e prior to 1990. The highest was 432, which
is up to 40 gigawatt days.

So nodels tuned before that time were
tuned to the data that was avail able, and as ti ne went
on in the 1990's, all the prograns took on higher
burnup fuel rod segnents, and was able to col | ect data
that was then used to tune nore recent codes.

If | add to the X axis, here, |I'madding,
thisis Slide 6. This is the approval date of each of
the current fuel rod performance codes.

MEMBER ARM JO.  Ch, that's good.

MR CLIFFORD: So this really illustrates
what data was avail abl e when each code was approved.
So just as an exanple, if you | ook at GSTRM whi ch was
the | egacy GE code, when it was approved, there was

very little data. There was no high burnup data

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

16

avai l able to validate connectivity nodels within --

There was naybe fission gas rel ease data
avai |l abl e, and maybe it was tuned correctly for that.
But no integral <center line fuel tenperature
measur ement s whi ch coul d have been used to validate
the fuel tenperature predictions.

MEMBER ARMJO | believe at that tinme, GE
had its own proprietary rigs at Hal den, neasuring
tenperatures. But nost of the data was enpirically
fitted toright frommeasurenents of actual fuel rods.

MR. CLIFFORD: The only data |'m show ng
here, this is the U0, and gad rods from Hal den t hat
are publicly available, that have been used to tune
FRAPCON.

MEMBER REMPE: What kind of fuels? Wat
bender fuels? Are they a mxture? There's all this
proprietary stuff fromvarious vendors, and then the
comunity test --

MR CLI FFORD: Yes.

MEMBER REMPE: Are these foreign fuel
tests?

MR, GEELHOOD: So the NRC participates in
the Halden program and the program deci des where
they're going to get the fuel from So nobst of these

are probably fromU. S. vendors.
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MEMBER REMPE: And a m xture, and you
don't see anything skewing, a vendor that has
considerably different results versus anot her vendor?

MR GEELHOOD: No, we don't see a lot of
difference in, you know, pellet structure from one
vendor to another, cladding, you know, the effect of
cl addi ng.

MEMBER REMPE: The fission gas release is
i ndividually tagged for each fuel rod. So you would
notice that Fuel Rod A rel eased gas, versus Fuel Rod
B in a particular checkout?

MR GEELHOOD: Yes, and the Halden test is
not 100 percent prototypic of a PWR and so it's
really designed nore to get one thing, in this case
tenperature, or they m ght want to get one thing |like
creep, knowi ng that the fission gas rel ease that
occurs, while it's inportant for the prediction for
that test, nmay not be prototypic of the fission gas
rel ease that you get in a comercial plant.

MEMBER REMPE:  And furthernore, these fuel
rods woul d have shortened t he gap between t he fuel and
the cladding to get thermal conductivity better?

MR. CGEELHOOD: They may do different
things like that, or they have gas flow rates and so

they can vary the gas in the gap, to change 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

18

tenperature of the rod. So they can do a | ot of those
kind of tests, because they're |ooking at one
particul ar thing, and nmaybe for one test they're not
as interested in gas rel ease.

MEMBER REMPE: (Ckay. So that's something
to keep in mnd, when we |ook at FRAPCON results,
conpared to what you're doing to the vendors in the
future for EPUs, is that it's a good benchmark. But
there are sone things in the FRAPCON code that may --

MR. GEELHOOD: And you'll see in a mnute.
But the Halden test is not the only place we get
things for FRAPCON. W also, you know, our gas
rel ease nodel s are tuned nore fromot her test data and
commercial rods, because we -- because that's
something that's easy to get during a post-radiation
exami nation, is to get that gas rel ease puncture data.

So we can tune to a nore prototypic set of
gas rel ease data, whereas with tenperature, you can't
neasure it anywhere outside the Hal den reactor. So to
val i date our tenperature nodels, we use Hal den

MEMBER REMPE: But it's an in-state, or
you actually take a rod and puncture it and put it in
a furnace and do it as a function of tine, or you just
get the end state?

MR, GEELHOOD: Well yes. So we get one
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poi nt for that, because you know, you take it out and
you puncture it and find out how nmuch gas has been
rel eased. Hal den has the capability to neasure online
pressure, but it's not always the best way to really
figure out what the gas release is, because sonetines

t he puncture data doesn't necessarily match the onli ne
pressure.

MEMBER CORRADINI: If I might follow on
Joy's question, just so | understand. So when you do
this separate test for puncturing to get the integral
anount of gas, when you do a back correlation of it,
is the assunption that the gas is sitting in the gap,
or how -- and this is not the right tine to get to
t hat ?

| guess Joy probably knows nuch nore t han
| do on this, but where do you think the gas is, now
that you have an integral neasurenent?

MEMBER REMPE: It's the gap.

