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Room T2B3, 11545 Rockville Pike, Dr. Dana A. Powers,
Chai rman, presiding.
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P-ROGEEDI-NGS
(8:30 a.m)

CHAl RVAN PONERS: Back in session. This
is the second day of the neeting of the Subcommi ttee
on Reactor Fuels for the Advi sory Conm ttee on React or
Saf eguards. W have a nmuch nore robust subcommittee
today to hear about the robust fuels program

In attendance today are: Jack Sieber
Peter Ford, TomKress, Vic Ransom and G ahamLeitch.
And | trust you gentl enen who are newtoday will stay
with us for the duration and not go off to sone silly
license renewal or other sort of thing. It's clear
that fuel is essential to the nucear perfornmance, and
we want to see what the reaction is today.

Do any of the menbers have an opening
comment that they would care to nake?

(No response.)

CHAI RVAN POVERS: Wwll, for the new
attendees, | wll conmment yesteday we had an
exam nati on of about two-thirds of the NRC s fuels
research program And | invite you to take an
exam nation of the transcript and the viewgraphs. |
think you will find it will be quite interesting, if
somewhat rem ni scent of what we heard | ast year in a

simlar subcommttee neeting.

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

5

Today we are going to examine what is
going onin the EPRI programin the formof the robust
fuels programand a few other topics. And so w thout
any nore introduction, | wll just turn it over to
Rosa Yang, who will guide us through all of this.

10) ROBUST FUEL PROGRAM OVERVI EW

M5. YANG | don't know about that.

Good norning. | am Rosa Yang, EPRI. |
manage the robust fuel program About a year ago,
October 9th, the industry, EPRI, and the fuel
suppliers and sone utility folks were here at the
invitation of NRR to discuss the topical report, the
RI A topical report that we subm tted a few nont hs ago.
And during that presentation, we were requested by
this commttee to come back and tal k about the robust
fuel program

Specifically, I was asked to say, bring
all your staff. So | did. And here they are. | am
not going to take the tine to introduce them because
you wi Il hear fromevery one of them

The only coment | want to make, as you
will see, what | will try to do is to give you an
overvi ew of the program howit was forned, why it was
formed, and howis it functioning nowin the industry.

| won't get into too nuch technical detail because
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nost of themw || be covered by EPRI staff |ater on.
Feel free to interrupt any of us.

Because much of the work we do is
proprietary, |I'mvery sorry. | hate to do this, but
after ny presentati on and after the presentation which
will be nade by Odelli Ozer about the letter that we
have sent to NRC -- he will nmake a brief presentation
just by the content of the letter because it was
di scussed yesterday. After those two presentations,
the rest of the presentation will be closed to the
public. M apology for that.

If there is anything specific you would
like to tal k about and you are not able to participate
inthe rest of the presentation, we will be happy to
talk to you about it. The reason we do it in this
sonewhat nonacadem ¢ fashion is because nuch of the
work we do, we have special contracts with the fuel
suppliers. And being fuel is a fairly conpetitive
commercial environnent, we need to honor those
contracts.

One nore thing I want to say is the
handout you have, I'mgoing to follow in nost of it
until al nost toward the end. Then | add a few slides
about the RIA topical report that we subnmitted nore

than a year ago just to address sone of the questions
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rai sed yesterday. So | intend to make a brief
presentation of that subject. So you don't have that
in the handout, but I wll be happy to make those
slides available later on because | just added them
[ ast ni ght.

So let nme start. The programwas forned
actual ly a coupl e of years before 1998 and officially
kicked into work in 1998. There are two key reasons
for the formation of this thing. One of themI| wll
give you a little bit nore detail, which is we are
operating consi derably differently today and maybe t he
| ast fewyears as conparing to, say, 10-15 years ago.

| think you heard a little bit from APS
yesterday. The guy was tal king about there is nore
boiling in his plant. So I will give you a few
exanples of how the environnent has been nore
demandi ng.

The second reason i s because the fuel is
a fixed market and i s very conpetitive. The price of
t he fuel has been going down steadily as a result of
this conpetitive environnent. So that doesn't |eave
enough noney for the fuel suppliers to do R&D

So you have a difficult situation. On one
hand, you operate in a nore demandi ng environnent.

And at the sane tine, we put on new products, which
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may not have been tested as it deserves. So
sonetinmes, not all the tine, sonetinmes, they don't
perform as adverti sed.

So utility decided that they need to do
sonething a bit proactive to forma programlike this
to make sure that they don't have operationa
surprises and they have regul atory stability and they
have the flexibility in operatingtheir plant because,
| i ke Dana said earlier, fuel is where the energy cones
from

Maybe after we solve all of those
probl ens, we can | ook at burnup extension. So first
| want to clarify that this is not just about high
bur nup. This program is about operational
flexibility, about no surprises, about regulatory
stability, and then the next step i s burnup extension.

As | go through them you w || see nost of
the program content that we ained at. Many of them
are bel ow 62,000, whichis acurrent licensinglimt.

MEMBER KRESS: That | ooks |ike the guy
coul d probably high junp over that and --

M5. YANG Oh, yes. | forgot to give due
credit to one of our nenbers, EdF, Ni col as Waeckel of
EdF. He's looking at a PWR fuel assenbly and this

typical utility guy, trying to nmake a high junp. And,
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of course, he is arned with all of these robust fuel
program reports, which you can't quite see the
readi ng, but if you nmagnify enough, you can see.

And the first stepis operational margins,
which is what we keep tal king about. W want no
surprise. |f you don't want surprise, you' ve got the
margins. And after this first step, then the next
step i s burnup extension.

O course, we are doing all of this with
NRC s watchful eyes and all of the reg docunents.

MEMBER KRESS: What's that thingupinthe
ri ght-hand corner?

M5. YANG This one?

MEMBER KRESS: Yes.

M5. YANG Twenty-First Century, when we
nove into the future.

CHAl RVAN PONERS: Wl |, |I' msurprised t hat
you don't get fuel bow ng when you use it that way.

M5. YANG He's a science guy, electricity
guy.

MEMBER KRESS: A good pol e vaulting pol e
is very flexible.

M5. YANG This is robust PWR stuff.

MEMBER SI EBER: Leave it toa utility guy

to m suse the fuel.
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CHAl RVAN PONERS: Yes. He's probably an

account ant .

M5.  YANG Ckay. So a bit about the
changes to make the environnent nore demandi ng. W
have i ncreased di scharge burnup. W have extended t he
cycle length. | have slides of those to show you
And t he peaking certainly has been increased, nostly
because of the | ow | eakage core. The enrichnent has
steadily increased. And | have a slide to show you.
And the newest thing is plant uprate.

You know, they are the small one to 2
percent ones, and then there are the 20 percent ones.

And how that inmpacts fuel performance needs to be

assessed.

Just overlay all of those to protect the
pl ant . Many of the new water chem stry has been
impl enented. | listed the ones for PARi s el evated pH

and lithiumand zinc injection; for BAR, nobl e netal
chem cal addition, -- sorry for the acronym noble
netal chem cal addition -- hydrogen water chem stry,
and zinc injections. And, of course, there are design
changes and new material introduced to satisfy the
nor e dermandi ng envi ronnent .

Not all of these things are adverse in

terms of fuel perfornmance. And, in fact, | would
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argue many of these are intended to inprove the
performance. |It's just when you have new things and
you make many changes at the sanme tinme, you could
reduce a margin. And you certainly increase the
unknown.

So let nme show you --

CHAI RVAN  POVERS: Rosa, how is the
begi nning-of-life boron changing in the plants
nowadays?

M5. YANG How many what ?

CHAl RVAN PONERS: The begi nning-of-life
boron concentrations changing in the plants?

M5. YANG It's higher. You know, as you
go to higher, | think now the steady state boron is
what, 1,800 or so, 18, 16. Yes. Eighteen hundred,
yes. So it's increased considerably.

| think maybe ten years ago, you were
| ooking at --

CHAl RVAN POVNERS:  Ei ght hundr ed.

MS. YANG -- 900 or 1,000, yes.

CHAl RVAN PONERS:  So we doubl e the boron
concentration.

M5. YANG  Yes.

MR. OZER  Longer cycle is required for

bor on.
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M5. YANG Here's the list of cycle line,

ineffective full-power days. As you can see, from10
years ago or 12 years ago, we just steadily increased
the cycle lines for both BWRs and PWRs. | think nost
of the BWRs are 24-nonth cycle now.

Look at the enrichnent. Again, these are
t he average enrichnent for thereload. It's steadily
i ncreased because of the m x of enrichnment and all
that. So we haven't quite hit the five percent limt,
but it's pretty close there.

| told you about uprates. The different
col or shows different percent of uprate. As you can
see, we have a considerable nunber of 20 percent
uprate. So these are --

CHAI RVAN PONERS: No one is nore fam i ar
with the nunber of 20 percent uprates than this
commttee. You're killing us.

M5. YANG Vell, so far what we have
| ooked into, we haven't really found a snoking gun in
ternms of uprate and howthat inpacts fuel performance.
But it's just intuitive something you needto | ook at.

Okay. This is howour programfunctions.
Al'l the work or the majority, the engineis certainly
with the working group. And there are four working

groups. And you are going to hear fromthree of them
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t oday.

We left working group 2 out, which is
dealing with RIA, LOCA, and burnup extension. The
reason we left it out is because we know you were
going to hear a | ot about those i ssues yesterday from
NRC research side, and we have a topical report that
we submitted that we woul d discuss it separately with
NRR and we nmade a presentation a year ago. So the
original intent is not to spend too nuch tinme on that
because we really have a lot of material to cover in
ot her areas.

G ven yesterday's presentation and
di scussion, | just thought we would have a brief one
on RIA only to just refresh the commttee nenbers’
nmenory.

Wor ki ng group 1, worki ng onthe nostly PWR
crud and water chem stry-rel ated i ssues; and wor ki ng
group 3, working on hot cells and ot her high burnout
properties; working group 4, working on the failure
nmechani sns. You will see the list of the utility
chairmen and the EPRI project managers. As | said
earlier, you will hear fromeach of the EPRI project
manager s.

So those are the work engine of the

program And the integration is really just the
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chairman and vice chairman of each of the working
groups. And the executive committee and the senior
reps, they are the managenent of the program They
are the ones deciding on program directions and
budget. So it's a very inportant function.

And these are the executive conmttee
nmenbers. You will see we al so have nonvoti ng nenbers
from NEI and INPO. The current chairman is Joseph

Sheppard of South Texas Project.

Here i s our menbers. | just want to point
out -- | guess | don't have a pointer, but | can use
this. | just want to point out for the U S., we have

| think it's 20 wutilities and about 80 wunits
participating in the program

| get criticized all thetime when | talk
about menbers because we have this interesting funding
schene. Part of our funding cones from nenbership.

Part of it, the utility has to pay additional nopney.

When | tal k about nenbers, | amtal king about those
who pay additional noney. So these are the
menber shi p.

We have 103 units in this country. About
80 units fund the programsuppl enentally. W have a
consi derabl e nunber of international participation.

There are nine groups here listed, but if

NEAL R. GROSS
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they are actually nore

than the U S. And, of course, we work very closely

with | NPO NEI.
yesterday. We work with all

d obal Nucl ear, Westinghouse,

Ral ph tal ked about NRC research

of the fuel suppliers:

and Fr anat one.

So, for therest of it, what | would |ike

todois to give you a very quick overview. First,
would like to start with what are sone of the issues
that face the industry. And then | want to go into
what are sone of the areas that we work on

The issues facing the industry are there
is alarge nunber of BWR failures | think many of you
have al |l uded to yesterday. And the root cause so far
is unknown. You will hear a little bit nore detail.
And | would just give you a really quick 30,000 feet
overvi ew of the situation.

NMCA and zi nc i njunction, many of the BWRs
are using it. And the inpact of that on fuel
currently is being assessed. We have channel bow

i ssues, which interfere with the control bl ade

i nsertion as sonme of the BWRs, whi ch probably rem nds
t hemof the PWRinconplete control rod insertion many
years ago.

On the PWR side, the major failure root

cause continues to be grid-rod fretting. | just want
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to say we're not doing much here because this is
purely a design, fuel design, issue.

We have | ooked at the i ssue. W have hel d
wor kshops. So we have a good understandi ng of the
issue. And then we, the comm ttee, have deci ded that
this is a vendor problemand a vendor-specific. And
we highlight the issue. And | think there are
neasures in place to address them

To nost parts, they are sonewhat
effective. The problemis still here, but they are
bei ng addressed. So we, the robust fuel program are
not addressing it.

Axi al offset anomaly still exists, but
they are current. The frequency and the severity are
down significantly froma few years ago. W have a
very active program addressing this issue. And you
are going to hear fromJeff later on about it nore.

The PWR RCCAs or the PWR contro
assenbl i es have a cracking and deformation probl em
And we have a programinitiated to address that. So
if you just |look at the 30,000 feet view, what are
some of the key performance issues facing the
i ndustry? And these are them

Just a sort of a bit of background on the

things | already said, here is the nunber of defect
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assenblies as a function of time. You know, sone of
t he earlier days, you'll see | have a breakdown of the
failure mechanismin a mnute. For the past ten years
or so, things are beginningto inprove, especially for
t he boiling water reactor. And you see a bi g increase
of the boiling water reactor in the |last couple of
years.

Here is a trend plot. Again --

MEMBER LEI TCH: On that previous one, I'm
trying to understand the scal e here.

M5. YANG | know.

MEMBER LEI TCH: It's one and a hal f? What
is that? One and a half what?

M5. YANG It's fuel assenblies, nunber of
defective assenblies per gigawatt, per thousand
megawatts. So it's roughly one and a half assenblies
per unit, per large unit.

VMEMBER LEI TCH: Yes. Okay. Got you.
Ckay.

M5. YANG \Wiich nmeans every reactor has
one.

MEMBER LElI TCH:  Yes.

M5. YANG O course, it's not like that.

MEMBER LEI TCH: Yes. On average, yes.

M5. YANG Okay. So hereis atrend plot

NEAL R. GROSS
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of the type of failures for BWR So, as you can see,
the | ast couple of years, we have the two dom nati ng
failures are corrosion-related failures and PCl or
PCl-like types of failures. Bowll reviewfor youin
great detail later on.

For the PWRs, | think | already talked
about it. The major failures are grid-to-rod
fretting.

CHAl RMVAN POVNERS: Wy is there a |large
nunber of unknown, not inspected?

MS. YANG Why?

CHAl RVAN PONERS: \What does that nean?

M5. YANG Ch. It nmeans that they don't
inspect it. In many cases, they have it either inthe
di scharge batch that they know they have a small
failure. They just didn't inspect it or sonetines
when you say, "unknown," they know they have a
failure. They probably even know where it is, but
they just don't know what the root cause is.

You see, the others, we actually cl assify
themin terns of the root cause. Sonetines a visual
i nspection at the pool does not yield to identifying
t he actual failure root cause.

| think it is fair to say those are naybe

ones, two and they are very small. | think whenever
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we have a large nunber of defects or there is
sonething like the BWR failures that we don't
understand, | think the industry has been pretty good
in going after the root cause.

CHAl RVAN POVERS: The scale on this
particular plot, of course, is different from the
ot her one. Is this the integral nunber of failed

assenblies in the fleet or is it on a per-reactor

basi s?

M5. YANG In the fleet.

CHAI RVAN POAERS: In the fleet?

M5. YANG  Yes.

MEMBER KRESS: What is this debris, the
yel | ow?

M5.  YANG Yes. That's the foreign
material intruded in the system either from steam
generator repairs, or whatever foreign materials.

MEMBER LEI TCH: You tal ked about PCl.
About a dozen or nore years ago, there were interim
managenent recomrendati ons for operatingto avoid PCl .
The plants are not operating under those bases any
nore, are they or are they? | don't know.

M5. YANG  No, no. In this particular
case, these plants are using a type of barrier, which

allow in principle should work to prevent the PCl

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

20

failures.

VMEMBER LEI TCH: Ckay. But what we're
saying is, even wth the barrier fuel, then,
apparently there still are several PCl failures.

M5. YANG Wethinkit's PCl, but these we
don't really know. | mean, | think we call it PCl
suspect. W think it's PCl, but we haven't really
confirmed it's PCl.

MEMBER LEI TCH: Ckay.

M5. YANG Do you want to say anyt hing,
Matt? No? Sorry.

MR, EYRE: Sure.

M5. YANG | don't want to put you on the
spot. Sorry.

MR EYRE: WMatt Eyre, Exel on Nucl ear.

A nunber of the | guess PC suspect
failures have been thought of as being due to, let's
say, mssing pellet surface, m ght have ari sen out of
a manuf acturing process. And sonme of our operational
gui del i nes don't account for that.

So when you operate the reactor, do a
control rod maneuver, you nmay overpower that
particul ar place and cause a PCl-like failure. And
there you have it.

MEMBER LEI TCH: Ckay. Thanks, Matt.
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M5.  YANG Ckay. So that is kind of

| ayi ng t he background. Nowl really want to say, what
are we focusing on in our progranf? Basically the way
| see our programis | divideit into the four working
groups. They address different technical i ssues. But
| group themsonewhat differently hereinthree areas.

The first area | call solving the current
probl em sol ving existing problens. So |l list afew.
The second area is proactively trying to find out
where our margins are. So this is totally reactive.
So the second area is nore proactive. The third area
is just as proactive, but it deals with regulatory
i ssues. So keep that in mnd.

That's how | group the three different
areas. And the reason | kind of want to highlight it
is because | don't want to just read through these
words. | amgoing to inject sone slides in between
them So you mght feel a little bit not so clear
| at er on.

So existing problens, there are three.
And | think in nmy earlier about what is the industry
problem they are the same issues: failures, fuel
failures, inpact of NMCA, and AOA.

The failure root cause, | think you have

seen sone of the charts. W have pl anned two hot cel
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exam nations later this year. Both of themare to
occur before the end of the year. So we are all very
nervous to make sure that they do occur. You know,
they have to fit in betweenthe utilities' wi ndowt hat
t hey give us and in between the orange alerts. So we
are hoping that will occur.

We al so are being very active in goingto
utility sites to assist them as specific failures
occur, particularly Bo Cheng t here bei ng our expert in
t hat area.

This is often a very challenging
situation, as many of you famliar with these types of
i ssues know, because you coul d spend nmi | |i ons shi ppi ng
fuel to the hot cell and not being able to identify
the failures because not all of themare that easy to
identify.

What | have listed here is to show the
four hot cells that we have conducted within this
program These are not the only hot cells, but these
are the hot cells exans ained at identifying failure
root cause.

| think we have been pretty | ucky. So far
we have been very successful in identifying the
failure root cause. The chart has a lot of

information onit. Thereis atimlineonit. There
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isthedifferent type of failures beinglisted on when
t he shi pnents occur, when the exans occur. | think Bo
is going to address, in particular, these things that
we al ready have perforned the hot cell that we have

identified the root cause. And these two new ones are

to occur. The shipnent will occur later this year.
And hopefully we'll have the results early next year.
CHAl RVAN PONERS: | guess nmaybe |'mj ust

alittle confused. Are you trying to tell ne that
fuel that you think has a PCl failure gets shipped to
KKL or that KKL thinks that all failures are PCl-Iike?

M5. YANG Oh, |'m sorry. | see the
confusion. No. These two are independent. This we
have conducted, actually al ready conduct ed a hot cel
of PCl-like type of failure of GE barrier fuel. And
that occurred inthe past. And we have confirmed t hat
isaPC failure. Andinthat particular case, it was
because of the m ssing pellets.

You know, if you think about it, you have
these cylindrical pellets with the cladding. And if
you m ss a piece of the surface due to manufacturing
chi ppi ng or something, then you create a | ocal high
stress. This is kind of the opposite of the classic
chip situation, but it is the same effect. So that is

what we have found here.
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Now, we have a new PCl-like failure of a
different barrier design. And it's Framatome fuel.
We don't know the failure root cause. It could be
PCl. It could be any nunber of other things. W just
suspect that it is PCl.

The Browns Ferry i s corrosion failure and
has been --

CHAI RVAN POVERS: And by "corrosion
failure,” you nean eaten through the cl addi ng?

M5. YANG Yes, |ots of clad and, you know

CHAI RVAN POVEERS: Well, you seened to
di stingui sh between corrosion failure and crud-i nduced
failures.

M5.  YANG They are sone different
nuances. And we're trying to understand what they
are. They may be one of the same phenonena, just
mani f est somewhat differently, or may be different.
But we are trying to identify those.

This thing is particularly puzzling
because this particular case, as far as we know,
pretty nuch follows all of the BWR water chem stry
gui del i nes.

CHAI RVAN PONERS: W' re very proud of that

wat er chem stry there. 1'Il have to tell themthat.
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MEMBER FORD:. Rosa, you've got four hot

cell exam nations, presumably all in the United
St at es.

M5. YANG No. This one is KKL in Europe.

MEMBER FORD: Onh. | rather assuned that
since it was a GE fuel that was being exam ned at
Val | ecit os.

M5. YANG No. [It's at Europe.

MEMBER FORD:  (kay.

MR. OZER: The LaSalle fuel is goingto --

M5. YANG To Studsvik, too, yes.

MEMBER FORD: Because ny follow on
guesti on was, what other hot cells are you using? M
assunpti on was w ong. These are not just United
States hot cells.

M5. YANG No, no, no.

VEMBER FORD: If there any work, for
i nstance, in Japan? | noticed you have got a | ot of
stations in Japan. Are there hot cell facilities
bei ng used there?

M5. YANG They are hot cells. There is

a nunmber of very good hot cells. W haven't used the

hot cell in Japan, mainly because of the shipnment and
because of the U.S.-originmaterials. But hot cell is
an i ssue.
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| f you | ook at t he | ong-term
infrastructure for our industry, we don't have a | ot
of hot cells. And we don't have experienced hot cel
staff.

MEMBER LEI TCH: In all cases, thisworkis
done with failed pins, not with pins that are sim |l ar
to failed pins and have the --

M5. YANG We usually take both. We
usually take a sound rod as reference. And if it's
PCl, we try to take symretrical |ocation --

MEMBER LEI TCH: | see.

M5.  YANG All of them we actually
usual |y have done a consi derabl e nunber of pool -side
i nspections, discussions trying to look at the
manuf acturi ng record, the operationrecord. And so we
don't take things to the hot cell lightly because it
is a big expense, on the order of several mllion

MEMBER LEI TCH: Ckay. Thank you.

M5.  YANG And the shipnent itself is
becom ng nore and nore expensive and takes tine. |
think you will hear from Kurt later on that it's
because of this and in order to inprove the fuel
performance, we are trying to devel op a consi derabl e
nunber of nondestructive inspection techni ques to be

able to performat the pool side. So we can reduce
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our needs for the hot cell

Noble netal, which is a technology
i npl emented, is a CE-patented technol ogy. It was
first inplemented in Duane Arnold in 1996. And you
can see how quickly the majority of the U.S. fleet has
i mpl enented noble netal. The 27 BWRs are nostly in
the U S. | think there are a coupl e overseas, but the
majority of themare in the U S

VWhat | want to just highlight, one point,
istheutilities facing demands fromdi fferent sides.
For exanple, the radiation field reduction is a big
driver for the utilities, especially fromutilities'
operati on perspective.

So zinc injection up her coul d be hel pf ul
tocontrol the doserate. Soutilities want to inject
zinc. And, of course, | think many of you probably
knowthe fuel is the heated surface withinthe primry
systemand it has a |lot of surface area.

So nost of the stuff you inject, be it
zinc, be it noble netal, be it whatever you inject,
tends to end up on the fuel surfaces. So we need to
| ook at the fuel performance.

Anot her driving force, other than the
radiation field, isthe mterial degradation. Thisis

especially i nportant as we goto plant |ife extension.
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In order to preserve the integrity of the conponents
of the plant, noble netal is required. So quite often
our work was needed to address the nmaterial
degradation issue, to check how effective it is in
addressing the plant material issues, the radiation
field, and the fuel performance.

So quite often our program worked very
closely with the chem stry departnment and with the
materi al department. And we have this triangletrying
to balance all of the issues and jointly devel op
guidelines to the utilities on the plant chem stry.

MEMBER LEI TCH: Pushing in the opposite
direction, | guess, is hydrogen water chem stry, is it
not ? In other words, it tends to elevate the
radiation field significantly.

M5. YANG Yes. But that's why you use
noble netal. If you use noble netal, then the anount
of hydrogen that's required would be considerably
reduced. So that would reduce the radiation field.

MEMBER LEI TCH: | see.

M5. YANG So noble netal tends to have
t hat benefit as well.

kay. So those are the problem areas.
And you will hear a | ot about themlater on. Nowl'm

noving into the next area, which as an area | said
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earlier is proactively trying to ensure margi ns and
under hi gh-duty conditions. | highlighted margin. |
hi ghl i ghted hi gh-duty.

As you wll renenber earlier, we talk
about we operate fuel considerably differently today
as conparing to years ago. So we don't really have
any hot cell data avail abl e of these nodern hi gh-duty
fuels. And | will showyou what they are in a m nute.

