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

CHAI RVAN BANERJEE: The neeting will now
come to order. This is a nmeeting of the Advisory
Commttee on Reactor Safeguards, Subcommittee on
Thermal Hydraulic Phenonmena. |'m Sanjoy Banerj ee,
Chai rman of the Subcommittee. Subconmttee nenbers in
attendance are ACRS Menbers GrahamWallis, Tom Kress,
Sai d Abdel - Khal i k.

The purpose of this neeting today is to
di scuss the NRC Staff's progress involving research
activities on chem cal effects associated with the
resolution of NUREG safety issue 191, PWR sunp
performance. The subcomrittee will hear presentations
by and hol d di scussions with the NRC staff and ot her
interested persons regarding these matters. The
subconmi ttee wi || gat her i nformation, anal yze rel evant
i ssues and facts, and formul ate proposed positions and
actions as appropriate for deliberation by the Full
Commttee. Ralph Caruso is the Designated Federal
Oficial for this neeting.

The rules for participation in today's
neeti ng have been announced as part of the notice of
this nmeeting previously published in the Federal

Regi ster on January 30'", 2007, and February 15 '
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2007. A transcript of the neeting is being kept, and
will be nmade available, as stated in the Federal
Regi ster notice. It is requested that speakers first
identify thensel ves, and speak with sufficient clarity
and vol unme so that they can be readily heard. | would
also like toremnd the nenbers that the comm ttee has
determ ned t hat speaker should be allowed the first 10
m nut es of presentation tinme without question fromthe
nmenbers.

MR. WALLIS: Was that ever really decided?

MR. KRESS: | don't renenber voting on
t hat .

MR WALLIS: This is a Ral ph Caruso
i nqui sition.

MR KRESS: Did we vote on that, or didn't
we?

MR. CARUSO W did, back a long tinme ago.

MR KRESS: | think the P& Subcommittee
just inposed that.

MR WALLIS: But it's never been
i mpl enent ed.

MR CARUSO It was tried several tines.

CHAI RVAN BANERJEE: Wat do you think
should we, or shouldn't we?

MR. KRESS: | think we ought to play it by
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ear.

CHAI RVAN BANERJEE: Al right.

MR. KRESS: |If you have a burning
guestion, you ought to ask.

CHAI RVAN BANERJEE: | think we'll play it
be ear then. And | don't have any real conments to
nmake, except that let's try to stick to the tinme, and
"1l introduce M. Geiger of the staff to begin the
presentati on.

MR GEIGER MW nane is Ervin Geiger.

MR. KRESS: Do you have anything to do
with the Geiger counter?

(OFf the record conments.)

MR GCGEIGER I'mwth the Ofice of
Nucl ear Regul atory Research. | usually talk with a
soft voice. 1'd just like to thank the subconmmttee

today for giving us the opportunity to present the
final research or research activities. W're
provi ding an overview of the research program The
program has been going for quite a long tine, and we
have conpleted the research projects that were
originally slated, so I'd just like to present an
overvi ew of what we have acconplished so far, and go
into sone other presentation.

MR. WALLIS: You're going to speak about
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all the projects?

MR CEIGER Well, I"'mjust going to -- |
understand that this is a chem cal effects, but | just
t hought | would brush up over sonme of the other
i ssues.

MR. WALLIS: Are you going to speak about
the Pacific Northwest experinents, for exanple?

MR CGEI GER Yes.

MR WALLIS: You will. GCkay.

MR CEIGER  Yes, this afternoon, because
| was under the inpression that the subconmttee was
very interested in the Nort hwest Laboratory tests, and
also Bill Krotiuk's correlation NUREG so | thought it
woul d be proper to present this at thistinme, since it
hadn't really been discussed before in its details,
since it was just conpleted at the end of this year,
if the conmttee has no objection.

MR XIAG Erv, can | just interject for
one thing?

MR. GEI GER.  Right.

MR XIAO M nane is Tony Xiao. |'mthe
Branch Chief of the Mechanical and Structural
Engi neering Branch in Research. |It's under ny branch
this research work has been conducted for the past

several years, and the purpose of today's neeting, as
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the Chairman described wearlier, was really to
sunmmari ze the work we have done so far. W have
conpl eted all the planned research work associated in
support of Resolution GSI-191. And so Erv wll
provide the overview, and we have sonme change of
personnel, as you recall. Dr. Rob Tragoning was the
Program Manager for the past couple of years. He wil
join us shortly, but today - since then, Erv had taken
over as the Program Manager for the overall project as
we were wi nding down. As you will hear later from M.
CGei ger, we have published, or are about to publish a
total of 15 NUREG reports and letter reports, and
NUREG CR reports. |In the detail ed discussion, as you
will see fromthe agenda, will include the work, as
Dr. Wallis referred to earlier, the PNNL work, and the
head loss correlation by Bill Krotiuk in the
afternoon. After M. Geiger's summary and overview,
Ms. Torres will also describe in nore detail the peer
revi ew process we have enployed to ensure the quality
of the research work. So this is overview as we're
coming to the end of this research program to wap it
all up, and to make a presentation to you before the
Full Commttee. Thank you.

CHAI RVAN BANERJEE: Now |l et ne ask a

guestion. The peer review, if | understand, was
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mai nly on chem cal effects.

MR XIAG Yes, it was. Yes.

CHAI RVAN BANERJEE: So is the focus of the
di scussi ons today going to be chenmical effects, or is
it going to be the whole progran? It seenms that M.
Krotiuk will present correlations and so forth, which,
per haps, have nothing to do with chem cal effects.

MR GEIGER Well, no it does not in that
respect, no. The chem cal effects research had been
presented in previous subcomm ttees to a great extent,
nostly include the ANL that was presented in great
detail in past ACRS neetings, so | didn't feel that
there was any additional information that we could
really offer the subcommttee at this point. Al the
contracts had | apsed, they had been conpleted. There
was no budget remaining to bring in any of the
contractors to discuss any additional wap-up issues
that they m ght have, so what the object -- and since
we had not really presented Bill Krotiuk's research
the PNNL research, and the head | oss correlation, we
t hought this would be an opportunity to present that,
and that would be this afternoon.

MR WALLIS: Well, chem cal effect we
| earned coul d be very big.

MR CGEIGER well, if --
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MR WALLIS: W also | earned that we

didn't have a quantitative way of predicting them
Are you going to tell us how you faced this sort of
situation?

MR GEIGER.  Were we are right now with
the research is that -- the intent of the research
initially was to informGSl-191 problem W did sone,
as you know, the ICET test to see what kind of -- to
prove to the industry that there was an issue with
generating all those precipitates and cheni cal
products that could effect sunp. And then in
conjunction with that, the ACRS recommended that we
i nvestigate the chem cal effects research

Wien we finished the I CET, and the |CET
had no -- part of the I CET programdid not include any
testing of head |oss; therefore, we went on did the
ANL testing, we did sonme testing at PNNL, and at ANL,
to determ ne what the effects were. Now at ANL, the
tests we ran, we deternined that even small quantities
of these chem cals, alum num oxyhdroxides caused a
great deal of -- as soon as there's even a smal
anount precipitated, it created head | oss across the
screens, across the fiber bed that were really -- the
pressure drops were excessive, and real |y exceeded t he

al l owabl es at nmany of the plants, if not nost of the
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plants. GCkay? W know that, right? So where we are
right nowis -- and the industry, at the same tine,
had done simlar tests, and they canme up with the samne
conclusion. So at this point, what the industry is
doingisthey' rere-evaluating their entire programon
how they're going to assess or address the head | oss
i ssue across the --

MR. WALLIS: The real question would seem
to be what is industry doing when you have found out
there are large effects?

MR CGEI GER Yes.

MR. WALLI'S: You know you have to now be
aware of that, but the real question is how do we
determ ne whet her or not they occur in plants, and if
t hey do occur, how big they are? Those are questions
that industry is presumably answering, so really we
need presentations fromthose folks.

MR GEIGER Well, they are doing testing
on that. Unfortunately -- well, Research is not in
direct communication with the vendors; therefore
Research has no mechani sm for actually going out and
asking the industry as to how they are -- what they
are doing. W've had neetings with not EPRI, but -
|"msorry - NEI, yes, thank you. W had neetings with

NEI, we had many neetings with NEl. They have
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provi ded presentations where the industry is going.
And, actually, | have sonme of that at the end of this
presentation as to what the industry is doing to
alleviate the problemwi th the chem cal effects on the
fiber bed.

At this point, we have no direction
exactly which area we should research. The
possibilities of researching all these different
chenmical effects, as outlined even in the peer review,
the field is so great that we woul d be eval uati ng al
of these different, fromdifferent concentrations, to
different tenperatures. W could be looking at this
for a long period of tine, so if we can narrow down
the paraneters that are of consideration, then we nmay
have a better chance at getting the right answers,
knowi ng what to do.

So | guess ny answer is, this is not |ike
a university research project where sonebody wants to
see what the effects of a certain chemical is on a
certain thing.

MR TRAGONING Hey, Erv, I'msorry. |
t hi nk Paul coul d naybe add sone i nfornmati on t o address
Dr. Wllis' coment, in terms of -- I'"msorry. This
is Rob Tragoning fromOfice of Research. Paul Klein

from NRR can add sonme nore specific information in
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terms of what the industry is doing, and how they're
approachi ng the problem and sort of what our stance
iswth respect to evaluating the industry's -- their
proposed approach.

CHAI RVAN BANERJEE: So can we have him
address this at sone point today? Do you want to do
it nowor later? Let's do it at the end of his talk.

MR. KLEIN: | guess maybe |'d add a few
comments, at this point, if |I could. 1'mPaul Klein
fromNRR  Just to provide some broader perspective.
Initially, the question was raised by ACRS about
chenmical effects. There was a joint NRCIndustry
sponsored test that identified chem cal products could
form And then the question becanme what do these
precipitates nean in ternms of head | oss, so the NRC
sponsored a nunber of tests to try and understand not
only what they nmean in terns of head |oss, but also
how paraneters such as tenperature, pH, and other
important things that vary within a post LOCA poo
could affect head | oss, so we sponsored a nunber of
tests that evaluated that paraneters.

W certainly don't have all the answers at
this point, but I think we identified a nunber of key
paranmeters. And at the same tine, our managenent made

a decision that it really was at a point in
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understanding that industry needed to address the
i ssue, so they are aggressively working the issue.
They have a nunber of different strainer vendors that
are conducting head | oss tests. The staff observes a
nunber of these tests. W visited the facilities, we
have periodi c neetings with industry about every ot her
nont h where they provi de us status update and descri be
some of their test results. They are working on a
generic chem cal nodel that would be used to try and
predi ct what mght formin the sunp.

There's a nunber of activities underway.
It's quite possible on the back end of this, once NRR
has a better understanding of how industry is
proceeding to try and resolve chemical effects. W
m ght need independent research on the back end to
confirmwhat's been observed in industry tests, and to
hel p us evaluate the |licensee submttals.

MR. TRAGONI NG Rob Tragoni ng again from
Research, if | could just add a little bit to what
Paul stated. ©One of the things that we definitively
learned is, | would agree with Paul, is we learned in
many cases the effect of inportant variables, and we
have sone i deas of sone cases where we saw very | arge
effects due to chemi cal precipitants, and sonme where

we saw either little or no effect. But one of the
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other things that we |earned was that the plant-
specific conditions are very inportant, in terns of
not just the materials that are existing at individual
pl ants, but al so their contai nnent pool conditions in
ternms of tenperatures, pH, and, again, other naterials
that are within that sunp pool environnent. So
real ly, when we see the individual subm ssions com ng
in, and we've stressed this to industry tine and time
agai n, that an understandi ng or a characterization of
their unique mx, and their unique conditions is
really inportant.

| think at the end of the day, when we see
t he subm ssions fromindustry, there'll be a certain
percentage that we | ook at the conditions, and based
on the research that we've al ready done, we' || be able

to pretty clearly state well, there's probably not

concerns. There will be other areas where we may have

specific concerns that have been highlighted by the
research that we' ve al ready done, and then there'll be
ot her areas that we may have sone gaps, or that we nmay
not know if there are i ssues that need to be addressed
for that specific set of plants that have a particul ar
m x of materials and conditions that we nay have sone
concerns about. And if that's the case, at that

point, it would be particularly appropriate to enbark
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on sone possible additional confirmatory research to
validate the work that the industry is doing.

CHAI RVAN BANERJEE: What is it that you
would like the ACRS to do? | nean, this is a
subconmittee nmeeting, and then we are going to go to
a Full Commttee neeting next week. What is the --

MR GEIGER Well, let nme say that right
now the industry is planning all of their tests, so
they have not -- they have done sone prelimnary
testing. They've conme to the sane concl usion that we
have, that there are sone serious issues that need to
be resolved. Now, |ike Rob said, the different plants
are pursuing different strategies, and the additi onal
-- these strategies and tests will not be in place
until this sumrer, so they really will not have any
resolution to this until late into fall, probably,
when they will know exactly what the nodifications
are, because they're putting in larger screens, and in
some cases the larger screens may -- in addition to
the | arger screens, they may need to do ot her things,
like renove the materials that are probl ematic.

Okay. The question posed as to what |
would Iike the ACRS to do, at this point, | think ny
i mpression was that the ACRS was interested in our

progress, and the status on what we have | earned t oday
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in areas other than also just chem cal effects. |

guess if | msread the subconmttee's intent, |
apol ogi ze.

MR. WALLIS: | guess we could talk a | ot
about this. | mean, you' ve told us that you stopped

work, and if you went on, it would take you years to
sort of really solve the problem And then you've
told us that each plant has a specific situation which
has to be worked out. Nowis that plant going to
spend years working on that specific situation before
it's got an answer?

MR XIAC Dr. Wallis, this is Tony Xiao
again from Research. W would like to request that
ACRS at the subcommttee today, as well as the Ful
Conmittee in March woul d | ook at what we have done so
far up to this point. As | stated earlier, the
purpose of this neeting and the March neeting is to
present the overall view of the program we have
conpleted so far. W have no plans to do any
additional research unless the industry has done
sonmething |i ke Paul and Rob alluded earlier, that we
feel it's necessary to do additional confirmatory. At
this point, we have no plans to do any nore, so we
would like to request that ACRS | ook at this whol e

package of the research and the reports we've done so
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far given the context of the condition and the timng
we have, so that this is sufficient research for us to
be able to support the regul atory decision in making
sure the industry is doing this properly in an
engi neering manner that's appropriate to resol ve t hese
i ssues. As far as plant specific, that has to be
seen, so to request ACRSjust towite aletter to see
what your review is as far as the research work done
so far.

MR. WALLIS: We've al ready done that, and
we're not going to learn nmuch nore today. It's been
comented on a year or so ago.

MR. SCOIT: G aham can | answer your
guestion directly about the industry's intent? This
is Mke Scott, NRR | would say a couple of plants
have largely conpleted their chemical testing. W
know of at | east one that states, and have provi ded us

data to indicate that they are conplete with chenica

testing.

As was said, a lot of the rest of the
chemical testing will go on this spring and sunmer,
and the intent of the industry is still to show a

solution set to GSI-191 by the end of this cal endar
year. Now if you do the time line on that, and

they' re doing the chem cal testing inthe sunmer, it's
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going to be very challenging for a nunber of themto
perhaps react if they have trouble with their first
solution, to cone up with a different one, and then
test that, so it's going to be tight. But we don't
anticipate that thisis -- | think you referred to an
out there nulti-year effort by the industry to do this
testing. The testing is to happen in cal endar year
2007; and, hopefully, that will allowthe industry to
provide us the responses to Ceneric Letter 2004-02
that are due by the end of this year.

And we, NRR, plan to conme talk to you in
May about the status of the issue then, and we'd be
happy to tell you at that point whatever we know about
t he chemi cal effects results that are avail able to us.

MR WALLIS: Wwell, | know all that. The
thing -- we're taking this high-level view. The thing
that's a bit of concernis that all the steps forward
i n understanding these problens so far seem to have
been made by NRC. And, originally, there was no
concern with chem cal effects, and so there was sone
concern, and then sone work was done, and it was
di scovered that yes, indeed, there are. And then it
was di scovered that yes, indeed, they can have huge
effects on pressure drop. Al this was discovered by

the NRC. I'ma little concerned about having the NRC
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goi ng out of the business of discovering what's goi ng

on, leaving it all to industry.

MR, BUTLER
MR WALLI S:
MR, BUTLER

to that

di scovering this.

characterization that

Dr. Wwallis?
Yes.

John Butl er, NEl.

| obj ect

it's the NRC who is

The di scovery of the effect of

chenmical effects cane out of the | CET program which

was a i ndustry-NRC jointly sponsored program

Now you

could argue - in fact, | would argue that it was

i ndustry who put forward that program and i nvited NRC
to participate in that program

MR. WALLIS: | thought that industry was
telling the ACRS there weren't any chemnical effects,
before eventually you were persuaded to do this.

MR. BUTLER: That is correct, yes. But,
actually, it was ACRS who was putting forward that

there were chem cal effects, and both NRC staff and

i ndustry were saying we did not believe that. But on

the ACRS urging, give vyourself credit, t hen

i nvestigated whether or not there were truly any

chem cal effects.

MR. WALLIS: Maybe we shoul d include sone

ot her i deas about effects in that case.

MR. BUTLER: But the point | want to argue
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wi th you against is the characterizationthat it's NRC
who i s always finding these i ssues, and that industry
is always respondi ng. That has not been the case.

MR. WALLIS: Ckay. Thank you. Maybe |
m srepresented it. Hstory is something we can al ways
investigate if we want to, but we don't have to go
t here today.

MR XIAO This is Tony Xiao again from
research. | just want to nmake it very clear to the
committee that we are not going out of business on
this research. Al we're saying right nowis we've
pl anned out the research in the past fewyears working
with the NRR, and in sone cases working with i ndustry,
i ke John pointed out. But we are -- all we're saying
right now is at this point we believe we have done
enough research to be able to really understand the
i ssues, and identify sone issues, tolet the industry,
given all the technical know edge we've gained from
the past few years, to nove forward, cone up wth
their specific solutions, if necessary. And we are
going to continue to nonitor through NRR the industry
resolutions. And |like Mke said earlier, whenever
there's need, we'll junp back in and do the research.
Al we're saying, at this point we have no plans to do

any nore, but we're not going out of business.
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CHAI RVAN BANERJEE: Let ne just sumarize
what | think, just to sunmmarize my understandi ng.
What you're |l ooking for fromthe ACRSthenis to wite
a letter saying that at the nonment, we feel that the
research done has been adequate for its purposes, has
identified sone issues, and now this has been handed
over to NRC, | nean, to the industry to deal wth.
And then --

MR WALLIS: | think we've witten that
| etter already.

CHAI RVAN BANERJEE: Yes, so |'m wondering
what is it that you really want fromus? Do you want
us to say we don't -- we see it's fine that you stop
research until the industry does sonething, and then
come back, and then you'll do whatever is needed to
val idate or verify, or whatever? What is it that you
want ?

MR CGEICER Ckay. Well, let ne say to
the point - at this point, we feel that the research
the need for the research identified to-date has been
conpleted. And | know Dr. Wallis agrees with this
position, but right now, we have sufficient
information on all the sunp pool chem stry issues to
at least realize that there is a significant problem

at sone plants, and they nay be maki ng nodifications
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to mtigate those conditions. And | was going to
present sone of the issues in this presentation about
what sonme of these are, but at this point, | thought
the - like you said, | would hope that the

subconmi ttee woul d concl ude that, for the tinme being,
what we have done, including the PNNL work, is
adequate to sort of wap-up this phase of the
research. And in the event that other issues arise to
this chemcal testing, it would be handl ed on an as

i ssues arise basis.

CHAI RVAN BANERJEE: So the real thing that

you're -- the real questions you're putting to us is,
are you -- is the ACRS in agreenment that research
shoul d be stopped? | nean, that's what it anounts to.

MR. WALLIS: You' ve already wote a letter
that said research should not be stopped. You wote
this letter. W reviewed all these prograns already,
and we | ooked at the nmjor effects di scovered, and we
said that we were not sure that it was a good idea to
stop research, because there were still -- these
guestions were not resolved to the point where you
could quantify many of the effects, and so on. And |
don't see what we could add to that, unless you add
somet hi ng substantial today that we didn't know when

we wote the previous letter. | don't know why we
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should wite another letter.

MR. TRAGONING Let nme junp in here a
little bit. Rob Tragoning from Research. Let ne
relive alittle bit of the history and try to get at
why we' re here today, and try to address your conment,
and Dr. Banerjee's coment, as well.

The last time we were in front of you,
believe was June, and then prior to that was maybe
| ast February or so. And during each of those tines,
we' ve been presenting the status of the research to-
date. And at the time, in both February and June, it
was ongoi ng. GCkay? What the purpose of today is, is
we've had activities in June that have subsequently
fini shed, and we had activities in June that we hadn't
-- that were prelimnary that we didn't provide
results, so what Erv and the rest of the presentations
today are structured to do is to present information
that either indicates prograns that we haven't
presented to you in the past; for instance, the peer
review report, okay? That information we have not
presented to ACRS in the past, because in June it was
still in devel opnent and preparation. It wasn't
mat ure enough to present to the commttee.

There are several other areas that were

not quite finished in June; for instance, the
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devel opnent of the head | oss correlation. That work
has been conpleted, as well as sone of the - | think
the PNNL testing was done. 1In fact, that's not being
presented today, is it?

MR. GEl GER:  Just sone foll owon testing
that we did in response to the initial findings.

MR. TRAGONING So all today will do wll
fill in the gaps, and provide additional information
for other programs that we haven't previously
presented. Now if you choose, based on that
information, to go back and revisit any of the

positions that you' ve stated i n previous letters, then

t hat woul d be particularly appropriate. |f you choose
not to, | think that mght be particularly
appropriate, as well. [If you learn sonething, or we

say sonething fromthe peer review conments, for

i nstance, that triggers sone additional thoughts that
you' d li ke to capture, that woul d be appropriate. But
ot her than that, | don't knowthat we're specifically
asking for a letter, as nuch as we're providing
status, and continual update of the prograns that
we've previously presented in the past. | know
there's been a bit of a confusion, but hopefully that
will -- hopefully we can come to sone agreenent.

MR WALLIS: Mt with the conm ssion, |
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forget exactly what the date was.

MR. TRAGONI NG  July, naybe, or August.

MR. WALLIS: After we had met with you in
June, and | renenber saying that we had our say, that
the staff knew what to do. And really, it was
something they had to work out between NRR and
i ndustry, and we would sort of follow events, but we
were not - we had our say. W're not sure we could
add anything. Essentially, that's what | was saying
at that tinme, and | think | feel the sanme today. |
nmean, this is deja vu, what |'ve seen in the reports
is sinply a collection of what we already knew. And
the peer review sinply confirms, | think what we
al ready t hought.

MR. TRAGONING Right. There are sone
interesting ideas in the peer review that my need
sonme discussion, and possible consideration. But
again, | look at this nmeeting as sinply - as filling
out and providi ng an update on the research that we' ve
done, as well as giving you an opportunity. W've
essentially dunped a nunmber of these reports on the
conmttee, and we wanted to use this vehicle to
address any coments or questions that you may have
had as a result of review ng those reports.

MR WALLIS: I'msorry to get in this
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di scussion. | read this stuff, and I'd Iike to say
that the Pacific Northwest report - now the nost
interesting thing they discovered was that the order
in which you put the stuff in can nmake an enornous
difference to the pressure drop. Having discovered
this in one series of tests, they were told to stop
their work. And then Argonne discovered that yes, you
coul d get these enornous pressure drops with certain
chemicals. Now you think the rational thing to do is
to say ah-hah, those are inportant effects. Now
want it done right, so | understand what's goi ng on.
I nstead of that, the attitude of RESis stop the work.
We said this before

CHAI RVAN BANERJEE: And one thing pointed
out in the peer reviews is that at |east sone of the
peer reviewers felt there were a nunber of issues
whi ch warranted nore work. And, in fact, there was a
suggestion that the work be on a smaller scale. They
felt these very | arge experiments were very expensi ve,
and didn't add - perhaps in the beginning they were
useful, but to investigate sonme of these effects at
relatively smaller scale, |ess expensive program
| ooki ng at sone of the issues raised by themwould be
useful. In particular, some of the peer reviewers

rai sed the issue that devel opnent of simulation too
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whi ch was based on existing tools were, perhaps, not
the right direction to go. There were different
suggestions made. And, in fact, sone sort of
confirmatory or predictive tool which would actually
| ook at some of the non-equilibriumthernmal dynam cs
was suggested, as this was not an equilibriumprocess.
| hope those i ssues are going to be addressed. You're
not just going to talk about the peer review, but
actually tell us what you're going to do about the
i ssues we raised.

MR GEIGER Al | can say to that issue
is that it was a very good conment, and we | ooked at
four different --

CHAI RVAN BANERJEE: None of themreally --

MR. GEI GER  And none of themreally gave
us anyt hi ng.

CHAI RVAN BANERJEE: -- did the job.

MR. GEIGER. So then ny question to you
is, is what would it take to actually devel op those
programs. | mean, these industry prograns out there
have been out there for a long tine, so what would it
take to conplete those to where we could use thenf
And when you're | ooking at the tine spent, and when we

have to resolve this issue, by the tinme those nodels
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or prograns proposed would be conpleted to the
satisfaction where they would be useful, it would be
too late for this effort, so maybe we coul d use them
for some other effort at sone other time, but that's
really not the objective of this project.

CHAI RVAN BANERJEE: That was not the
feeling that -

MR CGEIGER So what we decided is we're
not going to use --

CHAI RVAN BANERJEE: That was not the
feeling that sonme of the people in the peer review
panel had. | mean, they felt that those tools were
not appropriate that was used, but that there were
appropriate tools. And | can go through all the
comments, | read themin detail

MR TRAGONING But | don't know that we
had consensus on that issue. W had a nunber of
different views. W had sone views that essentially
-- | think it was universally realized, and we agree
that the method, or the tools that we were using
weren't particularly appropriate. However, in terns
of what the path forward was, | woul d argue that there
was no consensus. W had five different peer
reviewers, and we had comrents raising fromthe

devel opnent of codes may not be a very useful exercise
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for this instance. W had some coments that said we
could use thermal dynam c codes and, essentially,

calibrate our the kinetics to use existing codes. And
then we had sonme coments that said no, you have to
fully develop a kinetic code to really address these
i ssues, so | don't knowthat we had any consensus from
the peer reviewers on path forward wth that

particul ar issue.

CHAI RVAN BANERJEE: What woul d be useful,
| think, is when you deal with the peer reviews, to
sunmari ze their comments, and to tell us what the NRC
t hinks about it. | mean, you nay or nmay not agree
wi th the peer reviewers, and sonme of themhave witten
reports which are alnbst as |ong as your reports.

MR CGEl GER Yes.

CHAI RVAN BANERJEE: So it woul d be nice to
hear the main issues that there is, and what the NRC
wants to do with it.

MR. GEI GER:  Unfortunately, I'mnot really
qualified - I"'mnot a chemst, or at least |'m not
qualified to respond to all of those peer review
issues at this point, and I guess we could --

MR WALLIS: Well, you could skip all the
lists of all the reports, and go to your slide where

you tal k about what the results are, and what you
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| earned fromthem And we should stop interrupting
you, perhaps.

MR GEIGER  No. | understand.

CHAI RVAN BANERJEE: It was useful to know
what we are being asked to do.

MR CEIGER. Well, | guess what | was
trying to point out, though, is that if you I ook,
we' ve done - we have six NUREG --

MR. WALLIS: You've produced a | ot of
paper. Al right. Now what useful results came out
of it?

GEl GER \What useful ?

WALLI'S: You produced a | ot of paper.

2 3 3

CGEl GER: Paper, yes.

MR WALLIS: Now what useful results came
out of the work?

MR CEIGER Well, NIS --

MR XIAO W said earlier -- you also
nmentioned, Dr. Wallis, and that, first of all, we have
confirmed sone of the, for exanple, chenical effects.
That' s brought up by ACRS and we have confirned that,
and i ndustry also right nowis taking action on that.
And there a | ot of useful results cane out of all this
research. | would say that there are other head | oss

correlation, that's also a new one. You |look at the
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6224 correl ation several years ago, we realize there
are deficiencies in there, so Krotiuk in his contract
started to work on that.

MR. WALLIS: Are they going to stand up
and say that we discovered that there was an effect
wi th al um num oxhydroxi des. W did a conputer
research program W understand the chem stry, we
know how t o predi ct when these things happen. W know
how to predict what the effects are, we know that
there's a critical level of concentration before
there's any effect on head, we can predict that for
any plant. You're not going to give that kind of a
nice crisp presentation.

MR XIAG No, we're not.

MR WALLIS: That's what I'd like to see.

MR XIAOQ That's a very --

MR. WALLIS: Are we ever going to get it?

MR XIAGQ That's correct, | don't think
we're ever going to get there, to be able to tell you
categorically, or anybody say hey, we've got devel oped
this tool, we understand conpletely. Nobody has to do
tests, or | can tell you exactly how to solve the
problem | don't think we'll ever get there.

MR WALLIS: Right.

MR. KRESS: The other way it could go is
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rely on the plant-specific tests for a relatively
clean resolution of the issue on a tenporary basis,
based on your insights, and then to do confirmatory
research to develop this integrated overall predictive
nodel, which | would Ilike to see, also. And use that
to say did we do it right? And that could be the --

MR WALLIS: Oherw se, you may be
revisiting this problemforever.

MR KRESS: Yes. That could be the
comment we'd |ike to nake.

MR WALLIS: Well, we nmade that comment
bef ore.

MR. KRESS: Yes, we've done that before.
That's not original with ne.

MR WALLIS: Ckay.

MR GEIGER Ckay. |I'msorry. 1Is there
where you want ne to go?

CHAI RVAN BANERJEE: Do you have any
i nformation you could give us about what industry is
actual ly doing? Because if they're doing a nunber of
ad hoc tests, they may or may not be addressing the
i ssues. And we have no idea what they're doing in
response to this. For exanple, the peer reviewers
bring up issues related to tenperature changes that

you can basically set up a mass transfer |oop, where
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you' re redissolving and depositing stuff. Now there
are a whole |lot of things which they discuss which
weren't addressed up to now, and coul d be addressed,
they think, inrelatively small-scale tests. So what
is industry doing? | mean, these are reviews that the
peer reviewers are making now. |If you give the
i ndustry work sort of equival ent peer review, the
i ssues would still be there.

MR. KLEIN. This is Paul Klein from NRR
| think in the May neeting we'll try to provide you a
good summary of industry tests, what's goi ng on, what
results they' re seeing, and NRR s perspective on those
test results. Fromny viewooint, the research has
been very hel pful, because as we go out and we try to
under stand t he pl ant -specific testingthat's underway,
trying to understand the effects of sone of these
paranmeters, and to see the effects of different
buffers that have shown to be different, and the
research results have been very val uable to us, and we
have provi ded feedback to different industry vendors
on their test techniques, and probably asked better
guestions about how they're conducting their tests as
a result of the information we've |earned from
resear ch.

CHAI RVAN BANERJEE: Well, let's go on.
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MR GEIGER Ckay. So as part -- well,

this is a sunmary of what we've |earned. So we

| earned that we can form a gelatinous nmaterial in
certain post LOCA environnents. W' ve |earned that
Nukon with sodium hydroxide buffer environnments
produce a white precipitate that deposits and causes
head | oss. W' ve also |earned that Nukon with TSP
buffer produced a precipitate which deposited on
insulation fibers, which nmeant that now people with
TSP and Nukon are going back to see how they can
resolve this interaction. Nukon cal sil with a TSP
buffer produced a white precipitate, again, which
coated the inside of all the piping and so on, which
could lead to the nass transfer, as Dr. Banerjee has
just nentioned. That is actually a downstream effect
t hat research has not really been involved in, that's,
| guess, the --

MR WALLI'S: Presune that these
precipitates were all different, because they had
different chem cals invol ved?

MR CGEI GER Yes.

MR. WALLIS: Wat were the precipitates
then? They were all white, but what were they?

MR CGEIGER \Well, we had cal cium

phosphat es.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

36
MR. WALLIS: Wre they actually anal yzed?

| nmean, you don't say.

MR GEIGER Al of these were covered in
previ ous --

MR WALLIS: But if you' d say what the
preci pitate was, that nm ght hel p us.

CHAI RVAN BANERJEE: Sone of these have
reverse solubility effects.

MR WALLIS: Right. You heat them up
they -- right.

CHAI RVAN BANERJEE: Heat them up.

MR. TRAGONING Yes, we provided all this
i nformation.

MR CGEIGER This has all been --

MR. VWALLIS: You don't put it on the
screen. |If you just say white precipitate, that's
sort of vague.

MR TRAGONING | agree

MR GEIGER I'msorry. | was trying to
[imt to a one-hour --

MR WALLIS: Wuld it produce phosphates
of cal ci un®?

MR. TRAGONI NG Yes, cal cium phosphates in
t he TSP.

VR. WALLI'S: Which has a reverse
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solubility, doesn't it? You heat it up, and it
precipitates, or is that --

CHAI RVAN BANERJEE: Sone of them

MR WALLIS: Sone of the calciumsalts do,
so you put themthrough the core, they're going to
precipitate in the core. 1Is that right?

MR TRAGONING Well, that's not a
specific effect that we had | ooked at in our research.

MR. WALLIS: Yes, but this is raised by
many of the peer reviewers.

MR TRAGONING No, | understand.

MR. GEIGER That's an issue that's being
evaluated by the PWR Omwmer's Goup, and their
eval uation of effects within the coreis that issue of
cal cium precipitation

MR WALLIS: So it's all someone else's
wor k, someone el se's responsibility to figure it out?

MR CGEIGER No, | don't think that's an
accurate characterization. | think that industry has
arole in this, and NRC does, as well.

MR, WALLIS: Al right.

MR CEICER So what we have done, the
effect of this research was to pronpt industry to
i nvestigate alternatives to resol ve sone of these head

| oss issues, and there are plants that are | ooki ng at
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changing their buffers. Sone plants are renoving or
rel ocating problematic materials, |ike alum numitens.
They're installing debris interceptors to Kkeep
insulation fibers and things from going towards the
sunp. They're reducing latent debris, installing jet
shields to mnimze the anmount, or to reduce the zone
of influence so that they don't have as nuch debris
generated which could then react in the sunp pool.

MR. WALLIS: Do you have shiel ds?

MR CGEI GER Yes.

MR WALLIS: You know where the LOCA is
going to be, so you put a shield there?

MR CElIGER. Wl l, you know where the LOCA
is going to be, yes. It's on the RCS pipe, typically,
so you woul d either put deflectors or sonething like
that to protect. And it's comonly done, if you don't
want insulation to cone off, you'll put a structure in
front of it.

MR. WALLIS: Between the pipe and the
i nsul ati on.

MR GEIGER Yes. But these are al
things that utilities are looking at to mtigate sone
of these issues.

CHAI RVAN BANERJEE: One of the issues the

peer reviewers raised was the organic materials that
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were there in the insulation, and their reactions.
Ri ght ?

MR. GEIGER  Yes. Are you talking about
the binders in the insulation?

CHAl RMAN BANERJEE: Yes, yes, yes.

MR GEIGER Wll, the organics in the
fi berglass insulation, the part that's close to the
surface will burn-off. Right? And as the tenperature
decreases across the gradient of the insulation, the
outer layers my have sonme organics. But ny
experience has been with plants that operate for a
long time those tenperatures also eventually
volatilize a lot of those, so | don't know how nuch of
t hose have been --

CHAI RVAN BANERJEE: But we haven't seen
any assessnent.

MR CGEIGER  No, we have not. No.

CHAI RVAN BANERJEE: But in the --

MR CGEIGER \What we have done is in the
tests we've used some of these Nukon blankets with
this material on it, so in that respect it has been
simul ated. Are you going to add sonet hing, Rob?

MR. TRAGONING Yes, we did have those
organi ¢ conponents within the | CET.

MR. GEl GER Now t here are other issues we
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| ooked at, |ike howabout lubricants, |ike the reactor
cool ant punp waste oil tank, and that sort of thing,
that may add sone issues. Now we haven't discounted
that that woul d happen, but typically, there isn't

t hat much, other than the reactor cool ant punps, there
aren't any other lubricated - they'reusually lifetine
| ubricated bearings and that sort of thing in the
rotating equi pment, so you wouldn't expect a |ot of
oils and things to be in contai nnent, especially since
they're a source of fire, sofire protection practices
keep plants fromputting any |ubricants and things in
cont ai nment .

Now it was brought up, like | said, that
the reactor coolant punp waste oil tank would spil
water into the pool, but it typically has a gooseneck
vent on it so that it would prevent the oil from
coming out. There's a trap, and they would al so have
to be subnmerged in a punp. Now | agree that we've
sort of | ooked at that and said well, really, that may
not be a real problem but we haven't really
investigated in any real detail.

O her carbon parts, | don't know. | guess
they're in the LOCA, you could have things cone off
the insul ated cabl es and things, that sort of thing,

but we did not ook at that. Well, |I'mnot sure the
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| CET didn't.

CHAI RVAN BANERJEE: Well, this at |east be
put to bed in the sense that an issue will address
that, or --

MR GEIGER What's m ssing, and | agree
with you --

CHAI RVAN BANERJEE: Assessnent.

MR CGEICER Wat's missing is a rea
answer - by-answer. And we've sort of answered themin
general, and sonme of the things, as the research was
going on. Part of the problemis that the peer review
was goi ng concurrent with the research, so when the
research was at a certain point, it mght not have
been possible to incorporate a |Iot of these things
into existing research. Now sonme of the other things
t hey reconmended, we nay look at. You're right, we
probably should come up wth a point-by-point
response. W have not done that.

MR KLEIN:. FErv, if | could add to that -
Paul Klein fromNRR In sone of the industry tests to
support their chem cal nodel that are i n the WCAP t hat
was submitted to NRC, they evaluated fiberglass that
bot h had bi nder and did not have binder, and they did
not see a significant effect between the two different

types of material, as far as what was released into
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t he test sol ution.

CHAl RVAN BANERJEE: Well, in a nore
general way, the peer review, which we are going to
hear about was, | think, a very useful exercise, and
NRC shoul d be conpl i ment ed on subj ecting thensel ves to
this. And sonme of these peer reviewers are pretty
expert at what they did. Now they nmade sone conmments,
and | think we should tabulate them would be ny
suggestion, and say what we are doing about it, if
anything. W can say industry is doing this, or this
is not inportant, we don't feel this is - but at |east
we should sonmehow - the value of this peer review
process is very high, | think, and if you don't
respond to sonmething, | think you shoul d say we choose
not to respond to it. GCkay? That's fine.

MR GEIGER | agree with you, and
unfortunately, we have not done that on a point-by-
point, like | said, as we went along. But
historically, sincel can't speak to all of the -- how
t hey were i ncorporated in different research projects,
because | was not involved at that tinme, and ny intent
for bringing this issue up in this neeting was |
figured that sonehow a | ot of those conments needed to
be addressed. And, quite frankly, when | got into it,

| realized | was overwhel med by t he nunber of comrents
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and how it went.

CHAI RVAN BANERJEE: But you coul d maybe
categori ze them and say okay, we have evidence that
organics are not a problem This is what industry has
al ready done. They have shown that it's not, we had
themin the | CE test, or wherever, so that we've dealt
with these in a systematic way. And, actually, they
have some comments which you say could | ead to a need

for additional work, which we are not prepared to do

right now | nean, nay as well be straightforward
about, and say well, we just don't have the noney or
sormet hi ng.

MR. WALLIS: Well, another thing is take-
up of CO2. Several reviewers tal ked about take-up of
C®2 fromthe contai nment --

CHAI RVAN BANERJEE: And the agi ng of
concrete.

MR. WALLIS: Sone carboni zi ng things,
whi ch hasn't been part of the discussion so far at all
of chemical effects. The thing that surprised nme a
bit was there were sone really interesting comments by
revi ewer s about things bei ng m sl eadi ng, or erroneous,
or totally inadequate and so on, and so on, and then
in the introduction soneone presunably from NRC said

that the principal objectives have been net, and the
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reviewers confirm the technical adequacy of the
research progranms. It's hard to see fromsone of the
coments of reviewers that that was true.