MR. GEELHOOD: The gas in this case is in
the gap. There's a lot of gas still in the fuel, and
it is possible to probe fuel and figure out where the
gas is in the fuel. But the gas we care about for
fission gas release is gas in the gap. So you just
puncture it and you --

MEMBER CORRADINI: Ckay. But the
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assunption is whatever -- the assunption is whatever
you do in the volunmetric current, the integra
neasurenent, it's comng fromthe gap, not from any
sort of diffusion out of the fuel?

MR. CGEELHOOD: No, because diffusion kind
of turns off at room tenperature, and even 200
degrees. So whatever you get in the hot cell is just

going to be what was in the gap when it was in the

reactor.

MEMBER CORRADI NI : Ckay. So the puncture
test is done at low tenperature. | guess | m ssed
that. |'msorry.

MR GEELHOOD: Yes, it's done in the hot
cell and so, you know, probably higher than room
t enper ature because of decay heat, but not that mnuch
hi gher .

MEMBER CORRADI NI :  Ckay, thank you.

CHAI RVAN BANERJEE: Wl |, before you nove
from the slide, would it be helpful to know where
FRAPCON cones there roughly?

MR CEELHOCOD: Well, there's different
versi ons of FRAPCON. So FRAPCON - -

CHAI RVAN BANERJEE: |'mthinking the
| at est or greatest version.

MR. GEELHOOD: The | ast rel ease cane out

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

21

in, 1've got it right here, 2011, and so --
VR. CLI FFORD: But the thernal
conductivity nodel was updated in 3-3.

MR. GEELHOOD: Yes, which was |ike 2,000

CHAI RVAN BANERJEE: |s that next tinme?

MR. GEELHOCOD: Yes, probably. So FRAPCON
is an evolving thing. New versions cone out, and so
when Paul does reviews of vendor fuel performance
codes for soneone el se, the | atest version of FRAPCON
is used to try to do sone audit cal cul ati ons.

CHAI RVAN BANERJEE: The ot her thing that

woul d be hel pful, Paul, is maybe sone of us know, but
coul d you just say which ones are -- which vendor and
whi ch - -

MALE PARTI Cl PANT: For PWR, do you have --

MR CLIFFORD: | wll be wal king through
each and every one of these codes in detail in ny
presentati on.

CHAI RVAN BANERJEE: Ckay, fine.

MEMBER REMPE: Before you | eave the Slide
2, there's not very nmuch data at 80 gi gawatt days per
nmetric ton uranium Is there a plan for
repeatability, additional tests? |[|'ve forgotten the

nunbers, but is it five to seven degrees or sonethi ng?

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

22

There's a value quoted about how rmuch for so nmuch
bur nup, how nmuch degradation occurs that is a rule of
t hunb, in one of your backup i nformati on docunents we
recei ved?

There's not very much uncertainty for
somet hi ng where there's naybe one data point at eight
gi gawatt days per netric ton uraniumthat, instead of
trying to get --

MR CLIFFORD: Right. 1It's going to be 58
degrees Fahrenheit for ten gigawatt days. Well, the
data that's avail able, I nean each one of these points
represents nultiple fuel rods, and this data is
significantly high in the license burnup. License
burnup right nowis 62 gigawatt days. So this bounds
t hat dat a.

MEMBER REMPE: So is there a plan for any
repeatability test, is what |'mgetting at? Do you
guys feel confortable -- what do you think the
uncertainty is in the data that you' ve got fromHal den
and - -

MR CLI FFORD: He will make a
presentation, where we've quantified the uncertainty
based upon the data, the database we have.

MEMBER SHACK: But what range of burnups

do you think you' re covering? You know, FRAPCON is
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valid now up to what?

MR, GEELHOOD: W usually don't try to say
it's out much beyond 62, because that's the |icensing
burnup that all the vendors are tied to. So we would
be confortabl e saying maybe up to like 70 or so. But
beyond that, there isn't alot of fission gas rel ease
data. There isn't a |ot of tenperature data.

These t her nocoupl es, you know, Hal den has
gotten very good at maki ng | ong-1 asti ng t her nocoupl es,
but they do decalibrate in reactors. |It's a very
chal I enging environnent, and so collecting sone of
this high burnup data takes a long tinme to get to the
bur nup, and sonetines the instrumentation can fail.

So you know, | don't know what the plans
of the Hal den reactor project are as far as getting
hi gher burnup data. | think it would be up to the
nmenbers on that Conmittee, if it's inportant to push
for it and if other things are inportant right now, I
think they're focused nore on local work than on
col | ecting high burnup tenperature data.

MR CLIFFORD: |1'd also say that | guess
we feel confortable with the accuracy of FRAPCON
based upon the data we have available, and if the
i ndustry were to pursue --

MEMBER SHACK: Up to what burnup?
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MR CLIFFORD: Up to 62, and if the
i ndustry was to pursue hi gher burnups, then the burden
of proof would be on them to gather nore data, to
bri dge any gaps.

MEMBER REMPE: But as the regul at or who
does 50 gi gawatt days per netric ton uranium | don't
see a lot of data, and as a regul ator, you have the
ability, if you want to, to say -- but | didn't hear
t he answer to what you think your uncertainty is, and
is it ten percent or 30 percent?