In order to get a sense of the health, if
you may, of these kinds of high-duty fuels, we need to
conduct bot h pool -si de and, nore i nportantly, the hot
cell exam nations. And because of the expense and
because of the time and resources required, | think we
cannot afford to do a | arge nunber of them So we're
very, very careful in choosing what rods to take to
t he hot cell.

| would call our program probably as
mnimmin terms of nunber of hot cell exam nations
and scope. W try to be as conprehensive as possi bl e,
but they are certainly not overly broad. | think we
try to be conscious about what we need and just get
what we need. Those data are extrenely essential.

| said earlier our main purpose is for
margi ns. And the sane type of data can al so be used

for burnup extension. | wll show you why. This I
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think | already pretty much tal ked about that.

Anot her thing | may not have nmenti oned but
you probably guessed it already, we want not only to
choose the right type of fuel with the high-duty. W
try to go to plants that have the type of chem stry,
wat er chem stry conditions that we'reinterestedin or
concerned about. And for the PWRs, we try to go to
t he hi gh-tenperature plants. As you can see, what we
are trying to do since we are doing the mninmm
nunber, we try to | ook at the bouncing case.

Another fairly busy chart, but we're
intending to summari ze the nunber of hot cell exans
that we do, in this case, again, thetinme line in the
m ddl e; the BWR, the boiling water reactor, hot cel
exam nations listed on the bottom

There are two mmjor ones, both from
Limerick. The first one is actually the one at 52
assenbly average. It's the sane one that M ke Bill one
tal ked about yesterday at 56 or 57. He's tal king
about the rod burnup.

And we just made anot her shipment of the
next higher |evel burnup. And the highest burnup
there is 65. Again, it's the assenbly average. W
| ook at different processing material. And alsoit's

the first tine we really | ook at high-duty fuel with

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

31

noble netal chem cal addition. So those are the
boi Il ing water reactor ones for the pressurized water
reactor.

Again, we already made the shipnent of
Zircaloy-4 from HB Robi nson. And it's the sane
material that went to Argonne for the LOCA program
that M ke tal ked about yesterday. W nade anot her
shi pment | ast year of the ZIRLO cl adding at 70, 000.
Here is why | tal k about the sane data.

It's the first time we | ook at ZI RLO under
hi gh-duty operating conditions, at least in this
country. | think it's probably the highest burnup of
ZI RLO ever | ooked at.

MEMBER LEI TCH: So just so | understand,
these are not failures? These are high --

M5. YANG No, no. I want to
differentiate. These are the hot cells --

MEMBER LEI TCH:  Hi gh bur nup.

M5. YANG -- to get to high burnup to get
a margin. None of themfail ed.

MEMBER LEI TCH. And t hen what do you do,
exam ne the cladding or the fuel itself?

M5. YANG W look at the fuel. W |ook
at the cladding. | think |I deleted the scope slide.

Yes. | deleted it. Well, we nostly |ook at the
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fission gas release. W |ook at the cladding
di mensi onal change as a result of irradiation. W
| ook at the fuel norphol ogy or microstructure change
as a result of irradiation. Minly we |look at the
cl addi ng mechani cal properties, ductilities,
corrosions, hydrogen | evels, nostly checking howthe
fuel would behave.

MEMBER LEI TCH: Ckay.

M5.  YANG And these data are quite
useful, of course, to check the health of the
mat eri al . It could be wuseful burnup extension
licensing. It could be used for some of the RIAtests
that we talked about vyesterday, provided the
nmechani cal property for the --

MEMBER LEI TCH. These exposures are for
that particular pin, not the average or --

M5. YANG Seventy, | believe, is assenbly
burnup, is it not, Jeff? | nean, Kurt. |'msorry.

MR, EDSI NCER:  Yes.

M5. YANG Yes, assenbly. So the pin may
be ten percent higher.

MEMBER LEI TCH: Yes. GCkay. Thank you.

M5. YANG So, as | said, it's the first
time we ook at it. W could do it at 62 first, then

at 70, but we choose to |l ook at 70. So there are sone
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m sunder st andi ngs about this is entirely for burnup
extension. It isnot. It is the first time we |ook
at ZI RLO

Sane t hi ng here, sane story here, a couple
of years behind, North Anna. The burnup is about the
equivalent. It's the first tinme we | ook at Mb. For
t hose of you who know, these are the two types of
advanced alloys used in this country, ZI RLO and Mb.
And there are still sone utilities using Zrcal oy-4.

Here are the five hot cell exans, sound
rod for margins. They could be used for burnup
extension as well.

Very qui ckly, just one of the techniques
t hat we devel oped within this programto sort of as an
i nteri mneasure solve the AOA and the PWR crud issue
is by using ultrasonically to clean the fuel.

The first application is at Callaway,
which is the plant nost plagued with AOA issues. It
was a big success. And they are cleaning real | ow
quantities of fuel right now And it has since been
used at South Texas units 1 and 2 and again fairly
successful ly.

It was intended to be used later on at
Vogtle unit. So this is a technique devel oped by the

program and it probably will be fairly w dely used.
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The i nteresting point hereis not only the
techni que i s useful, but the techni que actually can be
transferred to solve BWR issues. And Kurt will talk
to you about how we are right now as we speak
qual i fying the same techni que for the BWRs. And there
their interest is for those rate reductions.

MEMBER KRESS: You take these fuel
assenblies out of the reactors and sit themon the --

M5. YANG In the pool.

MEMBER KRESS: |In the spent fuel pool?

M5. YANG In the spent fuel pool.

MEMBER KRESS: And then you have an
ul trasoni c systen?

M5. YANG To clean it.

MEMBER KRESS: Clean it in the pool
itsel f?

M5. YANG  Yes.

MEMBER KRESS:. Were does the crud go?

M5. YANG It is a closed system It has
itsown filtration. Andit collects the crud. Do you
have charts of those laid out, either of you?

MEMBER KRESS: It's the tank that goes
down in the pool and the tank is a closed systen?

M. YANG Right.

MEMBER KRESS: So you collect the crud in
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M5. YANG  Yes.

MEMBER KRESS: Ckay. That was ny concern.

MR EDSINGER: | do have sone slides.

M5. YANG Ckay. The second area for
margin, the third area --

MEMBER FORD: Excuse nme. Rosa, before you
go on to a newtopic, just to cone back to your slide
on the hot cell projects to quantify margi ns, you made
there that this is the first exam nati on of ZI RLO and
Mb in this country.

M5. YANG Hot cell exam nations for such
hi gh duty and hi gh burnup.

MEMBER FORD: And you al so pointed out
that there won't be nuch of this data because of the
expense of getting the data. And you al so nmade the
case that you want to nove into a proactive phase. |If
you're going to go into a proactive phase, then you'd
better have a good nodel of the various degradation
nmechani snms.  And you use this sparse data presumably
to benchmark that nodel .

Step back one further step. How solid do
you feel about the nodels of material degradation,
fuel degradation?

M5. YANG  Just during normal --
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MEMBER FORD: Because that is going to be

t he skel eton upon which you are going to build your
proactive managenent phil osophy.

M5. YANG Peter, you always ask tough
questions. | think if | could answer your question a
little bit differently, we have a fuel performance
code, which is FALCON, which is a steady state and a
transi ent code.

So we use the sane code for nornal
operation to predict the fission gas release, the
def ormati on, and those kinds of things. And we al so
use the same code for RIA and LOCA That's a
different subject. | think you are tal king about the
steady state here.

MEMBER FORD: |'mtal ki ng about themall,
but, yes, take a steady state or transient. I t
doesn't really matter. You're going to have to have
a nodel , a predictive nodel, on which you are going to
base your proactive managenent phil osophy.

M5. YANG  Yes.

MEMBER FORD: And you are going to use
that data to benchmark the nodel.

M5. YANG  Yes.

MEMBER FORD: M essential question is,

how solid do you feel ?
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MS. YANG  About our nodel ?

MEMBER FORD: About your nodel because you
are not going to have too much data to benchmark it.

M5. YANG No. In fact, you're quite
right. These data, we do | ook at them and feed back
into the nodel. But | guess | amnot quite sure how
to address your question properly because the way |
see it is for steady state operation, for nornal
operation, we are |ooking at margins.

We never |ook at failures. You never
design the fuel for failures. So the code woul d never
predict the rod would have failed. And, of course,
the rods do fail.

| amt hi nki ng back at sone of the failures
that we encountered that usually is sonewhat of a
| ocal phenonenon that the typical fuel performnce
nodel cannot last by itself. You always need to run
sone detailed either neutronics nodel or thernal
hydraul i cs nodel or whatever nodel.

MEMBER FORD: Graham asked a question
about PCl, --

MS. YANG Right.

MEMBER FORD: -- which is an ol d problem
| suspect that the current PCl probl ens you tal k about

are not quite the sane nechani sm
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M5. YANG No, no.

MEMBER FORD: The actual splitting is not
necessarily what we used to call PCl-before-barrier
fuel .

MS. YANG Ri ght.

VEMBER FORD: So how good do you feel
about being able to predict this new PCl problem or
bei ng abl e to predict the potentiality of zinc or NMCA
to give you excessive corrosion on BWR fuel or these

MS. YANG Qur nodel does address sone of
the chem stry additive. And | think they are in
general good, but the reason, what | amtrying to get
to is that the reason, you have failure usually is
because there is a |l ocal perturbation.

So if you input that, you probably wll
get the answer that you are | ooking for, but in nost
cases, | think failure occurs because we haven't
tested the condition properly.

MEMBER FORD:  Ckay.

M5. YANG So | would |ike to answer your
gquestion slightly differently. W have a docunent
that Kurt wll address later on. It's called
"techni cal requirenent docunent," --

MEMBER FORD: Ri ght.
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M5. YANG -- which is alnost like a
specification that utilities say, "I need the fuel to
perform this way" so that it won't fail. So that

docunent was nore focused on the type of performance
we need and the type of testing that we would require
if there is any change in the material. So you can
see that docunent itself would require know edge and
t he feedback

So what we are actually hoping is after we
finish these things, in each of the cases, we don't
just have a data report, we actually have a report
t hat assesses the margin that's there.

MEMBER FORD:  Ckay.

M5. YANG And we are going to take that
and feed back into the technical requirenment docunent
to say, "Do we have the right criteria? Do we have
the right know edge to say how can we do things
differently in the future so we don't get into the
same problemthat we have today?"

MEMBER FORD:  Ckay.

M5. YANG So let me just finish. So ny
thought is for transient condition, you |ook at
fail ures because you have to go there in order to see
that, but for the steady state, you usually don't

design to failure.
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So you predict, for exanple, fission gas

rel ease. So we do check if the code wll predict
fission gas release. In sone cases, we're right on;
ot hers, we may be not predicting it well. So we have

work to do there. W | ook at corrosion, and we | ook
at the cl addi ng di nensi onal change.

So maybe | amansweri ng your question. W
do | ook at these. And we check our code to see if we
are predicting that. So this is kind of inportant to
benchmark it.

One thing | want to point out is that
these data are quite different fromthe Hal den dat a.
They are alnost |ike two different popul ations. And
any code in order to predict the |ight water reactor
has to | ook at both.

MEMBER FORD:  Ckay.

M5. YANG Matt wanted to say sonet hing.

MR. EYRE: Matt Eyre, Exelon Nucl ear,
agai n.

As Rosa pointed out, these are just
basically a noting of the hot cell projects. One of
the things that not only does Exelon Nuclear but a
nunber of the other utilities have done or plan to do
is also |l ook at their fuel pool-side as well. So it

will be a nunber of benchnmarks to the hot cell and
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al so t he pool side and a nunber of different operating
envi ronnents.

For exanpl e, we are goi ng to be | ooki ng at
our Three Mle Island unit 1 fuel next spring, which
is Mb. And it has gone to about 70 gi gawatt days per
metric ton, different operating environnent than the
North Anna fuel, simlar burnup. And so we wll be
able to conpare that with the North Anna fuel. So |
will see somewhat sparse data up there.

There i s a consi der abl e body of pool -si de,
nondestructive exam nation that we will be able to
conmpare with the North Anna work.

M5. YANG Yes. Thanks, Matt. | think
that is areally good point. Mybe in our trying to
cover the hot cell, | didn't quite nention the
pool -side. In fact, that is the ngjority of our data.
These are just trying to confirm or get additional
data that we can't get at the hot cell. But pool side
is really inportant.

MEMBER RANSOM Has any t hought been gi ven
to including probablistic effects into your nodel so
that you would predict failure rates? I's that
feasible, | guess, or --

M5. YANG |It's feasible. And | renenber

years ago there was a code, actually, like that. |
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forgot the nane, Entropy, sonmething. | forgot. Thus,
| think it's feasible. I'mnot quite sure we want to
go there because fuel performance, fuel behavior is
fairly conplex in the --

MEMBER RANSOM  There is a nove towards
probablistic methods in risk analysis and safety --

M5. YANG  You coul d. You coul d. Ve
haven't done that.

MEMBER RANSOM It woul d seemli ke a good

way to go.

M5. YANG W haven't done that.

MEMBER KRESS: It's not particularly a
risk issue, I wouldn't think.

M5. YANG Not particularly.
MEMBER KRESS: | don't know why you woul d
want a probablistic nodel to predict fuel failure.

M5. YANG Yes. |It's usually pretty |ow

ina 10°.

MEMBER KRESS: Lowin risk base. It's an
operational issue, | think

M5. YANG Yes. Thank you. | want to
enphasize this is not a safety issue. This is a

si nmpl e econom c i ssue.
MEMBER LEI TCH: You talked about

ultrasonic cleaning in a couple of the future slides
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that you already covered. | guess you went back to
it.

M5. YANG  Yes.

MEMBER LEI TCH: | guess | am wonderi ng.
Apparently at Paks in Hungary, they were chemcally
cleaning, | guess. | don't knowall of the details of
t hat, but |I guess they had a chem cal cl eani ng process
t hat went am ss.

M5. YANG  Yes.

MEMBER LEI TCH: | amjust wondering. |Is
anyone in the United States thinking about chem cally
cl eani ng?

M5. YANG Not that | am aware of. O
course, this technique is totally different.

MEMBER LEI TCH:  Yes.

M5. YANG And we won't |eave it alone.

DR. MEYER  This is Ral ph Meyer at NRC.

| gave a short presentation on this
yest er day. | just wanted to nmake one point. The
chem cal process was conpl eted and successful. This
was j ust an overni ght cooling of aclean fuel problem

MEMBER KRESS: It was a | oss of cooling.
And | presune you can have a loss of cooling with
t hese t hings, too.

M5. YANG You could except that this is
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DR. MEYER | was unaware of that. Thank
you.

M5. YANG This is not just this system
You have to be there. And it takes about one mnute
or so to clean each assenbly. So it is a continuous
process. You don't just leave it there.

Ckay. | want to tal k about a part of our
program which deals with regulatory issues very
briefly. The uni queness of our roleinthisis we are
the industry interface with NRC on fuel-related
regul atory i ssues. And they are kind of a two-pronged
i nteraction.

Wth NRR, we interact through NEI any
regul atory and licensing i ssues. And many of these,
it'sreallyindustry interaction. It's not just EPRI
It's EPRI representing the utilities and the fuel
suppl i ers. So it's really industry through NEI,
interact with NRR

| think this approach has worked
reasonably well on research issues. There is a
menor andum of understandi ng between EPRI and NRC
research. And there are many col | aborations areas.
Fuel is just one of themand | want to say has worked

very well. Thank you.
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And we have these tw ce- a- year managenent
types of discussions between EPRI and research, NRC
resear ch. And usually we get reasonably positive
f eedback to and from our nanagenent.

And speci fically we have t hi s LOCA program
t hat you heard a | ot about yesterday. And, of course,
there is the Cabri water loop project that we
col | aborate together.

MEMBER KRESS: Is the iodine spiking
phenonena part of this progranf? Are you | ooki ng ahead
or has it gone away with the new fuel s?

M5. YANG 1 odine spiking?

MEMBER KRESS: Yes, during transients or
shut down.

M5. YANG  During shutdown.

MEMBER KRESS: Yes.

M5. YANG Yes. It's still there. I
don't think we |look at it. Mybe |I'mnot --

MEMBER KRESS: It's not part of your
pr ogr anf

M5. YANG It's not part of our program
al t hough we do know that if you have failed fuel when
you shut down --

MEMBER KRESS: Yes. It seens to be

related to failed fuel.
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M5. YANG It is, yes. And we have a

handbook that kind of tells a utility what to do in
case of fuel failures. Andthey tal k about the iodine
spi ke in there.

CHAI RVAN PONERS: Let nme ask one questi on.
Presumably, the tests being done at Argonne are being
done to confirmregul atory deci sions onthe ability of
fuel s of the current types of satisfy the requirenents
of 10 CFR 50. And presunably once sonebody concl udes
t hat question has been answered, NRC s funding for
that work will cone to an end.

M5. YANG W hope so.

CHAl RVAN POVERS: \What happens then? |If
the industry is noving to Mo cl ads, fuels of different
types, and things like that, you still have the
problem of showing that you conply wth the
requi rements of Appendi x K. So, | nmean, what happens?

M5. YANG | think I am going to answer
your question. The way we work, for exanple, through
the robust fuel program working group 2 to address
your questionis we would | ay the groundwork, the road
map, i f you may, howto resol ve any regul atory i ssues,
be it RIA or LOCA, by submtting a topical.

Now, if, for exanple, the topical for RIA

t hat has been submitted is for Zircaloy-4 but if NRC
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approves that topical, it basically says, "Here is a
criteria. Here is what you need to do to show
conpliance.” And althoughthecriteriais Zircal oy-4,
it is fairly straightforward for the vendors to take
t hat approach and add to their data for Mo and to
produce their criteria. That's one approach. And
that' s probably a nore suitabl e approach for LOCAt han
Rl A.

For RIA, because the advance alloys
perform so nuch better than the Zircal oy-4 that we
have used to develop the data, they could either
devel op a newcriteria or they could say, "Well, this
is aconservative criteria for M. |'mhappy withit
the way it is. So they can take either approach.

Does t hat answer your question? W don't
take it fromthe beginning to the end, but | think we
do the work that is nore efficiently done by the
i ndustry.

MEMBER KRESS: It sounds to ne likeyou're
presum ng t he phenonenol ogy renmai ns the sane fromone
fuel type to the next.

M5. YANG For RIA | thinkit is. AndI
amgoingtoget intoalittle bit technical discussion
because RI A, the cladding force cones fromthe fuel.

And then you just | ook at the cladding response.
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And there are differences between one
alloy to the other, but you can address that
separately. Sone may not be the same. But that's why
| said for LOCA, it mght be nore different. 1In that
case, the cladding may play a different role.

Do, Jerry or Ryan, you want to say
anyt hi ng?

MEMBER FORD: My question was sonewhat
al ong the same t hought process. Just to clarify that
when you are talking about the nmenorandum of
under st andi ng between EPRI and RES on the LOCA tests
in ANL, there are no other tests being sponsored
primarily by EPRI which address these issues. So
those tests we heard about yesterday are the only
tests going on in this country.

M5. YANG | want to --

MEMBER FORD: Let ne followon for a bit.

M5. YANG  Sorry.

MEMBER FORD: W heard yesterday and you
heard all the questions we brought up about those
tests and the concerns about how would the results
change if you had changes in conposition of the
mat eri al s.

The answer | heard you gi ve Dana j ust now

i s those specific questions, whichrelateto different
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allows, will be the responsibility of the vendor.

M5. YANG O the fuel suppliers, yes.

MEMBER FORD: And EPRI would not be
f undi ng any out st andi ng questi ons associ ated wi t h t hat
all oy-specific item

M5.  YANG That's correct. That's
correct. Thank you for the clarification. 1| also --

DR MEYER  Excuse ne. Could I --

M5. YANG You are probably tal king about
what you are going to tal k about anyway. Let nme al so
differentiate one thing. | guess when | was answering
Dana's question, | was nore thinking about regul atory
approaches. Ckay? That was specifically nore for the
regul at ory approaches.

But when, Peter, you are tal king about
t hese menoranduns of understandi ng between EPRI and
research, we are tal ki ng about research progranms. W
collaborate to do the test, just because the test
itself is so hard to do. But we are totally
i ndependent in ternms of analysis of the test results.

I s that what you wanted to add?

DR. MEYER: This is Ral ph Meyer from NRC
research.

No. VWhat | wanted to comment on was

Dana's original question about the prograns for the
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new all oys. |In our recently issued programplan, we
have, in fact, planned and budgeted for continuation
of the program at Argonne on Mo and ZI RLO all oys.

And, in addition to the LOCA tests, the
nmechani cal property tests, which are applicabletothe
RI A accident, we also have testing specifically for
dry cask storage and transportation of spent fuel.

Now, the big uncertainty is the formand
extent of the cooperation between the NRC and i ndustry
in the future testing of irradiated Mo and ZIRLO
because we do not have that material on hand at the
present tine.

CHAl RVAN POVERS: Let me ask another
guestion. You have i ndi cat ed down bel ow at t he bottom
of that slide that you are a participant in the Cabri
program \Wat do you anticipate getting out of the
Cabri progranf

M5. YANG Well, | was one of the persons
on record saying we don't need the Cabri water |oop
project. So personally | don't think we really need
nore of the failure/no failure type of tests. | am
just about to get into the presentation that you will
see that cone across probably even nore clearly.

| think we have a good understandi ng of

the situation. We know how fuel s behave under Rl A
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condi ti on. W have a good nodel. And the nodel
predicts the results. So | don't think we need nore
of the water |oop type of project.

However, if fuel can fail in the water
| oop, which is kind of a challenge right now, you
know, they can't fail therodinthe water loop, if it
does fail, then we can |ook at fuel-cool ant
interaction. That's the only thing that we may get.

CHAI RVAN POVERS: Yesterday there seened
to be some controversy over the wdth of the
appropriate pulse to use in testing. Were you
pl anning to el aborate on that?

M5. YANG |'IIl try. Okay. W have three
maj or regul atory focus areas. RIA we submtted a
topical; -- we talked about that -- a LOCA; and
i ndustry guide is for burnup extension. So let nme go
to RIA whichis nost of these are not in your package
because | added theml ast ni ght, be happy to make t hem
avail able to you, but | believe all of themreally
came fromor nmost of them-- |I'msorry, not all of
them-- nost of themcame fromthe presentati on when
we were here a year ago.

This is what we proposed, two separate
curves: one for coolability, one for fuel failure.

| want to make a few comments related to yesterday.
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And | will try to use some slides to illustrate the
comment that | have here.

| think one of the key comrents is the
fuel behavi or under RIAtransient; well, fuel behavi or
in general anyway. And fuel behavior under RIA
transient, in particular, is nonlinear, is very
nonlinear, and is nonlinear with tenperature for the
fuel and for the cladding.

W know tenperature is an inportant
par anet er. And the response is nonlinear wth
tenperature and is nonlinear with another inportant
paraneter, which is the hydrogen

The effect of hydrogen on the cl adding
ductility, it would strongyl depend on hydrogen
concentration but not just concentration by itself.
The distribution of the hydrogen is extrenely
important in cladding ductility. | think there are
anpl e data to support that.

What is very, very clear -- | don't think
there is too nuch anmbiguity here -- is spallation. If
you do get into spall the situation, the spallation
severely degrades cl addi ng ductility. And |l will show
those in a mnute.

The next point, given it is such a

nonl i near behavi or or phenonenon, you need to nodel
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it. And you need a good transient fuel, thernal
nmechani cal nodel to nodel the phenomenon. And FALCON
is just one of the possible codes. That is our code.

And i n our code, we have i ncorporated the
hi gh burnup properties up to the burnup | evel that we
are |l ooking at these phenonena in terns of thernal
conductivity as a result of high burnup, the rim
effect, and the power depression for high burnup. All
of these are extrenely inportant in terns of
tenperature distribution.

And also, as all of you know, the fuel
performance code, | think John showed a very conpl ex
chart. It is conplex. And you can wite sone
fundament al equations for nost of the phenonena.

But at the end of the day, there are these
fudge factors that there is no way around it. You
have to tune them And you have to tune them wth
good, representative data fromHal den because that is
the only place that you actual | y neasure t enperature,
you neasure the gas rel ease. So you need those. And
at the end of the day, we are dealing with |ight water
reactors. So you have to have the |ight water reactor
dat a.

So you need a good code that has t he good

nodel in it, good property in it, and should be
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benchmar ked properly. And another thing is you need
a good understandi ng of the nmechanism And that can
only be provided by these RIA simulation tests that
Cabri and NSRR and the SPIRT CDC tested earlier.

And there are nmore than 100 of such
el aborate and highly sophisticated tests. Sone are
nor e sophi sticated than others. There are nore than
100 of those avail abl e.

| am going to get into you also need a
cl addi ng mechani cal property because that is the one
really responding to the drive. And there are sone
separate effects tests if you want to answer when the
fission gas rel ease occurred and things like that.

What we have done, the industry has
submtted last May in a topical report is separate
cladding failure and core coolability limt. | think
in those cases, we have incorporated the key
control | i ng paraneters.

For the failure, we think high corrosion
and hydriding are the dom nating factors. And | wl|
try to define that. For the coolability, we will | ook
at U02, the incipient nelting of U02, as a function of
burnup. And we | ook at the burnup effect as well. W
bel i eve those are the controlling paraneters.