CHAI RVAN BANERJEE: Maybe t he overall gi st
of it may be that way, but --

MR WALLIS: As long as it was very
prelimnary, as long as this was just try it and see
what happens, | think you could say that you did neet
your objections, but then there was no foll owup. It
was all left to industry to follow up

CHAI RVAN BANERJEE: Well, even if we | eave
it toindustry, it would be valuable to convey to them
the issues that came up in the peer review, and what
t he disposition of these issues was.

MR. WALLI'S: How about CO2 take-up? Are
we now going to require that industry do that?

MR CEIGER Wl l, when you nodel the sunp
screens and you do these flow tests, it's open to
at nrosphere because they're done at atnospheric
conditions in these test facilities, so they would --

unl ess you put a spray to it that would increase the
Cx2, it would replicate pretty much what you see in
contai nment for the duration of the accident, except
for the first initial spray. Now how much CO2 is in

t he vol ume of the contai nnent, that woul d af fect what
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happens. | guess | can't really nake a judgnent on
that. | would think that there's negligible CQ2,
| ooki ng at what the percentage of CO2 woul d be.

MR. WALLIS: Well, soneone actually did
the quantitative anal ysis.

MR. TRAGONI NG Rob Tragoning, and let ne
comment because Professor Banerjee and Professor
VWallis have both raised sone good ideas for path
forward here. And the other piece of information
that's mssing, as part of this peer review, while we
had al | the experts together, we al so conduct ed a PRT.
Now we're not going to -- we haven't finalized or we
haven't summarized the results of the PRT. W' re not
going to summari ze that today; although, many of the
peer review comments you night inmagi ne came back up
again in the PRT. But the idea behind the PRT, we got
- because of the volune of peer review coments that
we got, we wanted a way totry to prioritize and rank,
and get sone idea, at |least fromthe peer reviewers'
perspective, which comments were, they felt, nost
i nportant or appropriate for future consideration. So
one of the exercises that we're doing is we're
continuing to eval uate the PRT responses, and eval uate
whi ch of those, again, issues the peer reviewers felt

were nost inportant. And ny expectation would be that
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an outcone of that would be that the PRT results would
be shared with both the industry and NRR, and there
woul d be some consensus, or sone joint resol ution that
we would try to address those and figure out which
ones of these we feel are issues, and which ones we
feel like we've appropriately addressed. So that's
t he ot her piece of mssing information that we're not
going to have today, but | think it ties into sone of
the path forward i ssues or direction that you' ve been
di scussi ng.

CHAI RVAN BANERJEE: Ckay. That's good.

MR. GEl GER°  Now dependi ng on what actions
the plants take, a |ot of these nay be noot, a | ot of
t hese suggestions. It depends on how nuch fiber we
end up with in which plants, so it's going to be very
pl ant-specific. And | agree, at the point when
certain plants make certain deci sions, we need to have
the capability to evaluate what they're doing. And,
perhaps, that's what we need to look at. But | also
t ake your suggestion on actually tabulating all of
t hese peer review conments and comng out with sone
sort of either resolution and why we did it, why we
didn't do it, or what needs to be done. That's a
poi nt wel |l taken.

CHAl RMVAN BANERJEE: It would al so be
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useful if all of you took an inpartial look at it and
said that well, should we really - in spite of what
managemnent says, should we really have, as sone of the
peer reviewers suggested, a relatively snmall scale
programin place to | ook at sonme of these effects? So
| think it would be nice to divorce this alittle bit
from what managenent wants, and what is actually
required. They're two different things.

MR GEl GER.  Ckay.

MR. TRAGONING Again, that's not trivial.
Let's go back over the history. W started the
chemi cal experience with conducting a very |arge
nunber of small scale tests, and the imediate
f eedback we got fromthat is they were too sinplistic,
and we need to conduct multi-scale integrated testing
so that we could | ook at the synergism of all these
various variables. So now we're at that point where
we did the nulti-scale, |larger scale testing, and we
did find out sone things, some conbi nations that were
particul arly appropri ate.

Now | think what the peer reviewers were
recommending to say okay, at that point, now you
potentially need to go back and do sone additiona
smal | er scal e tests, focusing on the effects that were

identified in the integrated test to try to get a
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better wunderstanding of what the effect is of key
vari abl es on the specific precipitates. And if | | ook
at sonme of the work we've done, as well as sone of
i ndustry's work, there's certainly been a nove back to
nore small scale experinents. Nowit's not clear to
nme yet what additional snmall scal e experinments nay be
needed, as well as what additional integrated tests
may be needed. And | think that's where the
i ndustry's research that they're doing nowto identify
what issues really remain once the specific mtigation
procedures were devel oped, | think it's just
particularly appropriate and inportant to determ ne
which way we really need to go at this point.

CHAI RVAN BANERJEE: Ckay.

MR XIAO This is Tony Xiao from
Research. Let ne just add to what Rob said.
Consistent with what | said earlier, we're not going
out of business. Wat we will do is to work with NRR
very closely. W wll watch, we will nonitor what
i ndustry's inplenentation plans are in resol ution of
these issues. And based on that, we'll nake a
deci si on down the road as to what - any research woul d
like to do small scale.

MR. CElI GER.  And as Rob mentioned, we

started out with a snall scale, and then this is the
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i ssue, and |I've always faced this quite often, is that
you do the small scale - well, how do you know it's
really representative of what the macro is doing, so
then you do macro tests to actually sinmulate - and
|'ve worked at the utilities where we've done tests,
put in the paraneters of our plant and we test it, and
this is what we have. There's no budget assigned to
do esoteric research and things, we try to solve the
engi neering problemat-hand. So, | guess, that's why
|"m so used to, but when sonebody does a small scale
test, how does it look on a nmacro? And if you do
macro, then well, how about if we do calculations to
calculate it. You do calculations, well, you have to
denonstrate it with sone tests, soit's acircle. You
do your test, then your calculations, so on, so it
ends up that you have to do all three. And | think
we've pretty nuch done all three of those things.
W' ve done the small scale, and I'Il go later on into
sonme additional testing that we did at ANL, the next
presentation. W did sonme testing at ANL at the
request  of NRR to investigate the surrogate
recommended by the WCAP, and al so then we | ooked at
sone - -

CHAI RVAN BANERJEE: What is the surrogate?

MR. GEl GER:  The al um num oxyhydri de, the
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way they produce it.

MR XIAG That's scheduled. We'll start
that at 10:50 this norning.

CHAI RVAN BANERJEE: Ckay.

MR. GEI GER.  Ckay. And that was done by
Dr. Shack. Unfortunately, he's not here. Since the
budgets for the research had sort of |apsed and the
contract's run, | didn't feel | could inpose on himto
nmake a presentation, so |'m presenting his paper
today. |I'msorry. But we scheduled for today. And
|"msorry if | msread the subconmttee's intent on
what you wanted to see today, but when | present sone
followon studies and chem cal effects head |o0ss
research done at ANL, and then -- well, the peer
review, which, after discussing with you, | think
we' ve al ready di scussed the peer review, and we know
where it's going. This afternoon we'll have a
presentation on the pressure drop research done, and
then the correl ation down at --

CHAI RVAN BANERJEE: But these two, will
they take into account chemical effects, or they're
just the --

MR CEICER These are done with - and
this is the one where Dr. Wallis had said that the -

we found out that the sequence of addition of 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

51

things - but there are no chem cals. These were done
using fiberglass calcium silicate, and then we did
some coating chips to see what coating chips would
affect. It was basically a particulate --

CHAI RMAN BANERJEE: And these -- |
remenber M. Krotiuk's previous presentations.
Refresh ny mind as to whether it takes the sequence of
deposition into account, or not?

MR CGEIGER Yes, it does.

CHAI RVAN BANERJEE: It does.

MR CEIGER It was a topic fromthe |ast
neeting, | understood the subcomrittee was interested
in.

MR WALLIS: So it would appear that
you' re asking ACRS to give you feedback on these four
itens that you're going to present?

MR CGEI GER Yes.

CHAI RVAN BANERJEE: And what will you
present to the main conmttee next week? Right?

MR CEIGER Well, I'mnot sure how the
main conmmittee neeting was scheduled. [|'mnot sure
what |'m going to present to the nain conmttee at
this point. | don't know if anybody has any
suggesti ons.

MR XIAO At this point - this is Tony
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Xiao from Research. | assune we'll present the sane
mat erial, unless you have other ideas, or the main
committee wants to do sonething. It's the sane
materi al .

MR VWALLIS: Until we see it, we won't
really know.

MR. KRESS: Normally, we try to give sone
gui dance on what we want to hear.

MR WALLIS: Well, | guess you've got to
do better than you did in the first hour today.

MR XIAOC W certainly hope so.

CHAI RVAN BANERJEE: Al right.

MR. WALLIS: Ckay. So are we going to the
Sout h Sea sonewhere here?

MR. GEI GER  Yes, that woul d be good, but
a day like today with the weather out there. |Is
Paul ette here?

MR. TRAGONI NG She's getting her nenory
stick. Do you have your presentation?

MR CEICER It's on here, unless she
changed sonet hi ng.

CHAI RVAN BANERJEE: Well, actually --

MEMBER WALLIS: Are there slides?

MR CGEI GER Yes.

CHAI RVAN BANERJEE: How did you sel ect the
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peer reviewers? It was a very --

MR GEIGER Well, maybe Rob coul d respond
to that.

CHAI RVAN BANERJEE: In fact, you nade a
comment that you got suggestions fromACRS and staff.

MR CElIGER W | ooked at -- well, experts
invarious fields that were related to the power, like
radi ati on.

CHAI RVAN BANERJEE: The point that was
weak in the peer review was the pressure | oss parts.
The chenmistry was strong, but we didn't get enough
f eedback on the pressure | oss.

(OFf the record conments.)

MR. CARUSO | have one nore piece of
information. M. Scott fromthe staff told ne this
norni ng that the staff had sent out a letter regarding
t he Research use of the information from-- the use of
this research information, and alt hough I' mon t he CC,
| don't recall receiving it, and I'll pass it out
right now So we're still waiting for --

CHAI RVAN BANERJEE: Should we switch
around the two presentations? Sonmeone said she went
to get her nmenory stick, but | have it here.

MR WALLIS: Are we on the record with all

thi s di scussi on here?
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MR. CARUSO Wiy don't we take a little --

CHAI RVAN BANERJEE: Yes. |If she's not
here, then --

MR. CARUSO. Wiy don't we take a little
break here.

CHAI RVAN BANERJEE: Ckay. Let's go off
the record, take a small break.

(Wher eupon, the proceedi ngs went off the
record at 9:38:38 a.m, and went back on the record at
9:45:44 a.m)

CHAI RVAN BANERJEE: Ckay. Let's go back
into session. Are you ready, Paulette? W're back in
sessi on.

M5. TORRES: Good norning. M nane is
Paul ette Torres, and | represent Ofice of Research,
Division of Cvil Engineering and Radiologica
Research. | amthe --

CHAI RVAN BANERJEE: Bring that a little
cl oser.

MR WALLIS: Is the mc on?

M5. TORRES: Peer review of GS|-191
Chem cal Effects Research Program The purpose of
this presentation is to primarily present the

reviewers' significant key findings. NUREG 1861
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descri bed the Chem cal Effects Peer Revi ew assessnent
process, and sumarized the reviewers' significant
findings. NUREG 1861 al so conpiles the formal review
reports received fromeach peer reviewer. The final
assessnment reports of the peer reviewers are included
as appendi ces to NUREG 1861

The Chem cal Effects Peer Revi ewconsi sted
of five nenbers, and it is inportant to nmention that
this reviewis not a consensus review. Each revi ewer
was asked to provi de an i ndivi dual eval uati on based on
their particular area of expertise, and the Peer
Revi ew NUREG 1861 was publi shed Decenber 2006

The obj ectives of the revieware to assess
t he techni cal adequacy of research activities rel ated
to the chemcal effects in pressurized water reactor
sunp pool environments, to have the peer reviewers
recommend inprovenents to research progranms in the
area of chem cal effects, and to identify additional
i nportant technical issues that should be addressed.
And to attenpt to gain a thorough understandi ng of the
rel evancy of these chenmical effects in the post LOCA
envi ronment .

The resear ch proj ect addressed by t he peer
reviewincluded the i ntegrated chem cal effect testing

at Los Al anps National Laboratory, the I CET fol |l ow up
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testing and analysis, also known as the al um num
chem stry research, al so conducted at Los Al anbs. The
chemi cal speciation prediction, also known as the
Ther mal Dynami c Simul ati on, conducted at the Center of
Nucl ear Waste Regul atory Analysis, and the chem ca
effect head |oss research conducted at Argonne
Nat i onal Lab.

This table, you have seen it before, but
we wanted to, again, present that the chem cal effect
consi sted of five nmenbers selected fromindustry and
acadenmi a, and they were selected for their diversity
and their affiliations, and technical expertise. The
review group participated in kick-off neetings and
final neetings, which pronoted the discussion, and
enabled the nenbers to exchange information, and
addr ess questi ons.

The nenber s devel oped i ndi vi dual
prelimnary reports, as well as individual final
reports, and those were provi ded as appendi ces to the
NUREG, that provided the formal assessment of both the
prior and ongoing research activities. Next slide.

| just want to say that the summary of key
findings - they are part of the NUREG and | just want
to highlight them because there were alot. |'mjust

going to highlight the ones that we thought were very
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i nportant to share.

MR. WALLIS: It's strange. | nean, bullet
one and bullet three seemto be in disagreenent.

MS. TORRES: For bullet one --

MR WALLIS: You've sinmulated the
principal variables, and yet the ones which you
haven't sinulated naybe have the nost inpact. It
doesn't seemto nake any sense.

MR. GElI GER:  Those were the findings, so
| guess -- | nean, this -- in other words, what this
states is there are different reviewers, there are
five reviewers and different reviews --

MR  WALLIS: Ckay. So that's two
di fferent people speaking. Right?

MR CGEI GER Yes.

CHAI RVAN BANERJEE: | guess, again we cone
back to how you m ght want to present this, that when
you have sonething |ike that on aslide it really begs
the question. | nean, if you put it as individual
reviewer comments, and Reviewer 5 said this, and
Revi ewer 2 said that, that would be --

MR CGEIGER Well, it wasn't a consensus
so there wasn't a vote, but yes. Ckay.

MR. WALLIS: Nunber two is the vaguest

possi bl e concl usi on.
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CHAI RVAN BANERJEE: What you are show ng

is the texture of the reviews here. Al right.

M5. TORRES: Well, to support number one,
bullet one, | got that they agree on the type of
mat eri al s that were presented in the research testing,
and they said that they have been appropriately
sel ect ed.

MR WALLIS: Well, nmy sunmary of the key
findings is that they all agree there's a long way to
go before you have much under st andi ng of what happens
chemically in a sunp.

CHAl RVAN BANERJEE: Wul dn't that be
better to say here? | nean, that --

MR CGEIGER  Wuld we be done then?

MR. WALLIS: That's really what they say.
They talk about all kinds of species which could
happen, and all kinds of other effects which could
occur, and so on. There's a long way to go before you
real |y have confidence and you know what's happeni ng.

CHAI RVAN BANERJEE: And then you coul d say
why you don't agree with that. That's fine.

MR GEIGER Wll, it's interesting,
because i f you | ook at this comment, the third bull et

MR, WALLIS: Wich says - now, |'m
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reading, |'mquoting fromthe report here.

CHAI RVAN BANERJEE:  Yes.

MR WALLIS: | think this is the sunmary
witten by you guys. The reviewers agree that the
nmet hods wused wthin the |ICET program were not
sufficient to characterize and analyze cheni cal
byproducts. That's a statenent in the peer review
report, and | think it's in the summary, so it must
come fromyou fol ks. That doesn't seemto agree with
what you put up here.

MR. KRESS: That's probably the source of
the fourth bullet.

MR, WALLIS: But the top one says,

"i nadequately simulated", and here it says, "the
nmet hods used were not sufficient."

MR KRESS: Contribute that first bullet
to one reviewer.

MR WALLIS: One reviewer. GCkay. Al
right. 1'Il -- maybe we shoul d nove on then.

MR KLEIN: Paul Klein fromNRR | think
the first bullet also mght address things |ike the
| CET tank represent ed contai nnent materials, the boron
| evel approximated the equilibriumtenperature of the
pool, so | believeit's related nore to those parts of

the test.
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MS. TORRES: For bullet two, the reviewers

suggest a conprehensi ve eval uati on of the physical and
chemical properties of the observed precipitates,
along with a detailed evaluation of all the data to
better understand the product formation. And they
agree that the tenperature has a significant effect on
solubility and the types of conpounds that will form
and al so recognize that tenperature is a difficult
aspect to nodel, and they recomrend further work.

MR. KRESS: Well, in that fourth bullet,
t hey seemto be concerned about particles and particle
sizes. But |'ve been under the inpression that these
chemical effects are due to gels, gel-like substance.
|"mnot quite sure | understand what they're focusing
on there. Could you conment on that?

MR GEIGER Well, part of the -- because
we | ooked at al so the particles that could affect the
i nsul ation debris bed, and the particle size as far as
the property of the coagulate and so on that fornms.
| " mnot sure these are particle sizes actually or just
in a different nolecular structure and size of the
nol ecul es.

MR. KRESS:. Yes, you mght get some of the
nol ecul es out of an x-ray, but transm ssion woul d have

to -- okay.
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MR. KLEIN: Paul Kl ein from NRR

believe the comment on particle size probably cane
fromDr. Wo Chin who specializes in filtration, and
part of his conments were that the particle size is

important for trying to understand the i npact to head

| oss.

MR WALLIS: Well, | think what you got
from that was that - you can't just talk about a
precipitant. In some experinents, they got a heavy

snow, and in sone cases they got very, very, very
fine, sonme cases they got precipitate you couldn't see
at all, yet it was clogging up the screen, soit's not
good enough to just say we have cal cium phosphate
precipitate. |It's very inportant what its physical
nature is. And this isn't something which | think
anyone has really researched in these prograns. They
just got precipitates, and they've taken whatever
they've got, but they haven't said what were the
conditions that gave us a coarse one, or a fine one,
or an unrated one.

MR. KRESS: Wll, if you're going to try
to understand the effect on pressure drop, you'll
probably need that.

MR WALLIS: You need that.

MR. KLEI N: | think ANL did a nunber of
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studies trying to evaluate the effects of different
paranmeters on the size of precipitate that forned, and
whet her it was anorphous, or crystalline. And Mark
Lasky at LANL did try to evaluate things like the
anount of hydration, so that work has been done.

MR WALLIS: Yes, there were sone
observations, there were some observations, but |
don't think there was a predictive capability that
saidin a sunp, if you know what your sunp is, thisis
going to be the size of your precipitate.

MR. KLEIN. | agree with that statenent.

CHAI RVAN BANERJEE: | think one of the
things the reviewers pointed out was that we didn't
take into account the effect of the very high
radiation fields in --

MR WALLIS: It's on the next page.

CHAI RVMAN BANERJEE: Ch, is it?

MR WALLIS: It's on the next page, yes.

CHAI RVAN BANERJEE: Ckay.

M5. TORRES: For the chemical fixation
prediction program the reviewers agree that this
program does not explore the existing capabilities of
the selected host to their full advantage. Two
physi cal effects in that nodel were the radiation

field from the fuel, and the l|ayer of corrosion
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products on the interior surface of the RCS. And
reaction rates, al so known as ki netic, are not handl ed
wel | by the nodeling software.

MR WALLIS: Wat does the NRC think about
number two? | mean, has there been an assessnent of
the effects of radiolysis, or has there been an effect
-- assessment of the effect on these ferritic
corrosion, or iron basis interacting with what's in
t he sunp? Has there been an assessnment of that, or is
it just comment that the reviewer made?

CHAl RMAN BANERJEE: Well, this is a
coment which is common to a | ot of the reviewers.

MR WALLIS: So is sonmebody follow ng up
on that?

MR KLEIN: Paul Klein fromNRR Yes, Dr.
Vallis, we are. W've asked those questions of
i ndustry as part of the RAlI that went out with WCAP
1650NP, so we'll be following that up with industry.
And, ultinmately, we trying to get a contract in place
to bring in sonme nore technical expertise to help us
on a nunber of issues, including this one.

MR KRESS: This has to do with
recirculation to the core?

CHAI RVAN BANERJEE: That's one shield, but

gama, high ganma field --
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MR. KRESS. Gamma is not going to do it to
t he sunps.

CHAI RVAN BANERJEE: No, but there --

MR KRESS: Recirculation to the core.

CHAI RVAN BANERJEE: -- is also a concern
about any rel eases would | ead to al phas, which have a
short range effect, and they could then have an effect
on the sunp. | nean, it's a conplicated business, and
al so got to do with any rel eased fission products.

MR KLEIN. And we'd also have to | ook at
how nuch shielding is afforded by the sunp pool, so
what ki nd of radiation you' re | ooking at.

CHAI RVAN BANERJEE: Yes. | think Digby
poi nts out i odine.

MR KRESS: Yes, but we're -- in this
problem we're only dealing with what's possibly in
the gap of a fuel elenent, and this is not --

CHAI RVAN BANERJEE: Ri ght.

MR. KRESS: Fission products aren't a
probl em

CHAI RVAN BANERJEE: Yes. | think you
really need to address the issue and put it to bed, if
necessary. They're concerned about peroxide as well,
right? They're also concerned about hydrogen peroxide

form ng.
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MR. GEl GER: Yes, they nentioned hydrogen
per oxi de generation, yes, and its reaction.

CHAI RVAN BANERJEE: Well, there's so nuch
-- | mean, we are com ng back to the point that |
think you really need to address this in a nore
systematic way than you' re doing here. | think you
need to tabul ate them take the remarks, see what your
response is. If you don't know, just be honest. Say
it needs to be further assessed.

MR. GElI GER  The question is how woul d we
publ i sh that, what kind of a docunment woul d have t hat ?
Maybe anot her NUREG - -

CHAI RVAN BANERJEE: Well, maybe just
internally to present to us. If you cone in front of
the main conmttee next week, | think it would be
useful to summarize what the three or four main
comments each revi ewer nade, and what your response,
and what are common, or sonething like that, what are
the i ssues. And sonme you can address, some you can't,
some you're giving to industry to address, whatever
action you're taking on it, that would be useful.

MR GEIGER Point well taken. Should we
finish this?

MR WALLIS: Well, there's an interesting

peer review by Brian Sheron in the preface, which says
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that, "This work provides initial understanding and
insights.” | agree with that, but that sort of raises
t he question, where do you go fromhere, if anywhere,

if you ve just got an initial understanding and

i nsi ght .

CHAI RVAN BANERJEE: | guess you' re coping
with the feeling that ACRS had, and we put in our | ast
letter, that some research should continue. And
| ooking at this peer review, the peer reviewers seem
to feel the same way. Now if you say that you're
going to turn all this over to industry, as you've
done, then | think sone justification --

MR. GEl GER: Be provi ded.

CHAI RVAN BANERJEE: Yes, shoul d be
provi ded saying we don't believe that we need to do
this, but industry can do it, and we'll nonitor it.
Sonet hi ng happens, we'll take care of it then. There
has to be some specific response to each of these
poi nt s.

MR CEIGER Well, if you look at the
reports, there's well over 100 different points going
par agr aph by paragraph on the different, and we did
not address them because, one, a lot of these -- as
t he research devel oped, and this peer review was done

pretty much after we had sone research, so a |lot of
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times it's difficult to go back. And where we coul d,
we went back, because the reviewers al so were i nvol ved
with the labs. So, in the end, we got the product we
got .

CHAI RVAN BANERJEE: But now i n retrospect,
we can |ook at these and divide theminto major
conments or mnor conments. You can see the mnor
comments, we don't need to worry about too much. Here
are sonme of the major coments. Sone of these were
addr essed during the research, sone of these were not,
then what do you intend to do about this? |If you
think they're inportant, it's al so your judgnent call.
You guys have been doing the research.

The part of the peer review which I
t hought was not particularly strong was related to
pressure | osses conpared to the chem cal part of it,
and the interpretation of the pressure |o0ss
experiments, and what to make of it, for what it's
worth. Let me give you ny feel for it.

MR. GEl GER: Because | guess the experts
we had were nore in the other fields, and really were
not hydraulics-type people, sothat didn't catch their
interest as much as the chem stry that was occurring
in the pool.

CHAI RVAN BANERJEE: All right. So there's
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one whol e set of experinents which were --

MR CGEIGER Well, because that's --

CHAI RVAN BANERJEE:  You asked themto | ook
at three sets of experinents - sorry, one study which
was sinmul ation, the other was the | CET tests, and then
the pressure loss tests. And the pressure loss didn't
get the sane --

MR GEl GER: Revi ew.

CHAI RVAN BANERJEE: -- exam nati on.
MR. CEIGER | guess, not to be sinplistic
or sonething, but | guess originally the GSI-191

started out as effects on ECCS performance. Correct?
So we did all this chem cal testing and so on, and the
particulate testing to see what the products were.
And then at the end when we plugged them into sone
head | oss test, we realized we had a problem so we
sort of denonstrated what the issue was. Now
understand that's sort of sinplistic, and it's not a
hol i stic research approach, but right nowwe know t hat
there are sone issues with these chenmicals going to
the sunp, so nowit's up to the industry to show t hat
ei ther these chenmicals or the bl ast doesn't get to the
sunp, or whatever. And then if, at that point, there
are issues that still are out there that we need to

| ook at, then I think we would look at it. Again,
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getting back to the thing, even with this peer review
and all these recommendations, at this point we sort
of felt that --

MR. WALLIS: And these aren't just
recommendati ons, they're statenents they are quoti ng.
Shannon says, "There is a high possibility that the
sunp screen will encounter head | oss probl ens during
post LOCA recirculation. 1It's a statenent, quotable
statenent. And he says, "The total suspended solids
were in the range in which rule of thunb expects
plugging in a few days, one to three days." This is
what he says, right? He nmakes these statenents, and
they're in a published NUREG so |I'm not quite sure
how t he agency handles things like that.

MR KLEIN: Paul Klein fromNRR | think
from our perspective, we understand the issue, but
keep in mnd the one thing that the peer review panel
di d not have access to, is industry's response to somne
of these issues. And you'll find that for a nunber of
pl ants that have problematic naterials, or a bad
conmbination of buffering materials, they' re taking
actionto try and prevent the problemfromoccurring,
rat her than show that they can acconmodate the head
| oss, because the test results frombot h NRC sponsor ed

and industry sponsored testing have shown that it
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doesn't take a whole I|ot of hydrated anorphous
precipitate to cause problens in head | oss space.

There i s a nunber of things that are being
done to try and not put yourself in a position to have
a continuous fiber bed, and have anorphous hydrated
precipitate inpinge upon that in a post LOCA
si tuation.

CHAI RVAN BANERJEE: Well, what --

MR. WALLIS: Does this happen very often?
Sorry.

CHAI RVAN BANERJEE: Go ahead.

MR. WALLIS: | was just thinking that this
is an interesting situation, because so nuch of these
techni cal problens get resolved between the NRC and
i ndustry, and the public, all the experts apart from
the ACRS don't sort of get involved in the process.
And here you've got an open process where you' ve
solicited peer reviews from people not involved
directly in the problem or in the regulatory
framework, and they've witten this report. This is
sort of an outsider's comment on what's going on.
Just reading it likethat, it raises all the questions
about what's going on. Are we just going to leave it
there in that context, or is it going to be food --

MR CGEIGER Well, | think --
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MR WALLIS: -- or what is it?

MR. ABDEL- KHALIK: | think you heard Rob
Tragoni ng earlier speak about a PRT that was done with
t he peer review panel, and a ranking of issues was
done by the peer review panel thenselves. And
bel i eve he commented that he owed, or not he, but
research was pl anni ng on devel opi ng that further, and
bringing it forward for review

MR GEIGER  Getting back to the specific
coment where the statenent was nmade that there's not
particul ate to create cloggi ng within a coupl e of days
he said. Right? WlIl, that right there is a
conclusion. I'mnot exactly sure what you're | ooking
for for research to do with that, or -- | mean, right

now that's out in the public --

MR, VWALLIS: Well, if I were a |awer, if
| were a contesting party's attorney, | would use
t hese quotes. |'d ask for a response.

MR. CEI GER:  From NRC or fronf

MR. WALLIS: Fromthe agency.

MR GEIGER And | think we can say that
we are respondi ng.

MR WALLIS: You're lucky I"mnot a
| awyer, or don't intend ever to be one.

MR CGEICER Well, right now -- these

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

72

reports are all public, and everybody is aware of
them so industry --

MR, WALLIS: Wich is good.

MR GEIGER W're getting back to the
same thing, is that we have -- actually, you have to
give the NRC a lot of credit in that they have
denonstrated that there are sone of these issues that
are real. Al right? That's where we are. And now
we're trying to cope with the real issues. That's
where it's all at. And the bottomline is going to
be, and what is occurring is that individual plants
are doing testing based on their sunp designs, their
chemcals, their buffers and the insulation, and
what ever el se they have to come up with a viable sunp
screen design so that they neet the m ninum MPSH
requi renents. That is basically where the whole thing
isright now And it's in industry's hands to devel op
that, and that's all we can offer. W can't go and
design their sunps for them or anyt hing.

CHAI RVAN BANERJEE: O course, but on the
ot her hand, some issues raised here go a little bit
beyond that, because we were aware of these issues
with downstream effects. But, clearly, there is an
issue with deposition in the core, solubility, al

t hese t hi ngs have been brought up by the peer review
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MR. GEI GER  And these are supplenental to

the original task or scope of the whole GSI-191,

t hi nk, because they were sunp, ECCS. Right? Now
we're into the core, which right now - because
research is not involved in downstream effects. As
Paul had mentioned, there are a |ot of efforts within
NRR t 0 address downstreameffects, and | can't really
speak to any of those. | just know there's sone
anal ysi s bei ng done --

CHAI RVAN BANERJEE: Well, | realize you're
not involved with tenperature gradient effects, but
t hat has been brought up as one of the main - one main
i ssue.

MR CEIGER | guess what it is, is we
need to address that.

CHAI RVAN BANERJEE: Yes, one way or the

ot her.
MR. CEl GER° W need to address that, yes.
MR WALLIS: Wll, howw Il you address
it? You will require that industry do experinents

with heat transfer surfaces and chemical effects?

MR CGEIGER Well, | guess we need to get
together with NRR to see how that woul d worKk.

MR. WALLIS: How are you going to sinulate

the core environnent with a very high radiation? Are
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you going to do that? That's not an easy experi nment
for industry to do unless they put it through a real
core.

MR. GEIGER | guess one of the things we
woul d have to look at is how much calciumreally is
there? See, these are issues. M experience with
plants is that calcium - if there's very little
calcium by insulation that's exposed. | would be
surprised if any nunber have a significant --

MR. WALLIS: Well, there's concrete dust.

MR. CEIGER And there's concrete dust.
And, typically, the concrete and everything is painted
tofacilitate decontam nation. It all has nmany |ayers
of epoxy on it, so nowthere are sone plants that nmay
have bare concrete. But, see, all of these are very
specific itenms, specific to certain plants. Now if
one plant has all this concrete, yes, we need to - |
guess we need to look at it, because then they would
have a problem But until it's shown that there's
really a lot of bare concrete, | guess it would be
something that NRR would need to address with the
different utilities, whether there's an issue. |
t hi nk we need to discuss that within NRR

MR. TRAGONING And if | could just add to

that alittle further, | think the WCAP testi ng showed
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that the contribution of total calciumfromconcrete
was relatively small conpared to contribution from
things |ike cal sil, or even insulation. And the peer
review agreed wth the assessnent t hat t he
contribution fromconcrete would be relatively snall

MR WALLIS: | think they also said it's
been around a long tinme. 1It's going to be carbonate
by the tine --

MR CEIGER. That's correct.

MR. CARUSO Well, it's interesting, we
have this letter that M. Scott sent out on the use of
this information, and for the peer review it says,
"The staff wll apply insights from the NUREG in
eval uating uncertainties. The staff has al so used the
insights to assess generic industry approaches.
However, the overall applicability of the peer review
comments to the staff's regulatory inplenmentation in
GSI-191 is limted." What does that nean?

MR CEIGER Well, that's an NRR letter,
but I think what it -- do you want to respond to that?

MR KLEIN: [I'Il take a crack at it. \What
we tried to communicate in that letter was that there
was good information within the peer review panel
W' ve taken sone of the i ssues that were identified by

t he peer revi ew panel, and we haven't put our heads in
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the sand. W' ve asked industry, in sone cases, to

address sonme of these issues. | think | nentioned

earlier, we're trying to get a contract in place to
bring in additional technical expertise on sone of

these issues to help us out. The last part of your
statenent that you read, though, was intended --

MR XIAG Not ny statenent.

MR. KLEIN. |I'msorry. The last part of
the statenent that you read was intended to get the
t hought across that the peer review panel comrents by
t hensel ves didn't provide regul atory direction for us,
that they identifiedissues, or inmportant parts of the
research that we would consider, but it was not a
direct link to, for exanple, review ng Generic Letter
20004- 02 Suppl erent al Response.

CHAI RVAN BANERJEE: What is the point of
having that |ast sentence in your regulatory use of
peer review? |t seens superfluous to ne. "However,
the overall" - also seens a bit God-like. "However,
the overall applicability of the peer review coments
to the staff regulatory inplenmentation of GSI-191 is
l[imted." Wy add that?

CHAI RMAN BANERJEE: | don't understand
what is limted here.

MR. KLEI N: | think the limtation is that
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- and you take any of this research, and it m ght
identify inportant paraneters, or key issues, but it
does not always provide a direct link to a plant-
specific problem and so that's the limtation that
we're trying to identify.

CHAI RVAN BANERJEE: |Is that what you nean,
that sone of these comrents do not apply to plant-
speci fic problens?

MR. SCOTT: This is Mke Scott. As we've
said a nunber of tines, one of the constraints of the
resolution of GSI-191 is the trenmendously plant-
specific nature of this issue, and every aspect
related toit. And so what Paul was trying to get at
is that a lot of this research information - and
you'll see this thene in that neno i n several places -
alot of this information is intended to support the
staff in reviewing what the industry turns into us
pl ant - by-plant. And because it's plant-specific, a
generic statenment about a particular problem my or
may not apply to each of these plants. And the nethod
that's been chosen, and we understand you have
concerns with it, is to identify the problemto the
i ndustry, and review what the industry does in
response to it. And then based on what the industry

does, or mybe does not do, we mght consider
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additional research. And that's the path that's been
taken, and that nmeno is intended to speak to that.

MR, WALLIS: Well, there's a question -
let's take anything, like this business of corrosion
products on the vessel, the |layer of oxides of iron.
A question has been rai sed by these reviewers. It may
wel | be that industry doesn't do anything about this.
What are you going to do? Are you doing to do
anyt hing about it, or just leave it out there as a
guestion?

MR. SCOTT: |If there are unanswered
guestions at the end of this process that we're going
t hrough now, which will w nd up presunably next year,
since the responses conme in towards the end of this
year - if there are unanswered questions, and there
undoubtedly will be, then we will have to assess for
each of those questions whether they are significant
enough that they need to be followed up in sone
manner. And if they need to be followed up in sone
manner, what that manner is.

MR. WALLIS: Soneone has to go through all
t he peer review, and | ook at all the questions raised,
and at some point, decide on your response to it.

MR. SCOIT: W have to |ook at the

guestions that are out there at the tinme. | don't
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know t hat we have signed on --

MR WALLIS: | don't know what that neans.

MR. SCOTT: Let nme finish. | don't know
t hat we have signed on to go through each peer revi ew
comment. That's a good suggestion that we'l]l
certainly consider.

MR, WALLIS: When you say a question
ari ses, now whose question, is it your question, the
reviewers' question, industry's question?

MR. SCOIT: Utimtely, in the resolution
of the generic letter, it's the staff's question.

MR. WALLIS: It's your question, so if you
choose not to ask a question that a peer reviewer
asks, you' ve got to have, probably, sone justification
for that, it would seem

MR. SCOTT: It would certainly seem
reasonable that if a question has been raised by a
know edgeabl e source that we shoul d have an answer to
it, yes.

MR. CARUSC Now you said also that this
peer review points up the fact that the resolution is
very plant-specific, yet the staff has told the
committee on several occasions that it only plans to
sanpl e sone of the |icensee responses, and does not

pl an to revi ew each i ndi vi dual plant response. How do
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you fit those two concepts together?

MR. SCOIT: | don't recall having nade
that statenent, Ral ph. What we are going to do, and
we are doing, as |'ve said in past neetings, is we are
auditing a sanple of plant responses to the generic
letter. W are attenpting to get two sanples from
each vendor's solution set; so that is, w'll do two
plants that use AECL as a vendor, for exanple, two
pl ants that use General Electric, and so on. And from
that sanple, we are providing the information to the
industry to say here are the issues that are
identifying. | did not say earlier, at least | didn't
intend to say, that we're not going to |ook at the
generic letter responses that come in fromthe
i ndi vi dual plants, because we are. The question of
the depth of review of the individual plants wll
| argely be based on what we find in the audits that
are ongoi ng.

MR VWALLIS: Well, there is a question not
just of what the chemicals do in the sunp, but what
the chemcals do in the core, isn't there? Wat they
do in the whole part of the -- the whole circulatory
syst em

MR, SCOIT: Yes.

MR. WALLIS: Is that part of your concern?
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Do you know the questions to ask in that regard?

MR. SCOIT: W are working on - | should
say working with the industry. They are planning to
turn in a topical report on downstream effects, both
in vessel and ex-vessel. The ex-vessel report is in-
house, the in-vessel report is not yet in-house.

MR WALLIS: It did include chemca
effects, right?

MR. SCOTT: | believe that's correct, yes.
That reported is expected to cone i n-house i n May, but
it"'s going to be really tight getting that review to
support the Decenber 31% deadline for the generic
letter.

MR WALLIS: Does this material boil when
it goes through the core in recircul ation phase?

MR SCOTT: Does what material boil?

MR WALLIS: The cool ant, the recircul ated
cool ant containing all this stuff.

MR. SCOIT: There will be boiling in the
core, yes.

MR WALLIS: It will boil. So,
presumably, you need to know sonething about what
happens to it when it boils?

MR SCOTT: And the concentration that

occurs to --
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MR. WALLIS: Do you guys know anyt hi ng
about what happens to this soup when it boil s?

MR. SCOTT: These questions have been
asked of the industry in conjunction with their soon
to be submitted topical report.

MR. WALLIS: So ny question was, do you
f ol ks know anyt hi ng about what happens when it boil s?
| wasn't asking what industry m ght know.

MR TRAGONING | think we do know what
happens with some of these materials as they're
heated. | don't believe we've run a specific test,
we've taken it to boiling and continued to boil it for

a long period of tine.

or

MR. WALLIS: You're very dependent then on

what industry tells you.

MR. TRAGONING CQur currently planned
resol uti on process depends on the industry to resol ve
t he i ssues that have been identified to them yes. |If
t hat approach does not result in success at the end of
the day, then we'll come up with a different one
which mght, as we've said several tinmes, mght
i nvol ve additional research

MR. WALLIS: 1Is there any historical
precedent of a maj or technical issue that was resol ved

solely by industry?
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MR. TRAGONING | believe you' ve asked

t hat question before, Dr. Wallis, and --

MR WALLIS: Well, we're still thinking
about that. | mean, in the old days it seened to ne
that alnost all the key research was done by NRC, but
that was when there was all the noney for it.

MR TRAGONING [|I'mafraid |I'm not going
to be able to answer that one.

CHAI RVAN BANERJEE: Shall we nove on then?

MR WALLIS: Yes, we should nove on.

MR CElIGER. Wiere are we? | guess ny
whol e presentation fromhere on changes a little bit.

MR. KLEIN. Before you |leave this slide,
could you give us specific exanples about sone key
findings or recomendations that were, in fact,
i ncorporated into the research?

MR GEIGER This statenent is based on

conversations | had with people who previously had
some of these projects. | don't have any specific --
MR. WALLIS: | haven't found any exanpl es.