MR. GEELHOOD: The tenperatures we've
cal cul ated at standard devi ati ons of about seven, five
to seven percent.

MEMBER REMPE: (kay. So for instance the
fol ks at Hal den, there nay be, and even in Wzniak's
paper, he said maybe 30 percent on sonme of his data.
VWhat |'m getting at is | think maybe the regul ator
m ght want to see sone repeatability tests, to have
nore confidence in what they have too.

MR. GEELHOOD: Right.

MEMBER CORRADINI:  If | mght just follow
Joy's point, we're going to get to this later, right,
in ternms of how you guys roll in your estinmates of
uncertainty, to see the effect on stored energy.

MR. CLI FFORD: Correct. W'IlIl get to that
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in detail. But to go back to your question, if our
predictions of tenperature were that far off, then we
woul d see it in other places, such as void vol une,
such as fission gas release, rod internal pressure.

MEMBER REMPE: So you're within ten
percent in everything you' ve got, for what the data --
that's what |'mgetting to, because that's really
pretty good for a test, considering sonme of the
uncertainties in their measurenents.

MR CGEELHOOD: Hal den has told us, kind of
informally, that they wusually feel that their
nmeasurenents are accurate within 50 degrees C. And so
they don't typically say ten percent or five percent,
and so we've found our nodels generally agree with
Hal den' s neasurenents within 50 degrees C

So we're kind of maybe as good as we can
get, because if they think they're accurate within 50
degrees C, if we're that close, you know, getting
cl oser doesn't necessarily nean anyt hi ng.

MEMBER REMPE: Wel | speaking further,
guess | like seeing repeatability in tests, and I'm
not sure there is.

MR GEELHOOD: And so what Paul said too
is when you see like one dot there, that's the

i nstrumented fuel assenbly, and many times there's

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

26

many rods in there that are run at different
condi ti ons.

So 1"l have sone slides in ny
presentation, where | kind of show kind of the
expandi ng LHGR versus tenperature versus burnup, you
know, so you can kind of see this is kind of the box
where we feel validated, and you can see on naybe the
edges of the box and maybe | ess data, and as you nove
in, nore data.

MEMBER CORRADINI: But | think | know
where Joyce is comng from So |let ne ask her
guestion differently. Are there any dianonds that are
approximately the same burnup as a function of tine?
The way she's aski ng the question, she knows nore t han
|. Is the answer no, no dianond is shot at or is
ai ned at about same burnout?

MR. CLI FFORD: The reported, you know, on
the Y axis, that's the highest burnup that was
achieved in the Hal den reactor. So there are multiple
rods t hat have progressed to the same exposure points
in the Halden reactor, as neasurenents were being
t aken.

MR. GEELHOOD: So this might better be
shown as a bar chart --

MR. CLIFFORD: Yes, right.
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MR. GEELHOOD: That's why it's --

CONSULTANT WALLIS: So really, to extent
this premse, it's a very |l ow value up to the di anond
ar ea.

MR. GEELHOOD: Yes. You have one point.

CONSULTANT WALLIS: Right, because it's
very confusing just to have one point.

MEMBER REMPE: But if I'mreading it
correctly, above 50 gigawatt-day per netric ton
uranium | don't see a lot of dianmpnds. Mst data
were for 40 gigawatt-days per netric ton uranium or
bel ow, although there's nmultiple rods in the test.

MR. CLIFFORD: There's three public test
prograns that are there.

MEMBER ARM JO Wl l, let ne nmake, make
sure | understand. Let's say EFA 562, which is a 80,
but it -- when the experinent was started, it was
started at a | ow burnup, and |' mpresum ng t hat people
wer e maki ng tenperature neasurenents as a function of
burnup, and it wasn't just one data point taken at 80.

MR. CLI FFORD: Yes.

MEMBER ARM JO So you' ve got a whole
col um of di anonds for the sane particul ar experi nent.

MR. CLIFFORD: Right, right. So you have

onl i ne tenperature neasurenents periodically every so
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many m nutes --

MEMBER ARM JO  Ri ght.

MR. CLIFFORD: CQccurring over years at
different power rates. So there's a lot of data to
t hen tune your nodel to, to cover both the effects of
power, tenperature and burnup

MEMBER ARM JO. That's what I'mtrying to
get at Joy's question, is we actually have a |ot of
di anonds all the way up and down that col um.

MEMBER SHACK: Well, it depends on how you
pl ot the dianpbnds. | nean we've seen other Hal den
plots that | ook |ike clouds, because they're plotting
everything for each burnup rate, each tenperature
measur ement .

MR. CLIFFORD: And we have -- | nmean you
can't see this, but in -- this is NUREG CR- 7022,
Volune 2. This is again a real assessnent, and there
is where you see predicted versus neasured data, and
if you wal k through this, and I'Il pass this around.

MEMBER REMPE: W have sone el ectronic
copi es too.