Both limts are supported by either
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integral data or separate effects data, | nean
separate effects. And this separation of coolability
and failuresis consistent wwththe current regul atory
criteria to separate the two.

W don't see any justification for
conbining the two limt because they are totally
different phenonena and by conbining them is
unnecessarily conservative, is way conservative.

The coolability limt proposed by the
i ndustry i s conservative by itself because | amgoi ng
to show you it's a belt-and-suspenders type of
approach. And it is supported by data. So those are
just outlines of what | would |like to show.

The first thing, just to illustrate the
nonl i near feature of this phenonena, as you all know,
inan RIAtransient, the energies are nostly deposited
at the rim

This is the tenperature versus the radi a
position. This is the center of the fuel. This is
the pellet rimright here. And the cladding is here.

So let's ook at early in the pulse.
Let's look at the 87 mlliseconds. You see the
tenperature is very high at the pellet rim And that
is where all the actions occur.

And for this solid line, the cladding
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temperature is the solid line. I'msorry. 1 should
have said in the beginning, this is the cladding
temperature, is black. Andif the pul se goes into the
bl ack, the cladding tenperature goes like that. And
at the end --

CHAI RVAN POVERS: That was too remar kabl e
for nme. You put a pulse in. And so the tenmperature
and the clad go down?

MR. OZER: No, no. The tenperature and
the cladding are way at the bottom way down, way
down.

M5. YANG Yes. Sorry. Here, this one.
This is the beginning-of-life tenperature. This is
the end-of-life tenperature. Sorry. This is
beginning. This is the end.

This is 8 mlliseconds. As you gotothe
end of the pulse, the tenperature, the heat is
begi nni ng t o conduct through the center of the pellet.

So the pul se, the tenperature shape kind
of snoothes out, beconing this curve. And the
cl addi ng tenperature increased fromthissolidlineto
that line. And, of course, after a long tinme, the
tenperature goes to two seconds |ater, goes through
your typical parabolic distribution.

So the nonlinearness is the tenperature
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keeps changi ng as you go through the pulse. And it
progressively noves to the center of the pellets. At
the sane tinme, the cladding tenperature increased.

CHAI RVAN PONERS: | guess you just totally
confused ne.

M5. YANG  Ckay.

CHAI RMVAN POVNERS: The slide says we have
a 9.5-mllisecond pul se.

MS. YANG Ri ght.

CHAI RVAN POVWERS: Ckay. So now you are
| ooking at 87 mlliseconds. That nust surely be a
long time after the pul se. So we're not goi ng t hrough
the pulse. W' re just enjoying the response of the
systemto the pul se.

M5. YANG Say that again.

CHAI RVAN POVNERS: W' re not goi ng t hrough
t he pul se. W're sitting here looking at the
aftermath of the pul se.

M5. YANG The tenperature responseinthe
fuel has a delay from the pulse. W have a
tenperature chart of the energy, of the pul se and the
energy. | will find it for you |ater at the break.

MR. OZER: Rosa, the origin of the pulse
is not at zero. The pulse starts later on. Early in

the pulse, 74.5 milliseconds is only the begi nning of
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the pulse. At the peak of the pulse, you are at 87
m |l iseconds.

M5. YANG This one?

MR OZER  Yes. So the counter starts
before the pulse. And then the pulse is introduced
around 70 or so. And 87 is the peak of the pul se.
And then it starts to decrease after that.

CHAI RVAN PONERS: That is certainly not --

M5. YANG No, no. There is the energy
input. Thereis adelay in the pul se. You don't heat
up the fuel, by the way. 1'Il showyou. | think, in
fact, we have a nice energy input versus when you
Cross --

CHAl RVAN POVNERS: | can safely say | am
totally confused, but --

M5. YANG All right. The tim ng, we can
clarify that, but the key point in trying to make
assumng if you will just followthe zero tine here,
thisisat 87 mlliseconds, then the pul se keeps goi ng
i nsi de.

MEMBER SI EBER: It would beinterestingto
show a plot --

M5. YANG | will showyou. 1It's on the
conput er.

MEMBER S| EBER: -- of the energy creation
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especially --

M5. YANG Yes, exactly.

MEMBER SI EBER:  -- and then | ook at that
versus what the tenperature results.

MS. YANG Versus tenperature, yes.

MEMBER SIEBER:  Then | think it becones
cl ear.

M5. YANG | can see why you are confused,
but let's forget about the tinme zero. We will define
that later. In an RIA pulse, you deposit energy at
the rim

MEMBER SI EBER:  Ri ght.

M5.  YANG So this is the tenperature
di stribution at sone point. And as tinme goes al ong,
this tenperature shape wi dens and eventual ly goes to
t he parabolic.

CHAI RMAN POVERS: | assune that all you're
telling me is that there is conduction.

MEMBER SI EBER  Yes.

M5. YANG There is conduction, right.

CHAI RVAN POVERS: Now, conduction is
sonmething | believe in.

M5. YANG And that conduction --

CHAI RVAN POVERS: What that has to dow th

9.5-mllisecond pul ses versus 30-m|lisecond pul ses,
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|"'mnot entirely certain about.

M5. YANG  Ckay.

CHAI RVAN POVERS: | have no i dea what this
slide is trying to tell me other than that there
assuredly must be conducti on.

M5. YANG Ckay. There are two points on
the slides | want to nake, and maybe |I' mnot making it
clearly. The first one is the nost of the energy is
at the edge. And the narrower the pul se, the narrower

MEMBER SI EBER:  The sharper the peaks.

M5. YANG The sharper. This is the peak.
And that affects the tenperature in the cladding,
whi ch changes with tine. So that's one of the first
nonl i near situations.

Now | want to gointothe cladding failure
because that's one of the criteria we propose. Then
Il will go to core coolability. Most of the
simul ation, RIAsinulation, tests deal with cl adding
failure.

There are over 100 of them And, just by
studying them | think this is kind of the concl usion.
There are two di fferent phenonena for high burnup and
for | ow burnup.

For the | ower burnup ones, it's nostly a
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hi gh-tenperature failure. It's called post-DNB
operation. And we won't discuss too nmuch of that here
because nost of what we are concerned about is high
burnup. And for beyond 30 or 40 t housand, the failure
is by pellet-cladding nechanical interaction. And
t hat can be nodel ed very successfully.

So far the experinent has not produced any
data that suggests otherw se. So pellet cladding
nmechani cal interactionis the failure nmechanism And
the driving force for that is fromthe fuel therma
expansion and the fuel extension as a result of
fission gas swelling.

For those of you who | think are |ess
famliar with pellet-cladding nechani cal interaction,
the cladding ductility is the key paraneter in
determning if the test failed or not.

This is al so the concl usion of the PARRI A
PI RT t hat Ral ph chai red, whi ch says cl addi ng ductility
is a key paranmeter. Now, as you remenber, now we're
| ooking at the current regulatory criteria at high
bur nup.

So this point is trying to say burnup per
se is not an inportant parameter, but the result of
t he burnup, the claddi ng corrosi on and hydriding as a

result of irradiation and burnup is really the key.
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You could have very |ow burnup, a very
hi gh corrosion, and you could fail. The cl addi ng
coul d become very brittle or, conversely, you can have
very, very high burnup but very good cladding, has
very |l owcorrosion. The cl addi ng woul d have survi ved.
And many of the Cabri tests have denonstrated that.

MEMBER SI EBER: But the fact is that it
does becone | ess ductile as burnup increases absent
the corrosion effect, right?

M5. YANG You nean the irradiation

damage?

MEMBER SI EBER  Yes.

M5. YANG Yes. And that doesn't seemto
be as inportant as the hydrogen in the cladding. In

the Cabri test, they have conducted two very high
burnup rods with advance alloy and with very |ow
corrosion levels, like 20 mcrons or so. And they
have survived the highest energy input at 70,000
bur nup.

So that is a good denonstration, if you
may, that the hydrogen, when you have | ow hydrogen
even with the irradiation damage, it could survive
this type of transient.

MEMBER Sl EBER: And zinc nmakes the

hydr ogen | ow?
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MS. YANG Zinc?

MEMBER Sl EBER: Yes. VWhat chemi cal
addi tion can you reduce the hydrogen fronf? Any?

M5. YANG | don't know.

MR. BILLONE: |I'm sorry. Wat was the
guesti on?

MS. YANG \What chenmical in the cool ant,
addition in the cool ant, would nake hydrogen | ow --

MEMBER S| EBER:  Lower.

M5. YANG -- lower in the cladding?

MR, BILLONE: | don't think you can do it
t hat way because basically you have water. And wat er
is going to break up. And sone of that hydrogen is
going to go through the oxide, which is not
protective, and will get to the cladding bare netal.
It happens | ocally.

M5. YANG In this particular advanced
cladding, just corrosion is very |ow And this
hydrogen was al so very low. |If therodis spalled, as
| said, once a spalled, it severely degrades its
ductility.

In the Cabri database, there are no
failures up to 64 and now up to 70 thousand for both
Zircal oy-4 and advanced alloy. As long as it doesn't

spal |, you can have fairly high corrosion, up to 80,
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90, 100 microns. But there are no failuresif the rod
did not spall. So spallation does create a speci al
chall enge to the ductility.

In nmy slides, you are going to see | sort
of favor the Cabri data in the sodiumloop. W only
have two new data points in the water | oop. And one
is not even quite confirned.

So all the data |I' mtal ki ng about here are
inthe old programin the sodiuml oop. And the reason
| favor that | think is the same reason that Ral ph
Meyer tal ked about yesterday. These are the nost
representative sinmulation tests. They have the right
temperature and the right pul se.

CHAI RVAN PONERS: | t hought one of Ral ph's
maj or points was that the tenperature was a bit high.

M5. YANG For this?

CHAl RVAN PONERS: For the Cabri data. |
nmean, he went through the whole exercise with us on
REP- Nal0. And he nade an adjustnent for the higher
t enper at ure.

DR. MEYER. Yes. This is Ralph Myer.
The tenperature was hi gh as a consequence of the pul se
width. The initial test tenperature is the right --
it's the same as the hot standby tenperature.

M5. YANG So you are adjusting the --
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DR. MEYER: The high tenperature that |

was tal king about, Dana, was a consequence of the
artificially broadened pul ses that they're using. And
these are the tenperatures of the cladding at
approximtely the time that the failure took place.

M5. YANG So you arereally adjustingthe
pul se wi dt hs?

DR. MEYER Yes. For Cabri, the
adj ustment was just for pul se w dth.

M5. YANG For the pul se wi dth.

DR. MEYER For the NSRR data, the
adjustrment was for both pulse wdth and test
tenmperature, theinitial tenperature of thetest in--

M5. YANG |In that case, the tenperature
is very low The pulse widthis very narrow. So you
adj ust upwards both cases?

DR. MEYER  Yes.

M5.  YANG M. Chairman, you talked
yesterday about something new in the topical. I
assune you are referring to the failure nodel talked
about here. This strain energy density approach has
been used el sewhere. This is not sonething really
i nvented by Anatech. What it does is it really just
i ntegrates under the stress and strain curve that you

get fromthe mechani cal property neasurenent.
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What i s unique, | would say, is the CSED,
whi ch defines the failure. You know, you | ook at the
stress-strain curve. And you |l ook at the total strain
her e. And then you integrate between the
stress-strain curve. And that is the failure CSED

The reason we take this approach is
because it takes into consideration the strain rate,
the tenperature, and the stress biaxiality effect.
' mnot the expert on this.

So | can't really defend this too nuch
But | think we need this because if you want to take
a mechani stic approach of the RIA instead of just
| ooki ng at the data enpirically, you need sonet hi ng as
a gauge to say what is the neasure of the adverse
effect onthe rod sothat it fails or not fails. And
this is our gauge.

You can | ook a nunmber of cases. You can
use strain. You can use stress. But we decided to
i ntegrate under the stress-strain curve as our gauge
for failure.

So when | | ook at the response of any RIA
simulation tests, | can calculate the SED for that
particul ar test and then depending uponif it's Mp, if
it's ZIRLO, if it's Zircaloy-4 and how nmuch hydrogen

inthe cladding, then |l create a CSED curve, which is
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clearly nechanical property. There's nothing nore
t han nmechani cal property. And if the nechanica
property is good enough, then the rod will not fail
And if the mechanical property is not good enough,
then the rod will fail.

Soit is aconcept of taking advant ages of
t he nechani cal property data. And | think because of
this, you can actually -- | think Tomyesterday tal ked
about extrapol ating i nto advanced al | oys. Because of
this way of making use of the basic nechani cal
property data, you can extrapolate it or extend it to
advanced al | oys.

Now, one of the concerns or thecriticisnms
is how good are the data. And here is our database.
There are hundreds of data. They are not all created
equal . They are burst tests, axial tension tests,
ring tension tests. And there are different ways of
doing ring tension tests. | would argue that axial
tension test is probably not that rel evant because we
are | ooking at the hoop direction here.

| would also argue sonme of these very
early or very old data are probably not as good as
sone of those on the | ower end curve. But you can see
the database is pretty extensive. They cover

different fuel type, different burnup |l evel, fluence,
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oxi de, tenperature, strainrate. The fact it is very
conpr ehensi ve probably resulted in the scatter of the
data. And here is the data. There is considerable
scatter. | would agree.

| just want to use this curve to make a
fewpoints. A do we want better data? Yes. You can
al ways get better data. And we have many progranms in
pl ace. The one at Argonne is one and sone of our own
pr ogr amns.

We can al ways refineit, but the one thing
| want to point out here is different shapes. Well,
some of the scatter is due to tenperature. As you
know, tenperature is aninportant paraneter. And what
| want to point out is these solid synbols. They are
fromthe material that has spalled. The open synbol s
are, at least fromthe netall ography, that they are
not spalled. And this bluelineis the best estimte
fit of all the data. And this is the best estimate of
all the spall ed.

So |l think it is clear that they are two
di fferent popul ations.

CHAI RVAN PONERS: |'mtenpted to qui bble

M5. YANG Wth that?

CHAI RMAN POVEERS: Wth a lot of stuff
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about this plot. For instance, let us take your
spal l ed solid data point out of the plot. And let's
| ook at the residual open spot. Wiy wouldn't | fit
that with a constant?

M5. YANG Well, one of the reasons we
don't want to fit it with the constant, Dana, is
because we do knowthere is arelationship here. What
you are plotting is the strain energy density as a
function of oxide to cladding thickness ratio. It's
a fl ange paraneter, but we use it. You can just | ook
at it as oxide. The reason we divi ded by the cl addi ng
t hi ckness i s because, if you renenber, our data had 14
by 14, 15 by 15, 16 by 16, 17 by 17. So this is just
a way to nornmalize the data point.

Basically, you are saying that the
critical strain energy density is reducing as you
i ncrease the hydrogen content. | think it does have
a slope to it, especially if you | ook at individua
data sets.

CHAI RMAN POVEERS: You can have a rel i gi ous
belief thereis aslopethere, but | fail toseeit in
t he dat a.

M5. YANG One of the scatters, the reason
i s because we plot all the data that may not belong to

the same curve. But if you | ook at individual sets,
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like this ring tension test, it does have a slope to
it.

And if you | ook at burst tests, which is
typically believed to be nore demandi ng t han an RI A or
PCM type of test. It has a very sharp slope to it,
whi ch i s consi stent with the nmechani stic understandi ng
of the nmechanical properties.

| do agree as we i nprove, | think for many
of the people here, they know that there are
chal l enges for these either burst tests or the ring
tension tests. You basically get different results if
you do ring tension tests or burst tests. And
dependi ng on t he gauge |ines, dependi ng upon how nuch
friction you have and all of that, you get scatter in
the data. And they can be inproved, and they are
bei ng i nproved.

What we have done here -- and | will show
you what we have done -- is we | ook at different ways
of using the best estimate. W think for RIAtypes of
transient, it is not a good idea to just take the
| ower bound given the type. Bei ng risk-informed
approach, you should | ook at the best estimate but
tryingtoquantify the uncertainties or the scatter in
the data. And we have done that in the report.

CHAI RVAN POVEERS: It's a very peculiar
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characterization of the uncertainty in that report.
| f you were to put the confidence bounds around that
line, about where would they show up? You can take
any percentage confidence you want, 50 percent, 80
percent, 90 percent.

M5. YANG  Yes.

CHAI RVAN POVNERS: Wher e woul d t hey show up
on that curve?

M5. YANG On the curve?

CHAl RVAN PONERS:  Yes.

M5. YANG |'Il show you. Wat we did,
this is the best estimte curve. Then we said we w ||
only look at the burst data. W will look at a
different set. W saidwe will only | ook at the burst
data, which is the green curve. Then we said we will
| ook at the [ower bound of all the data, which is a
red curve. So you do get different curves.

The bottom line, these are the three
curves. |I'msorry. The red becone bl ack here. These
are the three curves. |f we take the | ower bound of
all the mechani cal property data we have, we wi || have
predicted those tests failed and they didn't. And so
we decided consistent with the risk involved, we
shoul d take a best estinmate approach.

But if you really want to, if you take a
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list of the burst tests, which we know is nore
conservative than the PCM type of scores, if you take
this, you still would show this rod fail

So we kind of |ack data. W don't have a
good justification. The right curve to be totally
probably shoul d be sonmething |ike that, but we don't
really have a good basis to draw a |ine here.

And then in the report, we did estinmates
of taking any of the curves. How does that affect the
criteria that we have proposed? And we quantify that
in the report. The bottomline is very, very small
basi cal |l y because these curves are so flat and we use
a very conservative corrosion correlation, just to
refresh your nenory, because these curves are
basically flat here.

Soif we take the | owest, | owest bound, we
probably end up with a curve like that. So it is
going to be |lower than what we proposed but not by
very nuch.

So basically when everything is sort of
put together interns of the failure curve, it is not
that different fromwhat we proposed. And these are
di scussed in great detail in the topical report.

So yes, | agree there is considerable

scatter in the data. And we have | ooked at ways to
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guantify the scatter and the uncertainty. And we have
gquantified that. And the bottomline is that doesn't
really change the final criteria.

CHAI RVAN POVERS: If you nodel that
dat abase as a constant, whichit certainly | ooks |ike,
then it says there's no dependence on strain energy
density and it's a failed concept. That's the
probl em

You have said, "Look, this thing depends
on strain energy density.” You draw a curve through
it to get yourself a slope. You showhowit depends,
but you may be fooling yoursel f because the datais so
scattered there may be no dependence on strai n energy
density. It may have nothing to do with it.

M5. YANG |If that's the case, then this
curve you could plot. | don't think strain energy
density is very unique here. You can plot the total
el ongation here, for exanple.

CHAl RVAN PONERS: | can pl ot the tides of
the moon on this plot and do a cal cul ation and get a
curve through it. It doesn't nean there is one. You
see, the data is so scattered that it is very, very
difficult to convince yourself that the sl ope you have
there is distinguishable from zero.

MR. CARUSO Wiy is it acurve? Wiy isn't
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it a straight line?

M5. YANG It's a best fit curve.

MR. CARUSO But when you do a fit, you
have to fit to an equation and deci de what the shape
of the datais. Is it linear or it a quadratic or is

it a cubic? How did you decide that it was that

shape?

M5. YANG |It's a statistical fit of the
data. | nean, that's the shape that cones out of the
fit.

MR. CARUSO To what? | nmean, you have to
decide that it varies as the square or as the |og or
as the? \Were does that cone fron? If you do a fit
to a particular type of curve --

M5. YANG The fitting routine gives you
what is the best fit form

MEMBER S| EBER: If you do a multiple
regression, it will come out either a straight line or
sonme kind of a curve.

CHAl RVAN POWERS: If you do a multiple
regression in any real program it will alsotell you
whet her t he coefficients are distingui shable fromzero
or not.

MEMBER SI EBER:  Ri ght.

CHAIl RVAN POVNERS: And here | just can't
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imagine it would cone back with any of the terns
having a coefficient that was distinguishable from
zero.

M5. YANG Oh, | think it does.

MEMBER SI EBER:  You may be right.

M5. YANG Dana, one other thing | want to
poi nt out is probably our fault. W plot all of the
dat a we have just because they're in that not danaged
nmechani cal property data. But what | would argue is
sone of these axial tension tests are not that
relevant for the PCM type of driving force that we
are tal king about here.

So if you take the blue square and the
green or the upside-down triangle, whichis a lot of
the scatter right here, I think that the sl ope you are
| ooki ng for nmay be nore clear.

MEMBER Sl EBER: I think you are making
your argunent based on what you are observing there,
but it would be interesting just to take the sets of
data and pl ot the curves and see what they actually do
| ook lIike, rather than have a single curve --

M5. YANG  Yes.

MEMBER SI EBER: -- tryingto represent all
of the data.

M5. YANG And | believe they are in 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

76

report, the different sets. Like |l said --

MEMBER SI EBER:  Well, | don't know that.

M5. YANG |If you |look at different sets,
| think the dependence is nore clear. It's just when
you overl ay the different sets of data, they appear to
be nore scattered.

CHAl RVAN PONERS:  Now, when | | ook at the
i ndi vidual sets, what | see is a high degree of
sensitivity to individual data points, that, in fact,
if | take one data point out of each set away and say
there was sonmething wong with that data, | end up
with curves having zero sl ope.

M5. YANG |'mnot sure | understand. Say
it again.

CHAl RVAN POVERS: Wel |, what | understand
is we are going to run out of tine on this session.
So let us wap up as quickly as you can.

M5.  YANG kay. This is what was
proposed. And these are the REP-Na tests, which have
the right tenperature condition and with different
pul se wi dths. You can see the curve bounded the data
quite well, even maybe sonewhat nore conservative for
t hat one.

Cool ability. W have shown here is all of

the data, the R A simulation data, which had fuel
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di spersal, sone dispersal. And what we have plotted
here is the anmount of energy deposition after the
failure as a function of the pul se w dth.

All of those on this side of the curve

have fuel dispersal. Al of those on the other side
of the curve have fail ed. And sone of them have
consi derabl e energy deposition after they fail, but

they are no fuel dispersals.

So this is an enpirical approach. And we
have drawn a line here, and the |ine actually should
be drawn bet ween t hese two sets. Basically we observe
you only have fuel dispersal when the pulse width is
| ess than 10 m |l iseconds.

There is a chart which in the interest of
time | don't want to get into that explains why the
narr ow pul se woul d have resulted i n di spersal because
the tenperature distributions are considerably
different for the narrow pul se and the w der pul se.
So because we think the typical PWRs or BWRs t hat the
pul se width is greater than 30 m|liseconds.

So it is not possible to expect fuel
di spersal with the prototypical pul se w dth. However,
if you want to assume dispersal in case you have a
very high energy input, then we |look at the data in

the industry that shows how that affects the rod
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geonetry and how t he fuel and cool ant woul d i nteract.
And there are these references.

But the bottomlineisreally only nolten
fuel would result in high energy fuel-cool ant
interaction, as illustrated in this experinent here.
| s the measured energy conversion ratio as a function
of the nean dianeter of the particle?

The nolten for the nolten fuel dispersed
that the energy conversion is high. But for the sane
di aneter that if you don't have nolten fuel, the
conversion ratio is significantly reduced because of
it.

So what we had proposed here is to limt
fuel nelting. W want to limt any anmount of fue
nelting, even if it's incipient nelting, just |ocal
mel ting.

| f you recal |, t he t enperature
distribution for the RIA pul se is peaked at the rim
whi ch happened to be the highest burnup area, which
they are fuel particles there dueto the so-calledrim
ef fect.

So what we have done is to propose the
criteria that limt any anount of fuel nelting right
her e. W have wused very conservative therma

conductivity data.
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We have used fuel nmelting as a function of
bur nup. So we didn't just use the fuel nelting
temperature for fresh fuel. W have wused a
correlation fromexperinental data that reduced the
fuel melting tenperature as a function of burnup. So
we used that to develop the fuel coolability curve.
That' s why you see this goi ng down as you go to hi gher
burnup. And they are these data, these Japanese dat a,
t hat we have found t hat sort of support the curve that
we propose.

So, to summari ze, we have proposed a fuel
failure limt, which is based on PCM and the
nmechani cal property. And we have proposed a
coolability limt, which is based on preventing fuel
nel ting. And both are supported, which we're using an
anal yti cal approach, mechani stic approach, trying to
represent the phenomena and take the | ower bound of
many of the values that we have used, especially
corrosion, which we wuse the bounding case of
corrosion. So this is a curve that was produced and
supported by the Cabri experinental data for the
cool abi lity.

W don't think there wll be fue
di spersal if you have representative pulse wdth

However, if you do want to cal cul ate dispersal, we
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have limted the fuel tenperature to nelting because
of this nore mechanistic type of approach that can be
ext ended to advanced al | oys.

So that | think, Dana, you asked the
guestion yesterday. Wen you extend the nethodol ogy
to advanced all oys, do you still need it to run any
RIA tests? And | think the answer is yes, but you
don't need as many so that you can get a good
statistical distribution.

What you need are one or two of these RIA
types of tests to confirmwhat you know, but what you
need once you develop a new criteria for advanced
al | oys, you need good nechani cal property data for the
advanced all oy because we have found from the R A
simulation tests up to 73,000 burnup, which is the
i censing burnup extension limt that we are | ooking
for that PCM is still the driving force. There are
some mnechani snms bei ng hypot hesi zed earlier, but we
haven't observed that at this burnup |evel.