That's a good questi on.

MR XIAO | think in sone of the chem cal
speci ation nodeling, they did additional work that
reflected the reviewers' comments, and you' Il see that

i n sonme of the peer revi ew panel conments. | know one
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of the things that was evaluated at ANL was use of
sodium alum nate instead of alumnum nitrate to
produce the precipitate based on a peer revi ew panel
comment, so there were a few things that were done.

MR CEIGER. Also, |I"'msorry, | do not add
on a CMARA, thernmal dynam c simulation. Some comments
were taken into consideration, additional analyses -
so that much | know.

CHAI RVAN BANERJEE: Wen did t he peer

review finish, in June | ast year, actual work of the

MR CGEI GER.  About that tine.

CHAI RVAN BANERJEE: Around that tine? And
when did the research program sort of finish?

MR GEI GER. About the sane tine.

MR WALLIS: Well, there was comments, for
instance, on the use of calciumchloride to simulate
the solution of cal sil, give unrealistically high
concentration and fails to provi de ot her sol utes, such
as blah, blah, blah, blah. 1'mnot aware that
anyt hing was done afterwards to change the way in
whi ch --

MR CGEIGER | can't answer that either.
| guess the point - we've taken the point from the

ACRS t hat we shoul d do an accounting of the coments,
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which we have not done a thorough accounting, so
perhaps we can leave it at that.

CHAI RVAN BANERJEE: I n a nore generic way,
what this points up is that while you should be
commended i n having this peer review process, which |
think was very valuable, the earlier it can be in a
research programin terns of interactions, the better.
A different view point.

MR GEIGER Well, the sequence is how do
you set it up, because you have to have a certain
anount of something done so they critique it. Right?
And then when they critique it, what do you do, you go
back and redo everything again? So it's a dilenm, |
think. |I'mnot sure exactly -- if you have a
suggestion how you could work around that problem
wi t hout doing things twi ce, and anything --

CHAI RVAN BANERJEE: | guess it's a nore
iterative process than --

MR CEIGER It's difficult to go back and
tell LANL that now you' ve got to redo all these tests
and put sone pat hways --

MR. WALLIS: Well, the good thing is that
all the peer reviewers involved in the planning and
execution of the program

MR. GEIGER | think what we were hoping
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is that we had a certain test programout there. W
ran it a certain way. W came up with some results,
and then the peer review basically did an assessnent
of whether that was done correctly, was it val uabl e,
or could nore have been done? So | guess nmy nain
guestion is, or ny consideration is what we have done,
is it adequate to informthe question at hand? And
you may disagree with me, but at this point, | would
say that other than downstreameffects and effects on
pl ati ng out on the core and that sort of thing, which
we have not really looked into at all, or plating out
on t he RHR heat exchangers and so on, where constantly
there were tenperature fluctuations and things. O her
than that, | think we have gotten information that
pretty well defines what happens in the sunp pool
itself, and howit affects the sunp strainer. And it
points to certain issues that are being dealt with via
- by NRRvia the industry. | don't know what el se |
could offer to that. Now, we could --

CHAI RVAN BANERJEE:  You' ve got indications
of where the problens are.

MR. GEIGER | guess what we could do --
t he peer review indicates where you could have done
nore, where problens are. | nean, the statenment Dr.

Wal | i s quot ed about cl oggi ng the strains in four days,

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

87

well, that's a fact. R ght? That's a statenment. Now
| guess we could | ook into whether -- we could either
do sone looking into it to see if we agree with that,
or if we could counter it. That may be -- naybe it's
not as serious as that reviewer thinks it is. W have
not done that, and | guess your point is well taken,

t hat perhaps we shoul d naybe address each --

MR WALLIS: | think we're spending so
much time on this because, in general, we like the
idea, | think collectively, of having peer reviews.
It provides a useful check on what you're doing. You
have sone out si de eyes, and naybe t hey see t hings that
you didn't see yoursel ves.

MR CGEI GER Yes.

MR WALLIS: Very useful. And the
guestion which you' re asking here is well, now you' ve
got this thing, which is a huge docunent, rnuch bi gger
than the original research they' re reviewi ng, what are
you doing to do with it? | wouldn't want this to be
a bad experience where you deci ded we'll never have a
peer review again. It should be a good experience,
and you shoul d benefit fromit.

MR CEIGER.  Well, | guess ny answer woul d
be to that, is if there was sonmething glaring in the

peer review, we should deal with it.
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CHAl RMAN BANERJEE: That's nice to hear.

MR TRAGONING \Well, it's a valid
guestion, certainly, that if points are raised in a
peer review, what are you going to do about thenf? W
certainly understand your point.

MR CEIGER Let us get back to you on
that. Okay?

CHAI RVAN BANERJEE: Yes. Also, let's say
some of us submit a report or a paper to a journa
where it's peer reviewed, you will get comments |ike
this. Okay? And then before you are able to publish
it, you have to actually respond to each coment and
do something about it. It's not that you can just
pass it off. No, there's no way. Al right. Let's
go on.

MR GEIGER | don't know if there's any
point. | just may enbarrass nyself if | go further on
this, because you're not going to agree with sone of
t hese things. The conments on the | CET, again - the
initial objective of the | CET programwas to simul ate
the sunp pools in representative plants, and we tried
to cover the bases with the naterial s that we expected
to see. W polled the industry to see what
constituents they had and we ran tests on that. And

based on that, we identified the conmpounds that were
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formed, and it's a very -- it's a seven vol une report.
It's a huge report, and | don't know what else we
could add to that. It's all conpleted now. | guess

we could, if need be, we could resurrect some of the
testing, but at this point, | think the | CET program
acconpl i shed what it was intended to do, which was to
identify the chem cal products that are fornmed --

MR WALLIS: |'ve got a question. WII
there be chemi cal products? And the best concl usion
fromthe point of view of what one had to do woul d be
t hat not hi ng happened, unfortunately or fortunately,
whatever. And, realistically, things did happen, and
you did identify sone major products, which then |ed
to some work at Argonne. That's fine. |It's useful

MR. KRESS: This could be considered your
response to the first three bullets on --

MR GEIGER Right. That was the --

MR. WALLIS: But claimng that this thing
really sinulated what happens in a real sunp pool is
quite a big step, and | think that quite a few
reviewers said this isn't really a real sunp pool
O her things are going on.

MR CGEIGER Well, okay. There's
Radi ol ysis, which we really couldn't --

CHAl RMAN BANERJEE: You coul d have added
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some hydrogen peroxide, for exanple.

MR. GEIGER | guess we could have.

CHAI RVAN BANERJEE: Anyway, | think we're
only qui bbling over the word "sufficient”. | think if
you say it is the staff's opinion that the tests
provi de i nsight into sone of the chem cal processes --

MR. WALLIS: Sone of the major processes,
or sonet hi ng.

CHAI RVAN BANERJEE:  Yes.

MR, WALLI S: Yes.

CHAI RVAN BANERJEE: | think that woul d be
nor e nodest and nore accurate. "Sufficient” is a very
strong word there. Perhaps, | nmean, you don't want to
overstate your case. It doesn't do anybody any good.

MR CGEIGER \Well, | would like to,

guess, not get too deep into this, but I will go back
and - -

MR. WALLI S: What it told you is that you
had to pay attention to chemical effects. That's
really what you |l earned fromit. So the question then
was what's the next best step?

MR. GEIGER. In the chem cal speciation,
again I'll state that, the prinmary purpose of that
programwas - well, there were actually two of these

CNWA progranms, one was there were sonme tests run
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sinmulated to identify what type of constituents we
shoul d include and the quantities in the |ICET test,
and to see if tenperature was a concern, and shoul d we
run at el evated tenperatures or fluctuate, so these
tests were, | guess, to informthat. And then the
foll ow-on additional chem cal speciation prediction
was intended to give us a tool, to see if we could
find a tool that we could use to then just do an
anal ysis of sinple chem stries and predict what the
chemi cal products would be, and so on. So the outcone
of that was that it had some benefit, but it was --

t he database used in the predictions was not, |
guess, wi de rangi ng enough to be able to provide us a
tool that we could consider.

CHAl RVAN  BANERJEE: The two nopst

know edgeabl e reviewers inthis direction seemto feel
that these prograns were rather inadequate for
handling the sort of problem that arose here where
there was a |l ot of kinetics, and netastabl e states and
stuff like that. And as far as | know, much of these
progranms were associated with just thermal dynam cs.
There wasn't any significant -- so why do you say
ki netic prediction there?

MR GEIGER  Well, because what happened
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CHAI RVAN BANERJEE: They didn't do any

ki neti cs.

MR. GEIGER They didn't. That's why I'm
saying, there wasn't any capability there.

CHAI RVAN BANERJEE:  Yes.

MR GElI GER  Ckay? Wich is what --

CHAI RVAN BANERJEE: Third woul d be to
determine if these could do thernmal dynamcs, really.
So the word "kinetics" shouldn't even be there.

Unl ess |' mm ssi ng sonet hi ng, these quotes coul dn't do
ki netics.

MR. GEIGER: No, they couldn't.

CHAI RVAN BANERJEE:  Yes.

MR. CGEIGER. And | guess that was ny point
in the conment is that they really couldn't, so what
was mssing, so to predict the rates and so on, how
| ong when these things precipitates actually.

CHAI RVAN BANERJEE: | just want to be
enlightened on this a little bit. In the chem cal
i ndustry, obviously, everything is dependent on
kinetics. There are packages around whi ch obviously
do ki netics. For exanple, Dow, one of the consultants
you had there, | know uses kinetics packages all the
time. Wiy do you feel that kinetics cannot be done?

Is it that it's the specific problem rather than
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chemi cal reactors we're tal king about?

MR, CEIGER Unfortunately, I'mnot a
chemi st, and | guess ny chem stry goes --

MR. CARUSO | think part of the big
problemis there was not a |ot of boric acid data.

CHAI RVAN BANERJEE: Par don?

MR. CARUSO There was not a |ot of data
about boric acid range.

CHAI RVAN BANERJEE: Okay. So the dat abase
was -- the kinetics. The kinetic database wasn't
t here.

MR. KRESS: Well, the first thing you have
to do is identify reactions will occur between --

identify your reactants. You may have for a problem
like this, you may have 100 reactions going on, and
you have to have the reaction rate coefficients. They
don't exist. Sone of themdo, but not all of them
and so it gets very difficult to do a kinetic code if
you' ve got a bunch of species involved.

MR CARUSO | think one of the Kkickers
was that the key player was boric acid, and there's
not data about boric acid reacting with all these
ot her --

MR. KRESS: There's not, there's not a

| ot .
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MR. KLEIN: That's correct. | think the

peer review panel conments thought that there' d need
to be devel opnent of a whol e new dat abase, along with
testing to informthat database in order to get to a
poi nt where you m ght have a code that could be nore
reliable than the existing codes.

CHAI RVAN BANERJEE: But we are talking
about bent scale experinments to do Kkinetics
par anmet ers.

MR. KRESS: Ch, yes. Absolutely.

CHAI RVAN BANERJEE: | nean, these are very
small, so it's not a very expensive program we're
tal ki ng about, necessarily.

MR GEIGER | don't think it's a trivial
job to try and develop a database that includes
kinetics, and trying to account for all the different
possi ble materials and conbi nati ons of tenperatures
and pHs.

MR. KRESS: And, in fact, if you' re going
to have this overall integral predictive nodel that we
tal ked about, you really have to have that as part of
it. That, to ne, is alnost a prohibitive part of it,
that you're not going to be able to put it together.

CHAI RVAN BANERJEE: The inpression that is

| eft here is that you can do sonme thermal dynamics to
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see what are the equilibrium states, possibly.
Unlikely that a systemin the short termwe build will
do anything on the kinetics, so you'll have to depend
guite heavily on enpirical evidence, what's going on.

MR. KRESS: Which neans the integral tests
that the industry did have to be pretty good
si nmul ati ons.

CHAI RVAN BANERJEE:  Yes.

MR KRESS: And that's what worries ne.
| think that's where Cordini - |I'msorry, not Cordini
but a recently departed nmenber from Chio State had a
problemwth it.

CHAI RVAN BANERJEE: Ri ch Denni ng.

MR. KRESS: Rich Denning, yes.

MR WALLIS: Well, there's a probl em of
defining the problem | nean, sonme of the viewers
said that there are other things going on. | nean,
there's fine particul ates which you only know about,
which are in suspension, which  affect t he
het er ogeneous nucl eation. Now these are washed down
fromthe building. You don't really know what they
are. There are all sorts of things which - snal
guantities, but finely divided can have a huge effect
on the transient precipitation. Just defining the

problemis difficult.
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CHAI RVAN BANERJEE: This is what the PRT

is supposed to do. R ght? Wat state is the PRT in?

MR GEIGER The PRT, it's about half - |
think the reviewer coments were all tabul ated and
they went back to the reviewers and they ranked them
in significance, and so on, but that's about --

CHAI RVAN BANERJEE: |Is the PRT panel the
same as the peer review panel, or is it a different
panel ?

MR CGEIGER Well, | think a ot of them
are the sane, yes.

MR XIAG No, the PRT was done with the
peer review panel .

CHAI RVAN BANERJEE: Ckay.

MR GEIGER So a lot of the sane things
appear. They're pretty much parallel.

CHAl RVAN BANERJEE: But it does what
Professor Wallis is saying, that tries to give at
| east their ranking of the phenonena --

MR CGEI GER Yes.

CHAl RVAN BANERJEE: -- to a first
approxi mation. That woul d be valuable for us to see
at sone point, | think. Wen is that going to be
finished, or is it already finished?

MR CGEIGER Well, it's not -- Rob
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Tragoning is working on it, and he sort of --

CHAl RVAN BANERJEE: He said June or
something. |If | look at ny notes, let ne just see.
Rob' s probably gone now, but he said that this m ght
be possible to tal k about in June.

MR CGEI GER Yes.

CHAl RMAN BANERJEE: Is ny notes correct on
that? So you'd conme back to us with a review of the
PRT at that time, or what?

MR GEIGER Wuld that be viable? Wuld
you like a presentation on it? |Is that --

CHAI RVAN BANERJEE: Well, it seens that
where we are is sort of internmediate position right
now. W' ve got these comments, which | think are very
val uabl e. You've got a programwhich is nore or |ess
finished. You're going to respond to this in sone
way, hopefully, and show -- it's not just the peer
review comrents. | think you should al so have your
own coments on this as to where the program has
identified things which are val uabl e which NRR can
use, and where sone areas are still open i ssues, which
may or may not be resol ved by you, but may be resol ved
by industry. And | think in understanding the
i nportance of these issues, the PRT would be very

val uabl e, because at |east you'd have the feedback
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fromthe reviewers as to what is i nportant and what is
not, which is also essentially what we're asking you

to do in sonme independent way. But if you interact

with the PRT, that's fine. | nmean, it's not a bad
thing at all. You bring your own insights, and the
PRT insights, give us sone sense of -- because these

reviewers are not as close to the problemas you are,
in sone sense, they're not necessarily - the Dow
person i s not a nucl ear engineer.

MR. CGEICER Well, this conmmttee
participated in some of these PRT, one PRT neeting, |
guess the final one where it was basically a
brai nst orm ng sessi on type thing, where alot of ideas
were thrown out, and they were all basically captured
and put down, and then put in the tables, and it went

out for rating and so on, sothat -- | think that's --

CHAI RVAN BANERJEE: You got the ratings
back now.

MR CEIGER  Yes, the ratings are back, so
that's pretty nuch where we are. W need to
consolidate it, so I'll have to talk to Rob to see
when we can finish that.

CHAI RVAN BANERJEE: G ve us a hint, what's

the nost inportant issue?
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MR. GEIGER: Radiolysis seens to play an
i nportant role on the radi ati on exposure, and al so t he
CO2 was brought up. Qher than that, I"'mtrying to
t hi nk what el se would be -- | can't think of anything

at this point right now, but | think radiation was

one.
CHAI RVAN BANERJEE: Ckay.
MR GEIGER O course, |'msorry, carbon
also from- which | nmentioned before - |ubricants, and

then we discussed if there was any freon-type things
inside, but typically there aren't any chem cals |ike
that in containment. So | think it was the carbon
the other | nentioned, radiol ogy.

MR WALLIS: Can we nove to the next
slide?

CHAI RVAN BANERJEE: Yes, let's go on.

MR CGEICER Ckay. As far as the
recommendati on on using the snmall-scale testing, and
| think we covered that. Small-scale tests were done
as bench top tests in beakers, and then sonebody said
well, we need to |ook at a bigger test. And, also,
i ke the ANL test which his comment was - it consisted
of two pages. One, it was to identify the chem ca
reactions and precipitates, and the other one, they

actually did some head | oss testing, so | think the
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scal e of the equipnent, which was a 6-1/2 inch I D was
fairly representative.

MR, WALLIS: This is a very strange
conclusion. | mean, this sinply says that the
facility was adequate. It doesn't say anything about
the work was adequate, the results were adequate.

MR CEIGER |I'msorry?

MR WALLIS: It says the facilities were
adequate. It doesn't say that the results were
adequat e.

MR CGEIGER Ch. Well, the comment --

MR. WALLIS: They may have done no work at
all except build a facility.

MR CGEIGER Well, the comment was - |'m
addr essi ng the cooment - that we should do snal | -scal e
bench testing instead of |arge tests.

MR WALLIS: Yes, but if you look at the
corments - | nmean, | don't want to quote these at you
because they' ||l be on the record, but there's a lot of
coments about the Iimtations of these tests and
their results, and the revi ews, and you don't put that
i n your conclusions here.

CHAl RVAN BANERJEE: Well, one of the
comments was they could be too conservative, these

tests.
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MR. WALLIS: Sone of them m ght be too

conservative

CHAI RVAN BANERJEE:  Yes.

MR WALLIS: Right.

CHAI RVAN BANERJEE: So in sone sense, it
would be to the benefit of --

MR. WALLIS: Using a horizontal screen
that collects everything is very conservative.

CHAI RVAN BANERJEE: So you nake --

MR. GElI GER.  Yes, but at the sane point,
if you had a vertical screen, you' d have to have a
pretty good | arge screen to observe debris falling or
spaul ding of f, which again, the - is howthe industry
tests are being done. And their designs have a
vari ety of desi gns where sone are horizontal, sone are
vertical of this type, soit's --

MR WALLIS: So is the ANNL testing any
use at all for evaluating those industry tests which
have conpletely different geonetries?

MR. KLEIN: Certainly it is. | think
keep in mind, the ANL tests were to try and identify
somre of the head |oss consequences, and also to
eval uate how <changes in things |Ilike «calcium
concentration, or pH, or tenperature could potentially

i mpact head loss. The intent of the ANL head | oss
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program was never to take those tests, and then use
that to identify the head |loss that you m ght see
within a plant-specific situation with a conplex
strainer, but to have a fundanmental understandi ng of
what are inportant things we should be considering as
we go out and observe industry testing.

MR, LEHNING Could | followon to that,
Paul? M nanme is John Lehning in NRR, as well, and no
test can simultaneously satisfy all the criteria we
m ght want to have out there, and so these snall-scale
tests were sort of a first step to let us understand
t he phenonena that are out there. For instance, had
we done | arger scal e tests, then there woul d have been
ot her questions, did the stuff transport, did it
settle out sonewhere in the flunme, and how do you know
you got the right head |oss, and how do you know
you'l | understand why it wasn't as you predicted. So
yes, those are very val uabl e in hel pi ng us understand
what happens in the larger tank. And we didn't
answer, necessarily, every question you m ght ask on
some of the large-scale tests, but they are very, very
hel pful .

MR WALLIS: Well, what they taught you
was that calcium phosphate can, under certain

conditions, conpletely block a screen, essentially.
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Pressure drop goes up orders of nmagnitude. They al so
t aught you that hydr oxi des  of al um num or
oxyhydroxi de, whatever they are, could conpletely
bl ock a screen under certain conditions, and that's
what they taught you, those two things. Really,
that's it, because the conditions were not
investigated enough for you to say what those
conditions had to be in order for this to happen.
They just showed that it could be nade to happen.

MR. KLEIN. | would argue that they did
nore than that. | nean, they certainly -- | would
argue that they did do that, but | think they did
nore. They didn't definitively identify every
condition, but we did |ook at a nunber of different
scenarios, and | would especially say with respect to
cal cium phosphate formation, we |ooked at a |ot of
different effects in terns of pH, phosphat e
di ssolution tine, <cal sil ~concentration, debris
| oading timng and sequence, a nunber of variables
that we knew were inportant in terns of the formation,
and we're able to ferret out, in nmy opinion, sone of
the nore inportant ones for consideration.

MR WALLIS: But then let's | ook at
predictability, which was a question raised by quite

a fewreviewers. Even in the tests where you had no
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chemi cal effects, you had this cal sil and Nukon, they
did one, which | think was 15 grans of each or
somet hing, which they did five or six times, and if
you | ook at those tests, the pressure drop for a
certain velocity was ranges from.4 to sonething like
2.8, or 2.9, or sonething, and there's a spread, it's
.4, .6, 1.2, 1.4. In the sane test, there's a range
of a factor whichis, |I don't know, eight or sonething
fromthe mnimumto the maxi num and the data points
are scattered all along. This tells you sonething
about repeatability of the tests, even with no
chem cal effects. Now chemical effects are nore

whi nmsi cal than these physical effects, so presumably
repeatability of the chem cal tests would need to be
i nvestigated. They didn't have any noney to do that.
They just did the tests. They didn't repeat the whol e
series.

MR. KLEIN. Well, again, | think those
baseline tests were really in line with the types of
results that we've seen at PNNL and other places.
Variability is not unexpected, especially due to --

MR WALLIS: But that's with no chem cal
effects, at all.

MR KLEIN. O course, of course. But in

some cases, and you have to | ook at how t hose effects
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form and what the timng of those effects are.

MR. WALLIS: So now you're not going to
require - since you knowthere's a huge variability in
the Argonne tests, are you going to require that
i ndustry do 20 tests of each condition in order to get
the variability and uncertainty, or sonething? You
have t o make sone deci si ons based on what you | ear ned,
some of which is qualitative. | think you have very

i nteresting questions rai sed about howyou're goingto

make decisions. |Is one chemical effects test going to

be adequate, when they did a test and not hing much
happened, and they said well, wait a mnute, suppose
we wait for four days, and gee whiz, sonething did
happen.

MR. KLEIN. This is Research's opinion
and NRR is going to junmp in and contradict this
opinion. And | shouldn't even say it's Research's
opinion, it's ny opinion. Let me be particularly
honest here. | think there's certain conditions,
certain plant-specific conditions that they'll
probably be able to make a very easy case that

chemical effects are not inportant either through

analysis, or through a limted nunber of tests.
There'll be other conditions, and this is - again,
this is ny expectation - that will be much nore
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difficult to nake that case. Now what strategy we try
to go down in that road will depend on a nunber of
consi derations. One consideration and one particul ar
path forward would be to do exactly what you' ve
suggested, to try to get a handle on specific
uncertainty and variability associated with that
particular mx of conditions that's of particular
concern to either that certain plant, or a subset of
plants. That's one particul ar possible path forward.

Anot her path forward would be to | ook at
other mitigative approaches which would alleviate the
concerns through other neasures, either by renoving
materials, ensuring that you ve got sufficient
mtigative strategies even under worse case
conditions. There are other ways that you could still
tackl e and address the problem other than trying to
have a definitive characterization of uncertainty or
variability. So which way we go, | think, will depend
on many different considerations, and it will be a
function of, again, the possible severity concern, the
ease of doing some of these other mtigative
approaches, and that'll determ ne how nuch we really
have to understand a particular m x.

MR KLEIN. And I'd like to add to that -

Paul Klein, NRR There may be cases where a |licensee
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goes out and perforns a nunber of tests to eval uate
repeatability. W just observed sone testing in New
Jersey where they ran a nunber of repeat tests to try
and get an understanding of uncertainty. |n other

cases, a licensee may do nuch |less testing, but then
t hey need to denonstrate to us that |imted nunber of
tests were conservative, that for whatever reason by
t he anount of precipitate that was added, or other
testing decisions that they've nade, they've done a
boundi ng-type test.

MR WALLIS: It's very difficult to show
conservativeness, whatever the right wordis here. |If
you | ook at PNNL, this business of howthe stuff cones
to the screen, and the order in which it conmes, makes
a difference of three orders of magnitude in the
pressure drop. Now how do you show a condition which
is conservative?

MR KLEIN. Well, | think froma chemica
ef fects perspective, you | ook at howthey nodel ed what
mght form within their particular plant-specific
environnment. I n sone cases when they apply the WCAP
nodel , they assune that everything that goes in to
solution fornms a precipitate, and we know fromour own
testing that that's a conservative assunption. So in

some cases, that nodel drives plants into hundreds and
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hundreds of pounds of chemical precipitate, and it
seens to be a conservative nunber

MR. WALLIS: And then if you assune that
all of that forns a thin layer on top of the fiber
stuff because it goes through the reactor and cones
around later, the way that they did at PNNL, then you
get a huge pressure drop, which is also unrealistic.
| nmean, you can push this conservative thing to
absurdity extremes, but you don't know how extrene
you're being if you don't have a picture of the
severability of things.

MR. KLEIN. And I think that's a chall enge
that we're all facing right now, and what we' re seeing
from sone of the response fromindustry is that if
t hey have the option, they would prefer not to address
uncertainty, they would prefer to take other steps,
such as renoving a sufficient anmount of fiber so that
they don't have a covered screen, or evaluating
potentially a back-flush system to try and assure
thenselves if they were to get high head |oss
situation, they could accombdate that, so there's a
lot of work trying to find engineering solutions,
rat her than quantify the uncertainty.

MR. WALLIS: That appeals to ne very rmuch,

and | think we've said that in our letter, too; that
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if you could find a way of getting around this nessy
problem that's far better than trying to confront al
the uncertainties. |'mjust surprised at this slide.
It doesn't say anything about the conclusions and t he
usef ul ness of the work.

MR. GEICGER: | guess that was not the --
was just responding to the coments.

MR WALLIS: Ckay.

MR CGEI GER. The concl usi ons?

M5. TORRES: Well, the objectives were
nmet, but we need to do sone foll ow up

MR WALLIS: Well, the first one, | nean,
they did a peer review. Again, objectives should
i ncl ude what kind of response you expect to make to
the review, not just the fact that it was done. In
t hat sense, |'mnot sure you' ve real ly thought through
t he obj ectives of the peer review, and the objectives
of the peer review should presunably be to get
comments, and then respond to themin sone way.

CHAI RVAN BANERJEE: Well, | guess one
obj ective would be if the peer reviewhad just bl essed

everything, it woul d be the defamati on of the program

And if they bless it in general, but have sone
specific issues, whichis, |I think, nore or less the
state, overall. They |like the program but they point
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out some things that need to be taken care of.

MR. WALLIS: And nunber three is just a
hopeful statenent. | think we read from NRR t hat they
have |imted val ue, or whatever the quote was that the
Chai r man nmade.

CHAI RVAN BANERJEE: But they qualified
t hat .

MR WALLIS: Now it's great value?

CHAI RVAN BANERJEE: Pl ant - speci fi c.

MR. WALLIS: Show nme the val ue, show ne
one instance of a val ue.

MR CGEIGER Well, | think the fact that
the statenent said that they were limted use, was t he
fact that they're relying a | ot on individual vendor
testing --

MR WALLIS: Show ne one - what's the
great value? 1Is there anything that they rai se which
you found of great value? G ve ne an exanple.

MR KLEIN. If I mght junp in - Pau
Klein fromNRR | believe it's great val ue they
rai sed the question of effects of radiation on
everything. W did not identify that as part of the
| CET or head |oss protocol, and it's a valid issue
t hat needs to be addressed.

MR. WALLI'S: Thank you.
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MR TRAGONING Yes, there were severa
things, and | think the peer review - people have
guestioned the timng of the peer review, but one
thing I will say is that the research that we had
conduct ed provi ded a good technical basis for nobst of
-- for the peer reviewers to have a Dbetter
under st andi ng of the types of interactions that can go
in these environments. And |acking that, | think the
coment s woul dn't have been as focused as sonme of them
were, on specific things to address, so there were a
nunber of things. | nmean, he brought up the effect of
radi ation, crud release at the beginning of a LOCA,
t hat was anot her one t hat was sonet hi ng t hat we hadn't
really considered in any great detail, so there were
a nunber of specific coments that cane out that we
t hought were particularly inportant for future, at
| east, consideration.

CHAI RVAN BANERJEE: So then you can add to
your table these are of regulatory significance, we
think. Al right. Are we done?

MR CGEI GER Yes.

CHAI RVAN BANERJEE: So do you think we
could take a break now? So let's go off the record,
unl ess any of you have comrents, and we'll reconvene.

(Wher eupon, the proceedi ngs went off the
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record at 10:59:27 a.m, and went back on the record
at 11:14:11 a.m)

CHAI RVAN BANERJEE: So you're going to
tell us about the surrogate testing program now.

MR. GEIGER  Yes. kay. At the request
of NRR to help evaluate the use of the Wstinghouse
surrogate, we asked ANL to do sone additional testing
on surrogates, actually just one surrogate.

MR. WALLIS: Is this sonething new that we
haven't seen, or is this --

MR GEIGER Yes, it is, and | apol ogi ze.
| just received the report |ast week from Dr. Shack
It's in the formof a letter report. It should be
probably in Adanms today, or nmaybe yesterday. |
finally signed it off yesterday.

MR. WALLIS: So they spent their noney on
this rather than conming here to tell us what they did?

MR CGEIGER Yes. W had allocated - we
found sonme noney after our |last neeting with NRR, you
expressed sone concern about doing sone additiona
testing. W had, at that tine, conmtted to | ooking
at sone additional - looking at the surrogate, and
doi ng sonme other testing with sonme funds, so we did
find some funds to do this.

MR. KLEIN. If | could just add for one
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mnute here - this is Paul Klein. | think this is an
exanpl e of the type of research that we m ght envi sion
nmoving forward to. In this case, NRR staff had a
guesti on about how t he WCAP gener at ed precipitate nmay
behave relative to what we had observed in the
precipitate that we sawin | CET, and t hat we generat ed
ourselves in ANL test | oop, so we had asked the Ofice
of Research to do two main things for us. One was to
try and evaluate the WCAP precipitate, and then the
second part, given that earlier tests had conpared the
head | oss behavi or in a nunber of buffers, we observed
t hat sodiumtetra borate appeared to be nore favorabl e
than sonme of the other buffers. Since we, at the
original tinme, didn't have enough funds to do the
anount of research that we would have hoped for, we
went back and requested sone additional testing with
sodiumtetra borate to both evaluate it fromthe head
| oss perspective, and also in terns of what we m ght
see wWith alumnum solubility within sodium tetra
borate environnents.

CHAI RVAN BANERJEE: So what i ndications
di d you have t hat sodi umtetra borate woul d be better?
Was that fromthe ANL tests?

MR KLEIN. It was fromthe earlier ANL

tests. They had | ooked at both sodi um hydr oxi de,
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trisodi umphosphate, TSP, and sodiumtetra borate. W
spent a lot of time trying to evaluate the TSP, cal
sil interaction, since it was inportant to a nunber of
- about a half dozen or so plants that had that
exi sting conmbination. W also tried to |ook quite a
bit at sodi umhydroxi de si nce about 30 pl ants had t hat
as a buffering chemical. Sodiumtetra borate is
currently the | east conmonly used of the three, but in
the earlier round of tests, |looked like at certain
| evel s of dissolved alum num we saw no head | oss
response at all, so we wanted to follow up on that.

CHAI RVAN BANERJEE: Now if | recall, and
my menory nmay not serve, but the sodi um hydroxi de was
a problem when you had alum num around in |arge
guantities. Rght? O in some quantities. There was
no al um num sodi um hydroxi de, it was not that ruch of
a problem was it?

MR. KLEIN: Yes, the sodi um hydroxide
because it -- currently with plants, it tends to drive
you to a higher pull pH, also has greater al um num
corrosion, so it tends to produce nore dissol ved
aluminumw thin the pull.

CHAI RVAN BANERJEE: Right. But if you
take the al um numout, and this was mai nly scaff ol di ng

and stuff like that, what was the -- where did the
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al um num cone fronf

MR. KLEIN: It conmes froma nunber of
di fferent conponents, a |lot of fan cool ers and ot her
type conmponents w thin contai nnent contain alum num
Part of the question with plants is trying to have an

exact understanding of how nmuch aluminumis in

containment. |In many cases, plants relied on hydrogen

cal cul ations that were known to be conservative on the
anount of alum numin containnment, but the degree of
conservati smwasn't really known, so unless the plant
goes and actually does inventory of alum num they
tended to default to the higher levels, which in
chem cal effects space gives you nuch nore precipitate
to deal wth.

CHAI RVAN BANERJEE: Ckay.

MR CEl GER° (kay. The objectives were to

evaluate the head | oss performance of the WCAP
surrogate precipitates relative to the precipitates
generated during the earlier NRC sponsored tests, as
nmenti oned by Paul .

MR. WALLIS: The question is what's the
real -- what's reality?

MR CGEIGER Wiat's reality? Correct.
How do we know we have -- these surrogates actually

reflect what's reality?
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MR. VWALLIS: | think many of the peer

revi ewers nentioned that what happens in the sunp may
not be the sane as ideal tests.

VR. CGEl GER  Actually, with these
oxyhydroxides the reality could be anything. It
varies so much, and it's the size of the nvolecul es,
and so on, and how to coagul at e.

MR. WALLIS: The conclusion nmay be that
t he Westinghouse surrogate is too conservative. It
just bl ocks everything in sight.

MR GEIGER  Correct. | guess you went to
the end there, so these were --

MR. WALLIS: Well, these are inportant.
W' ve been saying this all along, that you can't just
tal k about precipitate. It depends very nuch on the
conditions under which it's made. And this may be a
tenperature history and all kinds of things that
af fect how precipitate fornmns.

MR, GEIGER So, | nean, these are just
sone, and --

MR. WALLIS: So what are you going to use?
What are you going to use as a standard precipitant?

MR GEIGER. These tests were done at ANL
by Bill Shack, and | just -- these are taken out of

the letter report, so --
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MR. WALLIS: So he just shows that how you
make it influences what it is.

MR. GElI GER:  He shows you like different
concentrations at the top, and then at the bottomyou
can see after 20 hours how nuch had settl ed out based
on --

MR WALLIS: It says "denser and nore
conpact."” Did he do sone particle size analysis or
somet hi ng?

MR. GEl GER: These he just --

MR WALLIS: Just | ooks at them

MR GEIGER Yes, | nean it's -- you can
see it's actually conpacted a little bit over the
ot her ones, and there's not nuch product.

MR. WALLIS: That's the only test he did?
He didn't do particle size analysis, or something
el se?

MR. KLEIN:. No, | believe they did nore
tests than just -- | believe the intent of that slide
that shows the pictures was to highlight that if you
get -- in this case they were |looking at the WCAP
surrogate. |If you get outside the bounds of the
recommendations wthin the WAP, vyou can form
somnet hi ng t hat | ooks not representative |ike the other

three beakers to the left. So they were trying to
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assess, in this case, how sensitive the preparation
technique was to the precipitate that forned, and |
believe they did particle sizing as part of that
assessment .

VR. CEIGER My intent of this
presentation is not to present the total research and
all the slides that were prepared, just sort of a
summary of the research and what the finding --

MR WALLIS: Well, it's like a |ot of
these tests, it shows there is an effect. But then if
you really wanted to quantify it, you' d probably have
to do another research program to quantify it
t hor oughl y.

CHAI RVAN BANERJEE: So rem nd us briefly
about the recommended procedures i n WCAP for preparing
t he surrogates.

MR. GEI GER Do you have that, Paul? [|'m
not that nuch --

CHAI RVAN BANERJEE: Just briefly.

MR. KLEIN: | think in the WCAP t hey added
aluminum nitrate to de-ionized water, and then they
add sodium hydroxide which produces precipitate,
al um numhydr oxi de-type preci pitate. The question the
staff had was whether that precipitate that forned

with that sequence was representative of what we had
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seen in |ICET and what we believe we had reproduced
during the ANL head | oss testing. Since a lot of the
strainer vendors were going to subsequently perform
tests using that surrogate as their standard nateri al,

we thought it would be inportant to benchmark that

relative to what we had seen during sone eval uations
ANL did in support of their head | oss testing.

CHAI RVAN BANERJEE: These tests you're
tal ki ng about, what is the objective?

MR. GEI GER The objective is to see that
the particles fornmed in size and structure are
representative of what you woul d see over a long term
| oner concentration chemical reactions in the sunp
pool .

CHAI RVAN BANERJEE: So they're going to
conpare this with ICET, or the -- what is the
benchmark for conparison?

MR. KLEIN. | think the question that we
asked research to evaluate for us was to try and
understand the head |oss response of t hese
preci pitates versus what we had benchnar ked as part of
the ANL head | oss test program because the ultimte
guestion that NRR had is if we ran - I'msorry - if
industry ran strainer vendor tests wth this

preci pitate and had whatever |evel of head | oss
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nmeasur ed, how woul d we evaluate that relative to the
dat abase that had been established in ANL, so we were
trying to understand if these precipitates would
produce the sane degree of head | oss as was done
previously in the ANL test.

CHAI RVAN BANERJEE: How were the previous
- remind me again how the previous tests were done.

MR. KLEIN. In the previous tests at ANL,
it was very simlar in how the precipitates were
produced, but | think the major difference was that
sodi um hydroxide was added first so that the
precipitate formed in an al kaline solution, rather
t han addi ng t he sodi umhydr oxi de second, such that you
were -- essentially had an acidic solution that then
became buffer to an al kaline. And sonme of the earlier
tests that ANL had done, we had questi oned whet her the
WCAP sequence of producing a precipitate would forman
anor phous precipitate, and so part of their assessnent
was to | ook at that. And then also, nore inportantly,
to look at the precipitate in terms of head | oss.

MR WALLIS: Well, that first bullet - is
t hat an ANL concl usi on?

MR GEIGER That's an ANL concl usion
yes. That's right.

MR. WALLIS: They're concluding that you
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can do all this stuff with the surrogate, but it's a
test of the surrogate, it's not necessarily a test of
reality.

MR CEIGER Well, the question was
whet her t hese surrogates would gi ve you head | oss. It
may not be reality conpared to the long term

MR. WALLIS: That wasn't the question they
were asked, really. The question was do sone tests,
wasn't it? Wre they asked to assess the validity of
using this surrogate at all, which is what the first
bul | et addresses.

MR. CARUSC  \What were they asked to do?

MR. KLEIN: They were asked to eval uate
the WCAP precipitate relative to the precipitate that
t hey had generated in their own facilities for -- with
respect to how nuch head | oss does this precipitate
produce in your test | oop.

MR WALLIS: The first bullet addresses a
bi gger question than that.

MR. KLEIN. Well, that was -- really, that
guestion was partly addressed in sonme of the original
program and sonmewhat in this program but the other
guestion that was on the tabl e was the WCAP surrogate
produce a precipitate that's simlar to what we had

produced at ANL during earlier testing. |If you | ook
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at the WCAP, their goal intheir surrogate precipitate
is totry and sinulate the settlenent rate and the
head | oss properties of the precipitate that m ght
formin a post-LOCA environnent.

MR. WALLIS: But you see the problemwth
the first bullet here.

MR. GEIGER. The fine precipitates? 1Is
that what you're --

CHAI RVAN BANERJEE: No, under conditions
that m ght occur in the sunp.

MR WALLIS: Right. | nean, is -- you're
saying that there is sone other basis for choosing the
WCAP par anet ers for maki ng deci sions? Because if it's
not representative of precipitates in a sunp pool, why
do the work at all?

MR KLEIN: Let me elaborate on that first
bullet. | believe the first bullet - one of the
things that ANL had done to try and understand what
type of precipitate they were formng with their
protocol was to | ook at the response of tenperature
and pH  And because of that, because of the
differences in solubility of crystalline alum num
hydr oxi de versus anorphous al um num hydroxi de, ANL
believed that the precipitate formed by ANL in the

head | oss | oop was an anorphous al um num hydr oxi de.
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That first bullet, | believe, is intended to say that
the WCAP didn't go to that | evel of denobnstration, nor
didit claimto. | think the WCAP was trying to say

here's a surrogate precipitate that we believe is

representative in terms of how quickly it'Il settle.
And, also, in howit will inpact head | oss across the
debri s bed.