MR. CLI FFORD: COkay. Well, if you |ook at
Figure 3.8, there's a plot of one particular fuel rod
over a period of tine. W have neasured versus

predi ct ed.
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MEMBER REMPE: And things | ook good, yes.

MR. CLIFFORD: And there will be many,
many of those. Some would fall into |ine better than
ot hers.

MEMBER REMPE: But let's al so be honest,
that they used expansion rods, and | assune it was a
nmoly rod instead of something that transnutes. But
t hey have to assune a profile with a peeking factor in

the core, right? AmI| correct?

MR CLIFFORD: |'mpretty sure they
neasure --

MEMBER ARM JO But that's a very short
core, Joy. That's not a full length of --

(Si mul t aneous speaki ng.)

MEMBER REMPE: They have expansion rods,
and t hey have to knowtheir power profile to get that.

MR, GEELHOOD: What do you nean by
"expansi on rods"?

MEMBER REMPE: They don't really put
t hernocouples in. They use thernmal expansion rods,
right?

MR GEELHOOD: Ch no. There's two
different ways that they can nmeasure. So they can
neasure the total tenperature of the rod using an

expansi on thernoneter, and that's sonething that just
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expands. But then nost often what they do is they
drill out the top and bottom couple pellets, and
actually insert a thernocouple in there.

MEMBER REMPE: So then they had to put a
Type Cin, or they had to put a Type Nor Kthat can't
go above 1,100 degrees steam or they have put
something in the transnmute as a function of tinme as a
correction factor.

MEMBER ARM JO. They use a tungsten radi um
and t hey do have a transnutati on problem But they've
calibrated for that.

MEMBER REMPE: They have correction
factors, but they also have vendor to vendor
variability in their Type K or their Type C
t her nocoupl es.

MEMBER ARM JO  Well, | don't know about
the Type Cs. |'mjust tal king about the higher
t enper at ure ones.

MEMBER REMPE: The Type C are tungsten
uranium Sorry. Go ahead.

MR. GEELHOOD: Hal den definitely has |ike
ki nd of evolved over time. In sone of these earlier
ones, there was nore thernocoupl e decalibration, and
they' ve definitely inproved on their nethods and you

may know their methods nore than | do. But they're
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data does seem nore reliable with some of the newer
tests than it did in the past.

MEMBER REMPE: And again, those
prospective test reactors, they're the best too. |
give themcredit and all that, but it's just --
there's just uncertainties is all I'mtrying to say.

MR. CLI FFORD: Yes, | agree. Fair enough.

CHAI RVAN BANERJEE: So | think we cone
back to uncertainties as we go through

MR. CLIFFORD: Yes, we will. Absolutely.

CONSULTANT WALLI'S:  Well, could we ask,
coul d you explain the Y axis now? Wat does "average
burnup” nmean? Is it the average over the |ength, over
the dianeter of the rod? O is it the average of
ever yt hi ng?

MR. GEELHOOD: The average of everyt hing.

CONSULTANT WALLIS:  So there are points in
the rod that have nuch higher. How nuch does it vary
inthis stuff?

MR. CLIFFORD: Well certainly, you know,
in high burnup fuel we have nuch higher exposure
radially on the pellets.

CONSULTANT WALLIS: It varies a lot.

MR CLIFFORD: It varies a |lot.

CONSULTANT WALLI'S: So there's an average,
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there's a radial average, and there's also a length
average. |Is this a length average?

MR. GEELHOOD: For the length, yes.

CONSULTANT WALLI'S:  So how nuch does it
vary al ong the | ength?

MR. GEELHOOD: Maybe like ten percent.
Simlar to like a PAR or BWR, in that there's sone
i ke shape, but it's a pretty short core.

MR. CLIFFORD: It al so depends on where
they cut it from the parent rod. Sone of these rods
were, started their irradiation life in a conmmercial
reactor, and then they were segnented, and then
instrumented, and then put in the reactor. So it
woul d depend on whether they took it fromthe center
of the core or the top part of the core.

MR GEELHOOD: So a reinstrunented rod
woul d have | ess --

CONSULTANT WALLI'S:  There's a sort of
snmudge around each poi nt about, because of where you
are in the rod.

MR, GEELHOOD: Well, so it's only measured
at a few points.

CONSULTANT WALLIS: A few points.

MR GEELHOOD: And so where it's measured

is where we do the conparison, and so it would be like
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that, those ends burn up. O in the case of an
expansion thermal --

CONSULTANT WALLIS: It would help nme in
readi ng the docunentation if this had been expl ai ned,
because it does seem like this raises a lot of
guestions. \Wat does it nean? Wat does one point
nmean, and what ki nd of average are you tal king about?
It would help if it were explained nore in the
docunent ati on.

CHAI RVAN BANERJEE: Well, this may not be.
But if you go back to the original paper of Wzniak
and so on, that they have a | ot of detail of the sort
you're | ooking for.