So we think what we proposed is
conservative and considering the risk of the rod
ej ection accident, we think thereis no basis to nerge
the two curves because i n one case, you have cl addi ng
failure. And in many cases, they are the PCM types

of cracking. They certainly were not the sane as
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causing a core coolability concern. So that's the
added slides for the R A

For t he LOCA program com ng back, cl osing
to the end of my presentation on the LOCA, | am not
going to talk about the Argonne program which was
being talked a lot yesterday. In addition to that
program we have a collaborative program wi th EdF,
whi ch | ooked at the separate effects of the LOCA f ace,
which is quite different from sonme of the other
experiments.

Basically you | ook at the ball ooning and
t he burst phase. And then you | ook at the oxidation
and the quenchi ng phase. Just | ook at the cl addi ng.
You use fresh cl addi ng, and you use hydri ded cl addi ng
to sinul ate the hydrogen.

The intent here is assuming that the
irradiation effect will be anneal ed out for the LOCA
type of condition. O course, that needs to be
denmonstrated to be the case. And | think the Argonne
program wi Il provide us sone insight to that. And
sone of these French tests will provide that.

We are also nonitoring the Japanese ALPS
program and the Hal den program which is using real
fuel rods to run LOCA tests in a test reactor. The

purpose of this slideis just tolet you knowthat we
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are actual |l y approaching LOCA very simlar to what we
are approachi ng RI A

We are actually going to nodel all the
experinmental results so that we have a better
under st andi ng of how much margi ns we have. | think
the stylized LOCA phrase was used. And we need to
know how much margin we have between the real LOCA
real hypothetical LOCA, and the stylized LOCA.

Very quickly, we have an effort for
i ndustry gui de for burnup extension. This is to sort
of lay out the framework or the road map for getting
to burnup extension. This is being mandated by NRC
to, instead of different fuel suppliers comngin for
different topicals that the NRC mandate to save the
resources to be nore efficient use of the resources,
we should do it on an industry-wi de basis. And the
target of this effort is 75,000 for PWRs and 70, 000
for BWRs.

VWhat we have done i s we have | ooked at the
current regulatory criteria described in SRP 4.2 and
trying to |l ook at each criteria to see howthe burnup
i mpacts that particul ar requirenment and t hen deci de on
if newcriteria should be proposed.

We have afairly rigorous approachinthis

and have been di scussing with NRRin the past. W're
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continuingwththis. W are pretty nmuch done onthis
except the LOCA section. | think you can understand
why, but we'll conplete it and submit it to NRC for
revi ew someti ne next year

So, to summarize the program as | said
earlier, we have many i nternational participants. And
they play a very active role. They don't just coneto
get data in many cases. They provide the data and t he
operating experience to the program And we have
addressed many of the key issues, |ike AOA and noble
netal . And we have conpleted the RIA topical report.
We are in the mdst of hot cell exam nations, trying
to obtain data to ensure nmargins to avoid big
surpri ses.

So a little bit of the PR here. W are
ainmed at reliable and efficient fuel operations. And
we have i ndustry-w de col | aboration, tryingtoresolve
safety and regulatory issues in an integrated and
effective manner. Although | said it's PR, that is
certainly what we are striving at and just to show
some of the interactions and interfaces that | have
t al ked about before.

So that's the end.

CHAl RVAN PONERS: Any questions of the

speaker ?
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(No response.)

CHAl RVAN POVNERS:  Seei ng none, thank you
very much.

M5. YANG  Ckay.

CHAI RVAN PONERS: W wi |l | recess until 10
of the hour.

(Wher eupon, the foregoing matter went off

the record at 10: 38 a. m and went back on

the record at 11: 00 a. m)

CHAl RVAN PONERS: Let's get back to work
here before people try to chase us out of the room
They won't succeed. We're confortable here. W're
enjoying this. This is a salubrious environnent.

Let's get back to tal king about -- what
were we tal king about now? Oh, LOCA tests. Odelli,
it's yours.

MR OZER: Thank you. Thank you, M.
Chai r man.

As Rosa nmentioned, our robust fuel program
is acollaborative program W work very closely with
our sponsoring utilities and the fuel vendors. This
col | aboration is probably the strongest in working
group 2. We work very closely with our vendors.

And at the | ast working group 2 neeting,

we had a consi der abl e anount of di scussi on of the ANL
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LOCA program There was a consi derabl e anmount of
concerns that were expressed. And the decision was
made to express those concerns, to transmt themto
NRC in the formof a letter. So it's the basis of
this letter, the contents of this letter, that I was
asked to tal k about.

| think they concerned the tests that are
being done to confirm the LOCA criteria. I think
yest erday we got a very good presentation fromRal ph,
Ral ph Meyer, on the basis of the LOCA criteria. They
were established for the 1973 ECCS rul emaking
hearings. At that time, there was very little data
that was avail able on the types of forces that fue
woul d experience during a LOCA event.

So ductility was considered to be sort of
a proxy, if you wish, a surrogate, to ensure adequacy
of the fuel. And two limts were established. There
was generally good agreenment anong the industrial
participants that 17 percent was a good oxidation
[imt. And the 2,200 tenperature limt was
established to a certain extent to stay away fromt he
regi on where reactions becone autocatal ytic.

Also, there was sone evidence that
oxi dation at hi gher tenperatures was nore harnful than

oxidation at the |lower tenperatures. So those were
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really the bases of the criteria as far as we're
concer ned.

Now, as | said, the 73 criteria were based
on very limted information. |In the ten years that
followed, there was a considerable anount of
i nformation, experinents that were conducted by the
conmi ssion's own assessnent.

$1.5 billion were expended on trying to
understand the behavior of reactors during a LOCA
event. Seven hundred million dollars -- thisis 1980
dollars -- were NRC s own LOCA prograrns. The
remai ni ng hal f was DOE and i nternati onal participants
in the industry in general.

As far as the two licensing criteria that
we ar e nost concer ned about, the nost rel evant ones we
feel are the experi nents conducted at Argonne by Chung
and Kassner consistingprinmarily of subjectingrodsto
a LOCA-1i ke scenario, quenching them And rods that
survived the quench were subjected to inpact tests
with 0.3 joule hammers. And then it was determ ned
whet her they survived that or not.

Now, following these tests, in the md
1980s, the NRCstaff reviewed the | arge anount of data
that was generated. They concluded, first of all,

that now there was a sufficient ampbunt of data to
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estimate the extent of conservatismin the criteria
that were established in 1973. This is sumarized in
NUREG 1230.

Following the review, the 10 CFR 46 was
revised, 10 CFR 50.46 was revised, based on
NUREG 1230. The criteria were left the sane at 2, 200
and 17 percent. However, the conmm ssion allowed the
use of best estimate nodels as long as the
uncertaintiesinvolvedinthe overall nodel i ng process
were accounted for appropriately. This allowed the
use of corrosion correl ations that are nore rel evant,
such as Cat hcart-Pawel, as opposed to Baker-Just.

At the sane tine, the comm ssionfelt that
there was sufficient conservatismin these criteria.
And they de-enphasi zed at that point the use of ring
conmpression tests or ductility in general in favor of
t he i npact tests. The inpact tests provide sufficient
mar gi n.

Here we are plotting all of the inpact
tests that failed, but we are plotting on the
or di nance. The x-axis is the inverse of the
t enper at ure. So this is low tenperature. As the
tenperature goes higher and higher, we progress in
this direction. And we cone to the limt, 2,200

Fahrenheit or 1,200 degrees Centigrade.
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| am only plotting here the rods that
failed and the | evel at which they failed. The y-axis
represents the time that each rod spent in the
oxi di zi ng envi ronnent, the anount of oxidation, if you
wi sh, different tenperatures. So at this tenperature,
it would take this much tinme to oxidize the rods to a
certain |evel.

Now, where does the 17 percent stand with
regards to these failure levels? If you use the
ori gi nal Baker-Just correlation, you get this |ine.
This is the 17 percent |Iine. And there was a
consi derabl e anmpbunt of discussion about Baker-Just
versus Cat hcart - Pawel

This is the Cathcart-Pawel oxidation
l[imt. Yes, it decreases somewhat the margin, but
still there is a considerable anmount of margin.

Now, what | should stress is that sone of
these rods would have failed the ring conpression
tests. Depending on where you take your sanple for
ring conpression, if you take it from the hydrided
rim they probably could have failed. Nevertheless,
the NRC felt that this was sufficient evidence of
conservati sm and went on.

Now, we feel that the current regul ations

are based on the 1988 assessment, which relied on
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guench and i npact tests. W feel that i npact tests on
the irradiated fuel are necessary to provide this
i nkage to the 1988 reference.

VWhat we are trying to establishis, first
of all, this reference between irradiated versus
uni rradi ated i nmpact tests. Eventually what we woul d
li ke, of course -- | think this is consistent with
what ANL and Ral ph would like to do -- is to determ ne
whet her we can establish a correlation between the
irradiated material response and the response of
uni rradi ated but pre-hydrided material so that we can
estimate the response of materials sooner without
having to go through the post-irradi ati on process.

W feel that inpact tests are nore
representative of expected post-LOCA | oads. W feel
t hat reliance on ring conpression tests s
probl emati c.

Mainly the results are subject to
interpretation. They're qualitative. There is no
clear way to relate the ring conpression tests to the
type of data that was used in 1988; in other words,
t he i mpact tests.

We acknowl edge that yes, they have sone
l[imted wuse and they were used recently to

inter-conpare different materials to the response, 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

90

conpare the response of the advanced cl addi ng, for
exanple, to that of Zircaloy-4 and to conpare, for
exanpl e, E110, confirm that the E110 behavior is
there. But that's a rather limted use.

W are very concerned about t he
uncertainties that will be introduced by defueling of
hi gh- burnup fuel rings for doing these tests. The
response of fuel in a post-LOCA seismc event will be
to a great extent controlled by the rigidity of the
rods. And the rigidity will be affected by the fuel
that is inside those rods.

Yest erday M ke Bi | | one showed dramatical ly
different responses when you l|leave rather rigid
pel l ets inside a four-point bend test. Now, if we are
doi ng these tests on defuel ed sanpl es, the inpact of
this effect will belost. W will not knowhowto use
it, really.

And we think that it has questionable
rel evance to post-LOCA | oad. For that reason, we are
proposing to hold a stakehol ders' neeting to ensure
t hat appropriate input is considered. This would be
a nmeeting of experts in mechanical properties and
testing and so on, which I'm not.

Sothisisreally avery brief sumary of

why we submitted that | etter and what we are concer ned
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MR. BILLONE: M ke Billone from Argonne.
Just for clarification, in Hee Chung's work, they did
a lot of inpact tests. They did a lot axial tensile
tests. And they did a lot of ring conpression tests.
The research included all the three testing types. It
wasn't just inpact tests.

MR. OZER That's correct. Neverthel ess,
| mean, sonme of those ring conpression tests, as |
sai d, would have shown not enough ductility or would
have shown that material would be failing around 17
percent of the ring was taken fromthe hydrided rim
regi on.

VR. Bl LLONE: Ri ght. Just for
clarification, because |l have to translate this into
a testing programin a way, there are different ways
of running i npact tests. And |' mwondering if you are
asking for a screening test, a .3 joules screening
test, or whether you do the traditional inpact where
you i mpact the failure and you | ook at energy absor bed
in the failure.

MR. OZER | think this woul d be best | eft
for the stakehol ders' neeting. But as a mninmm I
think we would like to see the 0.3 joules test to

provi de the reference to what was done in the 1980s.
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Again, that is a subject for debating.

MEMBER FORD: Would you mind putting up
your graph, please? Just for ny information, the data
poi nts whi ch were done under thermal shock conditions
or high strain rate conditions, what was the burnup,
t he hi ghest burnup?

MR. OZER. They were zero burnup.

MEMBER FORD: Zero burnup?

MR OZER Zero or very | ow burnup.

MEMBER FORD: So you woul d expect those

lines to nove down towards the current mx wth

bur nup?
MR OZER  Yes.
MEMBER FORD: The question is howfar the
MR- QZER: The question is how nuch.
MEMBER FORD: How nuch?
MR. OZER. Yes, exactly.
MEMBER FORD:  Ckay.
DR. MEYER: M. Chairman, may | make a
comrent ?

CHAl RVAN POAERS:  Sure.
DR MEYER This is Ralph Meyer from
research. We, in fact, have responded to the letter.

We are happy to arrange the stakehol ders' neeti ng and
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to discuss this possibility.

| do want to comment on the i npact test in
the light that | see them Up until the tinme of the
i npact tests, which were done around 1980, both at
Argonne and at the JAERI Laboratory at Tokai -- well,
they didn't do inpact tests, but both of them were
exploring the nechanical behavior of a balloon
speci nmen.

At the time the rule was nmade, the data,
t he mechani cal data, ring conpressiontesting, was al
done on under-formed speci nens. And an al gorithmwas
cooked up so that you woul d apply that information to
t he bal | ooned region

So the inpact testing that was done at
Argonne was sone of the first testing that actually
showed that the reci pe worked because the intention
was to have sone ductility left after you survived
guench.

And so the i npact testing then showed t hat
you had at | east sone strength | eft after you survived
the quench. So | don't see any conflict between the
i npact testing and the ring testing.

Inthe current program we have plans for
four-point bend tests, rather than inpact tests. W

consi dered i npact tests a coupl e of years ago, and we
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wi Il reconsider inpact tests in discussing this with
st akehol ders. But the current plans were based on
doi ng four-point bend tests to explore the integral
effect with fuel inside on the ball ooned region.

So | think the current test plan is that

it does cover the difficult areas, all of the
difficult areas that Odelli nentioned, using the
four-point bend tests. And we can explore the

possibility of addi ng i npact tests in the
st akehol ders' neeti ng.

CHAI RVAN  POVERS: Maybe for ny own
edi fi cation, suppose one comes back and says, "Cee,
this particul ar devi ce survi ved one magni t ude of tests
and didn't survive the next one.”™ What do | do with
t hat data?

DR. MEYER: Coul d you repeat the question?

CHAI RVAN POVNERS: Okay. Well, let's just
take one fromthe plot up here. It says here is one
that survived the .15 joul es i npact but failed under
a .3 joules inpact. Now, what do | conclude from
that? As long as | have guys with real tiny hamers
inside the core, it's okay?

MR. BI LLONE: To get out of that, you
woul d run the i npact test of all of the failure, which

is traditional. And then you would get an absorbed
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energy associated with that failure. And then you
generated a database that is not arbitrary.

You have a screening test. You are al ways
going to be criticized by what you pick, .03, .15.
And the point is that with those, your material could
be really brittle. And it can survive a | owinpact
test.

This is out of ny | eague. A |ot depends
on how nuch confidence you have in the | oads you are
calculating in reactor by picking a screening test.

CHAl RMVAN POVNERS: And | guess | agreed
with Ral ph when he said yesterday that they | acked
confidence intheir ability to predict the |l oads under
LOCA condi tions, but maybe |I'm wong about that.

MR. Bl LLONE: That one is out of ny
| eague.

MR. OZER: The | oads during the LOCA or
after the seismc |oads that would occur?

CHAI RVAN POWNERS: | guess the answer is
yes to that question

MR. OZER: Both? Okay. The |oads during
a LOCA, the ability to survive the |oads during a
LOCA, is denonstrated by surviving the quench t herma
shock. If arod survives a quench thermal shock, then

it survives it. That's proof.
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MR, BILLONE: No. But I think the point

was t here m ght be additi onal | oads beyond that. That
was the i ssue, are there additional | oads beyond j ust
sinple thermal stress in the cladding? | thought that
was the issue of the unknown or the gray area.

DR. MEYER. Well, in addition to that is
t he uncertainty as to whether the test where you are
doing the thermal quench is adequately representing
t he constraints that woul d exist in the fuel assenbly
under goi ng a LOCA

This is where JAERI has come inwith |lots
of constrain tests of varying constraints and where
one ultimately has to come down to sone assessnent of
what the |oads are. Either they think it usually
cones down to sone tensile | oad, axial tensile |oad,
on the cladding, arriving either froman axial force
related to thermal contraction or a lateral | oading
t hat causes damage in swi nging of fuel assenbli es.

MR  OZER I think that vyes, the
constraint due to quenching is a consideration. |
t hi nk t he Japanese di d probably t he nost extrene thing
i magi nabl e.

In a PAR assenbly, 17 by 17, you have sone
260 some rods, fuel rods. The constraints will be

controlled by the fuel rods, not the 24 gui de tubes.
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There are 24 or 25, including the instrunentation
tube. | mean, any forces that will be com ng fromthe
contraction of the fuel rods will overwhel many forces
that may be comi ng fromthe guide tubes.

As far as swinging of the rods and
di sbursing fuel pellets, thereis noclearance between
adj acent fuel rods sufficient toallowpelletstofall
out . I rmean, you would have to have a whole
guillotine-type break, and there just isn't roomfor
that. I1t's just not realistic.

But | really think that these kinds of
i ssues should be discussed at the stakehol ders’
nmeeting. | don't think this is the place for it.

MEMBER KRESS: Wiy are we worried about
aftershocks? Are we presuming that the LOCA was
caused by an earthquake?

MR BILLONE: At one tinme, we did.

MEMBER KRESS: This seens a little like
going a little too far in regulatory space.

DR. MEYER | don't think this is the crux
of the discussion. The heart of the matter seens to
be that the ductility criterion was invoked so that
you didn't have to consider the | oads. And if you now
have changed to a strength criterion, then you have to

ask what | oads m ght be inposed.
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MEMBER KRESS: | think that's a reasonabl e

DR, MEYER: I don't think it's an
essential part of the discussion.

MEMBER KRESS: Yes. That's a reasonable
guestion to ask, but | certainly wouldn't add
aftershock earthquake | oads into that equation

MR. CARUSO | think that is part of the
stylized nature of this accident. It's just a
post ul at ed sequence of events.

MEMBER KRESS: | think I would rule that
out on --

CHAl RVAN PONERS: | don't thinkit matters
because | don't think that you can nmake a persuasive
case to nme that you could calculate the loads in a
real LOCA. It would be exceptionally hard to do that.

Now, that doesn't obviate the question
here of what is the easy way to get things. | nean,
one solution clearly is to say there is sone
ductility. The problem cones in as soon as you say
there has to be sufficient ductility. Then you get
into the sane probl emyou' ve got here.

So maybe you have conme to the right
answer, to have the group of experts get together and

kick it around, then cone back and tal k sone nore
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because | don't think we are going to solve it here.

MR. BILLONE: You're not goingto solveit
here, but the group of experts had better define the
tests and tell you what you' ve |earned from these
tests.

The fundanmental thing which has to be
resolved is, are you going to nmove away from a
ductility criteriatoastrengthcriteria? That group
of testing experts and material scientists probably
can't answer that question.

CHAl RVAN PONERS: Yes. The only comment
| think | canintelligently make nowis that | amvery
suspect of comng in and saying, "Let's run .15 or .3
joules hamer tests"” and walk away fromit at that
poi nt because | just don't think that tells ne
anyt hi ng useful except nmake sure any of the little
guys that clinb through the core during cooling have
real small hamrers. That's the only thing it tells
ne.

Any ot her questions?

(No response.)

CHAI RMVAN POVNERS: Thank you, sir.

Rosa, where are we now?

M5. YANG We will present -- go ahead,

Jeff. W are going to talk about AOA and rods, PWR
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rods.

MR. CARUSC But this will be closed
Rosa?

M5. YANG | think it"'s okay.

MR, DESHON:  Yes.

MR. CARUSO So this will be open.

11) PWR CRUD
AXI AL OFFSET ANOVALI ES

MR. DESHON. Well, good norning. M nane
is Jeff Deshon. | amkind of a lone wolf at our fuel
group at EPRI. | am not a physicist or nuclear

engi neer or material science guy.

| actually worked at one of these power
plants for 16 years as either a chem st or a chem stry
manager. And | cane to EPRI in 2000 to work for Rosa.
So that's not necessarily a bad thing, but I'mnot one
of those peopl e because --

CHAl RVAN POVZERS:  Working for Rosa isn't
a bad thing.

MR. DESHON: Because the issue that | cane
to EPRI for was to work on this phenonenon that's
referred to as the axial offset anomaly. And in
attacking this problemfor the industry, it's really
as nmuch of a chem stry issue as it is a fuel issue.

So this presentation is broken down. |
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t hought | would kind of get everyone on this equa
footing fromthe very begi nni ng and go t hrough, nunber
one, what our objectives are from our particular
wor ki ng group in the robust fuel program give you
sone background i nformation, what is ACA, the history
and inplications of the phenomenon to our operating
plants, and then here discuss wth you sone
information that you probably haven't seen before in
the area of crud -- and this is work that we have been
conducting for the last several years -- and then
finally review with you sone strategies that we are
pursuing in trying to resolve ACA

Okay. Qur objective for working group 1
of the RFP is indeed to mnimze the threat of PWR
axi al offset anomaly. And the focus here i s on doing
t hat t hrough nmanagi ng core crud deposits.

Axi al offset is normally defined as the
integrated power in the top half of your core m nus
t he bottomhal f over the sumof the two. Axial offset
anomaly is a significant deviation from those, the
nuner at or and denom nator. It's typically observed as
a negative offset.

Now, i f you are of combusti on engi neering
vi nt age, they express it essentially in the reverse

order. And they refer toit as the axial shape i ndex,
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or ASI. Andit's nerely the negative axial offset if
you were to use the other definition

Well, every core design has with it an
associ at ed predi cted axi al offset or AFDit's conmonl y
referred to, axial flux difference, curve. And these
are done using the design codes, either ANC from
Westi nghouse or SI MULATE. And they predict the axial
of fset during the cycl e at vari ous burnups during that
peri od.

On a nonthly and nore frequent basis, our
power plants will go ahead and conduct fl ux maps. And
what they will do is conmpare the power data fromthose
flux maps to the predicted code.

A few wutilities have fixed in-core
detectors. These are kind of nice features to have at
a power plant because it gives you real-tinme data.
It's constant data generation. The only problemwth
them their resolution isn't quite as great as the
novabl e in core detectors.

So getting back to the anomaly, as |
mentioned, it's a significant deviation between the
nmeasured power data and the predicted. Now, the
deviation results from a phenonenon where boron
concentrates within crud and as crud i s occurring in

the wupper strands of your core, where you have

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

103

signi fi cant subcool ed nucl eate boiling taking place.

Once there is a critical or a sufficient
boron that has accumul ated within that crud deposit,
then you will start observing flux depressions in the
top of the core. For the core to maintain power, it
will physically shift the neutron flux downward,
actual ly, towards the bottomhal f of the core. And it
results in this nore negative axial offset than the
prediction.

Now, historically a plant that has
encountered ACA has been defined as a deviation of
greater than, say, -3 percent. And that is to
incorporate all of the uncertainties that m ght be
present in the nucl ear code design.

Here is a curve of what the power plants
are trending during the operating cycle. This y-axis
here is percent AO or it could be AFD, axial flux
di ff erence.

The x-axis is in burnup. And the
characteristic features of this is typically axia
of fsets anomaly will start rearing its ugly head at a
burnup of between maybe four and ei ght gi gawatt-days
per nmetric ton. And you will typically start seeing
a dramatic shift in the slope of that line.

In this case here, this is a fairly
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dramatic case of axial offset anomaly, where the
deviation is quite far fromthe predicted Iine, here
on the order of maybe -8 percent.

Now you will see it gets at its worst at
about maybe 10 to 14 gi gawatt-days per netric ton but
starts taking a very positive, steep change towards
the end of the cycle.

VWhat i s happening there is basically you
are later in cycle, you have | ess boron in your active
cool ant system you're burning up the | ow portion of
your core, and the flux is starting to shift upward
towards the end of the cycle. And, hence, you get
this very steep slope comng out on the back end.

Here is a flux map of an individual
assenbly. Andit's actually taking over the course of
the operating cycle. Wat | wanted you to observe
fromthis, from an individual assenbly, is what we
have here is this is a normalized power distribution
for this assenbly. And on the x-axis is the axia
position in feet.

So this is your pretty typical 12-foot
| ength assenbly. And this aqua color here was the
first flux map that was taken of this assenbly. You
can see it's very symetrical. It was taken at a

burnup of only 208 negawatt-days per nmetric ton. So
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it was taken up very shortly after the plant achieved
full power during the cycle.

But if you take a | ook at the dark blue
line here, taking close to 10,000 burnup or 10
gi gawat t - day burnup, you can see that you' ve got a
significant neutron flux taking place in the bottom
hal f of the core.

Anything fromthis side to fromsix feet
down bel owis the bottomportion of your core. Andto
the right of that is your top portion. You can see
you' ve got nore power being generated in the bottom
hal f than you do on this, the top half. And this has
persi sted, even through a burnup of about -- what is
that? -- 16,500 with this green |line, but towards the
end of the cycle, at a burnup of around 21,000, you
can see this red line. You ve got a nore synmretrica
shape distribution for this particular assenbly.