CHAI RVAN BANERJEE: So do you want to
speak to the second bull et now?

MR WALLIS: That's the next slide, shows
some graph

MR CEIGER So this is the next slide,
where they've taken --

MR. WALLIS: They put the stuff in and the
pressure drop imediately goes up by two or three
orders of magnitude, essentially because the flowrate
comes down, the resistance goes up

MR. GEIGER Here's the pressure drop in
the red line here. | nmean, as you can see --

MR. WALLIS: How does this conpare with
what they had done with the ANL precipitate? How does
this conpare with a simlar experinent using their
precipitate? | thought that was the purpose of the
test, was to conpare this with what they've done.

MR KLEIN That's correct. And I'I]I
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address, that Erv.
MR. GEl GER.  Yes, go ahead.
MR. WALLIS: Do you have a simlar plot

for their previous experinent?

MR KLEIN: | don't know if --
MR GEIGER | don't have that.
MR. KLEIN. -- he has that in his package,

but if you | ook at earlier presentations that ANL has
provided to the subcommttee, | think you' Il see that
once you reach the situati on where you had precipitate
in the |l oop that was beyond a saturation |evel, you
saw a very rapid head loss increase with tine,
al t hough nothing quite as dramatic as what's shown in
this particular slide.

MR WALLIS: | don't understand this
mul ti pl e consecutive additions, because it seens to be
in the plot here, it's all in one shot.

MR GEIGER Well, that's just - what it
is, is that as soon as they added a little bit, before
they ever got to the rest of it, they already --

MR WALLIS: Okay. So it's the first
l[ittle bit they added that did it?

MR. GEIGER. Yes. | nean, as soon as they
had the equival ent of 5 ppm --

MR WALLIS: So it's 5 percent of 5 ppm
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that did it?

MR GEl GER No.

MR KLEIN:. NO | don't think that's
correct.

MR CEIGER It's not the 5 ppm This is

MR WALLIS: | want to know how does this
5 ppmconpare with some experinent they did.
t hought they had 100 ppmor sonet hing before they got
an effect.

MR KLEIN. Well, it's dependent on the
envi ronment .

MR WALLIS: Yes.

CHAI RVAN BANERJEE: | think it's the 5
ppm which is the 5 percent of the total.

MR. KLEIN. The 5 ppm shoul d be consi dered
5 ppm over saturation |evel such that you had the
equi valent of 5 ppm dissolved alumnum in the |oop
transforned to precipitate. And | think in the
earlier tests where they ran for a period of tine, you
woul d see either del ayed kinetics, or you would run a
period of time until you reach sonme type of saturation
| evel . Once you exceeded that and precipitate started
to form we observed that you did see rapid increase

in head | oss.
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MR WALLIS: See, if you ook at their

experiments, there's one here |I'm | ooking at where
t hey add 50 ppm not hi ng happened, and t hen t hey added
sone nore to bring up to 100 ppm and suddenly the
pressure drop went way up. How does that conpare with
this sort of experinent here?

MR KLEIN. That's a sodiumtetra borate
test. And | think what -- the way to conpare that
particular result --

MR, WALLIS: NaQ3 added. Again, it's
alum num nitrate which then reacts, so it's not the
same kind of alum numas this surrogate, is it?

MR KLEIN. Well, the way | would
interpret that particular test relative to this one,
at 50 ppmwe don't believe you' re formng precipitate
inthe sodiumtetra borate environment, and so you see
no head | oss response. Once you added 100 ppm you
exceeded the solubility, and you did see precipitate
probably greater than the 5 ppm equival ent shown in
this particular chart right now. But the head | oss
response was the sanme. You saw a very rapid increase
in head | oss that exceeded their capability.

MR. WALLIS: But quantitatively, how does
this conpare with the ANL precipitate? |Is this a nore

effective screen blocker? Does it occur at a | ower
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concentration of alum nun? How does it conpare with
what ANL did, with their alum nunf

CHAI RVMAN BANERJEE: This is al so ANL.

MR CGEIGER This is also ANL. Yes, |
don't have the --

MR. WALLIS: Are they duplicating a test
which is in their report here, |CET-1W?

MR. KLEIN. No, they're not duplicating a
test, because --

MR. WALLIS: So how can you conpare it
with all the stuff that they did?

CHAl RMVAN BANERJEE: To answer your
guestion, really.

MR.  KLEIN. The WCAP protocol, you
generate precipitate, you can do the actual head | oss
test in a environment that's, for instance, potable
water. Okay? The WCAP protocol does not necessarily
call for a head |oss test using pH buffered borated
wat er environnent. Based on that WCAP assertion, the
staff had a concern that sonme of the strainer vendor
tests m ght not be conservative when you just add the
precipitate, so the idea was to try and go to the ANL
test | oop where we had generated head | oss i n a nunber
of different environnents, and add, in this case, a

smal | anount of WCAP surrogate within just a potable
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wat er environnent to see what the head | oss response
woul d be.

The way that we tried to conpare it back
to the existing database was to | ook, given sone of
the solubility information that we knew for sonme of
t hese environnments, |like sodiumtetra borate, conpare
how much over a solubility limt we were when we saw
head | oss response, and then conpare the head |oss
response relative to what we saw with the WCAP
surrogate. | think the overall conclusion was that
t he WCAP surrogate was at | east as effective, or nmaybe
nore effective at head loss for a given anount of
precipitate.

MR WALLIS: It's very hard to conpare
with ANL. | nean, they had this 375 ppm and then
they had to cool the stuff down to nmake a precipitate,
but then they were able to nake a precipitate with 100
ppm They didn't really explore the exact conditions
necessary to nmake a precipitate, sol'mnot quite sure
how you conpare this work with the work that ANL had
al ready done.

MR. KLEIN. Sorme of the foll owon ANL
research that you haven't received yet | ooked at
solubilities in sodiumtetra borate, and tried to

determ ne at which |l evel you mght - once you exceed
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it, you would start to produce precipitate, and then
within the letter report, there's an attenpt nmade to
conpare that delta on the anount of precipitate that
m ght formover the solubility Iimt with the anount
of precipitate that was added usi ng t he WCAP surrogate
techni que. And when they made that conparison, they
t hought that the anobunt of head |oss for the WCAP
surrogate was at |least as high, or it produced head

| oss equi val ent or greater than what was observed with
t he ANL-generated precipitate.

MR. WALLIS: Wy are you tal king about
sodiumtetra borate? | think they just put in lithium
hydr oxi de and boric acid, and NUKON. Then they put in
alum num nitrate solution. | don't see any sodi um
tetra borate.

MR.  KLEIN:. There's, | guess, two
different tests that |I'm referring to. The WCAP
surrogate test was not done with sodiumtetra borate.
The way that we tried to conpare the head |oss
response relates to ANL testing in its sodiumtetra
borate environnent.

MR WALLIS: So all | learned fromthis is
that the surrogate, the WCAP surrogate can block a
screen in very snmall anounts.

MR. KLEIN: Correct. And that seens to be
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consistent with what we had seen at earlier ANL
testing. There mght be time to which you'd form
precipitate, but once precipitate beganto formw thin
that |oop, it appeared like you didn't need a whol e
ot in order to block the I oop.

CHAI RVAN BANERJEE: This had no fi ber,
not hi ng.

MR WALLIS: Yes, it had NUKON - -

MR KLEIN: This test had a NUKON fi ber
bed.

MR, WALLIS: They filled the fiber bed
first, NUKON added.

CHAI RMAN BANERJEE: Ch, NUKON added.
Ckay.

MR CGEIGER Now we had nore tests
pl anned, but when they ran this first test, it was
obvious that it did the job of what they said it would
do, so we didn't really go into investigating --

CHAI RVAN BANERJEE: But sodi um hydr oxi de,
or sodiumtetra borate? Wat test was this?

MR. KLEIN: The WCAP surrogate test was
done without a buffer.

CHAI RVAN BANERJEE: W thout a buffer.

MR KLEIN. Yes. It was to try and run a

test that would be simlar to what the WCAP protoco
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woul d be.

CHAI RVAN BANERJEE: Pot abl e wat er.

MR. KLEIN. Yes, or they m ght have used
de-ionized, |I'mnot sure.

CHAI RVAN BANERJEE: All right. So there's
not pH buffer.

MR. KLEIN. There is not a pH buffer in
t hi s case.

MR WALLIS: Ckay. So it nmade a snooth

top coating, so it nade a very thin |ayer on top of

t he NUKON.

MR. KLEIN: Last tinme we put sone varnish
over it.

MR WALLIS: W're back to the thin bed-
type thing.

MR ABDEL- KHALI K:  Now what is the
expected range of concentration? 1Is 375 ppmw thin
the range of concentration that you woul d expect
during a LOCA?

MR. KLEIN. We would expect 375 to be on
t he hi gh end of dissol ved al um numconcentration in a
post - LOCA cont ai nment pool .

MR VALLIS: Only in sone plants that have
enough al um num avai | abl e.

MR.  KLEIN: Probably occur with a
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conmbi nation of a plant that had a significant anount
of alum num and also a pHcontrolling chem cal, such
as sodi um hydroxi de, that would be on the higher pH
end to drive alum numcorrosion. As a benchmark, the
staff | ooked at a |icense anendnent from Fort Cal houn
to switch from trisodi um phosphate to sodiumtetra
borate, and as part of that |icense anendnent, they
ran the WCAP chem cal nodel with sodiumtetra borate
to try and estimate what the dissolved al um num
concentration would be in their particular plant
specific pool, and | think it was on the order of 22
parts per mllion.

CHAI RVAN BANERJEE: And if you had sodi um
hydr oxi de, how much woul d it have been, was there such
a nunber?

MR.  KLEIN: You could generate that
nunber. They did not, since they didn't have sodi um
hydr oxi de, but the --

CHAI RMAN  BANERJEE: They had the
trisodi unf

MR. KLEIN:. Yes, they had trisodi um
phosphate, but they're also a high calciumsilicate
pl ant, so they had an incentive to switch from TSP.

MR. ABDEL-KHALIK: So the 375 ppmis a

real outlier, as far as expected concentrations. So
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what woul d be the probabl e range that peopl e ought to
concentrate onin terns of runni ng experinments, rather
than | ooking at outliers?

MR KLEIN. Well, I think within the
research done at ANL, we tried to |look at a range of
concentrations fromas low as 50, up to as high as
375.

MR ABDEL- KHALI K:  And now Fort Cal houn
you said came back with an expected concentration of
22.

MR KLEIN:  Yes.

MR. ABDEL- KHALI K:  So what would you do in
that situation, if you' re outside the range?

MR. KLEIN. Well, in their particular
case, given that we had a fair anount of data that
indicated at 50 ppm dissolved alumi numw th a sodi um
tetra borate environnent, there was no head | oss
response. W felt confortable that being | ess than
hal f of that, they would probably not see a head | oss
response from a al um num hydr oxi de-type precipitate.

MR WALLIS: | don't know what | concl ude
fromthis. Well, | conclude you can do all sorts of
different tests with these surrogates. ANL did sone
stuff, and when t hey used t he Westi nghouse stuff, they

got a screen clog, but there was quite a different
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precipitate, clogged in a different way, | ooked
different. | just don't know what this has to do with
reality. It seens to ne that you can construct al

ki nds of surrogate experinments, all of which are
different, and what do you concl ude?

MR. KLEIN. | think the question we
raised, and we're trying to address was if |icensees
were to use the WCAP precipitate in a test that tried
to nmeasure head | oss across a plant-specific debris
| oad, would that surrogate behave in such a nmanner
that it woul d produce head | oss that was equi val ent to
what we thought mght be a nore representative
precipitate? And the answer appears to be that very
smal | anounts of the WCAP precipitate induces high
head | oss.

MR. WALLIS: If they're added after a bed
is there.

MR KLEIN. Well, there's been tests done
wi thin industry where they' ve evaluated the relative
timng of addition of chem cal precipitate and debri s.

MR WALLIS: Well, this seenmed to be the
wor st case, where you rmake the bed first, and t hen you
put in the fines, and they nake a cake on top of the
bed. That's the worst case, it seens. Even in the

PNNL, that was the sane.
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CHAI RVAN BANERJEE: Eventually, they'l

recircul ate around.

MR GEIGER These will recircul ate,
eventual |y come around.

MR. WALLIS: They'll recirculate, but
t hese are deposited on the surface of the --

MR KLEI'N:  Yes.

MR VWALLIS: -- which | think was the PPNL
wor st case, too.

MR KLEIN. Well, when we eval uat ed
cal ciumphosphate precipitate in the ANL test | oop, we
saw that the timng of the precipitate addition
relative to debris seened to affect the anount of tine
that it took for the head loss to reach the high
level. But, ultimately, you got to the sane answer -
the head | oss reached a very high | evel whether you
introduced the precipitate first, or the debris first.
But it did inmpact how quickly you achieved that high
head | oss.

CHAI RVAN BANERJEE: What goes through
eventual |y comes back

MR. GEl GER: Cones back, yes.

MR. ABDEL- KHALI K: Can we go back to slide
three? GCkay. Let's |ook at the first objective.

What do you nmean by the word "evaluate"? Do you nean
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conpare?

MR CGEI GER Yes.

MR ABDEL-KHALIK: So what is the result
of that conparison, now that this study has been
concl uded?

MR KLEIN:. We believe that the WCAP
preci pitate can produce head |oss as effectively as
the precipitate that we generated as part of the ANL-
sponsored head | oss test.

MR. ABDEL- KHALI K:  Sure. You put enough
of anything, vyou'll generate head loss that's
conparable. The question is, how does it conpare at
t he same concentration?

MR KLEIN. | think the -- one of the
things that we can probably do is provide a copy of
the technical letter report, where they tried to make
a conpari son of equival ent anounts of ANL surrogate to
WCAP surrogate. It's difficult to nake the exact
conparison, but there's sone discussion in there that
tries to conpare the anobunt of precipitate that you
m ght expect based on being above the saturation
amount with the anmount that was added in the WCAP
And t he concl usi on was that the WCAP surrogate for the
same anmount is as effective at produci ng head | oss,

and maybe nore so.
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MR. WALLIS: This looks a bit |ike sone of

t hese other prograns, where as soon as you get an
interesting effect, stop the funding. This is
somet hi ng whi ch seens to have been investigated in a
very prelimnary fashion, and there's no quantitative
conpari son between WCAP and earlier responsive tests.
It's just a sort of qualitative concl usion.

MR. KLEIN. | would agree that this was a
very small scale effort.

MR WALLIS: It's a very interesting
result that you do get; and, therefore, it cries for
a nore thorough investigation.

MR GEIGER As to why?

MR. WALLIS: No, as to what happens if you
have di fferent concentrations, or di fferent
t enperatures, or whatever.

CHAI RVAN BANERJEE: | nean, all this just
to prevent having to use pH buffered solution
experiments, industry experinments.

MR. KLEIN. | think you | ook at the
i ndustry experinments, they tend to be very | arge-scal e
tests, and it's probably nore difficult for themto
run el evated tenperature borated water pH buffered.
That's not ny decision to nake, but | guess from ny

perspective, we need to be able to evaluate what
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t hey' ve done rel ative to what we know, and so that was
the incentive for trying to do at | east a small-scal e
effort to conpare the WCAP surrogate to what we had
some test know edge on the surrogate that was produced
as part of the ANL test prograns.

MR WALLIS: Can we nove to the next
slide? | don't understand why we have on our slide a
bi g bl ack square with no nunbers at the bottomri ght-
hand si de.

MR. GElI GER:  The copy nachi ne sonmehow - -

MR WALLIS: [It's very useful to have
nunbers.

MR CGEIGER |I'msorry, yes.

MR. WALLIS: Black squares designed to
obliterate the nunber.

MR. GEIGER.  The copy that | printed off
had nunbers, but when | ran it through the xerox --

MR WALLIS: It's just visible if you're
very careful. Ckay.

MR. GElI GER: The copy nachi ne nmade t hem
darker. | apol ogi ze.

MR WALLIS: So here we conclude that the
two surrogates are different, the ANL surrogate, and
the Westinghouse surrogate are different things.

They | ook different.
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MR CGEIGER Yes. Wll, they appear

different, but they --

MR. WALLIS: They're different in color.

MR. CGEl GER. The question is why the col or
variation? There was no real explanation. W didn't,
you know - -

MR WALLIS: Wen it says "the |ayer was
i mpervi ous", that nmeans no water could flowthrough it
at all?

MR. GEIGER Correct. They had to drain
the water by --

MR WALLIS: Really blocked up, it was
pai nted. They painted it.

MR CGEICER It was painted, yes. They
had to open the pressure caps to let the water out.

MR. WALLIS: Westinghouse surrogate paints
an inpervious |ayer on top of a fiber bed?

MR CEICER | wish Dr. Shack would be
here to address sone of these things, but | was
pl anning on himto be here.

MR KLEIN: | think that's correct. As
Erv described, they needed to disconnect the
transducer in order to drain the | oop.

MR WALLIS: Howdid it get to be 2

mllinmeters thick if there was so little of it?
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CHAI RVAN BANERJEE: Is that the total bed

t hi ckness?

MR KLEIN: | think that's what -- he's
describing a golden colored layer. | don't know if
they tried to separate, or if they could separate the
precipitate from the underlying NUKON that probably

added part of the golden color to the |ayer.

MR WALLIS: Well, | guess we have to go
on.

CHAI RVAN BANERJEE: Are these tests now
conpl et ed?

MR GEIGER  Yes. Yes.

MR. WALLIS: Nunber two is getting at ny
guestion. | mean, here you've raised a very

i nteresting question, and so you deemthat there's no
benefit, and stop experinent. This is the whole basis
of industry work, is the WCAP surrogates, isn't it?

MR GEIGER Well, and what we've done is
we denonstrated that if you use the surrogate --

MR. WALLIS: Couldn't industry concl ude
t he sane thing?

MR. GEIGER  And they did, vyes.

MR. WALLIS: They're not going to use the
WCAP surrogate?

MR CGEIGER: About the same tine we did
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this, they cane up with that, so I'mnot -- | think
t hey' re approaching --

MR. WALLIS: Wat are they going to use?

MR. KLEIN. Paul Klein, again. 1'd like
to add sonme perspective to that second bullet. Wen
we originally started - when we asked research, and
t hen they asked ANL to eval uate the WCAP precipitate,
we t hought that we woul d do a series of tests where we
increnental |y added additional precipitate over tinme
to evaluate the head | oss response, nmuch as we had
done with sone of the earlier testing at ANL. W saw
wi th the WCAP surrogate was that at very | ow | evel s of
precipitate addition, it produced high head | oss, so
the feeling was rather than try to evaluate greater
than 5 ppm we knew what the answer would be. To try
and evaluate less than 5 ppm we didn't want to try
and split hairs to that |evel or degree, because it
seens |ike what the results were telling us is that a
smal | amount of precipitate is effective at producing
head | oss.

MR WALLIS: It's not ppmthat matters,
really, it's the total amount of precipitate in the
| oop, isn't it?

MR. KLEIN. That's correct.

MR CGEIGER I'msorry. It was gauged on
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aratio, right - so surface area to what was expect ed.

MR. KLEIN. Wen we say 5 ppm that --

MR. WALLIS: Now this first conclusion is
unwarranted. | nean, you could sinply say the WCAP
al um numsurrogat e produces hi ghly unpl easant results.
There's no conservative relative to what? | nean
conservative relative to what's really going to happen
in the sunmp? You have no basis for making that
statenent. And then the second one is extraordinary.
| nmean, because the surrogate produces an undesirabl e,
hi ghl'y unpl easant head | oss, we're going to stop doi ng
any work with it. That's a strange concl usion.

CHAI RVAN BANERJEE: |s industry conti nuing
to use this surrogate?

MR. KLEIN: Industry went through sone
initial tests wth the surrogate. They' ve had
unpl easant results, as well. | think they've gone
back, and there's probably within the five strainer
vendors, there's a divergence of opinion on whether to
continue with the surrogate, or try another testing
appr oach.

MR WALLIS: But if this stuff clogs the
screen, which it does, it would seemthis is a key
thing to understand and investigate, and all its

di nensi ons.
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CHAI RVAN BANERJEE: So what woul d i ndustry

do, | nmean, try to find a surrogate which is |ess

unpl easant ?

MR KLEIN. | will attenpt to address
that. | hate to speak for industry, so John Butler
if you're still here, and | msrepresent industry,

please junp in, but | think industry is |ooking at
this froma broad perspective, and they're trying a
nunber of different things. Some vendors have plants
that are able to reduce the anmount of fiber, such that
they don't get a fiber covered strainer, and that is
one way to try and address it, because it seens like
one of the consistent test results we've seen is that
the precipitate by itself has not been clogging the
strai ner.

O her people are | ooking at a nunber of
different options, potentially changing buffers to
reduce the amount of precipitate that forns.
Westinghouse is trying to go back to some of the
initial assunptions in the WCAP nodel, and | ook at
whet her those assunptions were too conservative. For
exanpl e, alum num corrosion was all assunmed to be
comercially pure alum num when, in fact, the plants
have al | oyed al umi numthat m ght have corrosion rates

that are nmuch less than comrercially pure under the
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gi ven environnment, so there's a nunber of things that
are being looked at in the nodel to try and renove
conservatism if it's warranted. And then there's a
nunber of test approaches that are | ooking at can we
do other things, such as try to get a bare strainer,
or try to incorporate sone type of back-flush that
woul d hel p us get around the chemi cal effects issue.
CHAI RVAN BANERJEE: But they will not

continue to use this surrogate for their testing, or

will they continue to use it?

MR. KLEIN. | believe that some of them
will continue to use this surrogate.

MR CGEIGER Well, let nme ask - if the

surrogate represents the behavior of what you would
expect to find in the sunp pool, wouldn't it indicate
that as soon as you start - you reach the saturation
l[imt, you have precipitates, you would start to
af fect your fiber bed across the screen? So at |evels
as low as 5 ppmwith the surrogate, you would bl ock
the screen. | would consider that to be a
conservative test, because let's say, if the real
precipitates went at 10 ppmor 20 ppm then |'ve
under - predi cted how nuch head | oss | have.

MR WALLIS: But this is subject to

tenperature, as the sunp cools down during the |ong
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period of recirculation --

MR. GEIGER. Mre and nore precipitates,
yes.

MR. WALLIS: Then you get nore and nore
precipitate.

MR CGEI GER Yes.

MR WALLIS: And this would seemto
indicate that eventually you're going to clog the
screen, because the screen has already got its fibers
and stuff on it.

MR CGEI GER Yes.

MR WALLIS: And now as the stuff cools
down, this new precipitate is going to | and on top of
that fiber layer and nake this inpervious |ayer.

MR. GEIGER. So the question is at what
stage do | get precipitation of --

MR. WALLI'S: Then, of course, because you
can't cool the core, things heat up and you di ssol ve
it again.

MR GEIGER |I'mrunning for 30 days, do
| cone down to 60 degrees, or do | just come down to
80 degrees? If | cone at 80 degrees, and | stil
don't have any precipitate, then |I'm happy. |If, for

some reason - but | do get precipitate, thenit has to
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MR WALLIS: Well, isn't this another case

where a smal | experinent done by NRC rai ses a new key
i nportant question?

MR CGEIGER As to?

MR WALLIS: Well, it seens to me to be an
i mportant question about whether or not you're going
to bl ock screens with al um num precipitates.

MR. GEICGER Yes. That's a question, |
agree. And | think that's why --

MR. WALLIS: Since it's so effective, you
seemto decide that there's al nost no defense agai nst
it, if you ve got a fiber layer there already.

MR, GElI GER.  \What we were saying here is
we were | ooking to see how the surrogate precipitate
woul d behave, to see if it would affect, or how it
woul d conpare to pressure drop --

MR. WALLIS: The prelimnary conclusion is
it's very bad stuff.

MR, GEIGER  And we found that was very
bad stuff, so I'"mnot sure exactly where we woul d go
fromhere at this point, as far as --

MR. WALLIS: Discontinue the work, right?

MR CEIGER Well --

MR. TRAGONING This is a good exanpl e of

a case where industry had initiated and was conducti ng
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some work. GCkay? W had sone issues, or sone
concerns that we had, and one of the concerns was,
okay, they're creating a surrogate for this al um num
oxyhydr oxi de, and the question was how wel | does that
surrogate represent the type of product we sawin the
| CET? So there was a very specific concern, so that
led to this targeted testing. The targeted testing
showed that well, the surrogate probably, in sone
cases, or in many cases, my hot be a very good
surrogat e of al um num oxyhydroxide. So the result of
that is this information is being used to - and,
again, John Butler will, I'm sure, junp inif I
m scharacterize - has been used to i nformthe i ndustry
path forward on this in terns of how they want to
utilize this surrogate, and how they want to
characterize the results they get fromthis type of
testing.

MR. WALLI'S: But because of the
uncertainties about what's happening inthe real sunp,
you couldn't rule out that something |ike the WCAP
surrogate actually appears in the sunp.

MR. KLEIN. That's correct. | think the
reason we requested the additional tests fromthe
O fice of Research, if a strainer vendor, for exanple,

were to conduct a test with a debris bed, and add the
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anount of surrogate that's predicted by the WCAP
chem cal nodel, and were to achieve a test that
denonstrated a head |oss that was acceptable, how
would the NRR staff review it? And so that's, |

t hi nk, where we were trying to head with sone of this
additional targeted research

MR WALLIS: What is it that nmakes this -
it's the NaOH that makes these hydrogen --

MR KLEIN. It's a conbination of alum num
and - -

MR. WALLIS: It's probably difficult to
ban al um numfrompower plants, but you can ban sodi um
hydr oxi de, couldn't you?

MR GEIGER Well, you're going to try to
prevent the formation of al um num oxyhydroxi de.

MR WALLIS: Right.

MR. GEIGER. That's what you need to do,
or elimnate fiber, or reduce the anount of fiber, or
i ncrease your sunp size to the point where the fiber
does not totally coat the strainer. And these are al
i ssues that --

MR. WALLI'S: Maybe you can coat all the
al um num surfaces, or something?

MR GEIGER Well, it depends - that's up

to plants, but if you' re looking at -- first of all,
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it was brought up that there was a | ot of alum numin
the plant. Well, on the coils, the air coolers and so
on, they're at a higher elevation, so they're only
going to see this spray for the duration that the
cont ai nnent sprays, a couple of hours, and then there
won't be any nore. So those will not be subnerged
continuously in this soup, so we have to | ook at
what's actually on the floor. And | understand that
fiberglass insulation has alumnumin it, and all
these things. | nean, so there are other sources of
al umi num The question is how much, and how nuch

| eaches out? And those are all things that other
research has to follow. | nean, what we've proven is
that the al um num surrogate used by Westinghouse, or
the recommended surrogate, is very effective at
causing head loss on a fiber bed. | don't know how
much further we could take it, unless we could prove
that well, this stuff doesn't really look |ike the
ot her.

MR. ABDEL- KHALI K:  The point is not
whether it is effective at producing head | oss. The
point is whether it is a true representative of what
actual ly happens. That's what the word "surrogate"
nmeans. And go back to slide 3, what is the answer to

t hat question?
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MR. WALLIS: Well, whatever question it

is, it probably is we don't know.

MR ABDEL-KHALIK: That's the first
objective. The first objective of the research,
eval uate the head | oss at performance.

MR. CEIGER  Actually, we're evaluating
the head | oss performance is what we did. Nowthe
guestion you raised is yes, is it really the right
surrogate? That's the question.

MR. WALLIS: Wat you really seemto have
concluded is it's so bad, you don't want to
investigate it any nore.

MR CEIGER Now | would think that
i ndustry, Westinghouse would need to determineif this
really is -- but is it likely that this form of
surrogate could formin your sunp?

MR. WALLIS: So you think they're going to
come up with a different surrogate?

CHAI RVAN BANERJEE: Well, they got there
because they didn't want to use the pH buffered water.
Right? | mean, how nmany options do they have? Not
t hat many.

MR CGEIGER | think what nost of the
plants are doing is increasing their screen size to

the point that when they take the fiber loading, it
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does not | oad.

CHAI RVAN BANERJEE: | don't nean what the
plants are doing to cope with the problem |'msaying
what options do they have with the surrogate, not that
many.

MR. GEIGER.  Not that many, no, unless
they want to do the actual chem stry thing.

CHAI RVAN BANERJEE: Yes. So the issue
really is, does this give you a high pressure |oss
over a variety of screen designs? Because | inmagine
what these people will dois they'll try to change the
screen designs and so on, so that you don't get --

MR. WALLIS: So you have some open area.

CHAI RVAN BANERJEE: Yes, have sonme open
ar ea.

MR CGEIGER Wll, that's what they're
| ooking at, is to create so you don't have a uniform
coating over the entire mesh or the screen area.

CHAl RMAN BANERJEE: Yes, so you try to
take it out.

MR. VALLIS: Well, you could have a design
where you actual |l y have a screen whi ch you can open up
when you' ve caught all the fibers on the other screen,
then you open it up to let the surrogate through.

MR. GEl GER l'"mnot famliar with all the
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different --

CHAI RVAN BANERJEE: |'m sure there are
| ot s of thinking going on here.

MR CEICER And | think these tests are -
and al so, the one industry did, because it was pretty
much a parallel, about the sanme tine, they cane up
with the same conclusions that we cane up wth
surrogate.

MR WALLIS: Are you telling the
Comm ssi on about this, briefing the Conm ssion about
this result? | think you are, aren't you?

MR. KRESS: Today.

MR. WALLIS: Today.

MR CARUSC | think that's nore of a
programmatic briefing, than a technical briefing.

MR KLEIN: | don't believe that the TA
briefing will be to this |evel of detail.

MR WALLIS: Well, do we have to tell the
Comm ssi on about your results?

MR KRESS: |If we think it's a safety
i ssue.

MR. WALLIS: That sort of puzzled ne about
this whole program is that we wite our letters, and
we usually put in a lot of stuff about what you guys

have discovered, but really the path shouldn't be
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t hrough us, it should be directly. And | assune there
is a direct path, which is nore efficient than going
t hrough us.

CHAI RVAN BANERJEE: Well, | guess we add
a |layer of comment.

MR WALLIS: The Conmi ssion doesn't |ike
surprises, especially from us. It seens to be a
significant observation. Am|l sonehow off base here?
| nmean, this seenms to be a very significant
observation, what's being used by industry as a
surrogate for alum num hydroxides is extraordinarily
effective at blocking screens. It may well be overly
conservative

MR KLEIN. Well, | think the precipitate
that we generated is effective at bl ocking screens.
The difference in the tests was that there's a
solubility conponent that wasn't involved in this
test. In this test you generate the precipitate
outside the loop, and you add it to the test. In our
test, we added alumi numnitrate within the | oop until
we exceeded a solubility limt. Once we did that and
precipitated a naterial, we saw very high head |oss
response.

MR. WALLIS: You also do it by cooling

down by the | oop.
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MR. KLEIN: You could also do it by adding

a constant | evel and dropping the tenperate to affect
solubility. But the feeling was that equival ent
anount s of WCAP preci pitate and the that was generat ed
usi ng the ANL protocol both drove head | oss hi gh, and
maybe t he bi gger picture was that if you do have t hese
type of precipitates, it doesn't take a whole |ot
across the debris bed to inpact head | oss.

MR. WALLI'S: Now when industry was here a
few nont hs ago tal king to us about their experinents,
we asked about chem cal tests, and they said - sone of
them said that they had done tests, and the results
were unacceptable. Are these -- was it using this
kind of surrogate that |led to unacceptable pressure
drop result?

MR. KLEIN. | mssed part of that
guestion. Did you say that they indicated their
results were acceptable or unacceptabl e?

MR WALLIS: W asked about chemi cal
tests. They said they had done a few chenical tests,
and the results gave unacceptable head loss. Was it
this surrogate, or sone ot her surrogate for some ot her
particul ate matter that gave unacceptabl e head | 0ss?

MR. KLEIN. It would have been dependent

on the particular strainer vendor that you heard --
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MR. VWALLIS: | don't know which ones they

wer e.

MR. KLEIN. Well, | believe you heard from
Al'l i anz Sci ence and Technol ogy, who have used t he WCAP
surrogate, and they had wunacceptable head |o0ss
responses.

MR. WALLIS: It was the one we're talking
about today.

MR KLEIN:  Yes.

MR. WALLIS: And what are they doi ng about

MR. KLEIN. In their particular case, they
are considering a new testing approach that m ght go
back to an | CET-type approach, rather than a WCAP
surrogat e approach

MR. WALLIS: They nake the chemical in the
| oop?

MR. KLEIN. They would be -- this is
prelimnary, so | don't want to provide too many
details, but | think they woul d be | ooking at what
m ght be generated wthin a |oop given a
representative post-LOCA tenperature, and pH, and
buf fered environnent.

MR WALLIS: Well, we could wite a letter

that said we've told you all of it before, except now
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we have this newresult, which indicates that we were
right, that doing research is worthwhile, continuing
to dois worthwhile. Wite about two paragraphs, and
that would be it, because this seens to be a
significant result. |If you hadn't done this
experiment, we wouldn't be reaching sonme of these
conclusions. Very valuable, let's use the word

"val ue" we used before, a very val uabl e experinent,
isn't it, or not?

CHAI RVAN BANERJEE: Well, it's certainly
valuable in telling industry not to followthis path,
and try to find an alternative.

MR KRESS: Well, I'mnot so sure. If |
were interested, and | run atest with this surrogate,
and found out that ny screen had acceptable flow
through it for the ECCS, | would assunme | solved ny
problem M screen is acceptable to NRC. That's one
route to go. Now if they don't get that result, it
plugs up their screen, then they've got to do
somet hi ng el se.

CHAI RVAN BANERJEE: Wi ch is naybe the
sort of test.

MR. KRESS: Yes, and then you' ve got to
evaluate those. But | think this is a valuable

result. It says if you use this stuff and get
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acceptable results, it's acceptable to us. | think
that's --

MR KLEIN: That was the notivation behind
our request to try and evaluate the WCAP surrogate
wi thin ANL head | oss | oop.

MR KRESS: | think that's a reasonabl e
concl usi on.

MR ABDEL-KHALIK: But if the head loss is
dependent on the particle size distribution, and this
surrogate has a certain particle size distribution
that you can get around by redesign so that you can
get sone acceptable results, what is there to tell us
that the actual stuff that's going to deposit wll
have the sane size distribution, so that this design
around solution that you cane up with would actually
work in the real case?

MR. LEHNING This is John Lehning in NRR
| guess the way that | see it for nost of the plants
that | think that we've | ooked at, this was sort of a
bi nary situation, that either you got the chem ca
effects, and you had a fiber bed, and then you had a
really high head loss, or you didn't have the
t hreshol d where you' re going to get a chem cal effect,
or you didn't have a fiber bed and you didn't get it,

so sonme of the details of nodeling this surrogate with
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high fidelity would cone into play nore in the mddle
ground of is the head | oss such and such, or is it
twice as much? But if you can say it's either a zero,
or it's too high for you to handle, then all those
details aren't quite as inportant, and you're really
tal ki ng about what are the thresholds at which that
effect occurs. And that's what we really need to
understand, nore so than | think all of the fine

poi nts on that surrogate.

Just to follow that a little bit, there
may be sone plants out there where a certain plant
m ght need nore information on that size distribution
if they're in a mddle ground, and then that woul d be
a valid question to ask for those plants, | think.

CHAI RVAN BANERJEE: So in this surrogate
a precipitate is added, not made.

MR. KLEIN. In the WCAP testing protocol,
the precipitate is nade typically outside of the test,
and then added to the test, rather than generating it
within the test | oop.

CHAI RVAN BANERJEE: Well, the precipitate
is made like those little bottles.

MR. GEI GER  Made in a bucket, and poured
in, yes.

CHAI RMVAN BANERJEE: Pour ed i n.
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MR WALLIS: It says no precipitate was
visible in the water?

MR GEIGER  Correct.

MR. WALLIS: So the stuff that you add is
invisible, too? You have a bottle of it, and it's
invisible, and you drop it in?

(Laughter.)

MR. KLEIN. Wen you mx it, you typically
see a mlky white solution.

MR WALLIS: You see a nmlky white
solution, but when you put it in the loop, it's so
dilute you don't see it? But then it says no buil d-up
was visible. How about this yell ow inpervious |ayer
that you found? | nean, that's --

MR KLEIN: That was observed after the
test loop had -- well, it had cold, and probably sat
over ni ght and was drai ned the foll owi ng day, so it was
not --

MR. WALLIS: The yellow |layer didn't
appear until the next day?

MR. KLEIN. They did not observe a | ayer
at the tine the test was termnated, | believe. And
that is consistent with some of the tests that ANL had
conducted wi t h sodi umhydr oxi de, where they saw a head

| oss response, but no chem cal bed was visible.
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CHAI RVAN BANERJEE: Do you have any nore

slides? Are you done? A little depressing, but --

MR.  WALLIS: Maybe there's another

surpri se.

MR GEIGER Well, they did sonme sodium
tetra borate buffer testing just to, | guess, gain
some additional information on the solubility at

di fferent tenperatures.

MR. WALLIS: So you observed very snal
transl ucent precipitate particles?

MR. GEl GER:  Wich eventually - yes.

MR, WALLIS: Am | junping ahead here, or
where amI1? [I'mon 13, |I'msorry.

MR GEIGER  You're on 137

CHAI RVAN BANERJEE: Well, what do you have
to say about the previous slide? Go back to where you
wer e.

MR WALLIS: Yes.

CHAI RVAN BANERJEE: What is the key
finding on this slide?

MR GEIGER Ckay. What we're trying to
do here is that we created a solution - two sets. One
is, we created these at two different tenperatures,
and what we did was we started at 10 ppm and in

interval s we added 10 ppm i ncreased the concentration
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by 10 ppm trying to determ ne when the saturation
[imt would be reached. And then we had anot her set
at 80, 100, and 120 degrees that we had al um num
concentration of 400 ppmthat we let set for a |long
tinme.

MR. WALLIS: Were you trying to find out
if the sodiumtetra borate affects the precipitation
of al um nunf®

MR CGEI GER Yes.

CHAI RVAN BANERJEE: Then why do you have
TSP there in the |ast --

MR GEIGER Ch, did | misspell it? [I'm
sorry.

CHAI RVAN BANERJEE: But you didn't add
trisodi um phosphate. Right?

MR. KLEIN. That's a typo.

CHAI RVAN BANERJEE: Onh, that's a typo.
Al right.

MR WALLIS: It should be sodiumtetra
borate, rather than TSP?

MR KLEIN: STB.

MR. WALLIS: STB. It's rather confusing.
STB.

CHAI RVAN BANERJEE: Right. Okay. So we

know what - -
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MR CGEIGER And we had - this is the test

setup, basically. That just shows a sanple of the two
of them They were imersed in an oil bath to keep it
at constant tenperatures.

MR WALLIS: It's a beaker. And what did
you find?

MR GEl GER. Ckay. (bservations for the
solubility test at the 80 degree F, snall translucent
particles are fornmed. And as we increased the
al um num concentration from50 to 55 percent is when
it started to form and then at concentrations of 90
ppm the overall solution --

MR. VWALLIS: Now when you put in nore
al um num you get |ess precipitation?

MR CGEIGER Well, the other -- it
actually dissolved a little bit, but --

MR WALLIS: But the 50, 55 - it |ooked as
if 50 was a critical one, because when you increased
from50 to 55, you got precipitate. Wen you went up
to 90, it went transparent again?

MR. KLEIN. There's a couple of different
things that are going on here. At each addition they
go to a certain level, and then they hold it over
time, and then they | ook to see if anything drops out

of solution, and then they add additional alum num
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nitrate over time to increase the level. | think the
conclusion was overall the solution was clear,
al t hough they did see sone precipitation that started
to format a certain |evel shown here, and then the
anount of precipitate that appeared to show up and
drop to the bottom increased with increase in
concentrati on.