MEMBER SCHULTZ: The power of ten. So we
can draw what we can fromthe slide as it's portrayed.
For FRAPCON, all of the data that's shown here in the

nmore recent versions has taken into account all of the

dat a.

MR CGEELHOOD: All of the data we're aware
of .

MEMBER SCHULTZ: No, that's shown on this
chart.

MR. GEELHOCOD: Yes.
MEMBER SCHULTZ: Now you've put on here

when other code were approved. That doesn't
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necessarily mean that the vendors used all of this
data as a benchmark for their codes or --

MR GEELHOOD: That's correct, and in
addition, they may have conm ssioned private Hal den
tests to collect specific data for their needs. So
they may have things that aren't here.

MEMBER SCHULTZ: That information was
avai |l abl e, and the code version of FRAPCON, only
really for those last few, was everything considered
in the FRAPCON version, which was used to conpare
agai nst the vendor codes as they were approved.

MR. CLI FFORD: The vendor woul d al so, you
know, as part of their docunentation, they would
conpare agai nst the data. | nean they would have to
show that their code was valid, that they were a best
estimate fit or a bounding fit, and then if they did
use a best estinmate approach, they'd have to quantify
the uncertainty and then conme up with an application
nodel , which then uses the uncertainty. You' d get an
upper or a lower tol erance on whatever they're trying
to predict.

MEMBER SCHULTZ: So that's why I'mtrying
to understand. So for COPERNI C, for exanple, we can
just suppose that the 515 would have been, it was

avai |l abl e.
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So it would have been incorporated into
the review process for COPERNIC. Either it was used
by the vendor explicitly in their code, or questions
from the staff would have said well, how do you
conpare and pl ease expl ai n?

MR CGEELHOOD: Yes, and sonme of these that
are at a later date, they release information as the
irradi ati on goes. So there may have been | ower burnup
data from some of these later ones that the staff
m ght have asked themto conpare agai nst.

MEMBER SCHULTZ: Right, and just so -- |
don't want to drag this on, but for the last ten
years, there hasn't been any high burnup data that's
been produced at Hal den, and you don't know, Ken,
whet her there's prograns in play?

MR CLIFFORD: Well, there's other
progranms | didn't report here. There's been a | ot of
progranms on MOX that | didn't think was valid for this
di scussion, so | didn't include them

MR GEELHOOD: And the 681 is a uranium
and a gadoliniumrate. There's the Q rods and the 0,
gadol i niumrods, and that is continuing. And so if we
were to --

MEMBER SCHULTZ: Ckay.

MR. GEELHOCOD: --you know, Paul's going to
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go this next Halden neeting. He may cone back and
t hat point may nove up, you know.

MEMBER SCHULTZ: CGot you.

MR CEELHOOD: You know, if we take a | ook
at our conparison against them So sone of these
| ower burnup ones --

MEMBER SCHULTZ: Are still in progress.

MR. GEELHOOD: Are in the process noving
up right now.

MR. CLI FFORD: One thing that may be worth
noting is what's indicated here on the X axis, that's
t he approval date. |If you go back, nmaybe it's a two-
year NRC review. Maybe it's a two-year calibration
period. So when they started calibrating their
nodels, it nmay be four years before this approval
date, just as information.

MR. GEELHOOD: Right.

MEMBER SCHULTZ: Understood. Thank you.

MR. CLIFFORD: Ckay. Later on in the
presentation, we'll be wal ki ng through the inpacts of
TCD on fuel rod thermal performance, for each of the
codes and downstream effects.

But in gener al terns for this
i ntroduction, you could say that to grade therma

conductivity results in hi gher fuel pel | et
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tenperatures at a given power level, and that any
codes that don't properly account for it will have an

artificially low fuel tenperature prediction.

This will inmpact the LOCA-stored energy,
pell et thermal expansion, which will then feed back
into fuel tenperature. It will also affect fuel

pell et gap size predictions and cl addi ng stress and
strain.

CONSULTANT WALLIS: Is there a discussion
about gap? W're going to tal k about gap. You' ve got
to separate the effects of thermal conductivity and
the gap resistance? It seens to ne that if you stifle
all the pellets and conpress them in a long tube
they're going to | ean against the wall. They're not
going to be in the m ddle.

Al'l the nodels assune the pellets are in
the mddle. So what is the error in that? | nean
there nust be parts of the cladding that are hotter,
because they actually touch the fuel, and then there's
a bigger gap on the other side, because the pellets
| ean agai nst the wall.

There's no way they're going to stay in
the mddle, nothing to keep themthere. | didn't see
any consideration of this in FRAPCON.

MR. GEELHOOD: There's nothing right now
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in the --

CONSULTANT WALLIS: What's the error?
What's the inplication of ignoring this eccentricity?

MR CGEELHOOD: Sone of the vendors do have
eccentricity nodels in their codes, and they don't
really |like add that ruch nore.

CONSULTANT WALLI S:  They don't add rmuch on
t he average, but there are parts of the claddi ng which
are hotter and oxidize nore. Does that nake a
di fference or not?