So this is the kind of information that
t he operators or reactor engi neers are | ooking at at
the plant. The first docunmented case of AQCA took

pl ace actually back inthe early ' 70s at the Cbri ghei m

unit in Gernmany. Their reactor coolant chem stry
control wasn't particularly strong. PH wasn't
controlled very well. And, nost inportantly, they had

very little hydrogen over-pressure on the reactor
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cool ant system So they actually had oxygen and
oxi dizing conditions in the reactor cool ant system

VWhat this led to was excessive corrosion
of their ex-core materials and the corrosi on products
deposited in the crud. And what that did was it
provi ded that foundation or that substrate for boron
to concentrate and deposit.

The first domestic case occurred in the
late ' 70s. And what was specul ated in that case was
that they had during a specific period during the
cycle a significant amobunt of oxygen intrusion into
t he cool ant. That in itself created additional
corrosion products to circulate and deposit in the
core. Again, it was enough corrosion product that
deposited such that the boron could concentrate in
deposits there to cause the flux depressions.

So AOA wasn't fashi onable until the '90s,
if you wll. And why did that happen? Well, we've
got good chem stry control. W' ve got good hydrogen
control. You know, we l|earned from those earlier
experiences in the '70s.

So what really transpired or initiated
this problem was that the utilities were going to
| onger operating cycles. That was based pretty nuch

on an econom cs position.
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So to inprove their fuel cycle econony
with these | onger operating cycles, they had to go to
hi gher assenbly powers, hi gher enrichnment intherods,
hi gher thermal duty. And in sone cases, to further
i nprove their econom cs position, they were |oading
fewer assenblies. Therefore, they needed nore energy
out of the assenblies that they were actual |y | oadi ng,
so higher thermal duty.

So if we connect the y to the root cause
of AOCA, acconpanying these transitions to a
hi gher-duty fuel, it created hi gher subcool ed nucl eate
boi I i ng taki ng pl ace i n these newassenblies that were
bei ng | oaded.

And t he subcool ed boi |l i ng was t aki ng pl ace
in those upper spans, typically in a Westinghouse
assenbly, spans 5 and 6; in a conbustion engi neering
assenbly, maybe in spans 7 and 8.

Wel I, having higher subcool ed nucleate
boi I i ng does result in an enhanced deposition rate of
corrosi on products. Now, corrosion products are goi ng
to and always have deposited on fuel assenblies
regardl ess of fuel duty. That's just the relative
t hermal dynami cs and chemi stry behind frozen product
rel ease and deposition. Were you have significant

subcool ed nucleate boiling, it does act nmaybe as a

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

108

magnet to these corrosion products.

Once a sufficient crud thickness has been
establ i shed, the |l ocal conditions withinthat crud, be
it the tenperature, norphol ogy, -- there are a nunber
of them-- they create the environment that boron wil |
concentrate and wll either deposit through a
precipitation process or, what we have al so | earned
t hrough our studi es, through an absorpti on process as
wel | .

To place it all in Venn diagramform we
bel i eve you need three conponents, constituents for
AOA to manifest. The first thing, you need the
subcool ed nucl eat e boi | i ng conponent because bef ore we
started really pushing these assenblies with their
fuel duty, the subcool ed nucl eat e boi I i ng t aki ng pl ace
was present but not at such a high rate.

You need corrosion products that are
circulating in your core because it's the crud that
deposits in these areas of subcool ed nucl eate boiling
that creates the environnment for boron to deposit.
And, of course, the boron rate here is in the green,
designated in the green circle. So root cause is the
boron deposit in crud in these high stean ng
assenbl i es.

So what? What if a PWR encounters AOCA?
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Now, | told you | was a chem st at the beginning. 1'm
not an expert in the physics business, but that's why
| have actually put nore description in here to help
me out.

St eady state power operation for the nost
part, you know, AOA is not going to have that nmuch of
an i npact on you. And that certainly m ght depend on
the severity of AOA that you're encountering.

An exanple of where it could create a
problem for particularly one with severe AOA is
towards end of cycle because with each one of these
axi al offset or AOD prediction curves, there are al so
[imts associated with those as well.

So towards the end of the cycle, | showed
you on slide nunber 8 there. Towards the end of the
cycle, there was a very rapid escal ating AOshift for
that particular plant. And that condition can
approach your tech spec Iimt for AFB.

Now, additionally we've got a lot of
utilities out there that undergo coastdowns at end of
cycle. And, as you see here in this |last sentence,
t he coastdown end of cycle may nmake the AOA situation
wor se because as the tenperature i s dropping, you are
addi ng nore reactivity into the top of that core. So

t he AO becones nore positive.
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So that was during steady state
conditions. During power transient conditions, again,
it depends on the severity of the ACA. But during a
downpower maneuver, what you will findis just try to
visualize the boron and the crud are on those upper
spans of those fuel assenblies because of the
subcool ed nucl eate boiling.

When you downpower, your boiling actually
ceased to exist for the nost part. So what happens is
that boron that has precipitated or absorbed there
actual ly goes back into solution.

So the result of that, you have a little
bit nore boron in your reactor cool ant, maybe a ppmor
two, but you al so have a nore reactive upper portion
of the core.

So then you're tal king about rod worth.
You actually reduce the rod worth of those control
rods that you're inserting because you have a nore
reactive upper portion of your core.

So in severe cases, the control rod
insertionlimts may be insufficient to performor to
permt operation within the AFD control vents.

Anot her thing that takes placeis just the
reverse. When the power escalates back up to 100

percent and you start getting into your subcool ed
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boi Il i ng taking place in those upper spans, then the
boron goes back into the crud.

What happens is you have got actually
pressure boron bei ng deposited because prior to that
downpower, you had boron there, but it was actually
bei ng depl et ed over the course of the operating cycle.
So when you actually downpower and then ascend back
up, that infusion of fresh boron or |ess depleted
boron actually nmakes your axial offset or your flux

depressi on nore severe.

Here is an exanple of it here. Your
y-axis is percent AO Your burnup here is in
nmegawat t - days per netric ton. And if this is a

controll ed shutdown here. And you can see there was
a slight change in axial offset resulting fromthat.

But if we concentrate on this power
transient here, where they went down to 30 percent
react or power, you can see a very dramatic change in
the AO of that particular core from about maybe -4
down to close to -8 right here. The cause of that is
| argel y because of this infusion of fresh, undepl et ed
boron goi ng back into the crud.

This graphic here, these are actually
conput er sinmulations. It's an exanple of a power

maneuver for a plant w thout ACA. And, just to give
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you some reference here, this y-axis here i s percent
power . And it's also the control rod insertion
per cent age.

So you've got to kind of look at it in
reverse order. The power starting out i s 100 percent.
And the control rodinsertionis 100 percent full out.

This dream curve represents boron. And
this dotted line is your rod insertion limt here.
And down bel ow, this is your axial flux difference or
AO y-axis. And your x-axis on both is tine.

So in this case, they' re m ddle-of-cycle
condi tions. And the power plant is reduced to 28
percent at 8 percent per hour. They hold at ten
hours. And then they increase at ei ght percent on the
way back up.

The control rod insertion limts and AFD
operati ng bands are shown. And you can see that they
don't encroach on the RIL limts, and they certainly
don't encroach on the AFD Iimts here.

In the next exanple, we do have a plant
with ACA. You can see starting fromthe get-go, they
al ready have rods partially inserted into the core at
md cycle to keep power normalized while at full
power .

The bl ue |ine agai nis the power ranpdown,
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hol d at 28 percent and go back up. But in this case,
you can see they're having to insert rods earlier,
fromthe very begi nning but earlier, inthe downpower.
And they conme very close to the limts.

At the sane tinme, you can see there they
really have to borate at a nuch steeper rate and at a
hi gher concentration as well in order to achieve the
power |evels they're seeking.

Down here you can see the AFD curve
likewise is having some dramatic effect in that
they're starting off at a | ower AFE, -10, and as the
downpower starts taking place, you' ve got all of this
new reactivity taking place in the top of the core.
So it's causing your AFD curve to go vertical. So
they cone close to the AFD limts as well.

So this is the sort of thing that
chal | enges operators that have a case of AQOA
Ganted, this is nore of a severe case of AQA, but
it's something the operators have to be very m ndful .

Then you al so hear about AOA having an

effect on your shutdown margins. | amreally not an
expert here on this. So | provided as nuch
information as | can here, but the bottomline is

you're burning out a great deal of your reactivity

over the course of the cycle in the bottomhalf. And
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when you shut down your reactor, you have got all of
this excess reactivity in the top half. It causes
your rod work to be minimzed quite a bit.

So the net effect is sone degree of
shutdowmn nmargin is lost followng reactor trip as
conpared to operation w thout AQA

MEMBER S| EBER: Does that affect the
tenperature coefficient?

MR. DESHON: MIC? | can't answer that.
MIC is certainly a factor in your AO for sure.

MEMBER SI EBER: | would think so.

MR DESHON: So there nust be sone
interrelationship there. Jeff, would you happento --
does the AQA affect MIC?

MR, SCHM DT: It could slightly because
you're getting your power distribution. So you're
getting a slightly different weighting of vyour
noder ator tenperature coefficient, but | don't think
it would be a big effect.

MR, DESHON: Vell, a couple of other
implications that have been observed at our power
pl ants. Yovan Lukic nentioned a couple of fuel
failures that have occurred during the 1990s. There
have been three that crud has played a role in those

failures. And in the three cases, AOA was also
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present .

| did want to nake nention, though, that
AQA in itself does not necessarily lead to fuel
failures. And we have had about 40 operating cycles
in the United States that have encountered ACA, sone
of them very severe.

Sonme of you mi ght be aware of t he Cal | away
Cycle 9 case. It's the worst recorded AOA case t hat
we have had in the United States. And it actually
forced themto de-rate down to 70 percent power. And
they gradually recaptured sonme of that during the
cycl e. But even in that severe case, they didn't
encounter any excessive corrosion on their fuel
assenbl i es.

Anot her issue that is very inportant to
the plant, the fact that with these nounting crud
| evel s that can occur in these plants, when t hey shut
down for their refueling outages, this crud can be
rel eased, sonetinmes in an uncontrolled mnner. Andit
| eads to very high dose rates in the reactor cool ant
system

So not only do we have this AOQA
operational issue, but we have got a couple of other
issues that are quite inportant to the utilities.

MEMBER S| EBER: | thought all the PWR
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operators had practice of borating the plant to a very
high level while it was still hot to sort of cause a
crud burst so that they woul d reduce the outage. |Is
t hat the case?

MR, DESHON: That is true. The whol e
pur pose of shutdown chem stry is to induce a crud
burst in a controlled manner. And part of that is
i ndeed to borate early, to create an acid environnent
very early that will help you as you cool down
di ssolve that material so it can be renoved
efficiently by your dem neralizers.

However, we have encount ered when during
ei t her the ranmpdown for refueling outage or after al
t he rods have been dropped in, we see this rel ease of
corrosion products. And they're particulates. And
they go out there, and they stick on the system
surfaces. They'rejust very difficult to renove under
our standard control paraneters.

MEMBER SI EBER:  Ckay.

MR. DESHON: So our busi ness here or focus
has been on trying to address this conponent of the
Venn diagram Let's see if we can control deposits.
We're not going to do anything in the near termabout
t aki ng boron out of our systens unl ess we go to a Navy

react or design.
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The subcool ed boiling, it's the subcool ed
boiling portion of this Venn diagramthat utilities
have had to back of f on or have addressed AOA by. And
what they have done is instead of |oading, say, 80
assenbl i es per rel oad, they have | oaded, say, 86 or 90
or nore assenblies to actually reduce the overall
boi ling duty of these courses. So our focus here is,
what can we do about these corrosion products to
mtigate AQCA?

So | wanted to di scuss this aspect of our
program W have got a nunber of aspects, research
activities, that we have got going. But this m ght be
of interest to you.

We devoted quite a bit of resources and
time into understanding corrosion products, what is
circulating in the reactor cool ant as well as what is
depositing on these fuel assenbli es.

Wth this | earned know edge, we hope to be
able to inprove our nodeling capability of the
phenomenon as well as help us in our pursuit of
mtigation strategies.

To this end, we have installed
hi gh-tenperature sanplers. That's two PWRs. Those
are at Cat awba and Di abl o Canyon. Wy did we do that?

The sanpl e systens for our PARs are really quite poor
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in terms of being able to use themto characterize
corrosi on products.

You' re taking reactor cool ant that's 500,
600 degrees and cooling it down to anbi ent tenperature
at the sanpl e sink. And during that cool down process
and then after you actually sanpleit, it's exposedto
air, you bring it back to the laboratory, it's just
not very conduci ve for corrosion products because t hey
undergo certain kinetics and t hernodynam cs t hat don't
afford you to collect the actual specinmen that is in
t he reactor cool ant.

So we have installed high-tenperature
sanpl ers at these two units. And the next slide wll
describe those a little bit. Additionally, we have
performed a nunber of crud scrapes at these units and
cycl es over the | ast several years.

|"ve actual |y put two of the Vogtle cycles
in green here because they actually paid for those,
but they are providing that information to our
program

kay. W have instal |l ed t he
hi gh-tenperature sanplers. | toldyou pretty nmuch the
pur pose behind those sanplers. One of the aspects
that we are trying to look at is, is there any

di fference between circul ating corrosion products at
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t he begi nni ng of cycle versus the way they are at m d
cycle or end of cycle?

MEMBER S| EBER:  How many zinc injection
PWRs are there?

MR. DESHON: Let's see. W have got the
two Farl ey, two Di abl o, Pal i sades, two Sequoyah units,
and Beaver Valley, and Callaway right now. Those are
the ones | am aware of.

MEMBER S| EBER:  And why are they doingit?

MR. DESHON: Well, the first units that
did it, Farley and Di ablo Canyon did it largely for
PWSCC mitigation. The other units that | nentioned
have done it for dose rate reduction, which it has
been very effective at doing that, reduci ng radiation
fuel s.

MEMBER S| EBER: Wll, the anmount of
corrosi on products, is the anmount that is circulating
around in the coolant systemless or is it just in
di fferent places?

MR DESHON: In the zinc plants?

MEMBER SI EBER  Yes.

MR. DESHON: | think | touch on that in a
| ater slide.

MEMBER SI EBER: Al right. "Il wait.

MR DESHON: If | don't, hit me up on it
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agai n.

MEMBER SI EBER: | will.

MR.  DESHON: kay. Here are the
attributes of the high-tenperature sanplers that we've
got. W have probably all had an opportunity to read
this. So | won't go into it any further.

| guess the key point here is we are
collecting these sanples at between 430 and 445
degrees versus 25 degrees. The sanple linesinstalled
at these stations are on continuous flow Sothereis
never any interruption.

So in corrosion product sanpling, you
can't just go out there, open a valve, and expect to
get a good sanple five mnutes |ater

MEMBER SI EBER:  Ri ght.

MR. DESHON: You need to have continuous
flow through these things for days, if not weeks,
before you can feel fairly certain you' re collecting
a representative sanple. Well, that didn't cone out
very well, did it?

Here is a particul ate sanpl e that we have
collected. It was actually the Catawba station. And
the sanple is collected at the begi nning of the cycle.
Basically, it | ooks |ike garbage, circul ati ng garbage

in the reactor coolant system You have few
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wel |l -forned crystals. And these crystal sizes vary
rather dramatically.

Here is an el enental mapping of the sane
sanple. This didn't cone out very well either. \What
you have here is you have got various el enments down
here. You' ve got manganese, chromum nickel. The
ones to concentrate on are iron, nickel, chrome, and

zirconi um

So what we have found in these
hi gh-tenperature sanplers was that: nunber one,
you' ve got netallic nickel. Now, this is a single

nickel atomthat is not in the +1 or +2 state. So
it's actually a particul ate.

You' ve got chrom um when present, as part
of the iron oxide phase. And sonething kind of
interesting that we found was that we've got quite a
bit of zirconium zirc oxide particles, circulatingin
t hese cores, particularly at the begi nning of cycle.

What you will see a little bit later in
t he actual crud sanples is you have got a fairly high
fraction of zirc oxide in those.

MEMBER S| EBER: Is that due to the
manuf acturing or is that some corrosion product?

MR. DESHON: Well, it's from the fuel.

We're not certain how or why it's comng from the
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fuel, but nost --

MEMBER SIEBER: It sounds like it's sone
kind of residue left over fromthe manufacturing.

MR. DESHON:. Perhaps that or maybe on a
reload or reinsert fuel that has had mybe sone
spal | ati on take place, corrosion taking place. It's
being released into the coolant just due to the
start-up effects. So thermal and hydraulic --

MEMBER SI EBER: Cot it.

CHAl RVAN POVERS: But don't claimthere's
any spallation. Rosa says that's a terrible field,
right?

MR, DESHON. Ckay.

CHAI RMVAN POVERS: Let me ask you. You
showed sone EDX maps. The problemwith EDX is you
can't detect boron. When you try to assess the
chem cal formof these species fromEDX, do you know
they' re not borates?

MR. DESHON: Well, we don't anticipate
boron to be part of any of the circulating corrosion
products because boron is very soluble. And it wll
only be part of a corrosion product if it's on an
assenbly where there is subcooled nucleate boiling
taking place and that nechanism has forced it to

deposit within that crud structure.
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CHAl RMAN POVEERS: Boron in the form of

boric acid or an al kaline metal borate is sol ubl e, but
sone of these borates, like iron chrom umand things
like that, they can precipitate at fairly |ow
concentrati ons.

MR DESHON: Wth boron?

CHAl RVAN PONERS:  Yes.

MR. DESHON: Well, we haven't seen it.

CHAI RVAN PONERS:  You never wil |l w th EDX

MR. DESHON: Ckay. What you will see here
is that we don't rely on a single analysis for these
data. Here is an exanple of that. This is an XRD
graphic here. And this isn't as good as one down a
few nore pages.

This blue here is a silver peak. The
silver is there purely because these sanples are
coll ected on a silver-inpregnated nenbrane. Sothat's
why there's silver. It's not that we have circul ating
silver in our reactor coolant system

MEMBER SIEBER: It's not clear to ne that
you don't, though, because the control rods are
filtered. And so if you have a bunch of cracked
control rods, you are likely to have silver in sone
smal | quantity in the cool ant.

MR. DESHON:  Yes. ["11 grant you that
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possibility exists, yes. These silver peaks are very
hi gh, though. The red line iron oxide are magnetites.
The aqua blue is trevorite or nickel ferrite. Andthe
black Iines are zirc oxide.

This doesn't show up here very well, but
the point here is that what has been extracted from
the data is that we have got a highly substituted
nickel ferrite as a nmmjor phase. And by "highly
substituted nickel ferrite,” | nmean that N Fe2OQ
conponent has nore nickel present than a traditional
corrosi on product you mght see, say, on a fix to a
steamgenerator surface. And, again, zirc oxideis a
maj or phase in circulating crud.

Now, agai n, this was fromCat awba st ati on,
which is a non-zinc plant. Here is an end-of-cycle
sanple that you can see and is a pretty dramatic
di fference between the beginning of cycle.

You know, the beginning-of-cycle sanple
| ooked |ike, again, garbage. Here you've got very
wel | -defined crystalline structures, octahedral in
shape. It's still a nickel ferrite, but the nicke
fraction of that ferrite is very | ow

The XRD scan that you'll see | think next
detected nickel ferrite al nost exclusively. And the

SEM suggested mnor zirconia and netallic nickel in

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

125

chrom umrich oxide.

Look at these very nicely shaped crystal
structures. Here is the elenental map show ng the
sane sanple with -- you can see this pretty nuch
confirms that it's a near magnetite sort of corrosion
product. The nickel fraction is very |low here. And
here is a sole zirconia particle right there.

This arrow is pointing to what was
bel i eved to be nickel metal right here.

MEMBER SIEBER: Did you say that was one
at onf?

MR. DESHON: No, not one atom  \Ahat |
nmean, it's --

MEMBER SIEBER: | was going to say that
was a pretty good picture.

VR, DESHON: Yes, high magnification
It's essentially anickel particle conprisedsolely of
ni ckel. So fromthe Catawba sanpling, trying to just
general i ze here, you have high nickel inferrites and
nore zirconia at begi nning of cycle. You' ve got the
nickel ferrites again at end of cycle but low in
ni ckel concentration. And you don't have nearly as
much zirconia circulating in your cool ant.

Here is a zinc sanple fromDi abl o Canyon.

This one was taken at mddle of cycle. You can see
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here -- and this was sonet hing of a common t hene, not
only with the corrosion product sanplers but also the
crud that we have sanpl ed fromDi abl o Canyon, as that
the crystalline structures aren't nearly as
wel | -defined and -- | hate using this term-- al nost
anor phous in its visual appearance.

Here is an XRD map of that particular
sanple. You can see we have got nickel ferrite or
trevoritecirculatinginthere. W have got zirconi a,
ni ckel netal. You see a very significant peak of
carbon, which kind of intrigued us, but the zinc
addi tion taking place at the applicant is in the form
of zinc acetate. So chances are it's froma reduced
formof the acetate.

Once again, | ooking at this scan, carbon
is aconstituent of circulating material. You can see
these corrosion products really don't have defined
edges to themlike they do in the other plant.

MEMBER FORD: Where did the zinc go?

MR. DESHON: That's an excel | ent questi on.
W don't expect to see a whole lot of zinc in these
particul ate sanpl es because zinc is very soluble in
t he reactor cool ant.

So, in fact, its solubility is somewhere

bet ween 100 and 200 parts per billion. These plants

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

127

are only adding. Diablo, inthis case, | think we're
addi ng somewhere between 15 and 20 PBB. So chances
are you are not going to see a whole lot of zinc in

t hese particle sanples.

MEMBER FORD: In the BWR, zinc is
i ncorporated, | renenber, into the magnetite.
MR. DESHON: |I'm not a BWR guy, but we

have got plenty of BWR experts back there that
certainly could confirmthat.

CHAl RVAN PONERS:  You're a nuch higher
cl ass than BWR peopl e.

MR. DESHON: The boil ers couldn't give you
i nformati on on these circul ati ng corrosion particles
like we have. Al right. Excuse ne. | digress.

So here are sonme general observations of
our hi gh-tenperature corrosion product sanpling thus
far. And | don't want to read all of these to you,
but something of interest to us here is the fact that
we haven't seen any nickel oxide in these sanples.
And you will seeinafewlater slides nickel oxideis
a conponent of crud fromthese high-duty plants that
have experienced AOA.

Another interesting part here is that
nmetallic nickel particles are an inportant part of

react or cool ant systemcircul ati ng corrosi on products.
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And we don't anal yze a whol e | ot of ni ckel
in crud sanples. The reason for that is that nicke
is very sol ubl e under the shutdown chem stry process
that we enploy at these PWRs.

So we have been able to confirmthat it is
quite inmportant during the operating cycle, and we
know, therefore, it's present in the actual crud that
we nmeasure after the plants have shut down.

And t he ot her aspect here i s what we j ust
didn't appreciate is that zirc oxide is a conmon
circul ating corrosion product.

CHAI RVAN PONERS: |' msurprised you don't
see nore nmanganese.

MR.  DESHON: Yes. It's not a large
component inthe structural materials. And it perhaps
could be due to how well mnmanganese w il diffuse
t hrough that corrosion filmand reside in the sol uble
formor particulate formin the cool ant.

MEMBER SI EBER:  This is probably a stupid
guestion, and maybe you didn't do it, but have you
conpared t he hi gh-tenperature sanples that you woul d
draw as a liquid versus the fuel scrapings?

| would expect a lot of different
constituents because you coul d have sonething that is

sol ubl e in the cool ant and not be on t he fuel and vice
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ver sa.

MR, DESHON: Yes.

MEMBER S| EBER: Could you say a word or
two about that if you did it?

MR. DESHON: W are in the process of
doi ng that right now. One of our major deliverables
for next year is we are going to publish areport that
collects all of this data that we have obtained
t hr ough crud scrapi ng.

West i nghouse, we have been working onthis
wi th Westinghouse a great deal. They are going to
introduce crud scrape data that they have done
previously.

And we are going to | ook at not only the
crud scrapes. W are going to look at the primry
wat er chem stry during those cycles, how nuch ni ckel
and iron was renoved during the shutdown chem stry
process at end of cycle. And we are al so going to be
| ooki ng at these high-tenperature corrosion product
dat a.

The goal here is to try to piece
everyt hing together. And so, to answer your question,
we don't have any definitive response to that right
now, but we are in the process of analyzing it.

VEMBER S| EBER: I think that would be
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i nteresting when you arrive at concl usions fromthat
wor K.

MR. DESHON: That's right. That's right.
Exactly.

MEMBER SIEBER: |'d love to read it.

MR. DESHON: Ckay. We're going to nove
into the crud sanpl es.

What time are we going to stop for |unch,
12: 307

CHAI RVAN PONERS: W' re goi ng t o st op when

you' re done, but we have targeted 1:00 o' cl ock.

MR. DESHON: 1:00 o'clock, wow. 1'Il be
done before then, | think.
CHAI RVAN POVEERS: | just have a tine

listed dowmn for your presentation.

MEMBER Sl EBER: There will be another
nmeeting going on in here.

CHAI RVAN POXERS: Not a chance.