CHAI RVAN BANERJEE:  The sol uti on renai ned
transparent, but that doesn't nean that you didn't
find the precipitate.

MR. GEI GER.  Right.

MR. KLEIN. Correct.

CHAI RVAN BANERJEE: Ckay.

MR WALLIS: So we shoul d concl ude that
with TSB, you al so get precipitates of alum num

CHAI RVAN BANERJEE: Over 50 ppm Right?

MR KLEIN: Yes. And that's consistent
with their earlier head | oss tests where we saw at 50
ppm di ssol ved al um num no head | oss response. Wen
they went to 100 ppm we saw a very rapid head | oss
i ncrease, so that the objective of these additiona
tests was to try and evaluate that |evel between 50
and 100 ppmto see if we could deternmine a threshold
| evel which we m ght see precipitation, and al so head

| oss response.
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MR. WALLIS: Did you do head | oss response

with this, too? Presumably not, if it was just m xed
in a beaker.

MR KLEIN: | think sone of the follow on
slides are going to discuss at what concentrations
t hey observed head | oss.

CHAI RVAN BANERJEE: Go back, don't go so
fast. Now you're going to discuss the 100 and 120
cases, what happened there?

MR CGEIGER Well, these - the ones that
were 400 ppm solutions, after about nine days
sedi ments formed and settled, showi ng that the 120
degree F showed no visible sign of sedinentation by
day 20 of the test.

CHAI RVAN BANERJEE: These were still,
there was no stirring, nothing.

MR CGEIGER No, these were all still.

MR. WALLIS: Sone of the stuff stays in
suspensi on for days?

MR CGEI GER Yes.

CHAI RVAN BANERJEE: Well, it's not clear
that the precipitate forns i medi ately either. R ght?

MR CEIGER Wl l, they were sonmewhat
cloudy in the beginning, but then --

CHAl RMAN BANERJIEE: All of the tests?
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MR CGEI GER  Yes, because these were all
at 400, yes.

CHAI RVAN BANERJEE: Al right.

MR.  WALLIS: Wiy does it stay in
suspension? Is it charged?

CHAI RVAN BANERJEE: It coul d be fine.

MR WALLIS: It could be fine.

MR. GEIGER. | guess maybe sonebody will
hit the slide on the --

MR. WALLI'S: But now Argonne got bl ockage
of the screen when they couldn't see anything in the
water at all.

CHAI RVAN BANERJEE: | guess you coul d do
some light scattering and see what the size of the
particles were. R ght?

MR KLEIN: Let ne add sone additional
information here. | think that the objective of these
tests was to supersaturate the solution at 400 ppm
di ssol ved al um numat different tenperatures, and then
eval uate over tinme what type of equilibriumdissolved
al um num you m ght have in the supernate, such that
you would try to evaluate, eventually get to the
solubility limt at these given tenperatures for this
system so that was the objective. And what Erv is

describing is that for a nunber of these, you
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supersaturated the solution, and precipitate forned
and it remained in solution over tine, the solution
remai ned cl oudy.

MR CGEIGER And | believe that even after
the -- at the end of the test they still had not
reached equilibrium And then we did sone head | oss
tests with STB buffer. And this head | oss test was -
the loop was filled with de-ionized water, and boric
acid and lithium hydroxide were added to the | oop.
And then sodiumtetra borate was added to obtain a pH
of 8.3, and the | oop was operated for 15 m nutes just
to mx all the chemcals. And then debris fiberglass
NUKON was added, allowed to form on a perforated
plate, and the tenperature of the |loop was raised to
140 degrees F, and the alum numnitrate was added to
provide a final alum num concentration of 50 ppm

MR WALLIS: 1Is there a theoretical
solubility limt under these conditions?

MR CGEIGER Yes, |I'msure there is, but
| didn't include it here.

MR WALLIS: 50 ppm are we dealing with
a solubility limt, or is it supersaturated, or what
isit?

MR GEIGER I|I'msorry. At 50 ppm or --

MR, VALLIS: Well, | nean, presumably
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there's a theoretical solubility limt for alum num
with this buffer, and the pH and everything, and
tenperature. |'mjust wondering is that around 50, or
isit 10, or 5, or 100? Can you identify 50 as being
the solubility limt, or is it just --

MR KLEIN. Well, | think we can give you
observati ons based on testing that ran for a nunber of
days. Wether that's a true solubility limt, it's
probably difficult to coment, but in a nunber of
these cases the tests ran on for a long period of
days.

MR GEl GER. Twenty-one days.

MR. KLEIN. Well, even beyond 21 days.

MR, TRAGONING | wouldn't say these are
i nconsistent wth, because there were solubility
cal cul ations that were done, obviously. But there's
a nunber of assunptions that go into those, and as
we' ve seen throughout these experinments and these
conditions that they're very sensitive. The actua
solubility is very sensitive, the actual conditions

you have for a given test, so | wouldn't say they're

inconsistent, but | wouldn't want to also say that
they are exactly equivalent to either. | nean, 50 was
some initial, agai n, very crude solubility

calculations was a pretty good ballpark estinate of
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when we expected to start seeing --

MR. WALLIS: The peer review tal ked about
other particles, very small particles acting as
nucl eation centers and things. That would be true if
you had a supersaturated solution, but if you' re not
saturated, then presunably they won't produce
precipitates, will they?

MR GEIGER If there's nothing nucl eate,
t hen yes.

MR. TRAGONING  Unl ess they provided
nucl eation sites that woul dn't ot herw se be avai |l abl e.

MR WALLIS: |Is this going to be a
regul atory requirenment that you say as long as you
keep your pool under 50 ppm you don't have to worry
about it, if you have to STB you don't have to worry
about cl oggi ng your screen?

MR KLEIN. | think we're still trying to
determ ne what the right regul atory gui dance shoul d be
in the chem cal effects area, and our intent is to
have sone draft gui dance by the fourth quarter of this
fiscal year.

MR WALLIS: This is just a very
prelimnary experinent. Before you have any gui dance,
you'd want to be pretty sure, presumably.

MR GEIGER Well, would we provide this
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gui dance, or is this something industry woul d propose,
and we would - because it depends on buffers and so
on, what they do.

CHAI RVAN BANERJEE: This is true in sodium
tetra borate.

MR CGEI GER Yes.

CHAI RVAN BANERJEE: Is it true if it is
buffered in a different way?

MR KLEI'N:  No.

MR, CEIGER. No. This is specifically for

CHAI RVAN BANERJEE: Specific. And what
happens if it's buffered differently, is it a |ower
number ?

MR KLEIN. Well, I think it would depend
on the buffering agent.

CHAI RVAN BANERJEE: Well, let's say it was
TSP.

MR KLEIN. Wth TSP, the concern tends to
be nore calcium species, formation of calcium
phosphat e.

CHAI RVAN BANERJEE: Right. Right.

MR. GEI GER:  You don't have cal cium yes.

MR, KLEI'N:  Not al um num

CHAI RVAN BANERJEE: And with sodi um
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hydr oxi de?

MR. KLEIN. | would want to go back and
review the literature on sodi um hydroxi de before |
t hrew out nunbers.

CHAI RVAN BANERJEE: So this 50 ppmis very
specific to the systemyou' re tal king about.

MR KLEI'N:  Yes.

MR GEIGER W're trying to eval uate what
happens if we held it at 50 ppmfor a certain nunber
of days, would we get a precipitation eventually, and
the kinetics of it. And so we ran it for 21 days at
80 degrees, with no significant pressure drop in the
| oop. And after 21 days, we increased the al um num
concentration by 10 ppmincrenments. After we ran it
at 10 ppmfor a couple of days, then we increased it.
By this tine, we were running out of tine and budget,
but we were trying to see how Il ong we could naintain
this | oop and test increasing the concentrationto see
what the -- at what point we would start to create
head | oss across the screen.

Then what this says here is that "a
nom nal 70 ppmdi ssol ved al um num a not abl e i ncrease
in the pressure drop was observed, indicating that

some precipitation was startingto form"™ And this is

a graph of the tine history versus -- and shows where
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we added al um num at different points.

CHAI RVAN BANERJEE: All this is in the
|l etter report you're tal king about.

MR CGEIGER Yes, it is.

MR. KLEIN. And the head | oss response was
not inconsistent with what we sawin sonme of the bench
top tests. At 50 ppm we observed no head | oss
response at all. It wasn't until we got to a 70 ppm
di ssol ved al um num concentration, and at that point,
head loss started to increase, and they added an
addi tional 10 ppm di ssol ved alum num and it started
toclinb rather rapidly towards the end of that test.

MR GEIGER Small dips in solubility are
due to the i ncreased tenperature when it was added, so
t he conclusion, that precipitation kinetics at |ong-
termloop test all suggest that the concentration of
50 ppm al umi num can be naintained in STD and boric
acid solutions with a pHof 8.4. And 70 to 80 degree
for periods of 20 days. That's the limt of the test.
So, | nean, this just sort of informs his plants want
to switch to TSB to eval uate.

CHAI RVAN BANERJEE: So how was the -- this
test was with al um num hydroxi de being formed in the
solution itself. Right?

MR GEIGER Well, they added --
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CHAI RVAN BANERJEE: Added.

MR. GEIGER: No, they added the --

CHAI RVAN BANERJEE: It was added.

MR CGEIGER Yes, it was added.

MR WALLIS: Wy was it added?

MR KLEIN: You're correct. It would have
been formed within the | oop.

CHAI RVAN BANERJEE:  Yes.

MR CGEI GER Yes.

CHAI RVAN BANERJEE: Ckay.

MR WALLIS: How was it added?

CHAl RVAN BANERJEE: It wasn't.

MR KLEIN:. Alumnumis added as an
alum num nitrate sol ution.

MR GEIGER Nitrate, yes. |l'msorry.

CHAl RMAN  BANERJEE: Yes, but the
precipitate was --

MR. KLEIN. The precipitate would formin
t he | oop.

MR CGEIGER It was added at a top,
opening at the top.

CHAI RVAN BANERJEE: Okay. All right. So
| think -- are you done with your slides?

MR CGEIGER  Yes, | am

CHAI RVAN BANERJEE: Then we shoul d go for
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lunch now. Let's take a break until, let's see.

MR WALLIS: 1:307?

CHAI RVAN BANERJEE: 1: 30 sounds good.
Ckay. We will adjourn.

MR. KRESS: Not adjourn, that nmeans we go
hone.

CHAI RVAN BANERJEE: Onh, sorry.

MR, ABDEL- KHALI K:  Recess.

CHAI RVAN BANERJEE: Recess.

(Wher eupon, the proceedi ngs went off the
record at 12:28:38 p.m, and went back on the record
at 1:33:49 p.m)

CHAI RVAN BANERJEE: All right. W'Il cone
back into session, and we'll hear from Dr. Krotiuk

MR.  KROTI UK: Now previously at the
previ ous neeting that we spoke about this subject, |
had presented sone prelimnary results of the testing
and nodeling. Al that effort is conpleted now, so
what | want to do is just sumarize everything that
was done for both the testing and the nodeling.

You' ve seen sone of these slides before.
This is just to reiterate the objectives of the
testing, so I'll talk about the testing first. The
obj ectives were to |l ook at the pressure drop on the

sunp screen due to debris conposition, debris
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distribution in the bed, fluid tenperature effects,
and PNNL built a test facility that was able to make
insitu bed thickness nmeasurenents. They were able to
control tenperature of the liquid, and we also, |l
talk about this nore, were able to measure the
constituent nmasses of the two types of materials in
the bed itself. This testing was all done primarily
with NUKON and cal sil.

MR. WALLIS: You're presenting PNNL 16-

313?

MR. KROTIUK: Yes. |'mpresenting the
6917, which is PNNL's effort, and then I'I|l be going
into the nodeling effort. | didn't renenber the
nunmber, | had to |l ook at it.

And as previously indicated, we wanted to
do additional testing really to |l ook at the effects of
the cal sil addition with mxture with other debris
types. W want to address concerns that the ACRS had
indicated that they had, and essentially to support
regul atory applications. Testing --

MR WALLIS: You seemto have contracted
the test matrix, and they're originally intended to
have really thick beds, and higher velocities and
t hi ngs.

MR. KROTI UK: That was changed as tine
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went on, and we originally had higher velocities, but

MR. WALLIS: Had 18 inch beds that they
originally planned.

MR KROTIUK: No, we did --

MR. WALLIS: The advantage there is that
you can really see the conpression of the bed.

MR. KROTIUK: Yes. W did not go that
t hi ck, because we were nodifying the matrix, and |"'11I
show you the matrix, as we were going along. And it
ended up we test in beds that were --

MR WALLIS: There are sone industrial
reactor situations where | understand the screen gets
conpletely buried in insulation, so you do get very
t hi ck beds.

MR KROTIUK: That's true, but we | ooked
at -- renenber the purpose of the testing was really
to cone up with a correlation that was defended by t he
test data, use the data to develop the correl ation.
| f you have too thick of a bed, |I don't know how nuch
information you will get, because you may not have
much flow W tried to -- we iterated on the matri x,
and 1'll showthat in a mnute. W iterated on the
matrix a lot, and you'll see what we finally ended up

with, but it wasn't 18 inches, as you indicated. It
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was thinner than that.

Okay. Let ne just describe the test |oops
a little bit. Basically, at PNNL, we had two test
| oops, what we called the large test | oop was really
the test facility where alnost all the testing that
had the fine data, the bed hei ght nmeasurenents, the
conposition of the bed, that's where we did all the
data that we used basically to develop the
correlation. But we also had bench top | oops, which
were smaller dianeter |oops that we could just run
quick little sensitivity studies, so that we coul d use
that as a basis --

MR WALLIS: Even this is a fairly big
| oop, though. It's four inches out of six, and it's
got a lot of piping and stuff, so --

MR. KROTIUK: Yes. But the 4 inch |oop,
we were able to -- we didn't have as fine, |ike we
weren't as concerned about having real, real accurate
delta P neasurenents and everything else. It was done
for nore of a sensitivity study so that we knew how we
shoul d maybe nodify the conditions in the large |oop
to get the best data, so that's the purpose of the
smal l er bench top loop. But you're right, it was
still pretty big.

CHAl RMAN BANERJEE: Well, it was | ess
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i nstrument ed.

MR KROTIUK: It was |ess instrunented,
yes. And data wasn't as good as the large |oop. W
did alot of work in the large | oop to make sure that
the data was as best as we coul d get.

On the large loop we had tenperature
control up to 90 degrees C. W were able to neasure
the bed heights in situ so that we could use an
optimal triangulation technique. W were able to
pressurize the loop to 150 psi to nmmintain gaseous
solution so we didn't have two-phase flow. That's
something that wasn't in the smaller |loop. And we
al so had afiltration systemto renove smal |l suspended
particles, so we knew what we had flowing in the | oop.

Now, let's see. This on the right here is
the picture of the test section itself. This is the
screen here. W have a clear section here, and the
flow basically comes down, so that's this section
right here. This is the test section, so the flow
woul d come down. You have delta P neasurenents across
the test section. You have a flow sensor here. This
isthe filter. It's in parallel to be able to filter
out particulates in the |oop, the punp, tenperature
controller, and then it continued like this, and

connected up here. The debris in the case of the
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NUKON and the cal sil, and other tests that we did, we
were able to add it, but in this area on the top of
t he | oop, and we al so had an external pressurization,
as | said, to 150 psi to prevent gas from com ng out
of sol ution.

MR ABDEL- KHALIK: Now that filter, what
size particles can this filter stop? Is it a mcron
filter?

MR, KROTI UK:  Yes.

MR ABDEL-KHALIK: O a sub-mcron?

MR KROTI UK:  Ten mi cron.

MR ABDEL-KHALIK: Ten micron. Nowin a
real case, wouldn't you expect sonme particles to be
within flow much | arger than that?

MR. KROTI UK: Yes. This was done just for
testing reasons. As you add the debris into the test
loop - let me go to here - say we added in this
| ocation here, and we started building the test bed in
the test section here, we could - even as it's
buil ding, there's still suspended particl es.

MR. ABDEL- KHALI K:  Ri ght.

MR KROTIUK: So the intent of the
filtration was really just to take any of these
suspended particles out after we decided to start the

test, so that we didn't have - the bed didn't
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continually start building. W had a set bed that we
did the tests on. That's the only reason the
filtration systemis there.

MR. ABDEL- KHALI K:  Ckay.

MR. KROTIUK: The testing was done with
two types of screens, one was a perforated plate, and
one was a five-nesh screen. And then this is - you
saw this last time - this is just the way it was
nmounted in a ring here, so | won't - | don't think
"1l pass it around because you saw t hat previously.
The interesting thing is that the specifications on
both the plate and t he five-nesh screen were specified
basically after consulting with NRR, and this is the
flow area that they said to be using, and basically
t he di aneter of the holes in the plate, and the square
openings in the screen itself.

CHAI RVAN BANERJEE: Let me ask you one
thing. The correlation which we've heard about al so
as it's been developing, remind ne if it's only for
PWR sunp screens, or does it apply to nore general in
filter - | nean, also in the BWR?

MR KROTIUK: It is a correlation to
cal cul ate pressure drop over a porous nedi um debris
bed, so it could be --

CHAI RMVAN BANERJEE: Doesn't matter which
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one.

MR KROTI UK: Doesn't matter which one.
As long as you have the properties, that's the key
thing, and I'lIl get to that. You have to know t he
properties of the debris.

kay. Let me just go alittle bit,
describe a little bit howthe testing was done in the
| arge | oop, because, as | said, that's where nost of
the data canme from W prepared the debris
constituents before it was introduced into the | oop,
and previously at a previous presentation, Carl
Enderlin went through a whol e el aborat e descri pti on of
how it was prepared, so |I'mnot going to go over that
agai n.

For the bul k of our testing, there were a
few exceptions to this, we forned the bed at .1 feet
per second. W started the flow, we added the debris,
and then we kept it at .1 feet per seconds, and built
the debris bed on the screen, and basically kept it
running for, as you said, about an hour, or seven
circulations in this entire loop so that we could
buil d the bed.

MR. WALLIS: Now this -- when you do that,
| would think that the big stuff, the long fibers get

caught the first time. They don't go through the
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hol es.

MR. KROTIUK: That's probably right.

MR. WALLIS: So then as you build the bed,
the top of the bed you're building is going to be nade
of finer fibers than the bottom

MR KROTI UK: That's correct.

MR WALLIS: And if you have very fine
particles, nmaybe they go around seven tines or
somet hi ng before they settle.

MR. KROTIUK: That could definitely --

MR. WALLIS: So you're not producing a
honobgeneous bed.

MR. KROTIUK: That's absolutely right.

CHAI RVAN BANERJEE: This correlation is
supposed to take that into account.

MR. WALLIS: You're going to predict the
structure of the bed in your correl ation?

MR. KROTIUK: That's what | have attenpted
to do, with sone success. |It's not 100 percent
successful, but it's sonme success.

MR. WALLIS: You're going to show this,
the sort of concentration of fines and | ong fibers as
a function of depth in sone way?

MR, KROTI UK:  Yes.

VR. VWALLI S: Because there's no
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correlation that industry uses that | know of that
tries to do this.

MR KROTIUK: That's correct. |In fact, |
didn't find --

CHAI RVAN BANERJEE: I n fact, you showed us
t he approach you were taking last tinmne.

MR. KROTIUK: | showed the approach, and
it was still being devel oped at the tine.

CHAl RVAN BANERJEE: Well, tell us.

MR. KROTIUK: Yes. One other thing is
that we neasured the constituent debris nmass, for
i nstance, of the NUKON and cal sil before we injected
it into the loop, and then after we retrieved the
debris bed, we dried it and then neasured the wei ght,
so we knew how rmuch was added, and how nuch was
actual ly deposited on the debris bed.

MR. WALLIS: |'msurprised how nuch got
| ost.

MR. KROTIUK: |'mgoing to discuss that.
| have a slide that specifically shows how nuch got
| ost.

CHAI RVAN BANERJEE: When were these tests
conducted, and when did they finish?

MR KROTIUK: W finished themin, | think

it was early - last Septenber. And they were
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conducted for about eight nonths, ten nonths,
sonmething |like that, sonething of that nature.

CHAI RVAN BANERJEE: So they finished
Sept enber 2006.

MR KROTIUK: And if we had a debris bed
that was conposed of say NUKON and the cal sil, we
want ed to know how nuch of that debris was NUKON, and
how much of it was cal sil, so we used a post test
chemi cal dissolutiontechnique to dissolve out the cal
sil so we could know the wei ght of the constituents in
t he bed.

MR. WALLIS: Tal king about circul ation
time, | had a problem with the small scal e | oop,
because they gave the circulation in gallons per
m nute, and they gave the volune of the |oop, and |
couldn't nmake that agree with the circulation tine.
Maybe someone needs to check that at some tine.

MR KROTI UK: Well, we could check that.

MR. WALLIS: WMay be a typo or sonething.

MR. KROTI UK: Yes. Nothing is - you know,
could be an error in there. 1'lIl check on that.

MR WALLIS: That was the small-scale
| oop?

MR KROTI UK: No, the seven circul ations

were for the large --
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MR. WALLIS: No, but I was saying the

problem | had was with the small scal e.

MR. KROTI UK: Ckay. Now, again, this was
for the bulk of the testing that was done. W took
steady-state pressure drop neasurenents across the
debris bed, and we started - we put it through a
series of velocities. W changed velocities, and then
ran it enough that we got a steady-state pressure
And we started out, as | said, built a bed at .13 per
second, and then --

CHAI RVAN BANERJEE: You added the cal sil
at that point?

MR KROTI UK:  You added the cal sil at .1
foot per second, so we added all the NUKON and all the
cal sil at .1 feet per second, built a bed. Then we
would - I'll describe it alittle - then we typically
would let it circulate for that seven tinmes around the
large loop. Then we would open up the bypass
filtration system filter out any of the other
particles that may be floating around so that we now
have a bed wi thout any - as nmuch as we could --

CHAI RVAN BANERJEE: A stable --

MR KROTI UK: A stable situation w thout
particles noving around. W closed off the

filtration, and then we started doing the testing, and
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changed the velocities, and neasured pressure drop.

MR. ABDEL- KHALI K: So you actual ly never
collected transient data for pressure drop while
you're building the bed, during that one-hour period.

MR. KROTIUK: In actuality, pressure drops
were continually nonitored and recorded, and it's all
- it isthere onthe rawdata files, but | didn't use
that. | only used the steady-state --

MR ABDEL- KHALI K: The transient data can
hel p you sort of at |east get an idea what the bed
structureis, if you know how t hi ngs change with tine.

MR. KROTIUK: That could be interesting.
| nmean, we have the data. | just didn't really | ook
at it fromthat point of view

MR. WALLI'S: Now al t hough you cycl ed the
velocity, you didn't seem to get the results that
Uni versity of New Mexico got with sone of their tests,
wher e they go al ong, pressure drop behaved very nicely
with flowrate, and suddenly leap up by a factor of 7
or sonet hi ng.

MR KROTIUK: | did get a few of those.
"1l show you.

MR. WALLIS: You did get a few of those?

MR, KROTI UK:  Yes.

CHAl RMVAN BANERJEE: And there was a
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hysterisis effect, of course.

MR. WALLIS: They got a bit of hysterisis,
but not so rnuch.

MR. KROTI UK:  Not so nuch, yes. But | did
get a few of those.

MR WALLIS: Ckay.

MR. KROTIUK: This is just a summary of
all the testing that was done. In the large |oop, we
did testing without debris, with the five-nesh screen
and the perforated plate, just to neasure the pressure
drop for that, for an uncl ogged or a plate or a screen
wi t hout any debris on it, so we did five of those
tests. W did testing of cal sil only, NUKON only,
NUKON and cal sil conbined, both in the large and the
bench top | oops, and you could see that there were a
fair nunmber of tests done, 11 cal sil only tests, 90
NUKON only tests, and 45 NUKON cal sil tests. Then we
did some additional testing with coatings, primrily
inthe large | oop, but that was a very small nunber of
tests. There was only four tests done.

MR. WALLIS: But you never seemto build

up nuch of a bed of coat.

MR KROTIUK: | didn't include any
di scussions wunder coating, because | wanted to
concentrate on the NUKON and the cal sil, but yes,
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there was not - if you read the report, there was --
MR WALLIS: Didn't seemto be enough
coating to really make a bed.
MR KROTI UK: Right.
CHAI RVAN BANERJEE: But if the coating was

i nvol ved, wouldn't sone of the other insulation be

i nvol ved?

MR KROTI UK:  You know - -

MR WALLIS: Yes, it would be.

MR. KROTIUK: W came up with a test
matri x and i nvestigated the NUKON and t he cal sil, and

then we started adding sone additional testing with
the coatings, and basically we ran out of time, and
noney.

CHAI RVAN BANERJEE: O herwi se, you woul d
have done sone with --

MR KROTI UK: | would have done sone - |
had |ike a huge matrix that | was working trying to
fill, and one of them was to conbine it with the
coatings, but | never was able to get there.

CHAI RVAN BANERJEE: What about the paint
fl akes and things?

MR KROTIUK: That's included in the
coatings. The coatings were done with paint flakes

and paint particles.
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MR. WALLIS: Now did you sort of blindly

followa test matrix? | renenber when you did the ca
sil only, for instance, you didn't forma debris bed,
but you al nost did. | nean, the photos show that you
al nost got a debris bed.

MR KROTI UK: Al nost .

MR. WALLIS: You' ve even got a few hol es

init.

MR KROTI UK: Right.

MR WALLIS: It seens to indicate that
with just alittle nore cal sil, you would have got a
debris bed.

MR. KROTI UK: We | ooked at that to a very,
very | arge degree. W ran, gosh, in the snmall and the
| arge | oop nmaybe a dozen or so tests where we
constantly were increasing the mass of cal sil.

MR. WALLIS: You didn't report those?

MR. KROTIUK: They are in the final
report, yes.

MR. WALLIS: And you al ways got bl ow
t hrough or sonet hi ng?

MR KROTIUK: Yes, and | don't renenber
the nunber. | think two slides fromnow |I'll show how
much we added, and how nuch was actually deposited.

And it came out that only about 10 percent of cal si
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on its own was coll ected.

MR WALLIS: | think - was it, again, LANL
or sonebody, was able to nake, | think, one bed that
was only cal sil.

MR. KROTIUK: Right. That's correct.

MR, WALLIS: So it coul d happen.

MR, KROTIUK: It could happen, but we
tried very hard to build it, and we just were not able
to.

MR WALLIS: Well, there are fibers in cal
sil.

MR KROTIUK: Yes, there are, in
sonmebody's list in 10 percent of the mass is fibers.

MR WALLIS: You catch the fibers first,

t hen you could build your bed.

MR. KROTIUK: We kept on trying to
i ncrease the mass hoping to do that. Ckay.

" mshowi ng the testing that was done, as
| said, on the large loop, and | broke it up into
Series | and Series Il. And so this is just the first
testing that we did. Just to identify this, when it
says "SO', this was done with a screen, so SO stands
for screen only. NO stands for NUKON only, NC is
NUKON cal sil. This is the date in the front, as you

could see fromny little | abel here.
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The thing that | wanted to point, as you
indicated earlier, is that, for instance, let's |ook
at this NUKON test right here. W added - wait a
m nute, that's probably not a good one. Let ne just
go to a clean one. ay. W had sone problens, just
to tell you this, is that the first series tests
like, for instance, we added in this one 165 grans per
nmeter squared. 1'd always like to do it grams per
nmeter squared because then that's conparative to
what ever ki nd of | oop you were doing testing with. So
if you notice that in this situation, we actually
ended up with alittle bit nore mass than we actually
put in, and what had happened this one, on the first
Series | test, we had ordered a valve, and the val ve
turned out to be a bad val ve, so we had to scrounge -
we ordered a repl acenent val ve, but we had to scrounge
around for a valve, and the valve we put in had rust
particles init, so sonme of these tests, as indicated
by the asterisks here, had probl ens because there was
sone additional rust in the debris bed.

But the thing | really wanted to poi nt out
- like, for instance, on this one right here, we added
99 kilograns per neter squared. The bed was only
formed at .92, and so that there was only 93 percent

of the nass that was added in the NUKON into the | oop
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onto the bed. And when it canme to the cal sil for
t hese NUKON cal sil beds, even a snall anount of what
was added was deposited into the bed.

CHAI RVAN BANERJEE: And you took sone of
it out with the filter, didn't you?

MR WALLIS: That's at the end
presunabl y.

MR. KROTIUK: That's - yes, sone of it

woul d have been taken out, but that would really be --

CHAI RVAN BANERJEE: The fine particl es.
MR. KROTIUK: The fine particles, yes.
CHAI RVAN BANERJEE: So there was some

mass.

MR. KROTI UK: There was sone nmass that was

| ost there, yes. W originally would go - actually,
we have the data. W didn't look at it too closely,
but we actual | y nade sone neasur enents about what went
intothe filter, and so we actually know how nuch was
deposited in the filter after every test.

MR. VWALLIS: And did the cal sil get
deposited in the rest of the | oop?

MR KROTIUK: |'msorry?

MR. WALLIS: Did the cal sil get deposited

in the rest of the |oop?
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MR. KROTIUK: W | ooked at that during

these first tests, the Series | tests. PNNL actually,
after doing the NUKON cal sil tests, they actually
took parts of the loop apart to ook at if there was
deposition in the loop itself, and they didn't find -
there was sone, but not an extreme amount. | don't
remenber the nunbers of f-hand.

CHAI RVAN BANERJEE: So where did they go?
Where did the mass go?

MR KROTIUK: Well, there was -- oh, | see
what you're saying. Yes. There was deposition in the
| oop, but - that's a good questi on.

CHAI RVAN BANERJEE: On the bed, you're
only deposited --

MR, KROTI UK:  Yes.

MR WALLIS: If it stayed in the water,
you woul d --

MR. KROTI UK: Yes, sone stayed in - let's
see. Sone had to be deposited, sone stayed in the
water, and sone, when we had the filter system
wor ki ng, some was deposited inthe filter. That's the
three locations that it could be at. That's a good
guesti on.

CHAI RVAN BANERJEE:  You never arrived at

a nass bal ance.
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MR. KROTI UK:  You know, | should have done

that, and | didn't include that. That's a good
conment .

MR. KRESS: How did you weigh these?

MR. KROTI UK: Ckay. You mean the debris
bed itsel f?

MR KRESS: Yes.

MR KROTI UK: We took the debris bed out
of the test section.

MR. KRESS: The circular, whol e thing.

MR. KROTIUK: This whole thing with the
debris bed. 1'Il show pictures of it.

MR. KRESS: Re-weighed it, and subtract
out the original weight of the --

MR. KROTI UK: Right.

MR KRESS: There could be sone errors
t here.

MR KROTIUK: Yes. There were sone errors
inthere. W had plus or nminuses on the nmeasurenents,
also. But we made sure we dried it.

MR WALLIS: You dried it?

MR KROTIUK: | was just going to say, we
made sure we dried it.

CHAI RVAN BANERJEE: You woul d expect the

errors, however, to err onthe side of havingalittle
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nore weight than it should have, because sone water
m ght be still there. Nonetheless, | nean --

MR, KROTIUK:  We put a plus or mnus on
t he measurenents.

CHAI RVAN BANERJEE: But still, the effect
is large enough that --

MR KRESS: | think with that way, you're
taking two bi g nunbers and subtracting to get a small
one, and your neasurenent errors could nultiply that
way.

MR. KROTIUK: And especially in the NUKON
cal sil bed, renenber what | said, is that the way we
determ ned the cal sil mass is that we woul d nmeasure
the weight of the entire bed, then use the chem cal
deposition - chem cal dissolution, |'"msorry, to | each
out the cal sil, and then we weighed it again, so the
wei ght of the cal sil was a difference of the tota
wei ght mnus the weight of the NUKON. So there was
errors in there, also.

MR. KRESS: So you could see where the
errors in that --

MR, KROTI UK:  Yes.

MR. KRESS: But they nay not be really
i mportant, because what you really want to knowis how

thick the bed was.
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MR, KROTI UK:  Yes.

MR KRESS: And how nuch was on it.

MR. KROTIUK: Let ne just go to the next
slide, because this is --

MR WALLIS: Well, the thicker bed seens
to retain higher percentage of the cal sil, in
general. It looks like it.

MR KROTIUK: Yes. Yes. It seenmed to be
t hat .

CHAl RMAN BANERJEE: And the mass bal ance

MR. WALLIS: Does this enable you to
predi ct how nuch cal sil will gointo the reactor, and
not be filtered out?

MR. KROTIUK: | don't know if you could
predict it, but it would give you an indication.

MR. WALLIS: G ves you an indication.

MR, KROTIUK: It should give you an
indication. This is the Series Il test, and this was
run with a perforated plate. The first two are plate
alone, this is a cal sil only test, these are NUKON
only tests, and these are NUKON cal sil tests. This
did not have the problemw th the dirty valve init.
The valve was replaced for this test, so the

nmeasurenents are pretty good in ternms of what we
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added, and what we neasur ed.

MR. WALLIS: Even with NUKON you've got
only 78 percent in one case left on the bed?

MR. KROTIUK: That's right.

MR, WALLIS: Well, it nust depend on how
you shredded it.

MR KROTI UK:  You know, that - Carl had
done a lot of stuff on shredding it, and yes,
shredding it does affect not only deposition, but al so

af fects pressure drop.

MR, WALLIS: PNNL did quite a bit on | eave

shredding, and blenders, and trying to get the
standard --

MR. KROTIUK: Yes. And they basically
standardi zed the way --

MR WALLIS: Wsat does this have to do
wi th what happens in a LOCA? You don't have | eave
shredders in a reactor, so what -

MR KROTI UK:  You don't, but -

CHAI RVAN BANERJEE: We visited this one
day extensively.

MR KROTIUK: Yes. W had to shred it in
sone fashion, and the ultinmte aimwas to nake sure
that we shredded it continually the same way so that

we coul d nake conpari sons, otherw se you can't conpare
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one delta P neasurement to another delta P
measur enment .

MR, WALLIS: Wll, how are you going to
predi ct something for - probably depends on which
bl ender you use, what you get for a result.

CHAI RVAN BANERJEE: O which steamjet, or
what ever .

MR, KROTIUK: That's a very valid
guestion, and | don't have --

MR. WALLIS: Unless there's sonething like
surface volume or sonething that is a factor that
correl at es everyt hi ng.

MR KROTIUK: | have not been able to --

CHAI RVAN BANERJEE: You'll see how many
free paraneters --

MR WALLIS: Well, that old NUREG
correlation - | forget the nunber.

MR KROTI UK:  6224.

MR WALLIS: That sounds like it. That
has some sort of surface area inputed vol une, wasn't
it, in there?

MR, KROTI UK:  Yes.

CHAI RVAN BANERJEE: It's just a fudge
factor.

VR. VWALLIS: Well, it gives you
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characteristic dinmension, that's fine.

MR KROTIUK: But that's called the SV,
specific surface area, and that's a very standard way
to nmeasure pressure drop across --

CHAI RVAN BANERJEE: In fact, the way it
was adjusted, if you recall, was --

MR. KROTI UK:  Yes, absolutely. Because it

was |ike --

MR. KRESS: And they could --

MR KROTIUK: It was |ike 600 for a thick
bed, and 800, 900 - |I'm sorry, 650,000 feet to the

m nus one for a thick bed, and 800, 900,000 for athin
bed, sonething like that.

CHAI RVAN BANERJEE: It was all over the
pl ace.

MR KROTIUK: Yes, so |'ll address that
when | get to the nodeling section. Ckay.

Just what | wanted to show is that this
just summarizes for all those tests, this shows how
much of the NUKON t hat was added was actual |y ended up
bei ng deposited.

MR. WALLIS: 3 percent is right. | guess
it is, yes. Wll, that's a very small anount of cal
sil?

MR, KROTI UK:  Yes.
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MR. WALLI S: No, it |ooks |like the sane

experiment done twice. 1|In one case it's 11 percent,
anot her case it's 3 percent.

MR. KROTIUK: Let me just take a quick
| ook.

MR. WALLI'S: You' ve probably got the sane
anount of NUKON and cal sil added, but you've got much
| ess captured in --

MR. KROTIUK: Yes, they were duplicate
testing.

MR WALLIS: Right.

MR. KROTIUK: But the interesting thing on
that is that if you notice, this bed - for instance,
these three tests here, they all had the sane anount
of NUKON and cal sil added, but in this case the bed
was built at essentially 20 degrees C, this was about
55 degrees C, and this one was around 80 degrees C
Because we wanted to see the effect of tenperature.

MR WALLIS: 1Is it the tenperature effect,
or just bad reproducibility?

MR. KROTI UK: M personal opinion is that
it's not related so nuch to tenperature, as it is to
just a variance.

CHAI RVAN BANERJEE: Because here it's

conplicated. You have to take the NUKON out, or the
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cal sil, and then -- it's a mxed bed. R ght?

MR KROTIUK: Yes, it's a mxed bed. It's
NUKON cal sil.

MR WALLIS: So these are all the tests,

t hese tabl es?

MR KROTIUK: These are all the tests that
were highly instrunmented that were run in the large
| oop. If you saw --

MR WALLIS: It doesn't |ook |ike many
data points on which to build a theory then.

MR. KROTI UK: Yes. |'mnot going to argue
with that.

MR VWALLIS: | think you have a
repeatability problem

MR. KROTI UK: Yes. |'mnot going to argue
with you on that.

CHAI RVAN BANERJEE: But buil ding the
theory also - | mean, each of these tests you've
cycled velocity nmany tines.

MR. KROTI UK: W could only do so nuch as
we coul d do.

CHAI RVAN BANERJEE: | think Said' s point
about looking at the build-up of the bed is
i nteresting.

MR. KRESS: That would be interesting to
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see, anyway.

MR WALLIS: Did you nonitor the pressure
drop as you built up the bed? It said no.

MR KROTI UK:  Yes.

MR WALLIS: And in their report, they
said this was a different question, or sonething.

MR. KROTIUK: Yes, but it was - |'m going
to repeat again. | said this, but maybe it wasn't
clear. What we neasured in the report was all the
stead-state pressure drop values. However, we
continually neasured pressure drop, and we have it on
the data files.

MR WALLIS: Yes, but there was a
statenent in the report saying that it was not part of
this report, so we don't have it.

MR. KROTIUK: Right. W just didn't
report it. That's it.

CHAI RVAN BANERJEE: They have it.

MR KROTIUK: W have it. We have the raw
data. Okay. And just -- this is just to show you
sanpl es of the beds that were built. This one on the
|l eft here is a very thin bed. 1t's NUKON only, and
the one on the right is a NUKON cal sil bed with
i ndicated |oadings, and | notice that the plus or

m nuses didn't cone out, but it's a plus or mnus
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t hi ng.

MR. KRESS: Wen | envision triangul ation,
| envision three receivers and time of flight
differences. Are you tal king about tine of flight
di fferences for |ight waves going to receivers? Wat
is this triangulation --

MR. KROTI UK: Okay. Let nme see. Maybe

this will -- let ne go back just to showyou. And I'm
going to -- I'"'mnot the one who devel oped this, PNNL
devel oped this, so I'll try to describe it the best

way | know how. Basically, there was a canera set up
here, and then a light source here. And the light
source would put a grid pattern on the top of the
debris bed.

MR. KRESS: A grid pattern?

MR. KROTIUK: A grid pattern. Ckay.

MR WALLIS: Well, that wasn't clear from
t he descri ption.

MR KROTIUK: Sorry if it wasn't. So,
anyway, --

MR WALLIS: A grid pattern?

MR, KROTIUK: It puts a grid pattern on
it, and then you come up with --

CHAI RVAN BANERJEE: |s that the grid

pattern we're seeing there?
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MR. KROTIUK: Yes. |It's not very -- oh,

right. Here it is, see the grid? Right. There it
is, that's the grid pattern. And this is actually, as
it's expandi ng and contracting.

MR VALLIS: If you look at it from an
angl e or sonet hi ng.

MR. KROTIUK: Yes, we're looking at it
froman angle. And you basically standardize it on a
zero thickness, and then you could conme up with a
conversion to different thicknesses. So the net
effect of this is that you are actually able to
devel op --

MR WALLIS: Could we | ook back at that?