MR CLIFFORD: Well, if the effect was
really significant, then you would see potentially
dryout, or you would see sonmething in the field which
woul d | ead you to believe that nmaybe heavy oxi dati on,
or sonmething that would indicate that there is a need
to nodel it. | guess | would say we haven't that need
get to that |evel of detail

MR GEELHOOD: It's nore of an issue to
| ow bur nup, because around 25 to 30 gi gawatt-days per
ton the cladding depth --

CONSULTANT WALLIS: That's right.

(Si mul t aneous speaki ng.)

CONSULTANT WALLIS: At the beginning it
really matters.

Maybe you could take a honework problem
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and add it as an appendi x or sonething. So whether it
matters or how nmuch it matters and should we worry
about it.

MEMBER SCHULTZ: There are some PNNL
publications that |ook at these eccentricities and
guantify the effect, on a separate effects table.

MR. GEELHOOD: Yes. | could dig it out
and try to see what's been done, what's been decided
in the past.

CONSULTANT WALLIS: It would be hel pful,
| think.

MEMBER ARM JO. But Graham it's not just
a gap, you know. The pellets are all cracked up. So
the gap is distributed within the inside and the

outside. So it's sort of a fiction that we have a

gap.
MR. GEELHOOD: Fresh fuel, there's a big
gap.
MEMBER ARMJO COh yes, fresh fuel. It
cracks up when it's new. It cracks up the first tine

you go to power.

(Si mul t aneous speaki ng.)

MR, CGEELHOOD: There's a pretty steep
tenperature gradient. So we have a rel ocation nodel

whi ch ki nd of nodel s this kind of effect of the pellet
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getting bigger due to cracks and it doesn't fit back
t oget her perfectly.

MEMBER SCHULTZ: But | know there's sone
publications that have | ooked at that particularly,
and quantified the difference, given a cracked pell et
or a centric.

CONSULTANT WALLIS:  Well, if it's cracked,
there's fission gas in the cracks which cones out, and
you - -

MEMBER SCHULTZ: Sure.

CONSULTANT WALLIS: So that's part of the
gap gas.

MR GEELHOOD: But see, the cracks are on
a much hi gher order than the grain. Typically, what
we do is we nodel the fusion out of the grains to the
grain boundaries, and then release fromthe grain
boundaries. So cracks is nore of a --

CONSULTANT WALLI'S:  This tal ks about
bubbles too, isn't it?

MR CGEELHOOD: Yes, and so the bubbles are
what's on the grain boundaries typically, and then
when those bubbles fill, we just release it to the
void. So a crack is nore of a macro thing when
conpared to the grain size.

CHAI RMAN BANERJEE: Paul, | don't nean to

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

41

be a spoilsport or anything, but are you sort of --
how many nore slides do you have?

(Si mul t aneous speaki ng.)

MR. CLIFFORD: Just one nore slide, just
one nore slide.

CHAI RVAN BANERJEE: Al right.

MR, CLIFFORD: It's just a high |evel
overvi ew of what the TCD is, and | think we can nove
on fromthis slide.

CHAI RVAN BANERJEE: Great. Thanks very
much.

MR. CLIFFORD: The next presentation.

MEMBER REMPE: M. Chairnman, the guy on
the phone is conplaining he can't hear certain
menbers, and he said you and Sam were difficulty --
M ke, are they the only two that need to speak up, or
are there other conplaints you want to rmake?

MEMBER CORRADINI: Well, the only
conplaint is just Sanjoy and Sam are so shy that |
can't hear you.

CHAI RVAN BANERJEE: It's because we're not
sayi ng very nuch

MEMBER CORRADI NI :  But when you do say
something, it's so inportant. | want to make sure

wite it down in ny notes.
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CHAI RVAN BANERJEE: Al l right, okay.

VMEMBER ARM JO. W'l | speak up
CHAI RVAN BANERJEE: Ckay. Let's nobve on
to Ken's presentation.

Calibration and Validation of Fuel Models

MR, GEELHOOD: So ny nane is Ken Geel hood.
|'ma contractor with the Pacific Northwest National
Lab, and | maintain a contract with the Ofice of
Research, to continuously updat e FRAPCON and FRAPTRAN
and then we al so have contracts with NRR and NRO to
assist them in doing their reviews of vendor fuel
per f or mance codes, new cl addi ng al | oys, met hodol ogi es
for doing safety analyses. So |'mgoing to tal k about

CHAI RVAN BANERJEE: Did PNNL really do the
devel opnent of FRAPCON originally?

MR CEELHOCD: It's kind of Iike an
evolving thing. There was a FRAPCON-2 was devel oped,
or no. There was the FRAP codes. There's FRAP-S and
FRAP-T. They were devel oped at |1daho National Lab,
and then PNNL devel oped GAPCON, which took into
account the gap anal ysis.

And then so there is kind of parallel
devel opnent that was being funded, and then the NRC

noved it all into one. So that's why FRAPCON cane out
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of FRAP-S and GAPCON, so and then FRAPTRAN similarly.