MR. DESHON: We're going to nove into the
crud scrape data now. Just to kick this off, I showed
you on a previous slide we have col | ected crud scrapes
at a nunber of plants. Wat we have tried to target
are higher-duty units that have experienced AOCA and
sone that have not experienced AOA and tried to

conpare the cruds fromthose two canps of PWRs.
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Now, here is an exanpl e here. This y-axis
here, the unit is it's mass evaporation rate, pounds
mass generati on per hour foot squared. It's aunit of
neasure that we wuse to nmeasure the duty of a
particul ar assenbly.

And this particular assenbly here did
experi ence severe ACAduring the operating cycle. You
can see that. And what these different colors
represent is the cal cul ated mass evaporation rate at
di fferent burnups during the operating cycle.

So the way that these designed these
cores, these assenblies is that they will have hi gher
duty at different points during the operating cycle.
So that's what these different colors reflect.

Here is an assenbly, a high-duty unit as
wel I, but this particul ar assenbly di d not experience
AOCA.  Now, you can see the duty of this particular
assenbly here was certainly less than this, but |
happen to al so know that this assenbly canme from a
central core |ocation. And it was surrounded by
al ready burned assenbly.

So those al so i nfl uence crud deposition as
wel I . Yovan Luki c nmentioned that yesterday during his
speech with his ring-of-fire discussion or Saturn

pattern-type | oadi ng patterns versus checkerboard.
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So here is a kind of a topical |ook at
crud fromthe assenbly that did not experience ACA
And it | ooks kind of Iike a noon structure here. Each
one of these hol es represents a boiling chi mey taking
pl ace.

You hear about crud. Crud is bad. Well,
not all crud is bad because having a little bit of
crud on your fuel surface actually enhances heat
transfer. It gets your subcool ed boiling taking place
alittle bit better. Subcooled nucleate boilingis a
much nore effective heat transfer mechanism than
forced convecti on.

So having fairly thin crud with these
boi Il i ng chi meys isn't necessarily bad. This crud is
conpri sed of particles. It has boiling chimeys, the
t hi ckness generally | ess than 20 microns. There were
a few sanples here that were upwards to 20 m crons.
But on average, the <crud thickness from this
particul ar sanple was | ess than ten.

Now, something that we can poi nt out here
is that | want to point out that the nickel-to-iron
ratio in this sanple here was on the order of .57.
Now, that's afairly traditional nickel-to-ironratio
that we have found in the historic crud database,

anywhere from say, .4 to .6
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Here is crud fromthe ot her assenbly that
encountered severe ACA. Again, this did not show up
very well. However, this was crud that we were able
to measure fl ake thi cknesses fromon the order of 125
mcrons. And this is the clad interface right here.
And this is the coolant interface up here. And you
can see these very large voids in the crud,
representing these boiling chi meys.

An additional feature to this crud -- and
it doesn't showup real well here. | do have anot her
slide that | should have brought along as well.

There is a region around here where this
is alnmost exclusively zirconiumin this particular
crud flake. Just going down here -- well, | nentioned
this here already. Zirconia |ayer approxi mately 25
mcrons fromthe clad interface.

And anot her observation is that it's a
very high nickel-to-ironratio, onthe order of 1.5to
2.5, certainly well beyond the stoichiometric nickel
ferrite that you see in traditional crud sanples.

It 1ooks alot better on ny | aptop. Ww,
| ook at that. Have you ever seen crud | ook |ike that?
You contrast the previous sanpl e of the non-AQA crud.
It was conprised of particles. Well, this stuff here,

this rod-1ike or needl e structure, was sonet hi ng t hat
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we had never seen before.

Now, this was, again, | wanted to point
out, froma very severe case of ACA. But what you are
| ooki ng at here fromthis vantage point down to here
is just a side view of that flake.

So what did we find in that crud fl ake?
Well, we found a new material called bonaccordite.
Now, getting back to Dana's coment earlier,
bonaccordite, just advance here one, does i ndeed have
a boron constituent to it. But the only other place
bonaccordite has ever been seenis at a neteor sitein
South Africa. So that's kind of a strange occurrence
that it is taking place inside our reactors here.

So this particulate crud fl ake was made up
of four primary conponents: bonaccordite, trevorite.
That's this particle here that's attached by a nunber
of these needle-1ike structures. W had ni ckel oxi de,
and that's this kind of matte-| ooking material here.
And this brain-looking structure here is nonoclinic
zirconi a here.

So what is unique about this is: nunber
one, we see this bonaccordite structure. W actually
beli eve we have seen this nowin two reactors. Both
units were experiencing severe ACA on the assenblies

t hat were scraped. And the crud fl ake profile | ooked
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very, very simlar between the two.

The other unit, we had sone -- actually,
it wasn't us. It was Westinghouse had done sone | ess
sophi sti cat ed anal yses on that particul ar crud scrape
canpaign. So we weren't ableto specifically identify
t hi s bonaccordite structure, but it surelooks likeit
because it, too, had needles in its conposition.

So what's unique, again, is the
bonaccordite and the presence of this nickel oxide
because the nickel oxide isn't typically seen in
thinner or fromrods fromlower duty. So if we take
a |l ook at that observation, bonaccordite conprised a
significant fraction of the weight, 50 wei ght percent.
And this material was found i nsol uble. You just can't
beat it up

Now, the only thing that they appliedthat
woul d nmake any inpact on it was hydrochloric acid.
It's just not going anywhere through your nornmnal
shut down chem stry program

Zirconia found nostly at the -- let's see
here -- at a depth -- let's see. Howdid | word this?
At 20 to 50 percent of the clad depth fromthe cl ad
surface. And it conprised about 30 wei ght percent,
fairly large fraction.

Ni ckel oxide and nickel ferrite rounded
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out the conposition, both having about ten percent.
Now, the fact that the nickel ferrite was only ten
wei ght percent of the structure is unique in itself
because typically nickel ferrite is the predom nant
crud oxi de.

Soif we take a | ook at sonme observati ons

CHAI RVAN POVEERS: If | take the nickel
ferrite amount in the heavy deposit and conpare it to
the nickel ferrite in a unit that is not having an
ACA, --

MR, DESHON: Yes.

CHAI RVAN POVERS: -- is it the sane
anount ?

MR. DESHON: It could be. It could be,
yes, because that particular flake of 125, the other
one was only maybe 10 micron. So after |ooking at
sonme assenblies with |ess severe AOCA, say nodest,
noderate AOA or very low, mld ACA. W come up with
some additional findings.

The anobunt of crud is proportional to
boiling. That | guess is rather intuitive. But the
inventory of crud is greater, five tinmes greater, in
AQA plants than in non-AOA plants. And the crud is

still iron-based for the nobst part, but the
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ni ckel -to-iron ratio in these noderate ACA plants is
on the order of .7 to .8.

Again, the historical crud, the |l ower-duty
stuff, may be .4to .6. W'retransitioning herewth
a nodest AOA, .7 to .8 maybe, .9. And then when you
get into the severe AOA cruds, you're approaching up
as high as a ratio of two to one.

So fromthese canpai gns, we can at | east
come to these following points at this tine, again,
crud mass proportional to subcool ed nucl eate boiling.

Since nucleate boiling doesn't start
occurring until typically spans 5 and 6, crud is
typically heavier in those spans. Now, if you wl|l
| ook at these crud deposits from non-zinc injection
plants, you see very little or no crud in spans 1
through 3, start seeing a little bit in span 4, and
then nore crud in spans 5, 6, and a little in 7.

Ni ckel -to-iron ratio increases with rod
power and boiling duties. And sonething else that we
have seen which is inportant to us from a crud
nodel i ng standpoint is that the porosities are | ower
inthe crud fl akes closer tothe clad than they are to
t he cool ant.

Ni ckel metal is typically absent in the

t hi cker cruds. Ni ckel oxide is nore prevalent in
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t hose deposi ts under goi ng hi gh SNB subcool ed nucl eat e
boiling. Thin crud has nore chrom um than thicker
crud. Wiy is that? 1'Il get to that in the next
slide.

Thi ck crud from rods under goi ng
significant SNB have fully substituted nickel ferrite.
That's probably nmore information than you are
interested in, but it still is inportant to our
studi es.

CHAI RVAN POVERS: Everything seens to be
pointing toward differences in the oxygen potenti al
during boiling.

MR DESHON: You're a wise man. That's
right because it could be that and we think it is
probably a conbination of these conditions taking
pl ace. Nunber one, we coul d be seeing an el evated pH
taking place within those deposits because we know
t hrough our plant experience. And one of the boron
deposit theories is that we're precipitating a
boron-1ithi um conpound.

Just to give you a sketch here, during a
power reduction very commonly -- and a characteristic
of ACA plants is that you' re not only rel easi ng boron,
but you al so see an increase in |ithiumtaking place

in your reactor coolant system
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After that power transi ent has st opped and
upon ascension to power, you see |ithiumhideout take
pl ace. So you actually see a reduction in your
cool ant lithiumconcentration. So we knowthat there
is an increased concentration of Iithium above the
bul k coolant in these crud deposits that could be
resulting in an el evated pH.

Now, to touch on what you were saying is
as you develop these thicker deposits through a
boiling process, you have hydrogen present in these
crud deposits. But the hydrogen because of its
volatility is being stripped out fromthe deposit at
a high rate.

And we al so are aware very locally next to
that clad |ocation that we are producing radiolytic
speci es, such as free radicals, hydrogen peroxide.
And these are changing el ectrical chem cal potentia
within that deposit froma reducing environnent to a
nore oxi di zi ng environnent .

And, for that very reason, you're right.
You know, seeing observations such as you're seeing
| ess chrom umin these thicker deposits, you' re seeing
a change in iron state going from.2 to .3 all lend
itself to that sort of process taking place.

Ni ckel oxide, for exanple, we're not
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seeing it in our cool ant sanples, but we're seeing it
inthese thick deposits. So the generation of nickel
oxi de very well could be this nmutation from nickel
nmetal to nickel oxide.

MEMBER FORD: So you're alnbst going to a
BVR.

MR DESHON: | wouldn't say that.

MEMBER FORD: Al |l of those things that you
mentioned are --

MR. DESHON: Right. And these things are
happening very locally, right at the clad surface,
within just a few mcrons.

All right. Well, I've discussed sone of
our activities and intelligence on crud now and
corrosion products. The next several slides will just
denmonstrate a few exanples of what we are doing in
terms of mnimzing crud and hoping to avoid AQCA

Rosa nentioned here we've got ultrasonic
fuel cleaning technol ogy avail able now. And |'ve got
afewslides onthat. W are pursuing an el evated and
constant pH program

Qur EPRI primary water chem stry
gui del i nes now encourage utilities to stop enpl oyi ng
the traditional nodified pHprogramthat has been very

comon since the |l ate 1980s and transition to a hi gher
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and constant pHwithinthelimts allowed t hrough your
fuel vendor and your materials evaluation for, for
exanpl e, your steam generators.

So what the guidelines suggest is see if
you can approach a constant pHof 7.1 or 7.2 so that
you have a constant pH throughout the whol e cycle.

Wat we have done is taken it a step
further in that we do have a denonstration taking
pl ace at one of our utilities that has increased the
pHto 7.3 throughout the whole cycle and ultimtely
will goto 7.4 if everything pans out well. The other
strategy that we are pursuing is zinc addition and,
finally, boric acid, enriched boric acid.

U trasonic fuel cleaning. And these just
don't show up that well here, but we have installed
the ultrasonic fuel cleaners, as Rosa nmentioned, at
Cal | away, South Texas project, and this com ng week
Vogtle will be applying it at one of their units.

The original prototype was installed at
Cal | anay. And it was a single channel ultrasonic
cl eaning unit. And we denonstrated it during, | think
it was, cycle 10 on 16 rel oad assenblies. And we had
very good success with those assenblies during the
operating cycle. So they went ahead and did a full

reinsert cleaning prior to cycle 12 and cycle 13.
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So what this diagramis showingisthisis
actually a nore advanced unit, one that, let's say,
for exanple, is enployed at South Texas project, but
you have got two chanbers here that can accommpbdate a
fuel assenbly for fuel cleaning.

Up here you have a punp skid and
filtration unit. And the punmp wll actually draw
water fromthe bottomof the ultrasonic fuel cleaner
down here and will drawit up through the filters and
back into the pool.

What we have in these units in the South
Texas project unit are 12 ultrasonic transducers that
are vertically nounted i nside the cl eaning canister.
And when the assenbly is inserted into the canister,
you apply the power toit. It takes probably three to
four mnutes in order for the material to be fully
renoved or renoved to their satisfaction

The way that they nonitor when they are
done cl eaning a particul ar assenbly is that they have
radiation nmonitors on the hose and on the filter
banks. So they will see initially a very rapid rise
in dose rate or gamma activity on the hose. And once
t hat subsides, they know at that tine that they are
pretty nmuch done.

Now, | nmentioned to you earlier that that
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bonaccordite was essentially inmpervious to any
shutdown chem stry technique. If a PWR has
bonaccordite, really, the only way to get ridof it --
and we have been able to denonstrate it -- is through
this ultrasonic fuel cleaning. And we were able to
successfully do that at Callaway during a cleaning
efficacy project that we had denonstrated there.
Thi s cl eani ng technol ogy renoves at | east
85 percent of the fuel deposit on these assenblies and
i n nost of the cases will renove above 90 percent. So
| have kind of expanded on that, only because I
t hought you mi ght be interested in that information.
Evi dence suggests crud from rel oad fue
can redeposit in boiling regions of feed fue
assenbl y. W have evidence that that transpires.
VWhat happens when you reinsert fuel, depending on the
rel ative power of that fuel in a second cycle of
operation, if it's lowduty, then if you ve got

material on the rods, it's going to dissolve or it's
going to be rel eased through thermal hydraulic forces
or hydraulic forces going, fluid shear going up the
assenbly. And that's because there's nothing really
keeping it there.

The subcool ed boiling isn't taking place

on that assenbly any longer. So the crud, we have
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been abl e to show t hrough our crud scrape canpai gns,
actual ly reduces in that second cycle of operation.
It releases the crud and nmakes it available to conme
back around and deposit on the new feed fuel, where
you do have a | ot of subcool ed boiling taking place.

Earl y-cycl e boron hideout pronotes early
onset of ACA and greater chance to degrade. That is
just talking about if you don't have the crud
substrate there early in the cycle, then you are | ess
likely to encounter ACQA on any reinsert fuel also.

We have had one case. This was follow ng
Cal | anay' s nost severe AQA cycle, cycle 9, that the
reinsert fuel also exhibited ACA in that subsequent
cycle, kind of a unique thing, but because they had
such heavy crud loading that it still pronoted the
boi I i ng taking pl ace.

Some ot her aspects that utilities m ght
want to use ultrasonic fuel cleaning, if you | ook at
the Callaway case, they have had a progressive
reduction in dose rates occurring at their plant on
ex-core surfaces since enploying this ultrasonic fuel
cl eani ng technol ogy.

Now, that data i s sonewhat nuddl ed by t he
fact that they have al so reduced the duty of their

core there as well, but you are abl e to renove a whol e
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| ot of crud on these assenblies when you' re doing this
ul trasonic fuel cleaning.

Strategy, elevating constant pH. Crud
managenment is the focus of this. The expected
benefits from an AOA avoi dance perspective is a
reductioninthe sourceterm transport and deposition
of corrosion products at the fuel clad.

We do believe that if you are able to
raise the pHin your system say up to 7.3 or 7.4,
that is a better reginme to be in than, say, at 6.9 or
7. 0. And that's based solely on a solubility and
t her nrodynam ¢ standpoint. |f proven successful, it
may pave the way for simlar applications at other
PWRs.

Here is the plant that is participatingin
this denmonstration. These are the pH regines that
were used in previous cycles here. You can see --
let's see -- thisis pH So they started out here in
this red and blue line early on at 7.0, cane up and
hel d constant at 7.2 through t he bal ance of the cycle.
And in this current cycle, they started out at 7.3.
And they're maintaining that throughout the entire
cycl e.

We will be perform ng visual and lift-off

nmeasurenents of their fuel comng up this fall in
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t hei r out age.

CHAI RVAN PONERS: \When you cite this pH,
is that pHthat is actually nmeasured in the plant or
is that what is neasured by sanpling and then
subsequently corrected to room tenperature?

MR. DESHON: These are cal cul ated pH s at
t emper at ur e.

CHAI RMVAN POAERS: At tenperature?

MR. DESHON: At tenperature, right. These
aren't 25 degrees. These are at tenperature.
Actual ly, we use TF.

CHAI RVAN POVERS:  Ckay.

MR. DESHON: Okay. We're |ooking at zinc
addition and how does zinc figure into our AQCA
prevention strategy. Well, |aboratory studies that
t ook pl ace before zinc was added at the boilers or in
the PWRs were found to actually reduce the corrosion
rate of your ex-core materials, stainless steel and
i nconel, and to make themnore stabl e so you have | ess
corrosion taking place, less corrosion product
rel eased fromthose materials.

So the end result here is a reduction in
corrosion rates; transport; and, therefore, materi al
that is avail able to deposit on your fuel assenblies.

Sonet hing else that we are intrigued by
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based on t he fuel observations during our crud scrape
campai gns, oxide neasurenments is that the crud
deposition pattern in these zinc plants is sonmewhat
different than they are in your traditional chem stry
progranms, insofar as the corrosion products deposit
along the entire length of the fuel assenbly and not
restricted to just those spans where you have
subcool ed nucl eate boiling taking place.

So what that neans to us is perhaps
t hrough zinc addition, you don't reach that critical
t hi ckness that is necessary to deposit boron in those
upper spans.

So we are kind of intrigued from this
potential aspect fromzinc addition. So why are we
denonstrating it at one of our high-duty units?
Bottomlineis there have been no hi gh-duty units that
have added zinc, firstly. So adding significant
subcool ed nucl eate boiling into the equati on nakes us
a little uneasy because we don't know how zinc is
going to be affected under that environnent.

Addi tionally, when  you add zi nc,
especially in that first cycle, it will be rapidly
consunmed by systemsurfaces. And as it does that, it
di spl aces other transition netals, nanmely nickel and

iron, from those surfaces. And it gets theminto
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reactor coolant. That nakes them avail able then to
deposit on the fuel assenblies.

So we take a very cautious approach to

zinc injection for this denonstration plant. It's a
step increase. Number one, they didn't start
injecting zinc until six nonths into the cycle.

Secondly, they added at a very low rate. And once
they started detecting zinc in the coolant, they
stepped the rate up a little bit. But they're doing
it in incremental conponents so that they don't
encount er any probl ens.

| think | have covered everythingw ththe
zinc addition. And ny | ast two slides here, sonething
that we are looking at that is not a denonstration
yet, it is still in the research phase, is enriched
bori c aci d.

We have got a programtaking place right
now at the Hal den reactor project. And | have heard
that facility nentioned here several tinmes yesterday
and today. The project right nowis shut down due to
sone cracking problens in one of their primary pipes.
So this activity is not taking place at this nonent.

The objectives behind this particular
project -- and we have recei ved some DOE co- fundi ng.

Aenn is still here. | thought you left, Genn. W
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have recei ved co-funding fromDCE for this particul ar
proj ect .

The initial objectives for wus were:
first, we're not eveninjecting enriched boric acid at
the point. Halden needs to be able to denonstrate
that they can actually exhibit the synptons of AOA.

So to do that, they need to show us that
they can deposit crud on their fuel rods under
prototypical PWR conditions that we have prescribed
for them And, secondly, they need to be able to
exhi bit those synptons of ACA

We are giving themtwo tries to be able to
address those two issues for us in phase |I. Test one
was not successful. So we have nmde sonme program
changes for the next test. W're basically throw ng
everything but a Chevrolet into the reactor cool ant
systemto deposit crud.

| f we are successful in phase |, then the
phase Il objectivew || be toindeed determn ne whet her
or not EBAis a viable chem stry alternative to avoid
AQA.

So why are we | ooki ng at EBA? A coupl e of
reasons: nunber one, EBA allows us to optimnze our
reactor cool ant pH so that we don't have to increase

['ithiumabove, say, the current three and a half ppm
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[imt that we apply to our utilities.

Now, a utility that has, say, inconel 600
m anneal tubing m ght be interested in EBA for that
very reason, because they want to optim ze their pH.
But they are a little concerned that raising the
['ithiumcoul d enhance PWSCC susceptibility. So they
can optimze their pH

The second conponent here is directed
towards the actual deposit nmechanism Because AQA,
t he boron conponent toit, is through a concentration
process, you have to actually achieve very high
concentration factors in order for the boron to
actual ly deposit withinthe crud. So if you are able
to reduce the concentration of your cool ant boron,
then you're reducing the concentration for the sane
fuel duty at that clad surface. So you can perhaps
del ay t he deposition process taking place or avoid it
altogether. So these are the two reasons why we're
| ooki ng at EBA.

Because EBA is such an expensive
proposition for any utility to undertake because of
the capital costs associated, we wanted to verify it
t hrough a research reactor before presenting it as a
potential strategy for our utilities. So | think

that's it.
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CHAI RVAN POVERS: One question | should

have asked before. Have we characterized the
doubl e-1 ayer potential on these fuel rods in the
crudded and uncrudded states at all?

MR, DESHON: No. W approached Hal den
with that too late into getting into this EBA project
because they would be best suited to do that.
However, it was too late in the gane to put in sone
sort of probe or anything like that, electrode. It's
an interesting thought and sonething that we have
consi dered and may or may not be able to do down the
road.

There are sonme data. Studsvi k has
gener at ed sone data that we' re | ooki ng at potential as
wel | but not in a crudded environment, just | ooking
solely at what is the potential right there at the rod
under standard or prototypical PWR conditions.

CHAI RVAN PONERS: | f you happen to have a
reference to that, | would Iike to seeit. It would
be interesting.

MR. DESHON. Ckay.

CHAl RMVAN POVERS: The idea is to get rid
of this, not to study it, but --

MR. DESHON: Yes. Yes, | know. Yes, |

know.
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CHAI RVAN POVERS: Any ot her questions for

(No response.)

CHAI RVAN PONERS: Coul d | propose that we

break for | unch and reassenbl e here at 1: 30? So we're

recessed until 1:30.

(202) 234-4433

(Whereupon, at 12:48 p.m, the foregoing
matter was recessed for lunch, to
reconvene at 1:37 p.m the sane day in

Cl osed Session.)
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AAF-T-EERNOON S-E-S-S1-ON
(3:21 p.m)
CHAI RVAN POERS: W' re back i nt o sessi on.
And we're going to hear the sad tale of fuel failing.
W' ve got to i nprove our schools for fuel. You know,
it's because they don't study prior to the test.
That's why it is. It's |lack of parental invol venent.
W have sibling rods. There nust be parents
sonepl ace, right?
MEMBER KRESS: Muist be.
CHAl RVAN PONERS: Go ahead, sir

13) FUEL FAI LURES

MR. CHENG Ckay. Thank you. My nane is
Bo Cheng.

| would like to share with you the fuel
failure experiences in the U S. |ight water reactors
and our root cause investigations into those issues.

| will share with you first the industry
fuel failuretrend and tal k about failure root causes.
And | would like to focus on the investigation of
crud-induced cl addi ng corrosion failure because that
seens to be the current issue.

I will also discuss somewhat the
chal l enges we are facing today. And the last topic

will be the BWRwat er chem stry changes, NMCA, and t he
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fuel performance issues associated with it.

As you know, nost of the fuel failure in
the U'S. inposes economcal penalties on the
utilities. They really have never beconme safety
i ssues, but the cost of fuel failure can range from
just a small anmount up to -- the worst one | heard was
like a $17 mllion | oss.

CHAl RVAN PONERS: Wl |, you know, the one
area where failures nay or may not come into the
regul atory process is if you believe that iodine
spiking in, say, a steam generator tube rupture or
sonething like that is the result of water intruding
into a perforated rod. Then it cones into the
regul atory process.

MR. CHENG kay. In the robust fuel
program we have tried to first work with utilities.
When they have fuel failure, some of themdo contact
us. And we provide all of the technical assistance or
is all of the industry database.

We eval uat e t he root cause with them join
their root cause investigationteam And if thereis
a need to send arod to the hot cell, we'll call into
the effort with the utilities to performthe work.

| showed you the trend pl ot al ready. Just

basically the last two years, the BWR side 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

231

experienced a substantial fuel failure experience. |
t hi nk about 50 percent of the 33 BWRs all have
experienced a certain degree of failure, sone with a
ot of rod fail, some with only one failed rod. PWR
seens to be nore steady.

About the root causes, I'll just show you
a typical PWR assenbly, but the BWR assenbly is
sonmewhat different. There are many different root
causes. The first one certainly is associated with
manuf acturing. GCkay?

There are many different manufacturing
defects that lead to fuel failure. The nost
outstanding one is internal hydriding, which was a
nmeasure of failure of root cause fromthe begi nning of
fuel operation.

Last week | talked to one utility guy.
They think they also have just recently experience
with noisture failure. So althoughit'sreally nostly
under control but occasionally we do still experience
alittle bit of this manufacturing defect, the end
plug wel ding was a big issue in the beginning, many
years ago, like three, four decades ago. But nostly
it's under control now.