MR. KROTIUK: Sure. | was just going to
show t he --

CHAI RVAN BANERJEE: So you have a grid
pattern nornmal to the bed.

MR, KROTIUK: Gid pattern - yes.

CHAI RVAN BANERJEE: So that as the bed
noves it bl ocks.

MR KROTI UK: Right.

MR. VWALLIS: Now you showed sone debris on
this bed, and it was red and yellow. Wy is it two
colors? Is the red stuff denser or sonething, or

what? The stuff that's near the screen is redder than
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the yell ow stuff, or does that mean anything there?

MR KROTIUK: [I'mnot -- | don't think the
col or neans anything, because if you look at this
debris bed here, it's really pretty honbgeneous in
col or.

MR WALLIS: Wll, it's not in depth,

t hough. Honmpbgenous fromtop to bottom not from side
to side.

MR. KROTIUK: Right. | see what you're
sayi ng down here.

MR. WALLIS: Redder there. Anyway, it's
el asti c.

MR KROTIUK: It's elastic, yes.

MR WALLIS: But then it has a set. |It's
el astic, but if you keep on squishing it, it becones
nor e squi shed.

VR. KROTI UK:  Ri ght, becones nore
squi shed, but --

MR WALLIS: Doesn't rebound so nuch.

MR KROTI UK: Right.

MR WALLIS: Like a felt in felting
process.

MR KROTIUK: I'mnot famliar with a
felting process.

MR. WALLIS: Felt, you start with a | ot of
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fluffy wool and you keep sort of pushing it together
until you get a felt, which is the wool squi shed down
to --

MR. KROTI UK:  Ckay.

MR WALLIS: That's thinner, but denser.
Push the fibers into each other, and it's denser.

MR. KROTI UK: Ckay. Sounds simlar.

MR. WALLIS: You' re doing that here,
felting in a way.

MR. KROTI UK: This is just a sanple of the
readi ngs that we get say for a particular velocity.
| didn't indicate it here, but we would have a rim
t hi ckness, a body center thickness, an average body
t hi ckness because fromthe optical triangulation grid
we could actually cone up with a contour, so we
actually had a contour of the surface of the debris
bed, itself.

MR. ABDEL- KHALI K: How do you rmaintain
constant flow? Is this a PD punp?

MR. KROTIUK:  Tom do you know what ki nd
of punp it was?

MR. KRESS: You need to cone to the
m cr ophone.

MR KROTIUK: This is Tom M chener from

PNNL. And | don't renmenber the type of punp so --
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MR MCHENER: |'ll repeat that. Tom

M chener fromPNNL. | wasn't the lead Pl on this, but
as | recall, that was the type of punp they had on
there. They did a pretty good job on maintaining the
flow rates, and the pressure, so it wasn't -- where

t he problemoccurred is at the really low velocities.
It was hard to keep -- that wasn't our original intent
when we hooked up the punp that we used, and so when
we went to |lower and |ower velocities, that becane
nore of a chall enge.

MR. ABDEL- KHALIK: So this was a positive
di spl acenent punp, control the fl owby controllingthe
punp speed.

MR. KROTIUK: Right. Yes, we controlled
t he punp speed. Correct.

MR. ABDEL- KHALI K:  And you got whatever
pressure drop you got.

MR KROTI UK: Right.

MR M CHENER. Right. And we had const ant
read-out of what the flow rate was.

MR WALLIS: It didn't fluctuate. |In sone
of the other labs, the flowrate fluctuated a fair
anount .

MR KROTIUK: | wanted to nake sure that

we had a constant flow rate, so that we woul d adj ust
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t he speed of the punp if we had to.

MR MCHENER: CQur |oop was highly
controllable. W had -- it was pressurized. It
wasn't an open |loop. W had tenperature feedback
controls. Like you said, the positive placenment punp.
W could dial-in what we needed to do, repeatability
testing. W had a statistician on board telling us
which tests to repeat.

MR. WALLIS: So your report gave a | ot of
results, didn't have very much of the raw data so we
could I ook at how nuch the things fluctuate and al
that. You just sort of presented a result, and we had
to believe it was steady-state. W didn't know how
you approached the stead-state and all that.

MR. KROTIUK: That's correct. The report
itself is pretty - is what, 500 pages | ong.

MR VWALLIS: Yes, but it doesn't -- is
that the one you gave us?

MR. KROTIUK: There were two reports.
There was a report that was 500 pages |l ong, that's the
testing report.

MR WALLIS: ©Oh, that's not the one | was
readi ng t hen.

MR. CARUSC We've got it though, I'm

pretty sure.
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MR WALLIS: Well, it's also -- it's one

of the other ones that | haven't | ooked at vyet.

MR KROTIUK: And then there's the 175
pages, which is the --

MR WALLIS: Gave the results? That's the
one | | ooked at.

MR KROTIUK: Yes, that's -- there's a |ot
nore data, obviously, in the testing report.

MR. WALLIS: Ckay. Thank you.

MR. KROTIUK: This is the -- you've seen
this one before, but | just wanted to enphasize
somet hing here. This was head | oss or pressure drop
versus the screen velocity for the -- approach
velocity for a case where we had a screen. And what
we did here, just toreiterate, is that if we nmx the
NUKON and cal sil before tinme and added it to the
| oop, we had delta Ps as a function of velocity in
this area. |If we forned the NUKON bed, and then added
cal sil after the bed was forned, we actually got a
hi gher pressure drop for equivalent velocity. And
t hen the worst case, which we call the Case-1 case,
was that cal sil was added to the | oop, and then 30
seconds | ater, NUKON was added. The NUKON - -

MR. WALLIS: The cal sil was still going

around the | oop.
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MR. KROTIUK: Right, so that the cal si

started depositing into the debris bed as it was bei ng
formed, and that gave the highest pressure for
particul ate velocity.

MR VWALLIS: Well, was it as it was being
formed? It seened as if you had a |l ong delay tinme, so
you had the cal sil going around, and the NUKON bed
was probably forned before the first cal sil arrived,
| would think. It wasn't quite clear.

MR KROTI UK:  Wen | went down and | was
| ooking at the testing, after you added the cal si
and the NUKON, the debris period, it didn't -- the
debris seenmed to travel at a different velocity, so
you had kind of a long area. It wasn't just all in
one area, it was a couple of feet | ong where there was
debris travel i ng around.

MR VALLIS: Well, | should think so, yes,
because of the velocity turbul ence, and the velocity
profile and everything. But still, the cal sil was
sort of in the | oop when you added t he NUKON.

MR KROTI UK: That's correct.

MR VWALLIS: And then it cane around
| ater.

MR KROTIUK: Then it came around |ater.

MR WALLIS: So it's rather |ike the NUKON
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first experinent.

MR KROTIUK: It's simlar, but that -- we
were trying to show the dependence upon injection of
it.

MR. WALLIS: This was the nost interesting
part of the work, to me, and with the nost practi cal
inmplication, and yet it seened to be stopped here with
no nore investigation, and that surprised ne.

MR. KROTIUK: Let ne go through the next

sl i de.

MR WALLIS: Yes, but there wasn't nuch
nor e

MR KROTIUK: There wasn't nuch nore.
Because --

MR WALLIS: This is a really key thing.
| mean, the way in which you make the bed has three
orders of magnitude difference, they said, which I
agree with on the pressure drop. This has an enornous
effect and it's worth understanding. You can worry
about getting a 25 percent error in a very controlled
correlation or sonmething, but if you have three orders
of magni tude dependi ng on how you nake the bed, that
swanps everything

MR KROTIUK: It's a valid point. The one

thing is that there's a repeatability when you're
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doing --

MR WALLIS: Yes, but that's because
you're trying to get a correlation, but if you're
trying to represent reality, you' ve got this huge
variation, and you want to knowis your reality to the
right or to the left.

MR KROTI UK:  Yes.

MR. WALLIS: Wiere are sunps on this plot?

MR KROTIUK: | tried -- I'"msorry, what
was it?

MR. WALLIS: \Where are real sunps on a
plot like this?

MR. KROTIUK: And that's a good -- | can't
answer that question. | don't know where real sunps
are.

MR, WALLIS: So you've got a factor of
1,000 of wuncertainty on what's going to happen in a
sunp?

MR KROTIUK: Well, one thing | tried to
do, and if you read the nodeling report, is that - and
|'I'l address this a little bit nore later, is that I
tried to be able to predict the worse case debris
distribution in the bed to cone up with an upper
[imt. And then, simlarly, a lower limt for a

debris bed, and that woul d be --
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MR WALLIS: A factor of 1,000 difference?

MR KROTIUK: It was factor -- |I'Il show
the plots in a while. And | have three sanple cases
that | plotted here, but there was substantia
differences. | don't knowif it's -- | don't think it
was 1, 000. Okay?

MR. WALLIS: You get three orders of
magni tude, you have to extrapolate your right-hand
data down to the origin, but linear is the worst case.
| mean, if it's curved, you get | ess pressure drop, so
that's conservative to use a linear extrapol ation.
And that does give you a factor about 1,000 between
the highest and the |owest. That three orders of
magni tude statement in the report is okay.

MR KROTIUK:  Well, when we | ooked at this
Case-1, and something that | did not report on
previously when | presented this, when this plot was
presented, is that we wanted to see what the
distribution of the debris was in the debris bed for
this case, so, basically, we did this. This is - |
have two cases where we actually -- PNNL devel oped a
net hodol ogy where they took a debris bed, they encased
-- they injected it with epoxy, hardened it, and then
were able to see the distribution of the debris at

various locations inthe bed. And this is through the
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bed, flow would have been in this direction, so this
is the top of the bed, and this is the sort of --

MR WALLIS: Arrow on top

MR. KROTIUK: Right. So you could see
what happened here is that in the center region, the
bright white |lines here are NUKON, and as you could
see, these gray areas is the cal sil, and you could
see just here and thereinthis areaalittle - here's

alittle blob of cal sil here, but the bottomline of

all thisis that all -- that the primary distribution
of the cal sil is on the surface of the bed. So this
is why I - later on when | was devel opi ng the nodel ,
| said well, let ne |look at a case where | have ca

sil concentrated on the bed surface. That's what |
was trying to define as an upper limt.

CHAI RVAN BANERJEE: Now you have Case-1
was the cal sil followed by NUKON. |Is this Case-2?

MR KROTIUK: |I'msorry, this is Case-2.
| said the wong thing.

MR WALLIS: It's very confusing, because
Case-1 is actually Case-4C, and 4B is - one neans
different things in the --

CHAI RVAN BANERJEE:  Yes.

MR. KROTIUK: That coul d have been ny

fault for | abeling.
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MR KROTI UK
" m sorry.
shoul d have been Case-4.

incorrectly.

CHAI RVAN BANERJEE

MR. WALLI S;
about this, too.
MR. KROTI UK

at the | abel s,

That's ny fault.

the | abel s are correct.
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Very conf usi ng.
Yes, | labeled it wong.
That's Case-4. That

| put the | abel on

That's Case- 4.

But the text is confusing

|"msorry, but if you |ook

Forget the

We have what's witten on the

And the definition here is

conpl ete nucleate forned before adding cal

So what is Case- 1A,
There were --

Whi ch ones are those?

Those are the ones in the
sil.

NUKON bed forned, then cal

case, the |labels are correct.
MR, WALLI S:

gr aph.
MR, KROTI UK

correct,

sil. Yes, | did label it wong.
CHAI RVAN BANERJEE:

1B?
MR, KROTI UK
CHAI RVAN BANERJEE
MR. KROTI UK:  Ckay.
MR VWALLI S:

m ddl e, NUKON fol | oned by cal
MR, KROTI UK

si|l added.
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MR WALLIS: Al the cases on the figure

are wrong.

MR. KROTIUK: That is -- | nade an attenpt
totry to label it, and | did a bad job of it.

CHAI RVAN BANERJEE: So Case 1 and 2 on the
upper, is the mddle.

MR. WALLIS: The bar across the top is
correct.

MR. KROTI UK: Yes, the bar across the top
is correct.

CHAI RVAN BANERJEE: Al right.

MR. KROTI UK: | tried to do sone |labels to

CHAI RVAN BANERJEE: That's fine. W can
figure it out.

MR. KROTI UK:  Ckay.

MR WALLIS: | think it's confusing,
because | think in the text there's something like
case and run nunber, or sonething, and they're
di fferent things.

MR. KROTIUK: In the test report, there is
a whol e section that discusses this, and | read that -
this is the report that was done by PNNL, and | took
that - this figure fromthat report. And | tried to

annotate it a little, but | believe that it's
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correctly |l abeled in the report.

CHAI RVAN BANERJEE: Ckay. So in your next
figure, it should be really Case-4 that you're tal king
about .

MR KROTI UK:  NUKON bed formed before -
yes, okay.

CHAI RVAN BANERJEE: The next figure, not
this. That's okay, yes.

MR. KROTIUK: Case-1. Right.

MR. WALLIS: But when you did the sane
sort of thinginthe large scale, you didn't get these
extrene things. You said when you did the |large scale
head | oss result --

MR. KROTIUK: All the testing in the |arge
| oop was done with prem xed NUKON cal sil.

MR. WALLIS: All done with prem X

MR KROTI UK: That's correct.

CHAI RVAN BANERJEE: So this case now,
which is the --

MR. KROTI UK: The | abel is correct, forget
t hi s.

CHAI RVAN BANERJEE: No, it shoul d be Case-
4 Right?

MR KROTI UK:  Yes, should be Case-4.

MR M CHENER. Tom M chener from PNNL. |
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wanted to correct something. | just got a hold of
Carl. It was not a positive displacenment punp. W do
have those, so | had to - that's why | wasn't sure.

W were using a centrifugal punp, but we had it
attached to a variable frequency drive, so we would
just alter the frequency, so that's how we were
mai ntaining it.

MR. KROTI UK: Ckay. Thank you. Didn't
remenber that. This was the second case that we did
the sectioning on, and it's simlar to the first one
in that you could see the center of the region had
mai nl y NUKON, and t he surface had t he concentrati on of
cal sil.

MR. WALLIS: But when it's prem xed, it's
guite a conplicated probl embecause the first cal si
that gets to the screen finds no NUKON t here and goes
right through. And then you begin to build up NUKON
bed, which begins to catch sone cal sil. But you've
still got a lot of cal sil going around the | oop, and
coming in on top, so nodeling that is quite a task, |
woul d t hi nk.

MR. KROTI UK:  Agreed.

MR. WALLIS: Just because it's prem xed
doesn't nean it's a honpbgeneous bed.

MR. KROTIUK: That's correct. And it
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definitely was not a honbgeneous bed.

CHAI RVAN BANERJEE: But it seens to give
you | ower pressure drop.

MR. KROTIUK: It gives you the | owest -
the prem x gives you the | owest pressure drop

CHAI RVAN BANERJEE: Now why -- these two
beds you're showing us for Case-4 and Case-1 and 2,
they | ook sonewhat sinmlar. R ght?

MR. WALLIS: | think they are.

CHAI RVAN BANERJEE: Thi s case and the next
one.

MR. VALLIS: If you add cal sil afterwards

CHAI RVAN BANERJEE: It doesn't seemto
matter what order you --

MR WALLIS: As long as it's --

MR KROTIUK: The cal sil seens to coll ect
on the surface of the NUKON bed.

CHAl RMAN BANERJEE: The order doesn't

matter.

MR WALLIS: Well, if you add it and then
let it go around the loop, it cones in. |In fact, it's
comng in later. 1t's gone around the | oop.

MR. KROTIUK: That's right.

CHAI RVAN BANERJEE: But the curious thing
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is that the two cases, when you reverse the order of
NUKON and cal sil --

MR WALLIS: It doesn't matter, because
it's stuck in the | oop.

CHAI RVAN BANERJEE: Yes, but then when you
prem x it, you get a rmuch | ower pressure drop

MR. KROTIUK: Yes. And ny hypothesis on

that is that the thickness of that |ayer nay be

different.

MR. WALLIS: You caught nore of the cal
sil inthe prem xing case earlier. You caught sone of
the cal sil in the bed before it's gone around the

| oop and deposited on the top.

MR KROTI UK: So that it's the
distribution of the constituents in the bed that is
changi ng.

CHAI RMAN BANERJEE: And what's the
circulation tine of the |oop?

MR KROTIUK: Well, as indicated earlier,
one hour was about seven circul ations.

CHAI RVAN BANERJEE: OCh, okay. So by
adding the cal sil and then followi ng 30 seconds by
NUKON, the cal sil has all just flown through and it's
cone back one hour |ater, or one-seventh of an hour

later. So the two cases are alnbst sim | ar.
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MR. KROTIUK: There is some simlarity.

MR WALLIS: Now in the real sunp, you
don't turn on recirculation right away.

MR, KROTI UK:  No.

MR. WALLIS: The debris goes down there
and settles.

MR KROTI UK:  Yes.

MR WALLIS: It's quite different, and
then it has to be stirred up in order to go through
the screen, or is it still in suspension when you turn
on the punps, or what?

MR. KROTIUK: That's a good --

CHAI RVAN BANERJEE: How | ong after you
turn on the punps?

MR, KROTIUK: Typically, | nmean, | did
sone calculations, and like for one PWR that |
remenber it was |ike 1,200 seconds.

MR WALLIS: 1,200 seconds allows the
stuff to settle then.

MR. LEHNING This is John Lehning from
NRR.  Some of that debris nay end up settled there on
the floor of the containnent, but it depends, sone of
that debris may be eroding with tine, or sonme of it
may be falling down, it nmay be bl own up

VR. VWALLIS: Washed down by the
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recircul ation.

MR- LEHNING That is correct, so it's not
clear. | nean, there's a fraction of it doing
probably each of those things.

MR. WALLIS: Now what are you going to do
about it?

CHAI RVAN BANERJEE: What's the reason your
pressure loss is higher in this case than the other
case?

MR. KROTIUK: My hypothesis is that you
get a larger concentration of the cal sil on the
surface, and that's giving you the higher pressure
dr op.

MR VALLIS: Well, why?

CHAI RVAN BANERJEE: But why?

MR. WALLIS: Because it's arriving -
essentially arriving on top of the NUKON in both
cases. That's why | didn't -- it cries for nore
investigation, really. And just you guys decided to
st op.

MR KROTIUK: | did as --

MR. WALLIS: As soon as you di scovered
sonmething really significant and inportant.

MR KROTIUK: | did as nuch as | could do.

MR. ABDEL- KHALIK: Is there any way from
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your data that you can get |ocal val ues of porosity or
perneability of the bed?

MR. KROTI UK: Not off the top of nmy head,
| can't think of any.

MR. ABDEL- KHALI K: So these SEM i nages
could not determne --

MR KROTIUK: Wit a minute. Wit a
mnute. Wit a mnute. | guess you can. Yes, you
can - just | was thinking about it, from the bed
t hi ckness. You know t he mass, and you know t he
t hi ckness of the bed, so you have sone idea of the
porosity.

MR.  ABDEL- KHALI K:  That gives you an
average value, but | was nore interested in | ocal
val ues, and whether that - the variation of the |ocal
val ues i s dependent on the order in which the various
mat eri al s are deposit ed.

MR- M CHENER: Tom M chener from PNNL. W
actually had originally, if there was tinme, had
pl anned to use sonme of these pictures to grid up a
|attice Boltzman code where you do know t he bul k fl ow,
and | ook at sone of the velocities through the bed,
and what was happeni ng on there, but there just wasn't
time or noney to be able to do that.

CHAI RVAN BANERJ EE: You have to
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reconstruct the porosity anyway.

MR. M CHENER: | nean, you have enough
information - we've done that before in simlar
problens |ike this one.

CHAI RVAN BANERJEE: You have only a 2-D
structure there. You'd have to slice at several
| ocations to --

MR M CHENER. W could do that.

CHAI RVAN BANERJEE: Yes, sure. | nean,
people do that with tunors all the tine, they do 64
cuts through it and they reconstruct the porosity.

MR. WALLIS: Then you've got a bed which
although it's got nore stuff init, is thinner, too.
| mean, the bed thickness is different, B-1 and B-2.
That goes the wong way. You've got nore stuff, and
yet it's thinner. There's sonme kind of interplay
bet ween the pressure drop, and the conpression, and
everyt hing el se.

MR KROTI UK:  And the distribution of the
constituents. And, renmenber, this is the retrieved
bed t hi ckness while it's being tested. That gives you
just an idea of what it is. You' d have to know the
t hi ckness during testing.

MR. WALLIS: It raises a |ot of questions,

doesn't it?
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MR. KROTIUK:  Yes. GCkay. What | wanted
to just indicate here was, just sonme basic
sensitivity. This is just a plot of three NUKON only
tests, pressure drop versus approach velocity for
several steady-state velocity points, and this is -
since it's all NUKON, it's for three different
| oadi ngs on t he NUKON.

MR WALLIS: Are these three different
tests, or are they cycles within the sane test?

MR KROTI UK: Yes, three different tests.
The bl ack, the red, and the green are three different
tests.

MR. WALLIS: But why are the three curves
in the green? 1Is that because of cycling?

MR. KROTIUK: Yes. That was cycling.

MR. VWALLIS: Well, thisisn't a
repeatability, this is just a cycling. |If you do
anot her experinent with 1.245 NUKON, you m ght get a
different curve fromthe green curve.

MR. KROTI UK: For the NUKON only test, the
repeatability was very high. W were able to
duplicate that curve within, I don't know what
per cent age, but there was a fair anount of
repeatability, because we did do that.

MR. ABDEL-KHALIK: |If you didn't know
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where sort of the balance of the particles ended up,
it would be kind of a hit and mss that are
duplicating the 1.245 loading. Right?

MR. KROTI UK: Yes, but that's why we
neasured t he wei ght of the debris bed itself, because
we wanted to know what was in the debris bed, not what
was added to the | oop, what was in the debris bed.

MR. ABDEL-KHALIK: So if they wanted to
duplicate the experinment, they would have no i dea how
much to add to get exactly 1.245.

MR KROTI UK:  Yes, but what we did is that
we actually duplicated tests, and we woul d maybe have
1.245, and 1.251, which was close enough that you
coul d make some concl usi ons.

MR. ABDEL- KHALI K: Okay. Fair enough.

MR. KROTIUK: You're not going to hit it
exactly all the tinme.

MR, WALLIS: What happens if you do an
experiment with .576, and cycle it a fewtines, and
t hen add sone nore until you come up to 1.245, does it
lie on top of it then?

MR KROTIUK: | can't answer that
guestion. W didn't |ook at that.

MR WALLIS: That's the thing. | nean,

t hey had such an opportunity to explore all kinds of
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things there. | think they should have been given a
bit nore carte bl anche, rather than being stuck with
a test matrix.

MR. KROTIUK: Well, you know, there's
argurments on both sides of that, because you have to
have a test matrix to begin with. You know, we were
doing a lot of testing in the bench top loop trying --

MR WALLIS: You have a different
attitude. In the university we tell a student go and
investigate this thing, and then iif sonmething
interesting shows up, you investigate nore what's
interesting. You guys have a test matrix, and do this
willy nilly, whether it's interesting or not.

MR KROTIUK: That's not true, because
generally, all the testing that we did in the |arge
| oop, which is the highly instrunmented case, before we
did it inthe large loop, we did it in the bench top
| oops.

MR. WALLI'S: You expl ored things.

MR. KROTI UK:  And we explored things, and
we do sone sensitivity studies. That was the intent
of the bench top | oop, to | ook at these sensitivities,
and then we said okay, now we want to run this case
here, and let's put it in the large | oop so that we

have good instrunentation, and get data.
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MR, WALLIS: Ckay. So you did do sone

expl oring of things.

MR. KROTIUK: Yes, but it was just
beneficial to do it in a bench top |oop, because we
coul d turn around what, about three, four tests a day.
In the large | oop because it was so |large, and there
was tenperature control and all, we could rmaybe get
one, naybe a maxi mum of two tests a day.

CHAI RVAN BANERJEE: | think your next
slide will be of interest.

MR. KROTIUK: Yes, this is what you were
tal ki ng about .

MR. M CHENER  Just an aside, Bill, rea
qgui ck. You nentioned earlier the small scale | oop was
4 inches, and |l arge scale was 6 inches. And it's not
sinply a ratio of the square of the radi uses, because
t he amobunt of piping that was connected to the | arge
scale was a lot nore than for the small scale, so
that's why we could do so nuch nore on it, because it
was a lot |ess volunme invol ved.

MR. VWALLIS: Still had a pretty |ong del ay
time in the small | oop.

MR KROTIUK:  Yes, but it was nuch shorter
than for the large | oop.

MR. M CHENER R ght.
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MR. ABDEL-KHALIK: If | were to just go

back one slide, slide 20. |If you go to these sets,
any one set, does tinme always go fromlow delta P to
hi gh delta P?

MR. KROTIUK: |I'msorry, repeat that
agai n?

MR. ABDEL- KHALIK: | mean, you're running
t hese, essentially repeating measurenents while you're
running at the sane flowrate. And the question - for
the same bed, and the question is, the later
experinments, do they always produce higher delta P?
| mean, is this a randomerror, or is it a systematic
error always indicating that |ater experinents give
you hi gher delta P for the same | oadi ng?

MR WALLIS: | think it's the second.
Every time you do the experinent, you make
conment at i on.

MR KROTI UK:  You nean for these different
cyclings.

MR. ABDEL- KHALI K:  Ri ght.

MR. KROTI UK:  Ckay.

MR VWALLIS: It works its way up. It
ratchets its way up

MR KROTI UK: Right.

MR. ABDEL- KHALI K: Does it, or are these
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random di f f erences?

MR KROTIUK: There is -- in all the tests
that we ran, we would say for the first cycle we would
be down here, second cycle would there, and the third
woul d be there, or first, third, second. First was
al ways | ownest.

MR. ABDEL- KHALI K: Onh, interesting.

CHAI RVAN BANERJEE: That's probably
expl ainable, isn't it?

MR KROTI UK: There's a certain anmount of
- you know, sone of the references that | read of
define this is what | used at the first conpression
was non-el astic, and the foll ow ng conpressions were
el asti c.

MR. VWALLIS: But you may still be catching
sonme fines that are going around the |oop, too.

MR. KROTIUK: But that's why we had the
filtration system to try to get rid of those fines,
as much as we can. W tried to, and that's - there
have been sone that didn't get captured. | won't deny
that, but we tried to elimnate it.

MR. WALLIS: The next one is interesting.

MR. KROTIUK: Yes, that's why | put that
here. This is for three | oadings, which are -- |

tried to |l ook at three cases that had about the sane
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NUKON | oadi ng, but had different cal sil | oading. And

the thing | wanted to point out here is that the | ower
cal sil loading had a higher pressure drop than the
hi gher cal sil loading. This is something that was
i nteresting.

CHAI RVAN BANERJEE: But those | oadi ng
nunbers could be fairly inaccurate. R ght? Because
of the way you determ ned them

MR. KROTIUK: There is a plus or mnus --

CHAI RVAN BANERJEE: The | oadi ng on the bed
itself.

MR. KROTIUK: This is the |oading on the
-- so this is just a nass on the bed divided by the
area of the screen.

CHAI RVAN BANERJEE: Ri ght.

MR. CARUSO Is it possible that |ower
| oadi ng - -

MR WALLIS: Could be a hole in the bed.

MR CARUSC Yes, a hole in the bed. |'m
just trying to figure out how that would worKk.

MR,  KROTIUK: Well, we continually
noni tored the bed, because there was a canera on it
continually, and we woul d have known if there was a
hole. And definitely, after testing you would have

seen that hol e.
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CHAI RVAN BANERJEE: But you had to renpve

this stuff chemcally.

MR. KROTIUK: Right. There is -- that
probably had the greatest inaccuracies, since we were
removing the cal sil chemcally.

MR, WALLIS: And the top group, the
triangles there, presumably that's cycling.

MR KROTIUK: Yes, it started here, and
then the first cycle was here, and then this was a
| ater cycle.

MR WALLIS: So it |apped off after --

MR KROTI UK:  Yes.

MR. VWALLIS: So how are you going to
predict all this with a theory?

MR. KROTIUK: Wth great difficulty, as I
said. This is what | tried to relate this phenonena
to the distribution of the debris within the bed.

MR WALLIS: But the business of the .05,
. 025, .082, that sequence, the only way that coul d be
realistic would be if for sone reason the .005 nakes
itself very, very effective by concentrating in a th
in |layer.

MR. KROTIUK: That's right.

MR.  VALLIS: Wy should that happen

particularly with that experinment, and not with the
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ot hers?

MR. KROTIUK: | don't have a good answer
for that. | think there's a |lot of randommess in
this, too.

MR WALLIS: If you're going to predict
t hese, you have to know.

MR KROTI UK:  Excuse ne?

MR WALLIS: If you're going to predict
t hese, you have to know t hat.

MR, KROTI UK: Right.

MR. WALLIS: You have to know why it does

MR KROTIUK: Well, | hear what you're
saying, but the approach | took, | tried to define
maxi muns and mni nuns, and tried to bound it, because
| thought -- | really believed that the -- | ooking
into the details of what was goi ng on was too conpl ex
of a problemfor nme to handle within the tinme frame
that | had.

MR WALLIS: Now are these kind of data
repeatable? If you do the experinent again with . 005,
do you get the same result?

MR. KROTI UK: Not necessarily.

MR WALLIS: No, | don't think you

necessarily woul d.
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MR. CARUSO. Go back to sone of those

shots you had of the surface of this, the debris bed.

MR KROTI UK:  Those?

MR. CARUSO. No, back further, further.
That one. |'mjust |ooking at that one on the right
there, and it | ooks like you have sone, what | would
call rocks. And if you had one of those rocks
enbedded in the debris bed hol ding open a pat hway, it
woul dn't | ook |i ke necessarily a hole, but it woul d be
opening up a flow path which woul d gi ve you a | arger,
or a |l ower pressure drop than you ot herwi se m ght see.

MR WALLIS: O a cluster of rocks, naybe.

MR CARUSO O a cluster of rocks like

t hat .

MR KROTI UK: There's a | ot of randommess.
| nean --

MR. CARUSO.  Ahh.

MR. WALLIS: Are they rocks, or what are
t hey?

MR. KROTIUK: They're not rocks, they're
cl unps of probably NUKON - -

MR. WALLIS: Wiy are they on top? | would
think they would settle out first.

MR. CARUSO | nean, when you grind up the
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NUKON, you're going to get a distribution.

MR. KROTIUK: Right, yes. And, in fact,
we did -- distribution nmeasurenents, | didn't include
it here, but we did make distribution nmeasurenents on
the size of the cal sil particles, so we actually had
di stribution measurenents, size distribution.

MR WALLIS: Are those cal sil rocks then?

MR KROTIUK: | nean, | can't answer that.
| don't --

MR. WALLIS: They don't | ook like fibers.

MR, KROTIUK: It could be clunps of
fi bers, though. Wthout |ooking at it nore closely,
| mean, we have all these --

MR. WALLIS: You really pulverized the cal
sil, didn't you? You wouldn't have rocks like that.

MR KROTIUK:  Yes, but sonetines a
congl onerate could --

MR. WALLI'S: Congl oner at es agai n.

MR KROTI UK:  Yes, yes.

CHAI RVAN BANERJEE: Well, let's go back to
the slide you were at.

MR. KROTI UK: Ckay. Let's go to the next
one.

CHAI RVAN BANERJEE: How are we doi ng for

time right now?
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MR. WALLIS: He's got the whol e afternoon.

MR KROTIUK: | have all afternoon.

CHAI RVAN BANERJEE: Ckay.

MR. KROTIUK: Ckay. The other --

CHAI RVAN BANERJEE: W do want to finish
t hi s afternoon.

MR. KROTIUK: Right, and I'll finish. [|'m
alittle bit less than hal fway there.

CHAI RVAN BANERJEE: Ckay.

MR. KROTIUK: The other thing that I
wanted to |look at was tenperature sensitivity. So
this is when you were saying repeatability. Wat we
tried to do, for instance, we |ooked at this NUKON
t hree NUKON cases, and we put the | oadi ngs as cl ose as
we can. W used the sane | oadings, and then we
nmeasur ed what was actually deposited in the bed. And
you coul d see the variation, 1.245, 1.251, 1.191. But
the difference is that this first bed here was forned
at about 20 degrees, this was formed at 54, this was
formed at 82. And then we took two NUKON cal si
cases, and with the sane | oadi ngs that again resulted
- sanme - debris addition that resulted in slightly
different |oadings on the bed. W fornmed it at 20
degrees, 54, 82, and then simlarly, 20 and 54 for

t hese other | oadings. Then we sinmilarly went through
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what we call LP-1, LP-2, LP-3, because we ran a cycle
here, then we upped the tenperature, ran a cycl e here,
upped the tenperature, ran a cycle here to try to get
sonme sort of indication of what was goi ng on.

MR. WALLIS: And what happened?

MR. KROTIUK: [I'mgoing to go to the next
square. kay, this is for the NUKON only case, and
this is the head | oss versus the approach velocity,
again for the three cases which are close in terns of
| oadi ng.

MR WALLIS: It nakes a difference?

MR. KROTI UK: The tenperature makes a
difference. The lower the tenperature, the higher the
pressure.

MR. WALLIS: The viscosity effect?

MR. KROTIUK: That's a viscosity effect.
Thi s was one of the questions that | think we probably
had di scussed it at sone point.

CHAI RVAN BANERJEE: Yes. The inerti al
effects here are less if you take an Ergun-type
equati on.

MR KROTI UK: Right.

MR. WALLIS: Except that the curves cross
down at the .02. That doesn't seemright. Something

is wong down at the extrene |eft there.
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MR, KROTIUK: Yes. |It's pretty |ow,

t hough. There is some slight differences in the
| oadi ngs, too.

MR. WALLIS: They shouldn't cross.

MR. KROTI UK: Ckay. So that's, again, the
NUKON, since it was a --

MR. WALLIS: Does this correlate properly
with velocity, with viscosity or not? | nean, it

doesn't look quite right.

MR KROTIUK: |'Ill address that during the
nodeling. | actually --
MR WALLIS: | would expect they're nore

i ke equal ly separated, but you' ve got the two green
ones in --

MR. KROTIUK: | reproduced this plot later
on with predictions, so if we could just hold off
until | get to that point.

MR WALLIS: | nean, the viscous effect
shoul d predom nate at | ower velocities. Then there
should be simlar, nore of the sane at higher
velocities. It doesn't seemto be that way around.

CHAI RVAN BANERJEE: We'll flag this as --

MR. WALLIS: He's going to explain it.

MR KROTI UK:  Now for the NUKON cal sil

cases, it was sonmewhat simlar for this one, but |
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have another one which I'll show after this. Again,
t he | oadi ngs are not exactly the sane because we added
the same mass to the |oop, but what was ended up
deposited in the bed was slightly different. But,
again, you had the - it was forned at three different
tenperatures. And then let ne look at this one, it's
kind of interesting.

MR WALLIS: This one is backwards.

MR KROTI UK: Yes, this one is backwards.
And in this case, the higher pressure was for the
hi gher tenperature, and the | ower pressure was for the
| oner tenperature, which doesn't fit the theory of
viscosity. And what we postulated, this is due to the
fact, is that it's the distribution of the debris
within the bed. In other words, as you do -- you have
your flow tenperature, tenperature differences, the
conmponents in the bed could redistribute, specifically
say the cal sil within the NUKON itself.

CHAI RVAN BANERJEE: But did you have any
evi dence, like core sections, to show that?

MR KROTI UK: Not of these. Part of the
thing was that if we did the sectioning, we couldn't
do - neasure the masses. It was one or the other, so,
you know - because once you did the sectioning, you -

once you did, say the cal sil nmeasurenents, you
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couldn't do sectioning, because you destroyed the cal
sil, and so we tried to use simlar tests. But this
was i nteresting because it showed a di fferent behavi or
than what | expected to occur just from straight
t heory Ergun-equation type of unit.

MR ABDEL-KHALIK: |If these had the sane
exact distribution, and |l et's say the sane condi tions,
t he sanme geonetry within the bed, woul d the difference
on | oadi ng account for going from.6 to .69, account
for that much difference?

MR KROTIUK: That's - | mean, |'msure
that that had an effect, also, but we could only get
as close as we could get, so yes, that enters into the
equation, al so.

MR. ABDEL- KHALIK: In this regine, would
delta P be proportional to the thickness, or the
square of the thickness?

MR. KROTIUK: | think it's proportional to
t hi ckness is probably nost closest, but it's not --

CHAI RVAN BANERJEE: Well, the pressure
gradi ent doesn't have to be linear, if there is a
pressure gradient. | nmean, it's really nore |ike
pressi ng on one side.

MR. KROTIUK: You're right. The pressure

gradient is not linear, but I'mjust thinking of - I'm
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trying to think of - comng up with sonme sort of just
guidelines, and | would say that it's closer to
l'i near.

MR. WALLIS: You're going to predict all
this. R ght?

MR. KROTIUK: |'mnot going to predict at
all. | made a good effort.

CHAI RVAN BANERJEE: You know, again going
back to Said's original point, you m ght get aclueto
what's happening if you look at the initial build-up
of the bed.

MR. KROTIUK: That's very valid. Again,
we have the data. W just didn't look at it.

CHAI RVAN BANERJEE: | nean, different from
the other data, in that we reverse the role of
tenperature, so you're trying to explain this by sone
formof debris distribution in the bed. However, in
this case, the conditions are not all that different
fromthe others, so why is the debris distribution so
different? You' re getting NUKON foll owed by cal sil,
right?

MR. KROTIUK: This was all done preni xed.

CHAI RVAN BANERJEE: This is all prem xed.

MR. KROTIUK: This is all prem xed.

CHAI RMVAN BANERJEE: But what's different
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about this than the other ones, which --

MR. KROTI UK:  The previous --

CHAI RVAN BANERJEE:  Yes.

MR. KROTI UK: Loadi ng, the | oading was
different.

CHAI RVAN BANERJEE: How much?

MR KROTIUK: Well, let's take a | ook
That was -- this |oading had NUKON of around say .2
kil ograns per neter squared, so the last case had
about .6 sonething.

MR WALLIS: Yes, but it had very
different cal sil.

MR. KROTIUK: Different cal sil |oadings.

MR CARUSO What's the ratio?

MR KROTIUK: | tried to purposely give a
range of ratios to not have --

MR WALLIS: Well, why didn't - when you
were investigating tenperature, why didn't you keep
t he NUKON and cal sil the same?

CHAI RVAN BANERJEE: He di d.

MR. WALLIS: He did, but what he got on
the screen was different? 1Is that what happened?

MR KROTI UK | mean, like for these
t hree cases, we added the same mass --

MR. WALLIS: What you put in was the sane.
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MR. KROTIUK: Right. But what --

MR, WALLIS: What you got is very
different. | nean, you got four times as nmuch cal si
in one case as in another.

MR. KROTIUK: That's right.

MR. CARUSO But you don't know where the
rest of it went.

MR KROTIUK: Well, in these case these
were the later tests, so sonme was filtered out, sone
was deposited in the | oop, but probably not a |ot.

MR. VALLIS: If I were your professor, |'d
say | want nore evidence now. | want you to redo that
test.

MR, KROTIUK: We would have liked to redo

CHAI RVAN BANERJEE: | guess, again,
there's a concern with the wuncertainty in the
nmeasurenents of the bed content. Right? Because you
were using a chemcal --

MR. KROTIUK: Yes. | nean, that's the
greatest uncertainty.

MR. WALLI'S: You can neasure that sone
time later so you don't inmedi ately get the evidence,
whi ch says you now go back and redo the test. These

nunbers, presunmably, cane frominjection of epoxy and
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doing --

MR. KROTI UK:  No, these nunbers canme from
j ust weighing the bed --

MR. WALLIS: And then boiling away, and
di ssolving away the cal sil.

MR. KROTI UK: Dissolving away the cal sil,
and then wei ghing --

MR, WALLIS: Is that done i mredi ately or
much | ater?

MR KROTIUK: It's done as soon as the
beds are dry.

MR. WALLIS: So you get the evidence right
away.

MR. KROTIUK: Wthin a couple of days.