So PNNL since about '95, | think, has been the only
contractor doing code developnment. But the |daho
National Lab definitely laid the groundwork for sone
of this coding.

CHAI RVAN BANERJEE: That was before your
time, Joy or --

MEMBER REMPE: | wasn't involved in it at
| daho. That was --

MR GEELHOOD: Gary.

MEMBER REMPE: And he's retired.

MR GEELHOOD: Yes, he's retired, and
Larry too.

MEMBER REMPE: He's also retired.

MEMBER ARM JO.  Hey Paul, |I'msorry. But
you ski pped all of your slides. One of the things I
was really interested inis in a later slide.

MR. CLIFFORD: That was probably the
cl ose- up.

MEMBER ARM JO.  Ckay, okay.

CHAI RVAN BANERJEE: Don't get anxi ous.

MEMBER ARMJO Well, | didn't see that
that was closed, and | just thought Sanjoy had rmade
you rush.

CHAI RMVAN BANERJEE: No, no, no. | woul 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

44

never do that. Let's go on.

MEMBER ARM JO  Ckay.

MR CEELHOOD: | want to tal k about what
paranmeters that come out of fuel performance code are
of interest to the regulators, and I'll talk alittle
bit about the extent of the database, the nature of
the fuel performance codes, calibration paraneters,
nodel validation, the integral assessnment we do and
then the new capability we've had to do better
uncertainty anal yses with FRAPCON

So these are kind of the paraneters that
the regulator is nost interested in. First, the fuel
and cl adding tenperatures. They can do these fuel
nelt overpower anal yses and local initialization.

They want to know what the rod interna
pressure is, so they can do cladding |iftoff anal yses;
cl addi ng hoop strain for the cl addi ng strai n over power

analysis; cladding fatigue and pellet cladding

interaction. Pellet cladding interaction is sonething

that, you know, the regulator is kind of starting to
get into.

Corrosion and hydriding; there is a
corrosion limts currently in place, and there wll
probably be hydrogen Iimts com ng down t he road; and

then fission gas release is a concern, partially for
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pressure but also for dose cal cul ati ons.

So there's kind of two types of data in
the database. One is separate effects data. So
there's material properties data where we just take
the materials, irradiated or wunirradi ated, neasure
things like thermal conductivity, heat capacity,
t hermal expansi on, various mechani cal properti es.

And then there's what we like to call
behavi or nodels. So like cladding creep is enhanced
by radiation, the densification and swelling that
occurs in the pellet with tinme. Fuel relocation we
t al ked about that.

That' s ki nd of the cracking of the pellet
and howit doesn't fit perfectly back together, but it
does take up sonme of the gap, fission gas rel ease, and
t hen al so cl addi ng corrosi on.

And then the other side is integral
effects data, which is centerline tenperature. A |ot
of different nodels feed into accurately predicting
centerline tenperature, and so it's kind of that's
somet hi ng t hat woul d be nore of an overview. Are al
t he nodel s working wel | ?

Fi ssion gas rel ease. Although it's on the
behavi or nodels, it's also in integral effect data,

because it can be inpacted by the tenperature, the
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size of the gap, all these other things. Then void
volune is something that's kind of in integral effect
cl addi ng corrosion.

Again, it's on both sides, but it's also
sonmething that the heat flux and the tenperature of
t he cl adding drives how nmuch --

CONSULTANT WALLIS: By void vol unme, you
nmean t hese bubbles and things that are in the fuel ?

MR CGEELHOOD: No. The nmacro void vol une.
So you take it in a hot cell and you puncture the rod
and neasure what the volune in --

CONSULTANT WALLI'S: This includes the gap
t hen?

MR. CLIFFORD: Gap and the pl enum

MR. GEELHOOD: The gap in the plenum any
ki nd of open porosity.

MR. CLIFFORD: Porosity.

MR, GEELHOCOD: Yes.

CHAI RVAN BANERJEE: Have there been any
integral tests on reactivity feedbacks, the effect of
TCD on that?

MR. GEELHOOD: | guess | don't really
under st and.

CHAl RVAN  BANERJEE: \Well, reactor

coefficients and things |like that.
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MR. GEELHOOD: There may have been, but
that's kind of outside of the donmi n of FRAPCON.
CHAI RVAN BANERJEE: Right, right.

MR. GEELHOOD: So | think you'd have to --

maybe you know Paul. | nean --
MR, CLIFFORD: |I'mjust trying to think of
CHAI RVAN BANERJEE: |' m goi ng outside the
donmai n.

MR. CLIFFORD: Yes, start-up physics
testing or anything that's done at the reactor, where
they are validating their physics codes.

CHAI RVAN BANERJEE: | think we can hold
that for Ken --

MR. CLIFFORD: There's definitely --

CHAI RVAN BANERJEE: --if you want, because
when it conmes to inplications for LOCA, certainly the
reactor -- not LOCA, but the accidents.