Tube flaw, the | ow corrosion resistance

cl adding. W tal k about corrosion. Thereis alot of
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corrosionthere that woul d actual |y cause fuel failure
as a comon mneasure of corrosion with others that
caused the fuel failure.

Now, we have i ke m ssing fuel pellets or
damaged fuel pellets. And there are other materi al
defects al so. But nost of the manufacturing defects
have been under control.

The second one is foreign material
intrusion. It's actually caused debris fretting. And
in the last ten years, both BWR and PWR have
i mpl enented this debris filter by the nozzle, by the
type pl ates.

In PAR, it seens to be quite effective,
gradual ly renoving this smal |l nmetal Iic debris-inducive
failure. Oten with debris, you ve got caught by the
spacers. And the fret on the fuel rod caused a fuel
failure.

In PAR, it seens to be quite effective;
BWR, it's not so sure. The data doesn't conform You
know, we continue to have failure with even debris
filter by the nozzle. So we still need to see sone
nore inprovenent that's need in the BWR side.

The grid-rod fretting -- | think Rosa had
mentioned this. This is a vendor-specific issue and

many different causes. Gid design is one of the
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maj or conponents that causegrid-rodfrettingfailure.
Particularly, at the core periphery, because of this
jetting, you know, the jetting issues cause fuel
failure on nost of the high burnup rods.

The chai rman had a questi on why we di d not
i nspect, so many rods had never been i nspected. That
was because utilities believe there's arecurrence of
grid-rod frettingindischarged fuel. So they thought
they didn't know that was the root cause. Sonehow
they just don't have tinme to inspect the discharged
fuel .

Then, of course, the next one is |ocal
power change due to control bl ade novenent caused the
PCl failure, pellet-clad interaction failure. Again,
nost of it is under control, but I will explain a bit
|ater. We do occasionally continue to have a probl em
on this mechani sm

The Jlast one is, as | said, the
interactionwithinpuritiesinthe coolant, nostly due
to crud interaction with the fuel rod. Again, Rosa
showed you this.

MEMBER FORD: Excuse me, Bo. Before you
nove on to that, --

MR. CHENG  Yes?

VEMBER FORD: -- | noticed there was a
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surprise on Kurt's presentation but al so on yours. He
mentioned they were doing some work on fatigue. And
you have shown there that fatigue is not, as | seemto
remenber it, a mpjor failure mechani sm I's that
purely because it's a new material, the high burnup
fuel s?

MR. CHENG Yes. It's a high burnup fuel
concern. | don't think people attribute any of the
failure to the fatigue.

MEMBER FORD: That's right.

MR EDSINGER It's a margin issue.

MEMBER FORD:  (kay.

MR. CHENG Ckay. |If you'll notice here,
we do have fuel. Thisis theone. It's the different
failures of root cause. The red one was cl adding,
corrosion failure, sone of it due, probably nost of
it, tocrud-induced corrosion failures. W have quite
a fewincidents of that. Again, we do have a couple
of PCl. | wll talk about that.

In the PWR side, you see the red ones,
t hose three crud-induced corrosion failure with the
three incidents, the risk of the major issue that has
been associated with grid-rod fretting.

The reason | bring this corrosion failure

up i s that when you have fuel failure, typically nost
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ot her nmechanisnms in the | ast ten years, maybe one or
two or three rods fail.

Now, when you have corrosion damage,
crud-induced corrosi on danage, you coul d reduce the
whol e rel oad. Three units in the last, say, five
years essentially lost the whole reload due to the
crud-i nduced corrosion.

| already covered this thing. So | wll
not go over. Qur focus on the crud/cladding
corrosion, fuel failure. And if you have an interest
on ot her nechani snms, we can discuss that. | do have
backup slides of other issues.

I would |ike to talk about PVR
crud-induced corrosion failure. As | nentioned, we
had t hr ee cases of crud-induced corrosion failure. It
affected nostly the high-power, first-cycle rods in
all three cases. So this is not a high burnup issue.
This is a high-duty fuel issue.

Corrosi on separationwas thermal | y i nduced

in at | east one case. | wll talk about that. "
found it from the hot cell exam nation. And it
occurred in a couple of cases. In two cases, it

occurred in fresh-to-fresh fuel assenbly faces.
Anot her case was because t he fuel duty was

pretty high to get to 4.95 enrichnent. And this
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specific utility did not use so-called internediate
m xi ng band. That's the IFMgrid. Gkay? In the new
design, because the high-duty fuel added three
additional grids in the upper part of the core to
i nprove the MBnmargin and al so to i ncrease the m xi ng,
this specific case, they got better high-duty fue

without |IFM grid. So this got this |localized
corrosion failure.

Qut of the three failures, we did hot cel
exam nation of the first case of failure that occurred
here in 1995. I will show you those hot cel
exam nation data to show to you how we reached this
failure root cause and how this problem can be
managed.

In the TM <cycle trend, they got ten
failures. The first failure occurred about 120 days
into the cycle with nine rods failed at span 6. That
is the hottest span, number 6.

In addition to the failed rod, they had
many rods. And the damage is by crud. And you can
see thisis visual appearances of crud-i nduced damage,
t he hottest span, nunber 6.

Al'l the failed rods were once burned. And
they failed at the assenbly periphery. Thi s

observation is very simlar to the second failure
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case. | think APS discussed yesterday briefly
observation of those characteristics were very
simlar.

| f you |l ook at a core map, all the failure
occurs -- and I'msorry this is not very clear, but
the bl ank, this white blank, area is the fresh fuel.
And in this case, there are four fresh fuels that were
cl assed toget her in a so-called T-joint occasion. And
you can see the symetrical |ocation.

Al'l the damages were on the fresh fuel,
nostly between fresh fuel assenblies. And also in
sone cases, a fresh fuel assenbly is a cold | ocation.
For fail rods, it actually occurred between
fresh-to-fresh fuel assenblies.

We sent four rods to the hot cell. One of
the rods, you can see this is a corner rod of an
assenbly with four fail rods. And you |look at the
corner. This is the corner facing away from the
assenbly. It faced the water gap between two fresh
assenbl i es.

This is a corner rod. You can see on the
corner side, you have significant crud-induced damage.
The si de facing the bundl e interior | ooks very snoot h.
There was no indication of crud-induced danage.

Simlarly, this peripheral rod al so shows
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the surface facing the interior side, show ng very
smoot h surface wi thout any crud-induced damage. It
was the surface facing toward the water gap between
two fresh assenblies showing very significant
crud-i nduced damage.

In the hot cell, we send the rod to the
hot cell, of course. W did quite a few things
| ooked at neutron radiography, profilonetry, gamm
scan as a neans of burnup distribution.

W took a fuel pellet. W took mcro
sanples fromthe fuel pellet on the side facing the
wat er gap and al so on the side facing the interior.
And the reason we do that is because when peopl e | ook
at this kind of corrosion danmage, this is a dry-out
condition. You have a power distribution problem

O course, froma utility perspective,
that is a very serious problem So we need to resolve
whet her there is a power distribution problemor maybe
just crud deposit issues.

So we did quite a few things. The key
finding was that we [|ook at azimuthal burnup
di stribution. And we could not see any variation in
the burnup distribution azinuthally. So the
conclusion was that there was no unexpected burnup

di stribution. Inside and outside, it | ooked
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essentially the sane.

One key observation we found, we cut a
sanpl e across the damage | ocation. And we | ooked at
the cladding mcrostructure here and conpared the
| ocati on behind this damage on the interior side. You
can see that there is a clear difference in the
cladding mcrostructure, the grain structure. Ve
crystallized the grain structure.

On the back side, on the interior side,
this is cold work structure. This is a cold work
stress relief structure. This is in a fabricated
condi ti on. So in order to transform this
m crostructure into this structure, you do need a
tenperature greater than 450 degrees Centigrade. And
so the maxi mum should be less than the 350 C, even
t hough your structure in the PWR should be | ess than
350. So clearly the crud has induced a tenperature
ri se significant enough, maybe 100 degrees Centi grade
or even sonewhat higher to induce the |ocalized
corrosion penetration. So that is our concl usion.

MEMBER KRESS: You could check that by
sonme sort of thermal cal cul ati on knowi ng t he t hi ckness
of the crud? That seens |ike an wunreasonable
assunption to ne, but, of course, | can't argue with

your recrystallization picture.
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MR. CHENG Yes. That's right. That's

right.

MEMBER KRESS: But it | ooks |ike a thermal
calculation of that crud knowing its thernal
conductivity.

MR. CHENG Right. It depends on the type
of crud. Actually, the thermal conductivity of the
crud all depends on the norphol ogy nore than fromthe
type, the chem cal conposition because the crud, say,
it conmes as asolid, thesolidiron oxide conductivity

is better than zirconiumby maybe a factor of two to

five.

MEMBER KRESS: Yes.

MR. CHENG Ckay. But if so, it depends
on nor phol ogy. | f the norphology is such that it

woul d cause a steam bl anketing, then your steam has
extremely poor conductivity, maybe two orders of
magni tude | ower than the --

MEMBER KRESS: | see. It mght be a very
poor est gap.

MR. CHENG Ri ght. The crud is so
difficult tocharacterize. Andthe conductivities all
so nuch depend on the norphol ogy.

So what kind of crud would induce the

failure? W did collect sone crud sanpl es and did an
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X-ray diffraction study. Basically those are either
magnetite or nickel ferrite. And we al so found ni ckel
oxi de.

So this is consistent with what Jeff
di scussed this norning. I[t's not wunusual crud
deposits. W coul d not determ ne the surface | oadi ng.
And we really don't know t he norphol ogy of the crud.

We col |l ected sonme crud sanples. And the
vendor who handl ed this initial investigation was not
experi enced enough, and we l|lost npst of the crud
sanpl es because of that.

However, we went back si x nonths | ater and
tried to collect some crud sanples. Al the crud
di sappeared i nthe storage before because st orage pool
has a pH of about 4.5. So they all disappeared.

Also, a lot of crud will dissolve even
during the shutdown. You know, first your boil rate,
t he water, and then you get i nto oxidizing conditions.
You know, a lot of crud will burst out during the
pl ant shutdown. Sonething |ike maybe three or four
kilograms will induce fromthe fuel rod surface.

Sotypically wereally don't knowhow nuch
crud was on the fuel surface during operation. That's
probably the nost difficult part for the PWR to

quantify how nuch crud was actually on the fuel
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sur f ace.

I t hi nk t he vendor did rel oad
t hermal - hydraul i c cal culation. They really couldn't
predi ct subcool ed boiling, even the hot span, because
PM is really the lowtenperature PWR The only
difference is that for this plant, they are making a
transition from 1 think 18 or 20-nonth cycles into
24-mont h cycl es. They do i ncrease enrichment to sone
ext ent .

However, no matter howwe di d, the vendor
did a calculation. At EPRI, we also used a VIPRE to
do the cal culation. W sinply could not predict that
t hey coul d have subcool ed boiling in the core.

However, we did sone sort of case study.
And that says that if you have a subcool ed boiling to
exist, you will need to have sone special hydraulic
effect. And that hydraulic effect is to cause sone
sort of flow |oss between the fuel assenmbly gap
ei t her because of the strip, the side strips, or sone
sort of raw tripper that causes actually the water
| oss on the gap.

It's not fully resolved why you get the
subcool ed boiling in such a |owtenperature plant.
There i s another theory that maybe t he wat er gap, the

fl owwas sl ower because of the water gap i s wi der than

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

243

the interior, which would induce the crud to
deposition and |l ed to subcool ed boilings because of
t he cladding process. But this generally is not
real ly credible.

Really, the issue is that we know from - -
we did bring in alot of experts, |like Saul Levy, Dr.
Levy, to look into the condition. Basically a
suggestion is you have to really take the pl ant data,
say you do have subcooled boiling. And so do
sonet hing there.

So it's beconming nore an enpirical
situation to howyou mtigate this problemwoul d be an
enpirical approach. And so you need to assume when
you put fresh-to-fresh assenblies together and cross
t hemtogether, the thermal hydraulic condition may be
nore conplicated than the nodel predicts. W really
need to take a nore conservative approach.

MEMBER KRESS: Does that mean you have to
get circunferential variations in your nodel ?

MR. CHENG Yes, yes. W don't know if
there is a power variation, but it put a hydraulic
condition there. And in the case | nentioned, when
t hey got to very high enrichnment in high-tenperature
PAR, | think that additional mxing maybe is

necessary. So |FM grids appear to be necessary to
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prevent |ocal hot spots.

O course, thereis achemstry issue here
that we need to avoid total inventory within the
pressurized | oop. One of the first thingsis TM did
operate the pHsonmething | ess than 6.9, nmaybe 6.7, for
the first 100 days. They offer a slightly | ower pH.
And the reason was that they were confined by the
[ithiumlimt of 2.2 ppm So with high 24-nonth cycle
core w thout enough persons inside the fuel rod at
West i nghouse design, they have this lithium

In the other design, they rely on
gadolinium That was not sufficient to control the
reactivity in the beginning of the cycle. So they
start up the cycle with about 1,830 ppmof boron. And
that's pretty high. So as a result, they got a
sonewhat | ower pH.

After this experience, of course, they
made their boron to about 1,750 or 1,800 as the
maxi mum limt now O course, Jeff nentioned this
EPRI's recommendation is to try to operate at a
constant pH of about 7.2.

So fromthe data, it seens the higher pH
total inventory of crud, iron-nickel crud, should be
sonewhat |ess than the | ow pH condition and shoul d

al so reduce the crud transportation in the primary
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system

So the PWR failure, we had experienced
those three failures. W think that the problem that
the root causes were understood. And we think the
probl em can be cont ai ned.

| would like to switch, then, to BWR
corrosion failure. BWRis alittle bit difficult to
cont ai n because the feedwater i s a single-loopsystem
Soinmpurity can easily get intothe feedwater into the
core, unlike PWR which is a closed system

There is no way you can get any inpurity
into the closed system in PWR except during a
shutdown. But BWR, there is a chance that inpurity
can enter a systemthrough feedwater into the reactor
water. And also there are a | ot of changes in water
chem stry conditions.

In terns of the crud-induced corrosion
failure, | think the nultiple plant/cycle failures
t hat occur by crud-induced | ocalized corrosionfailure
t hat occur starting in 1978 into md 1980s affected
many plants at that tine was kind of newer plants,
BWR/ 4 to 6 hi gh-powered plants, those plants equi pped
wi th brass condensers and Powdex cl eanup systens.

The uni queness of this Powdex systemis

not very efficient in renmoving the soluble species in
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the feedwater. So the feedwater in those plants woul d
contai n sonewhat higher sol uble species than other
types of cleanup systens. There are two types. The
other type is called deep bed cleanup system which
can renove the soluble nore efficiently.

Wl |, the problem so-called CLCfailures
were mtigated. One of the mtigations was to i nprove
t he corrosion resistance of the cladding. And that
was i ntroduced in the m d 1980s, about '85 or so. And
after that, we had a fewfuel failures associated with
this type of cladding corrosion failure.

The first one was in 1988, we had one
pl ant with very significant claddi ng corrosi on damage.
It affected fresh fuel. Then for ten years, we
essentially didn't have this type of corrosi on because
| guess the mitigation was quite effective.

But in 1998, we had one plant that had a
very significant crud, very heavy crud, deposit that
caused a failure. This plant again experienced the
same type of failure just sonetinme this year, early
part of this year. So we had a repeat of this simlar
failure this year by simlar nechani sns.

Last year, we had two plants: Vernont
Yankee and Browns Ferry Il. Both experienced fuel

failure of second-cycle fuel. And we will discuss
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this CILC failure nmechanisma little bit to give you
some sort of background.

We  thought we were out of t he
corrosion-induced failures. Somehowthey keep com ng
back. And | think these CILC failures were
investigated very, very thoroughly by GCeneral
El ectric. So | think the understanding is pretty
good.

However, the information here we | earned
| thinkis applicable probably to sonme extent to those
ClLCfailure nechanisnms, too. Sol will talkalittle
bit on the CILC failure mechanism Then | wll talk
about a new type of crud failure. Then | will cone
back to this nore nysterious failure.

MR. CARUSO The 1998 pl ant, that is Ri ver
Bend, right?

MR. CHENG That's right.

MR. CARUSO You're saying that was Cl LC?

MR, CHENG No. That's different. I
nmentioned that's a heavy crud-induced fail ure.

MR. CARUSO kay. But not ClLC?

MR CHENG It's different. It's
det ai | ed.

kay. So I'll give you a brief update on

the CILCfailures. As you know, CILC failure was due
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to cladding at a very significant nodul ar corrosion.
And you can see this nodul e corrosion, the spots, the
nodul e corrosion, grew at a rate nuch higher than the
typi cal protective bl ack oxide.

In this rod, you've got corrosion damge
fail. Wen you look at it in a hot cell, you can see
that afailure occurred due to corrosion pittingtypes
of defect. And this is just to show you this netal
| oss at this |ocation.

MEMBER RANSOM Has anybody suggest ed t hat
that may be due to subcool ed boiling, you know, sort
of the opposite of cavitation? You know, you get
col I apsing of the m cro bubbles and then fatigui ng of
t he netal surface.

MR. CHENG | think because thereis a PWR
course, there is a lot of boron. | can see here and
show you here, if you | ook at the | ocation, sone rods
show nucl eus nodul e corrosi on at about 20 to 40. And
t hen the corrosion went down.

O her rods show the two peaks boiling
under the peak here. There you can see here right
from each location, this is the place you have
vi gorous subcool ed boiling. It occurred about 30 to
40 at each location. So the boiling occurred on the

fuel rod surface. That isto stripoff alot of crud.
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| don't knowif fatigue was involved, but if you | ook
at a cross-section, it's really metal |oss.

So this is kind of puzzling, right? You
have a doubl e peak here. | can cone back alittle bit
on that. But, anyway, if you ook at the rod in the
hot cell, there is a lot of cross-section. There is
some very heavy nodul ar corrosion

If you cut a cross-section, you have a
nodul ar oxi de here. A nodular oxide is locally
penetrating into the cl adding. Between nodules, it's
formng this kind of crud deposit here. And thereis
a heat perturbation

| f you do the heat cal culation, you wll
see because the nodule is getting so cl ose, you start
getting really high peaks. The boiling rate was nuch
hi gher here than on the nodul ar oxi de surface.

When you | ook at a cross-section examw th
a scanni ng el ectron m croscope, you can see here there
is crud inbedded inside zirconi um oxi de.

This is the EDX. Using this SEM you can
see the zirconium oxide here. And this is Zrcal oy
cladding. Inside, there is nothing in between. Then
you' ve got this porous deposit with a | ot of copper
here and also sone zinc, and actually also sone

manganese, somne cobalt, sone nickel, found nostly al
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the soluble species in the reactor wall. They got
stripped out by the boiling process.

| f you |l ook at this cross-section -- |I'm
sorry the quality is not very good -- you can extend
a very large area with zirconi umoxi de on the outside
and on the inside. |In between, you have a | ayer of
this type of porous crud enbedded there.

So then we cone to what then was this
structure. Then you will say, "Ckay. |If you have
wat er come” -- |'msorry. Qutside of this area, there
was sonme sort of fluffy site but renoved or |ost.

But, you know, under this boiling
condition, of course, with the porous crud, you can
contain steam but water cannot cone inside. So the
conductivity, thermal conductivity of this will be
m xed structure of sonme dry steamin here, taking dry
steam mixing it with a copper-zinc oxide mxture
here. And sone of it is difficult to measure how nuch
it is.

| f you have enough steam pocket here,
| ocally heat will not go t hrough very effectively. So
you are bound t o have sort of | ocal tenperature rises.
And with this type of structure, Zrcal oy becones very
sol ubl e oxide with growh very fast.

Somewher e about 500 degrees Centi grade,
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you can perforate cladding in just a few days at 500
C. with poor nodul ar corrosion-resistant cladding.

Inlaboratory tests, this oxide w || grow
like 10 ml per day for 24 hours. So you can perforate
the cladding if you overheated cladding over 400
degrees Centi grade.

So this clad nechanism | believe is
wel | - est abli shed through quite extensive study. In
the old days, during this investigation, General
Electric actually retrieved 12 rods from Vernont
Yankee and did very extensive testing, even testing
sanple for corrosion, for everything in controlled
radi oactive environnent because it was nuch cheaper to
do this type of work a long tine ago.

So the solution, mtigation, was to
i mpl enent is the heat treatnent and t he belt-polished
cladding. So there are two things. You heat-treat
the cladding and you finish the surface wth
belt-polish versus the old cladding, which was not
wel | heat-treated and the cl addi ng was autocl aved.

In addition, many plants re-tubed the
brass condensers to renove t he copper source. Sone of
themdi d not repress the brass condenser. They put a
pre-filter for the condensate cleanup to reduce al

the inpurity sources before the water gets into the
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f eedwater stream And so, thus, the solution becones
quite effective.

After the inplenentation, some fuel
surveil |l ance progranms of those heat-treated cl addi ng
show t hat, actually, you canreally elimnate nodul ar
corrosion in the reactor by using this heat-treated
cl addi ng. Even before the brass condenser was changed
out, many plants show very | ow or no nodul e of fset at
t he change- out.

There are some unresolved issues. The
i ssue i s why nodul ar corrosion or the ClLC occurred
predom nantly to gadolinium fuel rods? A large
percentage in the first CILC failures, all the
failures occur to the gadoliniumrods. But then the
subsequent failures start sonmewhere to also show
failure in the damages.

Way does gadolinium play a significant
roleinthe failure nechani sn? A second one is why it
occurs al so at 100-inch elevation. And this is kind
of an interesting mystery.

Ckay. So that's the CILC failure. Then
| want to talk --

DR. MEYER Could I interrupt and ask a
qguesti on?

MR. CHENG Sur e.
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DR. MEYER This is Ral ph Meyer from NRC.

On the previous slide, you showed
heat -treated bel t-polished cl adding. Do | understand
fromthat that inthe md'80s, they started polishing
t he surface of the cladding during fabrication?

MR. CHENG Yes, yes. As a finished
product, all the vendors switched to belt polish.
Before the md 1980s, all the vendors used autocl ave.

DR MEYER Because this is entirely
consistent with what we saw with the E110 cl addi ng,
whi ch was devel opi ng nodul ar corrosion.

MR CHENG Yes, yes.

DR MEYER: Wien it was polished, it
i nproved the situation dramatically. Thank you.

MR. CHENG Right, yes. C adding surface
can be a very mgjor part of the whole corrosion
equati on.

kay. Now I will switch to this heavy
crud-induced corrosion failure. Again, this first
occurred in 1998. W helped the utility a bit. And
the data was published in this neeting in year 2000.

The crud was very heavy crud. You can see
here in the picture here some of the crud was so heavy
that this is about a 40, 50-inch elevation fromthe

bottom The crud was so heavy, sone of them between
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the two, they would al nost touch each other. So it
al nrost crossed the gap in sone of the rods.

It occurredto the first cycle hi gh-power
rods. Wen you brush it off the rod, you see this is
openi ng danage. One thing interesting, you don't see
t he nodul e type of corrosion on those danaged rods.
So the detail ed mechanismis sonewhat different.

The main constituents are iron, copper,
and zinc. This is a brass condenser is not a typical
CILC plant in that it has a deep bed cl eanup system
and supposedly is nore efficient in renoving copper.
But, yet, they still have about .2 to .3 ppb of copper
inthe feedwater. So they still have copper | ess than
t he subpi pe of copper in the system but it still has
some copper.

And they inject zinc. Okay? O course,
the zinc injection was for dose rate reduction
consideration. They inject zinc into the feedwater
and enter into the reactor water.

They have a Ilot of «crud deposit.
Actual ly, they have mass bal ance. And they say that
t hey t hink they may have sone sort of iron intrusion.

So at that time, it was not so cl ear what
really triggeredthe failure except they believedthat

maybe they have a significant iron intrusion during
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the start-up period that caused thisirontogotothe
fuel rod surface.

But, yet, if you |look at the total iron,
however, it is really not the highest there. There
are other plants with higher iron deposits. Yet, they
didn't have fuel failure.

Look at the copper itself was not the
hi ghest either. W had a sim | ar copper deposit. W
had a simlar zinc deposit. However, they're unique
in the conmbination of iron, copper, and zinc.
Conmbi ned together, they were very unique in the
i ndustry.

So t here was sone sort of belief that they

had to do with the copper hideout in tenacious iron

oxi de crud. This crud was very tenacious. It's very
difficult to brush off. So this is sonmewhat
different.

"' msorry?

MEMBER KRESS: Do you gat her that fromthe
clue that the copper and the zinc curves tend to be

mrror i mages of each other? Is that a clue that you

MR. CHENG Yes. | think what happened is
| will cone back when | talk about NMCA. Wen you

inject zinc, the crud can becone very tenacious

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

256

W thout zinc, crud tends to be very fluffy. | think
when you add zinc into the reactor, zinc wll interact
with iron to form a very tenacious zinc ferrite.
kay?

Wth the porous tenacious crud, copper
found a place to hide out. And maybe that copper
pl ugs up this porous tenacious crud to cause a steam
bl anketi ng, too.

Ckay. So | will cone back to the next
slide to --

MEMBER KRESS: The copper and zinc are
definitely related to each other. You can see that.

MR. CHENG  Yes, here, certainly.