MR. WALLIS: So you could look at it and
say this is anomalous, let's do it again.

MR, KROTI UK:  Yes.

CHAI RVAN BANERJEE: Just |l ook at the ratio
of the cal sil to the NUKON. It's of the order of 10
percent or less. R ght? So when you dissolve this
stuff away, you're left with naybe 90 percent of the
original nass. You're dissolving the cal sil away,
right?

MR. KROTI UK: Right.

CHAI RVAN BANERJEE: So you're taking the
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di fference between two | arge nunbers.

MR. KROTIUK: Yes. That's why | said, it
has the --

CHAI RVAN BANERJEE: It's quite tricky, the
di ssol vi ng process.

MR WALLIS: And you're predicting it to
three significant figures, so --

MR KROTIUK:  Well --

CHAI RVAN BANERJEE: That's just PNNL.

Ri ght ?

MR KROTI UK:  PNNL and ne, bot h.

CHAI RVAN BANERJEE: You won't pass the
buck.

MR. KROTIUK: But you're right, that has
t he greatest band of error.

CHAI RVAN BANERJEE:  Yes.

MR. KROTI UK: Okay? GCkay, so |I'mjust
going to sunmari ze the testing, then 1'll go into the
nodeling. As | said before, the NUKON only debris bed
had relatively repeatable results. And conplete -
just to nake a note here - the conpl ete debris bed, we
woul d generate | oadi ngs of .017 kil ograns per neter
squared. That's the lowest that we did a test at.

As indicated, | can go into it in detai

now, i s that debris preparation can influence pressure
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drop; however, |oading sequence of the NUKON cal si
debris bed has nuch stronger influence on pressure
drop. As an indicated by one of the graphs that we
showed, the increases in cal sil mass in the NUKON cal
sil bed did not necessarily yield increases in
pressure drop. And |I'mattributing this to
di stribution of constituents in the bed.

This is a picture of a cal sil only debris

bed. W added - this is what was added to the | oop,

4.352 kilogranms per nmeter squared. | don't renenber
what that nunber was, it was pretty high, like 17
grans or sonething. | don't know. And of that, even

with this high loading, we were not able to form a
conpl ete bed of cal sil. You could see in these -
this is a picture of the debris bed in the test
section before it was taken out, and this is a picture
after it was taken out. You could see all the holes
in the bed itself.

MR- M CHENER: Tom M chener from PNNL. As
| recall when we were doing these, what woul d happen,
and it was like it had no strength. It would build
up, and then you' d see these little bursts where they
go through and a hol e woul d be forned.

MR. WALLI'S: You're forcing water through,

anyway, withthis, soit's got to go sonewhere, and it
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actually makes holes, and you see puffs of stuff
com ng through?

MR. M CHENER  Yes, you'd see little puffs
com ng through

MR KROTIUK:  Wien | was there for one of
the tests, you actually - it was interesting to note,
because you' d actual |y see puffs underneath t he debris
bed. And, finally, the debris bed does contract and
relax with changes of approach velocity. | didn't
present any of this, but the screen in the perforated
plate testing, they produced conparative results
because the flow areas are about the same, and the
correlation for the pressure drop for just the screen
in a perforated plate agreed with standard, as
expected, agreed with standard correl ati ons.

MR. WALLIS: To go back to that cal si
pi cture, where you see little holes all about the sane
size, indicate there's one hole in the screen, those
little round holes, are they about the size of a
screen hol e?

MR. KROTIUK: Yes. This is the perforated
pl at e.

MR. WALLIS: They're about the size of a
perforated plate hole, those white hol es you see

t here.
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MR. KROTIUK: That's probably right.

MR. WALLIS: And one woul d suspect that
t hey were.

MR KROTIUK: Yes. | nean, we were
postul ating that the fibers in the cal sil never got
enough to say bridge it, bridged a hole to close it
off so that --

MR. WALLIS: Once you've got a hole, it's
probably difficult to bridge it, because the stuff
gets oriented to go through the hole.

MR ABDEL- KHALI K: \What woul d be the

t hi ckness of this bed, .4 roughly kil ograns per square

net er ?

MR KROTIUK: It's in the report. | don't
remenber.

MR. ABDEL- KHALI K:  Wsat is that, quarter
inch, five mllineters?

MR, KROTIUK: Quarter of an inch, to a
hal f an inch.

MR. VWALLIS: Size of the perforation
isn't it?

MR MCHENER A little bit nore than a
guarter of an inch.

MR. KROTI UK: And then ny last bullet here

just was indicating that in nost cases the pressure
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drop decrease would increase tenperature, but the
results that the measurenment of pressure drop can be
affected by the bed history, flow tenperature, and

ultimately, the distribution of the debris in the bed.

Ckay. Do you want to -- | finished under
testing. Should | just keep on going?

CHAI RVAN BANERJEE: | think keep going for
alittle while.

MR. KROTI UK:  Ckay.

CHAl RMAN BANERJEE: And we'll take a
break. You tell me roughly when you have a turning
poi nt .

MR. KROTI UK: Ckay. | have a total of 59
vi ewgr aphs, so --

MR WALLIS: MW word.

CHAI RVAN BANERJEE: You won't be able to
get through 59.

MR. KROTIUK: No, | won't be able to get
t hrough 59.

CHAI RVAN BANERJEE: Get through only the
i mportant ones.

MR. KROTI UK:  Ckay.

CHAI RVAN BANERJEE: Let's take a half an
hour nore of this and then we mght take a break.

kay?
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MR, KROTI UK:  Ckay.

CHAI RVAN BANERJEE: Go on.

MR. KROTI UK: Cbjectives, | won't go nuch
in detail, except | wanted the nodel to predict
pressure drop at the conpression, effects of the bed
itself. Mdtivation - one of the inportant things was
to evaluate the sensitivity to particulate i nsulation
- debris beds conposed of particul ates and fi bers, and
regul atory applications, basically to support
assessnents here at the NRC.

Ckay. | have conpleted this effort right
now, and | published a NUREG 1862, which you have a
copy of. Okay. Now let's talk about the nodeling
technique. Sonmething that | sort of described
previously. Wat | tried to do is to cone up with a
nmet hodol ogy of boundi ng the upper and lower limt of
nmeasurenents of pressure drop for a given velocity.
So | used a honpbgeneous debris bed for the | ower
limt, and a two-control volume for heterogenous
debris bed to calculate the upper limt, upper
pressure limt, pressure drop. And let nme el aborate.

CHAI RVAN BANERJEE: Before you go on, you
show us why these are the limts at sone point?

MR KROTI UK: Let's see.

CHAI RVAN BANERJEE: It's not intuitively
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obvi ous.

MR. KROTI UK: Ckay. Let me discuss the
honogeneous limt. From conparisons of the
honbgeneous equations, which I'll show in a while,

conparing that to test data - say, for instance, if |
| ooked at an all NUKON debris bed, which is basically
honogeneous - -

CHAI RVAN BANERJEE: Perneated wi th cal
sil.

MR. KROTIUK: Not, let nme just tal k about
NUKON only, first.

CHAI RVAN BANERJEE: Ckay.

MR KROTIUK: So that's conpletely
honmogeneous, and <correlation would work pretty
decently with that, maybe over-predict it alittle
bit. For the NUKON cal sil debris bed, what | found
fromdoing the calculations, if | assune that the cal
sil was evenly distributed in the NUKON, in the debris
bed and conpared that pressure drop to test data, it
al wvays was -- we had test data that was at that val ue,
or above it. It seened to always indicate a | ower
limt for the honbgeneous m xture of NUKON and ca
sil. And this is just conparing --

CHAI RVAN BANERJEE: That's test data.

MR. KROTIUK: This is just conparing with
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t est data.

CHAI RVAN BANERJEE: How do you know t he
test data was honpbgeneous?

MR KROTIUK: Well, no, | did not know

that it was honobgeneous. Wien | said that the test

data was --

CHAI RVAN BANERJEE: Oh, your nodel.

MR KROTIUK: No, | |ooked at the test
data - let's see if | have it.

CHAI RVAN BANERJEE: Let me ask my question
alittle better.

MR. KROTI UK:  Ckay.

CHAI RVAN BANERJEE: Do you have any test
data where the cal sil is honobgeneously, or nearly
honmogeneously distributed in the NUKON, after you | ook
at the sections --

MR, KROTI UK:  No.

CHAI RVAN BANERJEE: You do not.

MR. KROTI UK: Because we couldn't do a

sectioning if we calculated the nass of cal sil. |If
we cal cul ated the mass -- if we determ ned t he mass of
cal sil, we couldn't do a sectioning, because one or

t he other destroyed the bed, so we never had all the
information for one bed.

CHAI RVAN BANERJEE: Ri ght .
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MR. KROTI UK: But there are sone data from

tests that we believe that the cal sil was sonmewhat

evenly distributed in the fiber bed, and in those
situations, the neasured pressure drop are close to

t he honbgeneous cal cul ati ons.

CHAI RVAN BANERJEE: | see, and they give
you | ess pressure drop than when you have t he two beds
separ at ed.

MR KROTI UK:  When | have the situation
where | have a concentration of cal sil in a given
part of the debris bed.

CHAI RVAN BANERJEE: |Is that because they
pack better with the -- | nmean, each phase, think of
it as two phases, alnost. |Is that the cal sil then
forms a nore dense bed than it would if it was
di spersed in the --

MR KROTIUK: Yes. And that's what |
tried to show by the SEM pictures that | showed
earlier, is that if you |l ooked at the bottom of that
vi ewgraph, | gave an indication of the vol une percent
of the different particulates, the fiber and the
particles, I'msorry, in the sections, and you'll see
that in the surface area there was a |arger
concentration of material than in the center region.

CHAI RVAN BANERJEE: Okay. Fi ne.
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MR. KROTI UK:  So based on that thinking,

there is four conditions that | postulated could
exist. One is that you have a honobgeneous, what |
call unsaturated particle or fiber bed, or particle
and/or fiber bed. In other words, it's all fiber, al
particle, or the particles are distributed evenly
within the fibers. And this is -- the cal cul ational
nmethod for this is a one-volunme approach, and |'m
postulating that this is the -- would you give you the
| oner bound delta P for beds with two debris types,
and give you a pretty good estinmate of the delta P for
a bed with one debris type.

MR ABDEL- KHALI K: \What does the word
"saturated" refer to?

MR. KROTI UK: Ckay. What |'m postul ating
isthat if | look at this case here, the second case,
if I have a fiber bed, the anpbunt of particles that
could be trapped within that fiber bed has an upper
[imt, upper practical limt, let's put it that way,
but an upper practical limt that would give ne the
hi ghest pressure drop, and so I'm calling that a
saturated particles within the fiber bed.

MR. WALLIS: Depends on how nuch the

fibers are conpressed. |If the fibers are conpressed
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MR. KROTI UK:  Yes, right.

MR WALLIS: -- then you get |ess void
fraction in there to put the particles into.

MR KROTI UK:  Yes.

MR WALLIS: So the saturation nust be
sonmehow rel ated to the conpression of the matri x.

MR KROTIUK: It is related to the
conpressi on of the bed, yes.

MR, WALLIS: If you have one that's
al ready saturated, then presumably it can't be
conpressed any nore. Is that right?

MR. KROTIUK: No, it can be conpressed,
because notice | said practical upper limts. | mean,
if you |l ook at an ideal upper limt, it's going to be
that you have fibers and the particles conpletely
packing it, and you have no flow It's just all
sol i d.

MR WALLIS: Well, there's still sone flow
passages t hrough the particles.

MR. KROTI UK: Right, yes, but |I'm saying
a practical upper limt says that there is sone flow
passages. |'mnot |ooking at a theoretical real --

MR. CARUSO How much does that depend on
the rel ative geonetrical characteristics of the fibers

and the particles?

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

255
MR. KROTIUK: That's a good question, and

| don't really know the answer to that.

MR. CARUSO. |'mnot even sure what you
woul d use as the geonetrical representation for the
particles, because if they're I ong and thin but break
apart, or they deformand wap around, and if they
break when they run into a particle, that -- | nean,
there's all sorts of different --

MR. KROTIUK: Yes, | did not try to answer
t hat question, because | thought it was kind of too
difficult question to get ny hands around, so | tried
to look at the test data and try to cone up with a
net hodol ogy that woul d give ne reasonabl e upper and
| oner bounds of the test data, and that's why |'m
sayi ng practical .

CHAI RVAN BANERJEE: | guess the word
"saturated" being used there is not really accurate,
because when you think of a saturated porous nedia,
that neans all the pores are conpletely filled by
whatever it is, so you' re always unsaturat ed.

MR. KROTIUK: |'m al ways unsaturated, but
|"mat a practical upper limt.

MR WALLIS: What he nmeans, | think, is
that the void fraction avail abl e between the fibersis

filled with particles.
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CHAI RVAN BANERJEE: Well, if it is, then

there's no flow

MR KROTI UK: Then there's no flow

MR. VWALLIS: There's gaps between the
particles.

CHAI RVAN BANERJEE: Ch, yes, so it's not
sat ur at ed.

MR. WALLIS: Yes, it is. You ve got as
many particles in there as can get in there.

CHAI RVAN BANERJEE: Wt hout deform ng the
fiber.

MR. WALLIS: Yes, without deform ng the
fibers or the particles.

CHAI RVAN BANERJEE: Yes, or the particles.

MR. ABDEL- KHALI K: But |ike Ral ph said,
this is a geonetry problem It depends entirely on
geonetry.

MR KROTIUK: But it's the formof --

MR CARUSO Right. | nean, it's like I'm
goi ng back to ny heritage, a bow of spaghetti and
neat bal | s, how does the sauce get through? It all
depends on what kind of pasta you use.

MR KROTIUK: | like ziti.

(Laughter.)

CHAI RVAN BANERJEE: But why do you need to
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make this distinction? Mre to the point, | nean --

MR, KROTIUK: What | was trying to do is

CHAI RVAN BANERJEE: There's no practical
way of determining if there's a saturation limt,
because --

MR. KROTIUK: Right, and so this - what |
used is the test data to try to cone up with this
practical upper limt.

MR, VWALLIS: | think you could do it
geonetrically. Forget about cal sil, you could take
very fine gl ass beads, and you could take fibers, and
you coul d geonetrically work out what --

CHAI RVAN BANERJEE: |If they don't deform
You coul d t ake needl es and spheres, and you could find
a --

MR. WALLIS: Take spaghetti and spheres.

CHAI RVAN BANERJEE: No, spaghetti and
spheres make it very difficult.

MR WALLIS: Wwell, it's still doable, at
| east experinentally.

CHAI RVAN BANERJEE: Maybe, but not
t heoretically.

MR. WALLIS: Caviar and spaghetti, if you

ever want to eat sonething |ike that.
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CHAI RVAN BANERJEE: Well, let's do this.

Let's run through this, because your definition of
saturated is --

MR WALLIS: W're going to run through
it, right?

MR. KROTI UK:  Ckay.

CHAI RVAN BANERJEE: -- going to nmake it
difficult.

MR. KROTI UK:  Just renenber, you're right.
Sat urated doesn't nmean - really it's a practical upper
limt. | was trying to point a term nol ogy.

CHAI RVAN BANERJEE:  Sat urat ed porous nedi a
has a cl ear neani ng.

MR. CARUSC How about cl osely packed?

MR, KROTI UK:  Well, not fully packed. You
don't want to say - if it was fully packed, it would
nmean there's --

CHAI RVAN BANERJEE: He said closely
packed.

MR CARUSO. It's like crystalline packed
structures, crystals.

CHAI RVAN BANERJEE: | doubt if there is a
practical upper limt. |If you go on, let's say you
t ook a bed whi ch you call saturated and you conpressed

it --
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MR, WALLIS: You can't conpress it,

because the particles are not conpressible.

CHAI RVAN BANERJEE: Well, but the -- oh,
are you nmeaning that if you -- so if you' re saying
that there's a practical way of determining this, you
go on putting particles in a bed until you can't
conpress it any nore. |Is that how you're --

MR. KROTI UK: That's what -- well, part of
it, because there is a calculation of conpressibility.
| nmean, as you --

CHAI RMAN  BANERJEE: | think just
practically.

MR KROTIUK: It's a practical limt.

CHAI RVAN BANERJEE: So | go on | oadi ng
this thing up with particl es.

MR. KROTIUK: Right. Yes.

CHAI RMAN BANERJEE: And then when |
i ncrease the pressure on it, the bed doesn't conpress
any nore.

MR KROTI UK: Because that's what | was
trying to showhere, isthat this is a situation where
the particles and the fibers are at that upper limt,
and if you add any nore particles to this, you're
going to get this situation, where you have a

saturated - 1'Il just use that termnology - of
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particles and fibers, but then the rest of the
particles, if it <collects, is just going to be
coll ected on top of the bed.

CHAI RVAN BANERJEE: All right. Let's |ook
at what happens. Let's continue.

MR KROTIUK: And then these two are
honbgeneous one-vol une calculations, and the two-
vol une, and the heterogeneous are two-volune
calculations, so | actually did pressure drops across
two control loads. | nmean, in actuality, you could
use hundreds of control --

MR. WALLIS: Conpress the fibers by the
pressure drop through the top stuff.

MR KROTIUK: Yes. This is the basic form
in the --

CHAI RVAN BANERJEE: Your equations are
very difficult to read. Maybe you should just use
nor mal Power Poi nt .

MR. KROTI UK: Ch, geez, it really did cone
out bad.

CHAI RVAN BANERJEE:  Yes.

MR. KROTI UK: Yes, sorry about that. The
Power Point --

CHAI RVAN BANERJEE:  You shoul d use bl ack

and white.
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MR. KROTI UK: Yes, PowerPoint did - let ne

just see if it's bad. Well, let me just - consistent
with the Ergun equation is a viscous termand a
kinetic term One of the things that | wanted to
point out is that | derived this, and | didn't present
the derivation here, but it's in the report - is that
there's viscosity, velocity. This is that specific
surface volune of the - whatever it is - fiber,
particle. This is - Xis avoid ratio, and there's
this one thing called K(X), whichis the -- so there's
a perneability relationship. And it basically --

CHAI RVAN BANERJEE: What is X?

MR KROTI UK: Void rati o.

CHAI RVAN BANERJEE: Defined how?

MR. KROTI UK: My mind has just gone bl ank.
Just give ne one second.

CHAI RMVAN BANERJEE: Epsilon is the
porosity.

MR. KROTIUK: Epsilon is the porosity.
This is the void --

CHAl RVAN BANERJEE: That's the void
fraction.

MR KROTIUK: It's a --

CHAI RVAN BANERJEE: It's a void to the --

MR WALLIS: Wiy is there a viscosity in
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the kinetic tern? That's a correction factor that --

MR. KROTI UK: That's because -- okay, |l
get to that. Just give nme a mnute.

MR. WALLIS: A Reynol ds nunber effect or
somet hi ng?

MR. KROTIUK: Yes, that's a Reynolds --

MR. WALLIS: Fairly weak effect, isn't it?

MR KROTI UK: The whole kinetic term as
| indicated, is |isted 8 percent of the total pressure
dr op.

MR. WALLI'S: Even though the curves curve
up?

MR. KROTI UK: Because this K(X) is non-
linear. X is volume of the void over the vol une of
the solid, so it's Epsilon over one-m nus Epsilon.

MR WALLIS: So it's the fraction of the
void filled by the particles. |Is that what it is?
Voids inthe fibers. And X tells you sonething about
how nmuch - what's the vol une of particles filling that
voi d in-between the fibers?

MR KROTIUK: That's the ratio of the
volume of the void over the volunme of the solid.

MR WALLIS: Wwell, that's what | nean.

MR. KROTI UK:  Ckay.

MR WALLIS: So it tells you how many

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

263

particles there are filling in the holes in the
fibergl ass.

MR. KROTI UK:  Ckay.

MR WALLIS: How nuch --

CHAI RVAN BANERJEE: Depends how you are
defining void here. Are you defining void as the
fibers plus the particles, or --

MR. KROTIUK: No, void is void, nothing
t here.

CHAI RVAN BANERJEE: No, | mean when you're
tal ki ng about --

MR KROTI UK: Wen | tal k about solid,
it's the particles plus the fibers.

CHAI RVAN BANERJEE: So one m nus Epsilon
is particles plus fibers.

MR. WALLIS: One minus Epsilon - oh
that's the total solids?

CHAI RVAN BANERJEE: The total solids.

MR. KROTIUK: Total solids, right.

CHAI RVAN BANERJEE: Real |y, what you have
are three paraneters. In some sense, you have the
vol une fraction of the particles, the volune fraction
of the fibers, and the volune fraction of the voi dage.

MR. KROTI UK: Right.

CHAI RVAN BANERJEE: How woul d you put
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Epsilon - one mnus Epsilon being equal to the total
sol i ds.

MR. KROTI UK:  You know, one thing | have
to say is that | presented this equation in this form
totry to showthe simlarity to the Ergun equati on.
| actually - and | didn't present this in the report -
but this could actually be sinplified to sonething
that elimnates a | ot of these duplications of the X
of the void ratios and the porosities, and all that.
| just tried to present it in this form because of
famliarity.

CHAI RVAN BANERJEE: Ckay.

MR. KROTIUK: Now to talk about this
kinetic term this term here with this exponent is
really sonething that | came out - it's a sem -
enpirical inpressionthat's usedto -- it was derived,
and | don't renenber the reference, but it's for netal
screens of weaves, and they specified whether the
weave was cross, or this way, different type of
weaves, but this is for something that related to any
weave. And it also could be applied to beds conposed
of spherical particles.

MR. WALLIS: Some correl ations don't have
that factor in at all.

MR KROTIUK: Right. But --
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MR. WALLI'S: Wi ch case, the pressure drop

becones i ndependent of the thickness of the bed,
because it doesn't matter whether it's thick. It's
the total anobunt of stuff there that gives you the
pressure drop.

MR. KROTIUK: But, again, | didn't really
investigate this too nmuch, because when | started
doi ng conpari sons with test data, this termturned out
to be so snmall. Typically, 8 percent was really an
upper limt. It was nore on the order of 1 to 2
percent of the total pressure drop, sol wasn't really
too concerned with this term

MR WALLIS: Well, that can't give you the
nmoving up of the pressure -- then you'll be |inear,
pressures will be linear with the velocity.

MR. KROTI UK:  No, because of the K(X)
factor, which is non-Ilinear.

MR WALLIS: Well, the K(X) has velocity
init?

MR KROTI UK:  You have --

CHAI RVAN BANERJEE: | thought K(X) only
has the porosity init.

MR. KROTIUK: Ckay. | have --

CHAI RVAN BANERJEE: |If you nake K(X) a

factor of velocity, then it's a non-linear term
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MR. WALLI S: | don't think it is, is it?

CHAI RVAN BANERJEE: No, | don't know his

nodel yet.

MR KROTIUK: Let me just -- all right,
that's all. 1 wasn't really going to say nore on the
nodel, so let me just go to one of ny -- okay. These
are -- it's called a Happel Free Surface Mddel, and

these are the relationships for K(X), so it's a
function of void ratio.

MR  WALLIS: It's nothing to do with
velocity. It's linear with velocity.

CHAI RVAN BANERJEE: As you woul d expect in
creeping flow type of problens.

MR. WALLIS: Wat are we doi ng here?

MR. KROTIUK: Yes, that's sonething that

you don't have. | just put it there because | thought
maybe someone woul d ask. |'m goi ng back.
MR. WALLIS: | think that thing about age,

or about 20 significant figures.

MR KROTIUK: That's a curve fit. W'l
get to that.

MR. WALLIS: Okay. So the sum effect of
perneability, which is nessy.

MR KROTIUK: And if | applied that

relationship to a NUKON and cal sil mxture in the
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debris bed, basically |I divided the total pressure
drop into pressure drop due to the NUKON, pressure
drop due to the cal sil. This is the viscous term and
the kinetic term

MR. WALLIS: This is sonmething really new,
of addi ng toget her these --

MR KROTI UK: Yes. And then, of course,
in addition there was exit and entrance effects.

MR WALLIS: VWhich are small

CHAI RVAN BANERJEE: So now that is nore
close to what we were saying, that basically you' ve
superi nposed t hese two.

MR. KROTIUK: That's right. 1It's the best
thing I could come up with, that seenmed to natch

MR WALLIS: But there's no theoretical
basis, is there, for adding together the two Kozeny
terms |ike that?

MR. KROTIUK: It's a question of parallel

MR WALLIS: If you' ve got two things in
series or sonething?

MR KROTIUK: Parallel -- a series
approach, | nean, you know.

CHAI RVAN BANERJEE: Well, these aren't

series though. Right?
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MR. KROTI UK: | mean, | tried both, to

tell you the truth

CHAI RVAN BANERJEE: They woul d be in
series, according to this.

MR KROTIUK: Right. This is --

MR, WALLIS: Not in series, they're
actual ly m xed toget her.

MR. KROTIUK: | tried both approaches, and
the parallel approach did not -- | couldn't get
anywher e.

MR. WALLIS: The particles are inside the
voids in the fibers, that's the problem

CHAI RMVAN BANERJEE: So what's the
di fference between this and having themin two | ayers
t hen?

MR. KROTIUK: This equation --

CHAI RVAN BANERJEE: This is |like having
themin two | ayers

MR. KROTIUK: This equation is applied to
each | ayer.

CHAI RVAN BANERJEE: | know. But, | nmean,
if you look at this equation, it is |like you' re just
having two | ayers, one of the cal sil, and one of --

MR. KRESS: They both have the sane

t hi ckness.
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VR. KROTI UK:  They have the sane

t hi ckness.

MR KRESS: |It's the thickness of the ful
bed. That's the difference.

CHAI RVAN BANERJEE: Yes. And this is the
t hi ckness of the full bed.

MR KRESS: Yes. That makes it | ook
strange to ne, but if this is |like a porous bed where
the loop lets you do surface tension-like effects,
then you could rationalize sonmething |like this.

CHAI RVAN BANERJEE: So let's say the basis
for using this at the nonment is enpirical. Let's see
where it | eads.

MR. KRESS: Ckay. Good approach.

MR. KROTI UK: Ckay. Now tal k about the
conpression and expansion. The references that |
| ooked at seenmed to have the best match-up by -- the
best approach to the conpression/expansion of the
porous nedi a was to assune that, as | said previously,
that the first conpression with a velocity increase
was a non-recoverable, irreversible process, and t hen
all the other conpressions were el astic with constant
conpressibility.

MR WALLIS: It doesn't recover when you

decrease the velocity?
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MR KROTIUK: First --

CHAI RVAN BANERJEE: Not conpl etely.
Ri ght ?

MR. KROTI UK: Not conpletely. | nean, the
references that | read, in actuality what happens is
that you have the first one, first say conpression
will be sonme fraction, |ike 90 percent non-reversi bl e,
10 percent reversible. Then it'll come back down,
come back up, and then you may 60 percent non-
recoverable, so there's no real cutoff. This is just
a cal cul ati onal approach, and fromthe references t hat
| read, it seemed to indicate that this was a
reasonabl e approach.

MR WALLIS: Well, the first one is sort
of a standard for in the filtration business.

MR, KROTI UK: Right.

CHAlI RVAN BANERJEE: It's sort of |ike what

MR. WALLIS: That's right.

MR. KROTIUK: Yes, | forgot the reference
now.

MR WALLIS: It's in ny book, so it nust
be right.

MR, KROTI UK:  Yes.

MR. KRESS: It nmust be out of date.
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MR KROTIUK: It's not entirely, because
the difference is that this is X, not L.

MR WALLIS: Wll, that's strange. Did
the particles effect the conpressibility of the
fibergl ass?

MR, KROTI UK:  Yes.

MR WALLIS: If you take fiberglass and
squeeze it mechanically, you can do this test.
Mechanically, no fluid there at all

MR. KROTIUK: Right. That's how they --

MR. WALLIS: Put particles in there, does
it make a difference? | think it nust eventually,
because if you squeeze it too much, you're actually
com ng up against the particles.

MR KROTI UK: The reference is fromthe
Al CHE Journal, and it's by Johnson & Johnson. |It's
actually a husband and a wife team

MR. WALLIS: It goes back to --

MR. KROTI UK: They actually -- yes, right.
They reference it, but they actually did those
experiments where they conpressed.

MR WALLIS: Right.

MR. KROTIUK: And they said that this
| ooks li ke a reasonabl e approach.

CHAI RVAN BANERJEE: So, | nean, phrasing
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it in terms of X rather than L, sinply changes N
Ri ght ?

MR WALLIS: N is always about one, two,
three, six.

MR KROTIUK: It's the same nunber that
you cane up with, about that order of nagnitude.

MR. ABDEL- KHALI K: Can we go back to the
previ ous slide?

MR, KROTI UK:  Sure.

MR ABDEL- KHALI K:  How are these
i ndi vi dual porosities defined? Epsilon cal sil, for
exanple, what is the definition of that?

MR. KROTIUK: Cal sil is only considering
t he presence of cal sil --

MR ABDEL-KHALI K: The other materia
doesn't exist.

MR. KROTI UK: Does not exist, right.

CHAI RVAN BANERJEE: |s the volune of cal
sil over the total vol une?

MR, KROTI UK:  Yes.

CHAI RVAN BANERJEE: I f | understand what
you' re doi ng.

MR KROTI UK: Vol une of cal sil over the
total .

MR. WALLIS: But it's not |ayered, because
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if they were in series there would be different
vol unes.

CHAI RVAN BANERJEE: One minus. At |east
that's how | understand your --

MR, WALLIS: It's sonewhat strange.

MR KROTIUK: It is. And, | agree, | was
trying different things, and basically trying to use
paral |l el and series approaches.

MR WALLIS: It's a bold step forward,
whi ch works fine if it's only cal sil, and only --

MR. KROTIUK: Yes. Right.

CHAI RVAN BANERJEE:  You know, what | said
earlier was let's assune this on an enpirical basis
for now and see where it leads. Cdearly, the equation
has al nost no justification.

MR. WALLIS: M feeling about this was it
was very promsing, but it really needed a nuch
broader experinental base in order to verify the
equati on.

MR. KROTIUK: | used experinents that --

actually, in the NUREG | conpare this to not only
the PNNL data, but to the ANL data, and to LANL dat a,
so there's a |l ot of conparisons.

MR, WALLIS: Ckay.

MR  KROTIUK: |I'monly presenting a
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limted nunber of cases here.

MR. WALLIS: This conpression equation is
very interesting, because if P is zero, then X is
infinite.

MR KROTI UK:  Yes.

CHAI RVAN BANERJEE: The problem of
course, that you face is that if you |ook at your
Ergun equation, it doesn't care how the porosity is
di stributed. And when you put your fibers and your
particles in there, you' re effecting the tocquicity,
or whatever the hell it's called. And that's what
affects the pressure drop. | nmean the fluid dynanics
of it is just getting different sort of flow path than
you - -

MR. KROTI UK: Yes, in the paper by Johnson
& Johnson, what they actually did is that they used an
equation simlar tothis, but they actually divided up
their debris bedinto a fairly | arge nunber of control
vol unes. They would go - not just two - | forget, 10
or 20, or something like that, so that they could
predi ct the pressure drop distributionw thinthe bed,
because it's non-linear, as | said earlier. And |
just thought that for a practical application, it was
not reasonable to do that, so | was trying to come up

with a hand cal cul ation that would give me upper and
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lower limts.

MR. WALLIS: That's what | ngnanson does.
The bottomof the bed is conpressed nuch nore than t he
t op.

MR KROTI UK: Right.

MR. WALLIS: And so you get a different
pressure going into the bottomthan the top.

MR.  KROTI UK: Yes, you get a whole
di stri bution.

MR WALLIS: And you can get sone
solutions- if it's linear like this, you can get somne
formsolutions, as long as Epsilon isn't too big.

MR. KROTIUK: Yes. It was an approxinate
approach that | was trying to --

MR.  ABDEL- KHALI K: Goi ng back to the
definition of these Epsilons.

MR, KROTI UK:  Yes.

MR. ABDEL-KHALIK: So let's say Epsilon
cal sil, that is as if you' ve taken the NUKON and
replaced it with |iquid.

MR. KROTIUK: Right. That's correct.

MR. ABDEL- KHALI K:  You have a conposition,
so that's physically what this picture |ooks |ike.

MR KROTI UK: That's correct.

CHAl RMAN BANERJEE: You have to 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

276

about this.

MR. ABDEL- KHALI K:  Ri ght.

MR, KROTI UK:  Yes.

MR. ABDEL- KHALI K: Because you really can
conmbine all the Epsilon and X terms, and come up with
just one function in terns of Epsilon. It turns out
to be one mnus Epsilon cubed divided by Epsilon, a
product of the two X cubed times one m nus Epsilon
squared divided by one plus X squared tines Epsilon
cubed, that's just one m nus Epsilon cubed --

MR. WALLIS: | think you have a problemif
there's no cal sil there at all, because then Epsilon
is zero.

MR. KROTIUK: That's right. There is a
probl em yes.

MR. WALLIS: It doesn't nmke any sense.

MR. KROTIUK: No. And one of the things
when | was | ooking at this equation, | was trying to
| ook at the extremes of all NUKON and all cal sil.

MR. WALLIS: Maybe X cal sil cancels
Epsilon cal sil, or something. There has to be
somet hi ng t here.

MR. KROTIUK: Again, inthe -- | recognize
that. Okay? | recognize that there's a problem at

one of the upper limts, and in --
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MR. WALLIS: The real problem you have
nothing there has an infinite effect.

MR KROTI UK: And there are -- what
happens -- there's a couple of things that happen
One is that in the actual application that's outlined
in the NUREG there are upper limts extrenmes, but
what happens also is that the K(X) value al so feeds
intoit, and the K(X) val ue becones very |l arge at one
point, so that you're dividing by a | arge nunber, and
it becones --

MR, WALLIS: Zero over zero.

MR. KROTI UK: Yes, so you have to -- |
tried to specify it very much in the application
section of the NUREG to say what happens when you
approach upper linmts, and what to use at those upper
[imt val ues.

CHAI RVAN BANERJEE: So what is the second
equation? The first one we have some under st andi ng
of .

MR. KROTI UK: This equation came from as
| said, Johnson & Johnson in an Al CHE paper, in an
Al CHE Journal, and they derived this equation in
there, and | used it just the way they derived it.

CHAI RVAN BANERJEE: So this is to account

for the sort of non-linear --
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MR KROTIUK: This is to account for the

el astic range.

MR WALLIS: |I'mtenpted to say that

Johnson & Johnson manuf act ure band- ai ds.
(Laughter.)

CHAI RVAN BANERJEE: So they got this by
dividing the layer into many thin bits, and
integrating with something.

MR WALLIS: Anyway, we can nove on, |
think. There's sone basis for this one.

MR KROTI UK:  You want nme to --

CHAI RVAN BANERJEE: Well, where are we
goi ng now?

MR KROTI UK:  Well, | was just going to --

MR WALLIS: Break, aren't we?

CHAI RVAN BANERJEE: Yes, but what is the
next few slides about?

MR. KROTI UK: The ones are just com ng up
with the various --

CHAI RVAN BANERJEE: That is your equation.

MR.  KROTIUK: That's basically the
equation. And, as | said, there's a |lot of derivation
in the paper. | didn't want to present the whole

derivation. It goes on for about 20 pages.
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CHAI RVAN BANERJEE: And you're going to

apply this to --

MR WALLIS: A whole lot of stuff.

CHAI RVAN BANERJEE: -- the two separated
| ayers, and all this sort of stuff.

MR, WALLIS: He's going to show us it's
better than CR6224.

CHAl RMAN BANERJEE: And show us how it

agr ees.

MR KROTIUK:  |I'msorry?

CHAI RVAN BANERJEE: How it agrees with the
dat a.

MR. KROTIUK: How it agrees, or doesn't
agr ee.

CHAI RVAN BANERJEE: Doesn't agree. Al
right. So this is a good tinme to take a break then.
Okay. So we take a break for 10 mi nutes, so back at
20 to 4.

(Wher eupon, the proceedi ngs went off the
record at 3:32:37 p.m, and went back on the record at
3:46:08 p.m)

CHAI RVAN BANERJEE: Okay. Back in
session. So perhaps we could try to finish up about
4: 30.

MR. KROTIUK: | think that's possible.
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CHAI RVAN BANERJEE: All right.

MR KROTIUK: As | said before the break,
what | want to do nowis just indicate sone of the
values that are in equation and what | determ ne the
val ue should be. One is that fromthe test data, one
of the things that you needed to know was the specific
surface area of the NUKON and cal sil fibers. And,
al so, for any fibers inthe cal sil that's included in
the cal sil. And |ooking at the test data, and seeing
what fit and everything el se, and pluses or m nuses,
| did a fairly detail ed assessnment of that, and t hese
are the nunbers that | cane up with

For conparison, just so that you know,
this 300,000 nunber for the NUKON, what 6224
recommends is a nunber around 171, 000. However, the
cal sil nunber of 650,000 is about the right order of
magni t ude, which the 6224 correlation uses, which is
600, 000. The densities for the NUKON and cal si
fi bers, they agreed wi th what was previously presented
in the various NUREGs, and what PNNL did is they
actual ly did neasure the densities of the fibers, and
the particles, so they agreed.

One of the things that has to be -- sorry.
One of the things that has to be known to apply the

net hodol ogy | ' ve devel oped is the initial thickness of
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the debris bed, so what | did is that since we forned
the debris bed at .1 foot per second which | terned as
a relatively low velocity, it's not super |ow, but
relatively low, |I |ooked at all the test data, and
derived this relationship for the initial total bed
thickness relating the void ratio of the NUKON, the
area, masses of the NUKON m xed with cal sil, the
densities indicated up here. And the question is, is
what value for the void ratio of NUKON and cal si
woul d match the test data? And, basically, |ooking at
the test data and backfitting it, these are the
nunbers that | cane up with. And let nme just show you
t he plot.

For instance, on this plot here, the
circles are the calculation. The solid dianonds in
bl ue, and the pink also are the neasurenents of the
actual bed thickness at .1 foot per second. The only
one that differs is this one happens to be at .2 feet
per second.

MR VWALLIS: Nowif it were at a different
vel ocity what woul d be the difference?

MR KROTIUK: It will be different.

MR WALLIS: Wll, that depends on the
pressure drop, doesn't it? |If you' re worried about

conpression, the pressure drop has got to cone into
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it, too, not just velocity.

MR KROTIUK: Well, if you | ook at the
relationship, the only thing | have in here is the
masses, the densities, and the area and these
enpirical value for the void ratio. | actually
derived this. This is derived from--

MR. WALLI'S: Assuming no conpression. |Is
that what it is?

MR. KROTI UK:  Assumes no conpression, Yyes.

MR. WALLIS: So your conpression theory
has a pressure in there.

MR, KROTI UK:  Yes.

MR WALLIS: At the initial thickness, but
there's no pressure here.

MR. KROTIUK: No, there is a pressure -
|"msorry. There is a pressure at this thickness, and
that's--

MR WALLIS: You have to cal cul ate that?

MR KROTIUK: | nean, there is -- excuse
me?

MR WALLI'S: You have to cal cul ate that
fromyour theory or something?

MR KROTIUK: There is an iteration
process i n the cal cul ati on whereby you woul d cal cul ate

this PMprinme, whichis the starting point. But to do
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that, you need the thickness. As | said, | don't want
to go through the whol e application nethodol ogy, but
there is an iteration process. You have to know t he
initial thickness, and then there's iterative process
to calculate the PMprine at that thickness.

MR. ABDEL- KHALIK: | mean, going back to
t he question | asked earlier about howthick those cal
sil beds. If | use your density, and for a .45
kil ograns per neter squared loading, | end up - if |
were to assune that | have a solid | ayer of cal si
with that loading, it wuld end up being .25
mllimeters thick

MR. KROTIUK: This material density is the
density of the material.

MR. ABDEL- KHALIK: Right, density of the
solid. Right.

MR, KROTI UK:  Yes.

MR. ABDEL- KHALI K:  Now when you say t hat
t he actual height of the bed --

MR. KROTIUK: |s |arger.

MR ABDEL-KHALIK: -- is six mllineters,
roughly a quarter of an inch, that nmeans this is a
very, very highly voided | ayer.