MR. CLI FFORD: You can certainly calcul ate
what the potential error would be introduced in your
Doppl er feedback during an AO over power event, if your
fuel tenperature was wong, of how you woul d val i date
that from a data perspective. That's the m ssing
pi ece.

MR. GEELHOOD: There's definitely neutron
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detectors that sonetinmes get inserted into comerci al
reactors. But that probably would be nore nornal
operational data than acci dent data.

CHAI RVAN BANERJEE: Well, it may al so be
that you have data during sonme rod wthdrawal or
somet hi ng, which --

MR. GEELHOOD: That may be, yes.

CHAI RVAN BANERJEE: We'Ill revisit that as
time goes on. This is nore FRAPCON - -

MR. GEELHOOD: Yes. So the physics is
kind of nore of an input. W input, inpose the power
shapes, rather than try to calculate it with this
code. And then the last thing, it will affect data in
cl addi ng heat stream is an effect of, you know, the
gap i s open or closed, on how nuch the pellets expand
and things like that.

CONSULTANT WALLI'S:  You tal ked a | ot about
physi cal stuff, but | was inpressed by this plutonium
bui | dup. Because of the resonance, there's a
t remendous anount of buil dup.

MR, GEELHOCD: Yes.

CONSULTANT WALLI'S: Doesn't that have a
significant effect on what happens?

MR, GEELHOCOD: Very nuch, and that is

nmodel ed i n FRAPCON.
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CONSULTANT WALLIS: It is, but you haven't

said anything about it yet. It seened to ne a really
significant effect, but it's got to be nodeled right.

MR. GEELHOCD: Maybe, you know, and maybe
| could have added that under behavior nodels. But
you're correct. Like as burnup progresses, you
preferentially build plutoniumin on the outer shell.

So what that does is if you look at the
radi al power profile, it gets steeper and steeper,
such that end of life, even the rod average burnup
maybe 62, right inthis little area, right on the edge
of the pellet, it could be 100, 150 gi gawatt-days per
t on.

So that's sonething, the nodel that we do
have in FRAPCON, that it is validated against. They
can take EPMA data to look at immobile fission
products, to kind of make sure that we're cal cul ating
that right. But our nodels are based on physics
nodel s, you know. So a physics nodel woul d i nform our
nodel .

MEMBER ARM JO. Do you have any, in your
integral effects data that you have i n FRAPCON, do you
have a fuel rod |l ength change? Let's say --

MR, GEELHOCOD: Model growt h?

MEMBER ARMJO Not growh. Let's say
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during a power ranp, you know, you can stretch, you
literally actually can, as the pellets interact with
t he cl addi ng.

MR. GEELHOOD: C addi ng hoop strain.

MEMBER ARM JO. Sonetines it's in the
actual direction.

MR, GEELHOOD: Sonetinmes they do neasure
axial strain. [It's not sonmething that's particularly
of interest to the regulator, because you know, how
much that happens. It never fails in that direction
during an AO event.

MEMBER ARM JO.  But it creates the biaxial
stresses that are inportant in the PCl

MR CLIFFORD: And there are -- | nean the
nodel s are tuned based on | ength neasurenents, full-
size length neasurenents. So it would be inherent in
the data, and there would be not just free-standing
irradiation growmh, but there woul d be al so be pell et
cl addi ng --

MEMBER ARM JO  You feel there's any
plastic deformation. This is really during those
kinds of transients, where you can get a biaxial
stress during the transient t hat di sappears
afterwards, and that actually happens, because we've

measured it.
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MR. GEELHOOD: Wth claddi ng hoop strain,

there's been a lot of tests done in test reactors
where they power ranp them and they have -- then they
nmeasure what the plastic axial strain and hoop strain
is, and you conpare both of those. Axial strainis
much nore difficult, because there's slippage between
t he cl addi ng and the pellets.

MEMBER ARM JO But |'ve done it. [|'ve
done it, and it's really a very inpressive effect,
that you can detect fuel failures using the axia
strain. This is the test, nmuch nore readily than
usi ng the hoop strain, and it's probably been in somne
of these reports. So but you don't necessarily use it
very much, | take it?

MR. GEELHOOD: W rely nore on the hoop
strain, because the NRC requires the vendors to
predict that their hoop strain doesn't exceed sone
limt, and they don't currently have any kind of limt
on the axial strain.

If they get into PCM and you're right,
that axial strain is a better prediction of PCM
failure, then maybe that woul d be sonething that the
NRC woul d be interested in.

CONSULTANT WALLIS: It strains actually

during a transient, because they go back.
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MEMBER ARM JO It does.

MR, GEELHOOD: It does? It goes back?

MEMBER ARM JO  Yes.

CONSULTANT WALLIS: But the slippage is
very inportant, about how -- whether it goes back
uniformy or --

MR. CGEELHOOD: So it's going to be a
function of burnup, because the bondi ng between the
fuel and the clad changes with burnup. So a |ow
bu