MEMBER KRESS: Yes.

MR. CHENG But the source of zincinthis
case came nostly fromzinc injection, although there
is some zinc in the systembecause brass contains it.
But the mpjority of the zinc came from the zinc
i nj ection.

CHAI RVAN POVERS:  Yes. | was just | ooking
at the shape of the curves. Hi gh copper neans |ow
zinc and |ow copper neans high zinc. So they're
related. And that gives you a clue as to howthey're
interacting with each ot her.

MR. CHENG Yes. Ckay.
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MEMBER KRESS: |' mnot sure what cl ue t hat

CHAl RVAN PONERS:  Well, |I'm not either,
but there is a clue there that we need to | ook at.

MEMBER FORD: The zinc displaces in the
magnetite. That is the basis of the GeSi C process.

MEMBER KRESS: And then, therefore, the
copper can't get to it.

MEMBER FORD:  Yes.

MEMBER KRESS: Yes. That's the clue.

MR CHENG Well, | think the problem
they had a simlar experience this year. And they're
still working on the root cause, the final root cause.
So the utility is actually taking the | ead.

You know, previously the vendor made it
nore strong i nference in the final root cause and here
decided that this is their plant they have to have
their voice, their stronger voice. So they took over
the root cause investigation and | ead the effort.

W are providing them the root cause
analysis. And also we are helping themto analyze
t hi s tenaci ous crud, particularlytotry to understand
t he nor phol ogy.

In addition to that, the plant already

installed this full-flowfilter to renove copper and
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iron. So right now the plant has very low iron and
very | ow copper. So we think the problemshoul d just
go away by that.

Inaddition, I will come back onthis. W
have requests as to the chem stry guidelines to be
revised to limt the zinc, how nmuch zinc you can put
into the reactor water.

MEMBER FORD: At | ess than .4 ppb, you can
still control the cobalt 607

MR. CHENG Well, that is something that
could be a problem for a high-iron plants. Sone
pl ants may have to take exceptiontothis limt. For
a plant with copper, we like to stick to .4 or even
| ower .

So | would like to summarize the crud
corrosion failure here, historical case, includingthe
hi gh crud-i nduced case | just nentioned. | think that
it's the localized corrosion acceleration will occur
when stagnant steam pockets are forned.

There are two ways to formcl oser fromthe
data details. Inthe del am nat ed nodul ar oxi de | ayer,
like we found at the -- due to intrusion of soluble
speci es outside that caused this steam bl anketi ng.

The second case i s tenaci ous crud, where

t he pores got partially blocked. And we still think

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

259

and | think this type of conclusion, this we're still
wor ki ng on the cross-sanpl e characterization, but we
think the case probably is very simlar to what
happened at SGHWR in the 1970s is a heavy water,
st eam generati ng reactor.

They had a very t enaci ous i ron oxi de crud.
And then they got this copper oxide plug up this crud
area fromthe outside. So it created a steam pocket
here that the dry steamescaped. So water cannot corme
in. So you are creating a heat barrier in between.

So we think copper can <cause this
del am nation in the plug of the tenacious crud. And
t he reason i s the copper is the nost abundant sol ubl e
speci es. You go in. You've got boiled and
precipitate iron oxide plus copper oxide.

However, ironis different. You know, al
t he speci es behave differently. Iron when it goes to
the BWRcore, it precipitates out as a colloid of iron
oxi de. It's not a soluble. So the position
characteristic of iron oxide is very different.
Mostly it would occur at the bottompart of the core,
like a20to 40-inch locationinthe subcool ed boiling
regime or nost of the insoluble iron oxide will be
stripped out. W have a lot of crud data that

indicate that to be the case.
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So the equation is how about other

solubles? W are adding zinc. And zinc is also
sol ubl e. So that's the equation that we need to
addr ess.

How do we deal with this tenacious crud
issue? If we |ook at the history of all the BWR crud
data that we have collected, we can safely say that
before zinc injection that was started in 1986, we had
seen tenaci ous crud. Most crud, you brush it, it
cones off.

Cccasionally in some of the brass
condenser plants, you had natural zinc. But a zinc
concentrationis substantially |l owsuch that you don't
really forma tenacious crud there.

So only zinc injection in the |ast nmany
years, we start seeing very tenacious crud formation.
O her crud formation characteristics al so have to do
with the thermal hydraulic condition in the BWR core
because it's a two-phase flow boiler.

You have a subcool ed boiling at the bottom
part of the core up to about maybe 40, 50 inches into
about 40 inches. You' ve got bulk boiling. But that
regi on, there the two-phase fl ow depends on this film
boiling. There is a very thin filmon the water, on

the fuel while keeping it thernodynam cally stable.
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|f we produce the water film we can get into the
dry-out condition.
But this also could potentially becone

| ocation for a hideout because water dropl ets deposit

on the fuel rod surface and they'll vaporize as pure
st eam So it wll |I|eave behind sonme of the
i mpurities.

So thereis sone sort of hideout condition
her e. W tal k about nodul ar oxide. We have got
t enaci ous crud. We al so have been | ooking into this
thermal hydraulic-driven type of hideout as a
possibility here. So this is an issue, the raw
t hermal hydraulics. It's not so clear and is a
subj ect that we need to | ook into further.

The nodul ar corrosion issue, as we see,
fabrication through heat treatnent, through proper
reducti on, we can control the nodul ar corrosion, clear
data to support that, but that's another story.

Sonmetimes | don't know. For what ever
reason, we start seei ng evi dence of nodul ar corrosi on
nore recently. And the possibility of sone sort of
chem cal inpurity in the water may reduce the nodul ar
corrosi on again. However, we really don't know about
ot her species. This is another area we need to work

further.
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Then the | ast i ssue, again, | nmentionedis
gadolinium \White gadoliniumwould induce a | ot of
nodul ar oxide. So there is something on this issue.
However, certainly we can certainly contain those
problens. And the key is to nake sure that we don't
have excessive tenacious crud. W don't have very
excessi ve nodul ar corrosion.

So that's the corrosion issue. You know,
| want to cone back to tal k about the current issues.
That's the corrosion failure | mentioned. Last year
we had two plants with cladding corrosion failure.
And Rosa al so nentioned this earlier today.

We had three plantswith PCl-1ike failures
and then in a water chem stry nodification. W'|I
touch on those three topics. The BWR corrosion
failure, okay. The two failures occurred at two
different plants, both at BWRW 4. Both plants were
Cl LG suscepti bl e, but one of the plants re-tubed the
brass condensers. So they don't have copper source
anynor e. In about 1990, they re-tubed the brass
condenser. So they don't have copper.

The corrosion failure occurs at about 95
to 110-inch | ocation. Renenber, | showed you the
doubl e peak. This is the case. There was no damnage

at the bottompart. Twenty to 40-inch only occurred
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in 95 to 110-inch elevation. So this is kind of a new
situation.

W see sonme sort of crud deposit, but
t here was nothi ng excessive. You know, visually it
| ooks kind of typical, noting very unusual to speak
of . The fuel design is the sane. Danages occur
predom nantly to the part-1length rods.

This is fuel rod nine by nine design with
a total of eight rods inside a core, which is 4.95
enrichments or is the high peaking rod.

An interesting part that Peter asked ne
was because both plants had NMCA applications during
out age before fuel failures. And in both cases,
failure started about six, seven nonths into the
cycle. So the timng was consistent. You know, both
pl ants had failures that started seven nonths into the
cycl e.

The chem stry, plant chem stry, is
di fferent. As | say, one plant still had copper
because of the brass condenser. But they did not have
hydrogen water chem stry, no zinc injection.

O her plants had no copper, but they
injected zinc. There was a high | evel anobunt of zinc
injection. And they have hydrogen water chem stry.

So the chemi stry condition is sonewhat different.
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The cl adding material, the vendor | ooked
intothe material. They found sone of the fail ed rods
tended to have somewhat |ower iron concentration in
the alloys, but, actually, they were always in the
specification, not really highly distinctive there.

So that all the root cause investigation,
initial phase of our investigation, showed that maybe
there are quite a few contributors, I|ike water
chem stry, like cladding material and the fuel duty,
but really cannot pinpoint which one, what are the
predom nant triggers.

So robust fuel decided to fund this hot
cell program to send funds to the hot cel
exam nation. So that's the current situation. W
need to do hot cell exam nation hopefully to revea
the root cause. | want to tal k about --

MEMBER LEI TCH: How many pins were fail ed
in this situation?

MR. CHENG  Ckay. The first plant, the
first outage, and they got five pins in the four
bundles fail. And they took out all the bundles in
the high-power location in addition to the four
bundl es that failed. So | think it's total. The
rel oad was maybe 200 bundl es. They took maybe al nost

half of it.
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The second plant first had a four-bundle
failure, four bundles. They took out the four
bundl es. They restarted right away. And they it kept
failinginthe rod. So they had a second m ssed cycl e
out age, unschedul ed out age.

And they took out | think 25 bundles,
fail ed bundles. And they didn't have enough fuel to
redesign the core. So they restarted by fabricating
new fuel .

So at the end of the cycle, they took out
a whole reload. | think in the end, they may have, |
t hi nk, maybe 40 bundles fail.

Sothefirst plant, if they didn't pick up
all the high-powered |ocations, the bundles, they
mght fail a lot of bundles. So it depends on how
t hey manage this.

MEMBER LEI TCH: Did either of these plants
have excursions in their chemstry, l|ike a major
condenser tube leak or foreign material ?

| had an experience once with |ube oil
getting into the reactor cool ant system Any of that
ki nd of history?

MR. CHENG  Hydraulic fluid.

MEMBER LEI TCH: Hydraulic fluid?

MR CHENG Yes. Well, in the first
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plant, no, they did not have the hydraulic fluid in
| eakage. They did not report a condenser failure. So
it was they said just burn no nore operation. Wth
chem stry, look at chemstry, very typical, very
cl ean.

The second plant, they had the hydraulic
fluid intrusion, but it occurred | think the prior
cycle. And they were able to isolate. So they don't
believe it entered into the feedwater strain.

So it was not so clear, you know. People
woul d say, "Oh, that was the cause,” but they were
able to isolate it.

MEMBER LEI TCH:  Yes.

MR. CHENG Ckay. The PCl-Ilike failures,
this is in the three BWRs. They used a single
product. |It's called iron-enriched zirconiumliner.
As you know, in order to prevent the PCl failure
during control rod pole, people used zirconiumliner
as a soft liner to prevent a PCl

Because of the zirconiumironliner inthe
late '80s into the '90s, there are a lot, a
substantial nunber, naybe one-third of the failed
zirconiumliner rod that suffered a very |ong axi al
split. And they lost few pellets since.

So at that tine, a vendor introduced a
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different kind of liner. They thought the zirconium
liner was iron. And with that additional iron, the
corrosion resistance of the |liner is inproved
substantially.

So after fuel failure, they believe that
the corrosion rate will be nuch | ower. The hydrogen
generation inside the fuel rod will be nuch smaller,
lower. So that won't cause danage to the fuel rod.

And so they use that, but somehow they
suffer nmostly | think at about 15 gigawatt-days.
After about 30 gigawatt-days, in that burnup range,
many rods fail during power change. However,
utilities do stick to these linmts. They do have
[imts. They can pull the control blade type of
t hi ng.

One of the pictures showjust a hair |ine.
Wiite | ines you have to brush the fuel rod to | ook at
it. Several rods showed this type of feature. But,
in addition to that, because there is hydride danage
at other locations, but, anyway, possible root cause
fromfailure nodel evaluation, | think they |ook at
three plants as nonitor pool-side inspections, nost
likely failure of root causes, pellet defects due to
when the pellets were | oading into the fuel cladding,

maybe because of chipping, nmaybe make the rods nore
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susceptible to PCl. That's one possible scenario.

The second one, of course, the possibility
of maybe this liner only reaches iron after
i rradiati on because the iron dissolution or those
ki nds of things may affect this PCl resistance of the
l'iner.

Anot her thing that the fuel vendor says
is, "Well, nrmaybe it's hydride-assisted cracking
because you put noble netal into the reactor. And
maybe nobl e nmetal causes hydrogen absorption.” And,
therefore, the outer layer of the cladding may
accunul at e hydrogen and fuel in the Pl E changes, that
may induce initial cracking of the cladding.

Now, this is the theory that the Japanese
seem to be very concerned about this type of
hydri de-i nduced cracki ng fromout si de propagatinginto
t he inside.

Those are three potential failure root
causes.

MEMBER FORD: Sorry. These are Japanese
react ors?

MR CHENG No. This is all donestic.

MEMBER FORD: |'m sorry?

MR. CHENG These are --

VEMBER FORD: United States?
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VMR. CHENG Yes, U. S. So we think nost

likely it would probably be the first one, maybe petty
di fferences. But, again, | was just |ooking at the
pool -side. How do you tell? There is no way you can
tell. So we sent inthe fuel rod to the hot cell for
the PIE.

MEMBER LEI TCH: Was that | ast picture the
inside we're | ooking at?

MR. CHENG This is outside. This is the
fuel rod you are | ooking at from outside.

MEMBER LEI TCH:  From t he out si de?

MR. CHENG Fromthe outside. Andthat is
t he brushing. So typically you have a reddi sh out si de
rod there. You won't see anything. So you brush it.
And they were able to see.

| think, in addition to this, there was
profilonetry, eddy current neasurenent. And coupl ed
with visual, you are able to see this type of feature.

MEMBER LEI TCH: But what's this down on
the right here? |Is that where the --

MR CHENG Oh, I'msorry. This is just
t he picture. 1 chopped off the picture and maybe j ust
the lighting condition.

MEMBER LEI TCH: Oh, okay. This is not --

MR CHENG  Sorry.
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MEMBER LEI TCH: Ckay.

MR. CHENG So the schedule | want to show
you, we are sending the fuel rods by the end of this
year in both cases. W are hoping to get the results
sonmeti me next year, but we have this robust fuel
conm ttee who would actively participate in all the
work and review the results.

As soon as we get aresult, we di ssem nate
all theresultstotheutility menbers sothey will be
able to get firsthand the results and hopefully help
t hem resol ve their issues.

So that is the fuel failure. Now |l want
to touch on the water chem stry issue. This is the
|ast topic. On the BWR side, unlike PWR it's al npst
a uniform chem stry across the whole industry with
m nor changes in lithiumand pH.

BWRs donestically, we have 33 different
chem stry conditions. Every plant is sonewhat
different inall theinpurity levels. Andif you |l ook
at it back in the 1970s, a lot of plants had recent
i ntrusion, condenser failures, a lot of gas, oxygen,
nitrogen intheir system carbon di oxi de or carbonate
nmeasure in the water.

So in the '"70s and '80s, it was a mmjor

effort totry to clean up the water to nake sure that
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the i ndustry operates with nice clean water. And one
indicator is the conductivity. The reason to clean up
water mainly was driven by system material cracking.

We keep cracking the piping. And the
conductivity, one of the indicators, you' ve got a | ot
of soluble and that is a problem And the soluble
sonetimes cones fromchloride or sulfate. Those are
maj or efforts. And the neasure, as | say, is to plug
up the condenser tube to make sure the condenser tube
doesn't keep | eaki ng.

The second one i s the reason the cl eanup.
The filtration system the reason often break down and
release of the fines, reason fines, into the
feedwater, into the reactor and the reason and then a
ot of sulfate, a lot of silica.

MEMBER LEI TCH: Are there sonme plants
today? It says "current levels.” Are there sone
pl ants actually operating at .3 ppb copper?

MR. CHENG Ri ght now we have probably, |
woul d say, nmaybe on t he hi gh end, the cycle average is
less than this. It may be .2, but, as | say,
sonmetinmes it would goup alittle bit higher, .3, .4.

We right now have probably two plants
still with brass condenser.

MEMBER LEI TCH.  Yes.
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MR. CHENG Yes. They would have. Well,

actual ly, i ncl udi ng t he one t hat this
corrosion-induced failure would be three, but that
plant already put a filter in. And they are able to
knock the copper way down.

So we have two plants, probably .2, .3
type of range.

MEMBER LEI TCH:  Yes.

MR. CHENG If you take a cycl e average
| would say .2, but the range. So the iron actually
comes down fromlike a 10 ppb in the feedwater and t he
maxi mum maybe 3 to 4 ppb. Okay? And the iron
recormended is .25 to 1.5 ppb

It's interesting, you know. When the
pl ant runs iron belowthis | evel, they are saying t hat
the dose rate will start increasing. So they have to
inject iron to bring the iron back to .25

So right now nobody is injecting now, but
in the last five years, | would say three plants
inject iron oxalate into the coolant, try to bring up
the iron level. W are trying to reduce the boiling
limt so that they don't have to inject iron again
So this is a range we prefer.

But nost plants can neet this range now.

A fuel plant may be on the high side. Copper, as |
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say, maybe of them | would say that 31 plants have
| ess than .1 ppb now and about 2 of them maybe 2 and
anot her one may be .1 or slightly higher.

And zinc, without a zinc injection, the
zinc, even with brass condenser, they say zinc in the
wat er is about half of copper in the brass condenser
tube. So without zinc injection, maybe it wll be
about .15. And copper plant may be in this category
but without zinc injection. So the water quality is
much better now. And | think it does help the fuel
performance al so substantially.

In 1983, hydrogen water chem stry was
first introduced at the Dresden 2. And the purpose
was to mtigate stress corrosion cracking of the
pi ping system Hydrogen addition, at that tinme the
first denmonstrati on was started at about 1.4 ppmadded
into the feedwater stream And they're going to the
react or wat er to suppress oxygen inthe pi pi ng system
So that was introduced.

W conducted a very significant fuel
surveill ance program And we found this was benignto
the fuel. W didn't see any problemw th the fuel.
If there is anything, we think maybe it would be
sonewhat beneficial to the fuel. It nmakes the crud

very fluffy. So it nmay be somewhat beneficial.
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Zinc injection was introduced i n 1986. |
think the first plant was Hope Creek. And it was
i ntroduced. The vendor suggested the control was in
the reactor water, rather than the feedwater.

Feedwater is not really controlled. It's
reactor water controlled to 5 to 10 ppb. This can be
a probl em because if you are running 5 ppb, you are
probably at like a .2 ppb of zinc in your feedwater to
get this.

I f you want to get a 10 ppb, you probably
have to increase the feedwater concentration by 10
times in order to get the double reactor water. And
nost of the zinc will load on the fuel rod surface.
So this can be a problem And right nowwe tried to
mtigate this problem

Nobl e nmetal chem cal addition, NMCA was
i ntroduced in 1996. Again, this is to increase the
efficiency of hydrogen in stress corrosion cracking
mtigation. The theory is once you treated a system
with NMCA, you only need a small anount of hydrogen
into the feedwater.

You don't have to go to 1.8. You can go
down as lowas 0.2, 0.3 ppb. I'msorry. This has got
to be ppm in the feedwater to control the stress

corrosion cracki ng by reducingits chem cal potential.
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| think Rosa showed you this already. |
think there was a problemwi th this. W have to cone
back. Let ne conme back. How this works is the
platinum and rhodium in chemcal form soluble
chem cal form added to the BWR reactor water, it's
about 160 degrees Centi grade when the plant is com ng
down. They injected chemicals into the line for 48
hours to circulate inside the reactor coil for 48
hours.

During that time, platinum and rhodi um
nmetal will fold into nonolayers on the piping system
However, the majority of the noble nmetal will deposit
on the fuel surface during the treatnent because the
fuel surface still has a gamma heati ng and t enperature
is hotter.

Because of the crud, the effective surface
area is much | arger than the piping system So nost
of it will go down to the fuel surface.

During the application, if you cal cul ate
total anmount of nobl e netal added to the core, divided
by total reactive fuel rod surface area, you can comne
down to like a microgramper centinmeter?’. And there
is a variation.

Sone trends had treated very

conservatively, like the bowing is nuch |ower, I|ike
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10, and others started with |like 62. Okay. And right

now | will cone back to say right nowwe try to limt
to 30, no nore than 30, but they do have a |arge
variability here.

This is equivalent to maybe |ike one to
four kil ogranms of noble metal added to the core during
the treatnents, about one to four kil ograns.

We know t hat everybody worri es about what
happened to the noble nmetal. You put in platinumand
rhodium this is a catalyst that can cause a | ot of
change in the water chem cal reaction.

So the concern is about the accel erated
hydriding of Zrcaloy, concerned about its crud
transport and deposition because as a catalyst, it
could cause a | ot of deposition. And we also worry
about cl addi ng corrosion.

So we did fuel surveillance at the three
BWRs by BWRVIP and robust fuel together to do fue
surveillance at three plants. And, of course, also
sone utilities didtheir own surveillance and provi ded
data to the industry for the overall assessnent. In
this process, we al so did hot cell exam nation tw ce.
We exam ned the condition of the fuel rods.

To just summarize the condition that we

observed after the NMCA, we actually saw increased
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frequency of surface spallation at several plants.
And | will show you this picture.

This is one case with a high noble netal
injection. And this is before brass. W' ve got sone
crud |l oss, sone sort of tenacious crud. This is an
i ndication of the surface texture. This is a thick
t enaci ous crud here. It could be like 20 m crons, 30,
40 mcrons, thick crud there. And in sone cases,
there is a tenacious crud spall. And you can see al
of those spotty surfaces because of that.

W think the spallation, those wth
t enaci ous crud may have to do with the zinc injection.
One problem was that after they put NMCA into the
core, sone see the soluble iron start to increase.
And t hey think maybe the dose rate is al so i ncreasing
because of that. And they start addi ng nore zinc than
t hey used to.

Rosa said at one of the plants they used
to have in the feedwater, they used to put like a 0.2
ppb and suddenly after the NMCA, they increased up to
about 0.8 to 1.5 ppb. So plants started addi ng nore
zinc after they did the noble netal because they
probabl y got conpounded by i ncreasing the injection of
zinc. And in one case, we saw sone increased oxide

spal l ation. Al so corrosionis spallationwhen you get
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a very high noble netal treatnent.

However, fromthe hot cell work, we found
NMCA did not increase hydrogen absorption. After
three cycles, we |ooked at it as doing our own rod.
W di d not see any i ncrease i n the hydrogen injection.
So that's a plus in information.

Qut of those 28 plants, -- that's 24 in
the US., 4in foreign BWRs -- 2 plants in the U S
experienced corrosion failure. Donestically, 22 had

no NMCA-rel ated fail ures. However, we are not sure

that an NMCA was the root cause. As | say, the
chem stry wll change. The zinc injection was
increased. | cannot say it was attri butabl e to NMCA

But, again, until we found the root cause,
it isjust difficult to say what to do. So we do have
very close commttee to oversee this whole NMCA
transition. Zinc injection changes.

VWhen we prepare a white paper and we al so
develop this guideline for the BWRVIP on the fuel
i ssues. And our recomendationwas tolimt the noble
nmetal loading to less than 30 mcrograns per
centi meter?

| showed you before this sonme had 50 to 60
mcrograns. So we trytolimt it to no nore than 30.

W also ask tolimt zinc to less than 0.4 ppb in the
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f eedwat er. As we say, up to today, there is no
controlling the feedwater. It's all in the reactor
water. And we are inposing a limt of zinc in the
feedwater. | think sone plants may have troubl e, but
| think they have to review their situations case by
case.

We al so asked the plant to reduce iron to
m nim ze tenaci ous crud. And, of course, they needto
talk to fuel vendors to assess the overall situation.
A very inportant issue is they should keep the
hydrogen available all the tine to prevent the crud
transport.

Ckay. So | touched on several issues.
"1l give you a sunmary. We think the fuel failure
i nduced by manufacturing defects have nostly been
under control. Fuel duty and water chem stry fail ures
continue to occur. And we think it will be nore
chal l engi ng, particularly in the BWR side.

The preventive neasures, of course, we
have robust tests and i n-plant denonstration for any
changes and t echni cal and experi ence basi s gui del i nes.
W need to continue to fine-tune that. Any duty
changes or the peaking for the particular when
i ncreased, there was sone di scussi on about how about

enri chment of over five percent.
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| think, of course, when you i ncrease the
enrichment, the first thing, of course, is fuel
econom cs. You want to reduce the batch size. And
t hat woul d certainly increase the peakinginthe whole
core. This is sonething we need to watch out.

OCkay. Thank you.

CHAI RMVAN POVERS: Thank you. That was a
survey of all problens that your nobl e netal chem stry
can cause.

MEMBER FORD: We don't knowthat. Sorry.
| can't say it.

CHAl RVAN POVERS: That was very generous.
The ot her way of putting it is that we don't knowt hat
it doesn't cause probl ens.

Are there any other questions for the
speaker ?

(No response.)

CHAl RVAN PONERS:  Thank you very much
Most interesting stuff we don't ordinarily get to hear
about, and it gives us ammunition for harassi ng Peter
for several nonths now.

And, Rosa, | want to thank you for
bringing everybody here and giving us a very
interesting talk. This is really fun stuff that

you' ve got here. And it's obvious that you have got
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nore than your hands full with all of these activities
goi ng on.

At this point, | think we need to go off
the recorded record and discuss what t he
subcommttee's strategy is for the future.

(Whereupon, at 4:47 p.m, the foregoing

matter was adj ourned.)
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