MR, KROTI UK:  Yes.

MR ABDEL- KHALI K: Ri ght?
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MR, KROTI UK:  Yes.

MR WALLIS: Just cal sil?

MR. ABDEL- KHALIK: Right. Wich, to ne,
is very surprising, given the fact that cal sil is
very, very snall particles.

MR. KROTIUK: And the only thing, as
said, | didalot of -- | |looked at a |lot of the data
at the .1 feet per second for NUKON and NUKON cal sil,
and | had no data for cal sil alone, so | back -- |
could come up with this paranmeter here for the NUKON
because I had NUKON only data, but this one had to be
backed out of basically the NUKON cal sil data, this
val ue here.

MR. ABDEL- KHALIK: But if | were to just
use his observation that the thickness of this |ayer
inthat case was roughly a quarter of an inch, | would
get a ratio about 25 for cal sil only.

MR KROTIUK: Well, | have to admt that
that was - the value for the cal sil was a weakness in
nmy derivation, and if | had cal sil data, | coul d have
come up with something. This was the best thing |
could cone up

MR- M CHENER: Tom M chener from PNNL.
Also, it wasn't really what we called a formed bed

either with the holes init.

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

285
MR. KROTI UK: Yes, that was --

MR.  ABDEL- KHALI K: Looking at the

pictures, there are only a few holes. Wen you say --

MR. M CHENER: There was quite a few

hol es.

MR KROTIUK: Quite a |lot of holes.

MR MCHENER. Quite a few holes, and it
j ust depended on when you stopped, too. Because, like

| said, it just kept bursting through. But yes, we
never did what we call forman official cal sil only
bed, as | recall.

MR KROTIUK: No. Closest we came was in
a bench top, which was better than the one in the
|arge loop, but it still had holes init.

MR. ABDEL- KHALI K: The point | was trying
to make is that all you need to cone up with a val ue
for X for cal sil is to come up with a thickness, an
actual neasured thickness, or average thickness in a
| oadi ng and that gives you a value of X

CHAI RVAN BANERJEE:  You don't even have to
have a sieve, you just have to load it.

MR. ABDEL- KHALI K:  Ri ght.

MR WALLIS: This curve here with this

figure here is thickness versus amount of stuff.
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MR, KROTI UK:  Yes.

MR. WALLIS: It doesn't say anything about
conposition, really.

MR KROTIUK: This is a total.

MR WALLIS: Total anount of stuff.

MR KROTIUK: This is NUKON and cal sil.

MR WALLIS: Ch, it doesn't matter what
it's made out of ?

MR. KROTIUK: That's what | plotted it as,
but if you | ook at the equation, the equation does
matt er, because you have -- the NUKON mass and t he cal
sil mass is separate, but just for this plot --

MR. WALLIS: The circles are just sort of
a straight line through the mddle of the picture.

MR, KROTIUK: It's not quite, because if
you notice, there are dips init. |It's not quite a
straight Iine.

MR  WALLIS: But it really seens to
indicate if the circles are right, that you're
predicting that the thickness sinply depends on the
wei ght of stuff. |It's dependent on what it's nmade out
of, cal sil or --

MR, KROTIUK: Well, if you | ook at the
equation here is that --

MR WALLIS: [|I'mjust looking at the
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circles.

MR. KROTIUK: | know, but if you | ook at
-- NUKON has a greater effect than the cal sil does,
fromwhat | --

MR. WALLIS: Because of X

MR KROTIUK: So if you plot this sanme
curve which |I've done, saying the NUKON, you al so get

a NUKON concentration so that the total concentration

MR WALLIS: Isn't the thickness really
determ ned by the NUKON, essentially? Cal sil just
fills inthe voids in the NUKON. It doesn't make any
di f f erence.

MR KROTIUK: Yes. And that's the reason
why this is 6 and that's 30.

MR WALLIS: | would think that it's even
nore so than that, because the cal sil can fit in-
bet ween the NUKON fibers, that it's really the NUKON
t hat deci des how thick the bed is. Anyway, let's go
on.

MR KROTIUK: Yes. | feel nore
confortable with the 30 nunber than with the 6. 2.

MR. WALLIS: GCkay. The NUKON dom nates
anyway.

MR. KROTI UK: The NUKON dom nates. Now
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this is the real -- this is where | was -- | went out
most on the |inb.
MR, WALLI S: | see.

MR KROTI UK:  Yes.

MR WALLIS: | like the degree of
accuracy.

MR. KROTIUK: This is conpletely a curve
fit. There is no theory to this. | had -- basically,

thisis therelationship for that mnimum what | cal
a saturation thickness over the total initial
t hi ckness as a function of the mass of cal sil and
NUKON. And | plotted up this data --

MR. WALLI'S: Exponential ?

MR, KROTI UK:  Yes.

CHAI RVAN BANERJEE: As you see in the next

sl i de.

MR. KROTIUK: And | enphasize here that
this is -- it could definitely be inproved, but | --
this is the best I could come up with. | tried --

MR WALLIS: Is this for saturation?

MR, KROTI UK:  Yes.

MR. WALLIS: So when you've got a very
small anmpbunt of cal sil, a tiny anpbunt of it can
saturate?

MR, KROTIUK: Yes, it can.
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MR. WALLI S: Doesn't nake sense.

MR. KROTIUK: But it can. You could get

a saturation |ayer ontop inthe fiber bed, if that --

but the pressure drop that you would have for that
layer will really be calculated by the pressure drop
equati on.

MR WALLIS: It's because it's not
honobgeneous.

MR. KROTIUK: It's not honpbgeneous.

MR. VWALLIS: Well, okay. That's the case,
but if it's honogeneous and filling in the pores, then
it wouldn't be an exponential relationshinp.

MR KROTI UK: Right.

MR WALLIS: It would presumably just be
sinply a certain mass ratio.

MR. ABDEL- KHALI K: | nean, your
exponential fit is driven by that one outlier data
poi nt, that one.

MR. KROTIUK: That's right.

MR WALLIS: Right.

CHAI RVAN BANERJEE: How secure is that
poi nt ?

MR KROTIUK: Well, this is one of those
points that after | got all the data together, and we

| ooked at testing that we conpleted, it was saying
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geez, | wish | had nore points out here.

MR. VWALLIS: Let's get this clear. |
don't understand this at all. | thought that this
saturation was when the particles of cal si
essentially filled the voids in the fiber.

MR KROTI UK: That's correct.

MR. VWALLIS: Wiich would sinply be a nmass
ratio, it doesn't matter how nuch -- there's no --

MR KROTI UK:  Renenber --

MR WALLIS: You have tw ce as nuch
fi berglass, you have twi ce as nuch cal sil, so --

MR. KROTI UK: Remenmber what | said, that

this is a practical limt. I1'mtrying to use test
data to cone up with a practical limt. This is not
a theoretical upper limt, it's a practical limt.

MR. WALLIS: And I think your practical
[imt rust be including the distribution throughout
t he bed or sonething, because it doesn't nake sense.

MR. KROTI UK:  No. Ckay. Wat | -- okay,

let me explain to you how !l did this. GCkay? Wat

didis that I took my two-vol une nodel, | ooked at test
data. | had pressure versus velocity for NUKON cal
sil beds. | assuned a thickness for the saturated

control volume, and then assuned that the second

control volunme was entirely fiber, and | did the
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pressure drop cal culations for varying thickness of
this saturated layer. And when | calculated a

t hi ckness that matched the test data, and it matched
up fairly well. | included the plots in the NUREG
that are these points that | plotted here.

MR WALLIS: So it's very dependent upon
the nodel you're assumng. There's no direct
measur ement .

MR KROTI UK:  There's no direct
measurement of this, no. | couldn't make direct
nmeasurenments. As | said earlier, if we nmade direct
nmeasurenments, then we wouldn't have cal sil nasses.

MR ABDEL-KHALIK: Now let's |ook at the
limting case, where you have zero of cal sil. This
equation woul d predict aratio between delta L-m n and
delta L-initial of .007 sonmething. Right?

MR. KROTIUK: That's if you --

MR ABDEL- KHALI K:  But shouldn't this
val ue, this nunber in front of the exponent be just
sinply one divided by X for NUKON?

MR. KROTIUK: That's a good -- | didn't
t hi nk about that. Yes.

MR, ABDEL-KHALIK: | nmean, isn't that
physi cally what's goi ng on?

MR. KROTI UK: | have to think about that.
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MR. WALLIS: Particles are filling the

voi ds.

MR. ABDEL- KHALIK: | mean, you don't have
any nore cal sil in. Right? And what you're doing is
conpressing the NUKON by itself. And if that is the
case, you're essentially turning it into a solid
layer. And if that's the case, the ratio is just one
over X

CHAI RVAN BANERJEE: And the ot her extrene,
when you formonly a cal sil bed, of course, you get
a weird answer.

MR. KROTIUK: Yes, you get a weird --

MR WALLI'S: You have this NUKON.

MR KROTIUK: As | said, this | considered
the -- this is the hardest part of this derivation,
because all the rest of the parts, | had sone
theoretical basis for it, maybe there was a little
enpiricism in it or something. This one was
conpletely enpirical --

MR. ABDEL- KHALI K:  You have your netric
limts that you can apply.

MR. WALLIS: So can you tell ne nore what
this delta L-mn, and delta L-initial mean here?

MR. KROTIUK: Ckay. Let me go --

MR. WALLIS: | missed sonething.
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MR. KROTI UK: Right. Let nme go back here.

MR WALLIS: What's delta L?

MR KROTIUK: M delta L-minis this - |I'm
sorry - let ne give it to you. It's this thickness
right here. The delta L is the entire thickness.

MR WALLIS: So I still don't understand
at all now. You're saying that you' ve got a little
| ayer of cal sil on top of a lot of fibers when this
ratio is .001?

MR KROTI UK: That's correct.

MR. WALLIS: But it doesn't say anything
about how you saturate the fiber bed.

MR. KROTI UK: Okay. Because |I'm not
trying to calculate how!l saturate the fiber bed. [|'m
saying | want to cal culate a practical upper limt for
pressure drop.

MR WALLIS: Well, that's all together
different. So you're saying what's the thickness of
this thin layer on top of the fiber |ayer?

MR. KROTIUK: That's right.

MR. WALLIS: It has nothing to do with --

CHAI RVAN BANERJEE: But it's nore to -
the |l ast one on the right seenms to be --

MR KROTIUK: This is a case that we

actually didn't test. This is a case 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

294

so much particles in the fiber that the particles
start collecting above the fiber bed.

CHAI RVAN BANERJEE: Isn't that nore or
| ess |i ke what you showed us in those m crographs?

MR KROTI UK: No, because in those SEMs,
there were a m xture of cal sil and fibers, particles
and fi bers.

CHAI RVAN BANERJEE: It | ooked al nost |ike
you had a layer of cal sil, and then there was a
region of fibers plus cal sil.

MR KROTI UK: Right.

CHAI RVAN BANERJEE: Rather than --

MR KROTIUK: But it --

CHAI RVAN BANERJEE: It was nore |ike on
the right, than that one. At least, if you go back to
the m crographs, so it |looked like this was primarily
cal sil, and then on the left you had a m xture of cal
sil and fi bers.

MR. KROTIUK: Well, one thing you could
say isthisis primarily fibers, the anount of cal si
is really snall

MR WALLIS: Right.

MR KROTIUK: And | could see fibers in
here, but you see the volunes. It's by volune, it was

59 percent. This was neasured, 59 percent cal sil,
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6.5 percent NUKON.

MR WALLIS: Was delta L-mn the thickness
of that layer on the right?

MR KROTIUK: |'msorry, say again?

MR WALLIS: This delta L-min, is that --

MR. KROTIUK: This is this |ayer.

MR. WALLIS: So you're not just talking
about the thickness ratio of the various |ayers?

MR KROTIUK: Yes, well, it's - the
thickness ratio that I"mcalculating is this over the
entire bed thickness.

MR. WALLIS: You're already assum ng two

| ayers.

MR. KROTIUK: [|'massumng two | ayers,
right. 1'msaying to do this calculation, | have to
have -- |'massum ng two | ayers.

MR. ABDEL- KHALIK: But like Dr. Banerjee
suggested, this corresponds to the |last imge on the
right, rather than the third i mage on the right.

CHAI RVAN BANERJEE: It's cl oser, anyway.

MR. ABDEL-KHALIK: Right. | nean, this is
i ke, you know, you have particles inside the voids
bet ween the fi bers.

MR KROTI UK: Right.

MR. ABDEL- KHALI K:  And then you squeeze on
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it, the particles cone out because you can't keep too
many of theminside the fibers.

MR KROTI UK: Right.

MR. ABDEL- KHALI K: And that's why you have
a layer of particles on top.

MR, VWALLIS: Let's just follow from
geonetry. If you put all the cal sil on top of the
fibers, you can figure out how thick the |ayer is.
You don't need any correlation at all.

MR KROTI UK:  You know, that's a valid
poi nt .

CHAI RVAN BANERJEE: I n one case you have
cal sil anongst the fibers, in the other case you have
fi bers anongst the cal sil, nore or |ess.

MR. KROTIUK: Yes. And |I'm assum ng for
that, that's it all fiber.

CHAI RVAN BANERJEE: Yes. So if you | ook
on the left, your volune fraction of the cal sil to
the NUKON is a factor --

MR. WALLIS: | think there's sonething
sort of circular here, is you have this thing whichis
somewhat vague, this delta L-mn, which you derived
fromthe test data, and then you used your correlation
to predict the test data, sothis is a kind of nmanmot h

fudge factor, this exponential thing.
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MR, KROTIUK: In actuality it isn't,

because if | -- when | show you the results, it just
doesn't automatically calcul ate.

MR. WALLIS: Ch, okay.

MR KROTIUK: But | Ilike the coment that
was nmade, that to relate this -- | had a heck of a
time to try to come up with that, the value for the
delta L-min for this thickness here. And naybe | was
thinking too rmuch, and | didn't think geonetry. |
shoul d have thought of that.

MR. WALLIS: So you say if there is a thin
bed, delta L-min is its thickness?

MR, KROTI UK:  Correct.

CHAI RMAN BANERJEE: Go back to that,
again. There's sonething very weird about that,
because if you take the mass of cal sil over the mass
of NUKON, in that |ayer you showed us, which was 60
percent cal sil, and a little bit of NUKON, that's a
very | arge nunber.

MR. KROTIUK: That's by vol une.

CHAI RVAN BANERJEE: Yes, but the vol une
and nass are related by the density, whichis still a
very | arge nunber.

MR. KROTI UK:  Ckay.

CHAI RVAN BANERJEE: So that becones a huge
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nunber, it's also exponential. | just don't see that
it --

MR WALLIS: It's a very strange --

MR. KROTIUK: And the thing is, | agree
with you, but it's --

CHAI RVAN BANERJEE: That ratio is in the
exponential ?

MR KROTI UK: Right.

CHAI RVAN BANERJEE: Wow.

MR WALLIS: No, it's the total nass,
isn't it? The total mass in the bed is Mcal sil over
M NUKON, total nass in the bed, in the whol e thing.

MR KROTIUK: The total nmass in the bed of
Mcal sil --

CHAI RVAN BANERJEE: Onh, not in that |ayer.

MR, KROTIUK: Not in the layer. 1I'm
sorry.

MR, WALLIS: But this nust be just
geonetry, if your total nmass in there, and you put it
on the surface, you know how nmuch is there, too.

MR. KROTIUK: And |'magreeing with you,
but at the tinme | was doing this, | was really
t hi nking of howto handle this, and that just didn't
dawn on ne.

CHAI RVAN BANERJEE: Well, | think you
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shoul d take another | ook at this equation.

MR, KROTIUK: | put on the bottom here
that | -- this was ny indication that |'m not
conpletely satisfied wwth this equation, but it's what
| could come up with.

CHAI RVAN BANERJEE: Well, the sinplest
nodel is to have two separated |ayers. Right?

MR. KROTIUK: And | have two separate

| ayers.

MR WALLIS: One is all NUKON, and one is
all cal sil. Just put the cal sil bed on top of the
NUKON bed.

CHAI RVAN BANERJEE: What difference does
it make?

MR. KROTIUK: That's an interesting
appr oach.

MR WALLIS: Isn't that what you did?

CHAI RVAN BANERJEE: No, he didn't.

MR KROTIUK: No, | didn't, | mxed it.

MR, WALLIS: One possible case is
presumably a cal sil bed on top of a NUKON bed. Then
you just have themin series, and then sinple --

MR. KROTIUK: Then you have to --

CHAI RVAN BANERJEE: The series works?

MR. KROTI UK:  Yes, but then you still have
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to have a way of calculating the thickness of the cal
sil portion.

CHAI RVAN BANERJEE: It's all cal sil.

MR KROTI UK:  Yes.

MR WALLIS: It's all cal sil, it's all up
t here.

MR KROTI UK:  Yes, but what thickness are
you going to assign to it?

MR WALLIS: Isn't that effect obtainable
with all cal sil, or do you have to have the cal si
within the NUKON nmatrix to get a thin bed effect? |
don't know. It's never been clear to me what a thin
bed effect is.

MR KROTIUK: It was never clear to ne.
| just --

CHAI RVAN BANERJEE: But first - | nmean,
you are just trying to bound it. Right?

MR KROTIUK: |I'mtrying to bound it.

CHAI RVAN BANERJEE: The | ower bound is
like, it seens to ne that if you conpletely separated
the bed and put all your cal sil in the inpervious
| ayer, that's really the worst condition.

MR. KROTIUK: Yes. The problemthat I
see, the practical problem as | said, is to calculate

the thickness of that cal sil |ayer.
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MR. WALLIS: But you know how nmuch cal sil

there is.

CHAI RVAN BANERJEE:  You know t hat .

MR, KROTI UK:  You know how nuch cal sil
that is, but you don't know the --

MR. WALLIS: The density of it?

MR. KROTI UK:  You know the density of the

MR. WALLIS: You don't know it's Epsilon?

MR. KROTIUK: No, you don't know its
Epsilon. Right.

CHAI RVAN BANERJEE: But it seens easier to
estimate than this very --

MR WALLIS: Take sone cal sil and neasure
it. | thinkit's --

CHAI RVAN BANERJEE: Yes, spray it on
somet hing and see --

MR, WALLIS: | think it's fairly high. |
nmean, it's 40 percent solid, or sonething.

CHAI RVAN BANERJEE: It's going to be --

MR WALLIS: It's fairly dense stuff.

CHAI RMAN BANERJEE: | think that's what
Said was getting at when he said how thick was that
bed that you found?

MR, ABDEL- KHALI K:  Yes.
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MR KROTIUK: Well, in all honesty, just

| didn't do that calculation, so | --

CHAI RVAN BANERJEE: A few holes in it.

MR. KROTI UK: -- don't know what you woul d
come up with, but I'm wondering that if you did do
t hat cal cul ati on whether you would be coming up with
such a high pressure drop, that maybe it's not
practical .

MR VWALLIS: Well, | think it's not quite
as sinple as that. | nean, you have this bed that's
being built up. Wat happens is you get naybe the
coarse particles first, and then you get finer
particles, and then the finer particles fill the hol es
inthat, and the finer finer particles fill the holes,
until eventually you apply everything. This is very
different from just shaking it up and neasuring the
void fraction. There's a dynamc flow effect, which
is driving particles into the holes until they bl ock
them making a kind of check valve. There's a
pl uggi ng effect because of the flow, which wouldn't
occur if you just neasure the void fraction.

CHAl RVAN BANERJEE: Well, but that's --

unfortunately, you couldn't get a pure cal sil bed,
so you got holes init. But if you could have got a

pure cal sil bed, you have a neasure of it.
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MR. WALLIS: That depends on howit's

f or med.

CHAI RVAN BANERJEE: It matters, of course.
Though, if -- yes, if the fine particles pass through
it, eventually you --

MR WALLIS: Wwell, think of it. | nean,
you have sone -- a bed of rocks, and gravel, and cl ay,
and so on. Eventually, the clay fills in the holes.

MR KROTIUK: | think the bottomline of
all this discussion is that this is sonething that |
recogni ze needs further thought, but this is the best
| could cone with.

MR. WALLIS: | think we're very suspi ci ous
of this.

MR, KROTI UK:  Yes.

CHAI RVAN BANERJEE: It should at |east go
tothe right limts.

MR. GEIGER | hear you, and --

MR. WALLIS: Especially that last digit,
too. | nean --

(Laughter.)

MR KROTIUK: It's a curve fit. | don't
have any nore to say about it, but that.

MR. KRESS: It seens to nme |ike you ought

to get two linear curves out of that. As you're
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filling in the fibers, you get one linear curve, and
then you conpletely fill in the fibers with the ca
sil, and you're just now putting it on the top, and

you ought to get another |ayer curve, so this |ooks
like to me the curve fit you had ought really be two
straight |ines.

MR. ABDEL- KHALI K: But he's hangi ng his
entire hat on just one data point.

MR. KRESS: Yes, well that data point is
one of these endpoints, maybe one of these endpoints
he's tal ki ng about, where you need to approach a | ot
of endpoints.

MR KROTIUK: | have no conment on that,
except that that's data that | had.

CHAI RVAN BANERJEE: Well, let's nove on
and see where it gets to.

MR.  KROTI UK: Okay. Now just sone
conpari sons between test data, and calculations.
These are the NUKON only tests, so l'll concentrate in
this area. And, basically, I'mgoing to show two
conparisons, this one, and this one in blue and
italics. And this curve, what | tried to dois to
come up with sonme sort of nunerical quantifiable
nunber to say how good the correl ation was with regard

tothe test data. So | defined this paraneter, delta
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P prediction of mnus delta P test data over delta P
test data. And | averaged it for all of the points,
and then | listed here a maxi num and a m ni mum so
this is indicative of how good the correl ation was.

MR. WALLIS: There are no fudge factors in
her e?

MR KROTI UK:  None what soever.

MR. WALLIS: Does the conpression nmake a
di fference? You have to have an N or sonething. Does
the conpressibility make a difference?

MR KROTIUK: That was in the 236. |
didn't present that, but | used the test data, which
| had test data that was basically neasured thickness
versus pressure, and | used that to come up with --

MR WALLIS: Used the neasured thickness.

MR KROTI UK:  The measured thickness.

MR WALLIS: Doesn't that nake a
difference, is the pressure drop considerably higher
i f you consider the conpression or not? Does it nake
much -- does it have nmuch effect?

MR KROTIUK: But if | use the --

VR. VWALLIS: If you just ignore
conpression, does it matter?

MR KROTI UK: For the 236, for the value

of N?
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MR. WALLIS: No, if you sinply -- you have

a theory whi ch says the bed conpresses as the pressure
drop goes up, and this increases the pressure drop.
MR KROTI UK: Right.
MR. WALLIS: You ignore that effect
conpletely and say the bed doesn't conpress at all
are you way off? Do you really have to consider that?

MR. KROTI UK: Yes, you do have to consider

MR WALLIS: And that's a significant --

so you have to get that right.

MR KROTIUK: | wills how a conparison on
t hat .

MR WALLIS: Ckay.

MR. KROTIUK: 1'mgoing to show a
conparison. | actually have a conparison of that.

kay. So, as | said, this is not --

MR. WALLIS: Because that introduces a
non-linearity into the thing.

MR. KROTI UK: Right.

MR. WALLIS: As the pressure drop goes up,
t he voi ds change, and so --

MR KROTIUK: So, as | said, this is not
a ideal conparison, but it is a conparisonto give you

an idea of how good it was. So let's |ook at the
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first conparison, which is this one here. And this
was the NUKON bed, and it had .58 kil ograns per neter
squared of NUKON, is that around 20 degrees C. This
is the test data, this is the one vol unme cal cul ati on.
And these are the value that | used, the 300, 000 foot
to the m nus one. Just for conparison, if | used the
NUREG CR- 6224 correlation, it cane - this was the
result of the cal cul ation.

MR WALLIS: And if you use the NUREG S
val ue in your correlation --

MR. KROTI UK:  Say agai n?

MR. WALLIS: You're using the NUREG
correl ati on here.

MR KROTI UK:  The NUREG correl ati on.

MR. WALLIS: And you're using your
correlation with your S val ue.

MR. KROTIUK: Right. This is the -- ny
correl ation, the one-volune nodel w th 300, 000.

MR VWALLIS: It looks to ne if you use
171,000 in your correlation, you m ght come out about
right.

CHAI RVAN BANERJEE: O you may cone down
to the NUREG

MR.  KROTI UK: They cone down, but

remenber, | -- if you renenber here, | have a fair
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nunber of NUKON t est data points, and | coul d use that
using the thickness as a function of velocity, and
delta P and all that, you could actually cal cul ate of
Sto be as specific surface area. And when | | ooked
at that, I was trying to do two things, get a nunber
that was matched to data fairly one, but also try to
give ne a nunber that was at the upper limt to give
a conservative calculation. So you're right, in this
particular case, if | had |li ke maybe that 171, | would
maybe match the data, but |I'm saying, |'musing 300K
because that's what | want to use that will give ne a
conservative value for all the data that has been
col | ect ed.

MR ABDEL- KHALI K:  Now whi ch test series
does this point follow?

MR KROTIUK: This is fromtest series 2.

MR ABDEL-KHALIK: So it is not in this
table, in the table on the previous - or is it
somewhere in this table on page 42?

MR KROTIUK: It should be there. Let's
see, 63313, it's right here.

MR ABDEL- KHALI K: Wi ch one?

MR. KROTIUK: This one right here.
MR ABDEL- KHALI K:  Thi s one.
MR

KROTIUK: It's just that it's 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

309

italics.

MR. ABDEL- KHALI K: Ckay. Now if you | ook
at this table, this entire series, this definition of
the ratio, the maxinmmvalue of the deviation,
fractional deviation was 1.88, and the m ni num val ue
of the deviation was .664.

MR KROTI UK: Right.

MR. ABDEL- KHALI K:  Which neans | guess the
predi cted val ue shoul d be off fromthe neasurenent at
| east by 66 percent.

MR KROTI UK: Yes, | --

MR. ABDEL- KHALI K: According to this
definition.

MR. KROTIUK: At a given data point, yes.

MR. ABDEL- KHALI K: Right. But that's not
what the graph shows. This is not a 66 percent
di fference between data and prediction.

MR. WALLIS: It's fairly big though, isn't
it? Wen you say 66 percent --

CHAI RVAN BANERJEE: It's a | og scale.

MR. ABDEL-KHALIK: No, it is not a |log
scal e.

MR. KROTIUK: That's not a |og scale.

CHAI RVAN BANERJEE: Ch, it's not?

MR. WALLIS: Wen you say 66 percent, how

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

310

do you define that?

MR. ABDEL- KHALIK: Delta P

MR. KROTIUK: The definition is up on the
top here.

MR WALLIS: Over delta P data, or delta
P over delta P theory?

MR KROTIUK: It's delta P prediction
m nus delta P data over delta --

MR. ABDEL- KHALIK:  Error divided by the
measur ement .

MR KROTI UK:  Error divided --

CHAI RVAN BANERJEE: That's closer to 100
per cent .

MR. WALLIS: It's close to 100 percent.

MR. ABDEL- KHALIK: Right. So, | nean,
woul d have expected the prediction to be off fromthe
data by nearly a factor of 2, based on t he val ues that
you've given in this table. But that's not the case
here.

MR. KROTIUK:  Well, you have -- over here

it is. You have about a 2 fromthe data, and this is

MR. ABDEL-KHALIK: GCh, I'msorry. |
m sread this table. | misread this chart. Thank you

Thank you. Sorry.
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MR. KROTIUK: Now let ne go to the next

one, because this is the prediction and the data for
the bed thickness. Again, the data is in black, the
predi cted bed thickness that | predicted is in this
red col or.

MR WALLIS: The data are the di anonds?

MR. KROTI UK: The data are the dianonds,
right. And | just tried to differentiate between the
first conpr essi on, and t hen t he subsequent
conpressions. So the key thing that I'mtrying to
show here is that there is a variation in the bed
t hi ckness as a function of velocity.

MR. WALLIS: Wat you should really do is
pl ot the bed thickness versus this pressure drop,
because that's part of the load on it, which is what
the theory says it is.

MR.  KROTI UK:  You know, velocity is
related to pressure drop, you know.

MR. WALLIS: Yes, but the equation you use
is the delta Pto the N or sonmething, and if you
actually plotted that, you could show t he equation
itself has the right form

MR. KROTI UK:  Yes, okay. Let's see, did
| do that?

MR. WALLIS: Very sparse data, you really
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need - -

MR. KROTIUK: Well, this is only one test.
| nmean, we had data for every single one of those
tests. Let's go to the next one.

MR WALLIS: What do we concl ude from
t his?

MR. KROTIUK: Well, let me go to the next
before making a conclusion. This is the other NUKON
test, NUKONonly test, and in this case, the test data
isinblack. This is the one-volunme nodel prediction.
And it's very close to the test data. And this is the
reason why | said | recommended using the 300, 000
val ue, because this was one of the cases that told ne
to use it, because the other one really, as you said,
shoul d have a | ower value, but | wanted to bound al
the data. kay? And this is now the conparison of
t he one-vol une nodel thicknesses versus velocity, and
t he dat a.

CHAI RVAN BANERJEE: Now here the thickness
is predicted to be nore than the data.

MR KROTIUK: Well, initially it's close,
but then there's differences here. Considering
everything, | think it's pretty cl ose.

CHAI RVAN BANERJEE: It's not a bound that

you' re doi ng.
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MR. KROTI UK: For the thickness, no. [''m

trying to bound the pressure drop.

CHAI RMAN BANERJEE: So the two are

related. Right?

MR. KROTIUK: There is a relationship

bet ween the two, yes.

CHAI RVAN BANERJEE: Let's see where you

go.
MR, KROTI UK: Ckay. Next,

wanted to --

CHAI RVAN BANERJEE: What happened to the

pressure in this case?

MR. KROTIUK: That's the pressure here.

CHAl RVAN BANERJEE: Onh, it'

Al right.

s that one.

MR. KROTI UK:  Okay. Now I'mjust going to

show t hree cases, one, two, three, four

NUKON cal si

beds. Again, this is simlar type of plot, as

i ndi cated previously, where I'mtrying

nunmeri cal indication --

to give sone

MR, WALLI'S: Your maxi numerrors, you've

got the error is five times the data, or six tines.

MR, KROTI UK:  Yes.

MR WALLIS: O .03 of the data, or

sormet hi ng.
MR KROTI UK:  Yes.
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MR. ABDEL- KHALI K:  And | guess, you know,

you feel confortable about it, because none of these
nunbers is negative.

MR KROTIUK: It's a --

MR ABDEL- KHALI K: Not on the maxi mum end
of it.

MR KROTI UK:  Ch, on the maxi num end.

MR. WALLIS: Very small on negative.
There are sone negative --

CHAI RMVAN BANERJEE: Well, they're
aver ages.

MR, KROTI UK:  Yes.

CHAI RVAN BANERJEE: Well, there is one
maxi mum with a slight negative.

MR. KROTIUK: |'mgoing to show a pl ot
here for a negative case, this one |I'mshow ng, so
you'll see that. Okay? And | have one for 1.5, a
mnus .4, and a . 2.

CHAI RVAN BANERJEE: \What about that m nus
. 4667

MR ABDEL- KHALI K:  The next col um.

CHAI RVAN BANERJEE:  Yes.

MR KROTIUK: | didn't plot that case.
It's in the report, the plots of all these cases are

inthe NUREG | just chose three cases to show here.
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CHAI RVAN BANERJEE:  Ckay.

MR ABDEL- KHALI K: Now t he hand-out, two
colums above, two rows above that gives us mnus
.695. Your slide doesn't show the negative sign, or
is it just a bad slide?

MR. WALLI S: It's a bad slide. Mnus is

MR ABDEL- KHALIK: One, two, three, four
rows fromthe bottom

MR KROTI UK:  Four rows fromthe bottom
m nus .695, that should be -- gosh, | don't know what
- it's a bad --

MR, ABDEL- KHALI K:  Ckay.

MR. KROTIUK: What's on the hard copy is

correct.

MR, ABDEL- KHALI K:  Ckay.

MR. KROTI UK: Because |' m | ooki ng here and
| could see a mnus .695. | haven't been | ooking
t here.

MR. ABDEL- KHALI K:  Ckay.

MR KROTIUK: | don't know what --

MR. WALLIS: | learned fromthis that you
have a hard tinme comng close to the data.

MR, KROTIUK: That's right. Now let's

look at the first case of conparison, that |I'm

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

compari ng.
This is for
the cal sil,

-- I"msorry,

316

And in this case, the data is down here.

a NUKON cal

sil concentration of .6 for

.13 kil ogranms per nmeter squared for the

.6 for the NUKON, and .13 kil ogramneter

squared for the cal sil

Again, it's around 20

degrees C, and in this case, | amover-predicting the

test data, so ny definition of --

MR.

VALLI S:

How did you do on the point

where they had 1, 000 ti nes the honbgeneous val ue, the

extrene case in the snal

the cal sil,

up there.

cal cul ati on.

test | oop, when they put in

and then they put in the NUKON.

MR.

MR.

MR.

MR.

KROTI UK

WALLI S:

KROTI UK

VALLI S:

Oh, | couldn't --

They got stuff which was way

| could not do that

Ml es up there.

KROTI UK:  Unfortunately, that

cal cul ation could not be done, because | did not have

the masses of the NUKON and the cal sil in the bed.

in, but not

(202) 234-4433

MR.

MR.

VALLI S:

KROTI UK

VALLI S:

KROTI UK

You didn't report then?
That was not neasured.

They measured what they put

They neasured what they put
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in, but not what was in the bed.

MR. WALLIS: kay. So you could bound it

by assunming it's all in the bed.

MR KROTIUK: | did not do that.

MR WALLIS: | don't think you could
predict that very, very high value. It doesn't | ook

like it, because your two-vol une nodel is never way up
t here.

MR KROTIUK: | did not do that
cal cul ati on.

CHAI RVAN BANERJEE: Strange, NUREG CR-
6224, all this seenms to be comng in lower in
prediction, and why is that?

MR KROTI UK: One of the concerns that |
have is that when the NUREG 6224 was devel oped, it
al ways used in its cal culations the nmass of the debris
added to the loop. It never neasured what was on the
debris bed.

MR. WALLIS: But then you'd expect that it
woul d be hi gher.

MR. KROTIUK: So that if you use the mass
data to the loop, it would raise the NUREG 6224
nunber .

MR. ABDEL- KHALI K:  No, it would raise your

data by --
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MR KROTIUK: It would raise ny -- but ny

nodel is devel oped on the mass of the bed, not what
was added to the loop. And for these curves, al
these curves, I'musing the mass in the debris bed.

MR. ABDEL- KHALIK:  Ch, | see.

CHAI RVAN  BANERJEE: | ncluding the
NUREG CR

MR. KROTI UK: I ncluding the NUREG CR

CHAI RVAN BANERJEE: Ckay. That probably
explains it.

MR. KROTIUK: Yes. So that was devel oped
for mass added to the test |oop for NUREG CR

CHAl RVAN BANERJEE: While we had our
objections to NUREG CR, we didn't think it would be
t hat non-conservative. All right.

MR. KROTI UK: Okay? And the other thing
| just want to point out here, is if | use that
honobgeneous one-vol unme nodel, it is at the lower limt
of the test data.

CHAI RVAN BANERJEE: What's the difference
bet ween the honpbgeneous one-volume - | guess that's
t he difference.

MR KROTIUK: That's the difference.

CHAI RVAN BANERJEE: Yes. But if you now

use the total nmass of the NUREG CR, would it cone up
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to the honbgeneous one-vol une cal cul ati on?

MR. KROTIUK: Yes. | actually did that
calculation, and it cones up - sone of the -- | didit
for a nunber of them and | don't renenber for this
one particularly, but it came up slightly below or
slightly above, but in the range of the one-volune
cal cul ati on.

CHAI RVAN BANERJEE: I n the cases that you
don't have the nmass on the --

MR KROTI UK: Debris bed?

CHAI RVAN BANERJEE: -- debris bed, how
will you use your nodel ?

MR. KROTI UK:  You have -- to ny mnd, the
way you have to do that is that you have to devel op a
way of estimating how nmuch is in the debris bed.

CHAI RVAN BANERJEE: How will you do that?

MR KROTIUK: Well, if | add -- if | have
a sunp and |I'm adding 1,000, whatever, hundreds of
pounds of debris in there, you can't -- is it
practical to assune that everything is on the screen?

CHAI RVAN BANERJEE: No, no, but in this
case you' ve got a horizontal screen

MR. KROTI UK: Right.

CHAI RVAN BANERJEE: So everythi ng which

doesn't pass through the screen and get taken away
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somewhere el se, ends up on that screen

MR, KROTI UK:  Yes.

CHAI RVAN BANERJEE: So even then you see
quite a bit of mass mssing. Right?

MR KROTIUK: |If | was trying to predict
something from the test |oop setup, | would assune
that sone high nunber, |ike 95 percent of the NUKON
reaches the screen, and sone | ower nunmber, which |I'd
have to | ook at the test data, some percentage of cal
sil would reach the screen, and be deposited there.
| mean, | would | ook at the test data and try to cone
up with some way of predicting that.

MR. WALLIS: Doesn't the cal sil go on
bei ng deposited forever? It keeps going around the
| oop, and every tine you get sone nore of it
deposi ted?

MR. KROTIUK: That's why in the test |oop
we put in the bypass filtration system It tried to
elimnate that.

MR WALLIS: So in reality, you mght as
well assune it's all there. Eventually, it's going to
get there.

MR KROTIUK: Well, sone of it --

CHAI RVAN BANERJEE: All of it that is

entrai ned.
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MR KROTIUK: Yes. Sone of it, don't

forget, will pass through, also.

CHAI RVAN BANERJEE: Well, ultimtely, it
won't. Right?

MR WALLIS: | can't inagine it passing
t hrough forever. Eventually it's going to take a path
where it gets stopped. |It's going to go into a part
of the bed where it can't get through.

MR KROTIUK: | don't knowif | agree with
that totally, because | think that particles may start
nmovi ng through the bed, and eventually conme out the
ot her end.

CHAI RVAN BANERJEE: But you didn't do an
experiment where you didn't renove the particles.

MR. TRAGONING This is Rob Tragoni ng
Ofice of Research. Yes, we -- sone of the earliest
LANL tests, which there was -- which you all have
seen, and there were issues associated with those
tests, but sone of the earliest thin bed effect tests
were run exactly that way, where they continued to
circulate the loop. And they showed exactly the
phenonena that you m ght expect, that initially, the
head | oss bui |l d-up woul d be relatively snall, but then
you could reach a state where your filtration

ef ficiency had increased due to the accunul ati on of
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| arger size particles within the fibrous bed, such
that it could trap sonme of the smaller ones. And then
you could get situations where the head |oss would
el evate quite dramatically, and relatively quickly.
But, again, we recogni zed at the tine that that was an
artifact of the fact that we were recirculating within
that loop nultiple tines. That's one of the reasons
within these tests that we wanted to run sone tests
where we only had a single bypass of the fluid. There
were ot her tests that were done at PNNL where t hey did
do nultiple recirculation, but it wasn't the lion's
share. And one of the things we wanted to realize is
we weren't trying to simulate resonance tinmes within
t hese | oops conpared to what they would be like in an
actual plant environnent, because resonance tines
woul d be totally different.

CHAl RVAN BANERJEE: W're trying to
under stand how to use your correlation rel ati onshi ps,
so should it be that given enough time, you have to
assure that all the cal sil which hasn't dropped out,

the live particles are going to be trapped on the

filters?
MR KROTIUK: | don't think I could answer
that question right now. | have to think on that.
CHAI RVAN BANERJEE: Well, | mean, you have
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|l ong-termrecircul ation tests both at Los Al anps, and
at PNNL. Right?

MR.  KROTIUK: W have fairly |ong
recircul ation.

CHAI RVAN BANERJEE: Yes, without -- you
have sone data w thout taking out the --

MR. KROTIUK: W thout the bypass, yes.

CHAI RVAN BANERJEE: Gkay. Now in that
situation, of course, because it's at least in the
PNNL, it's a vertical system you would take out, |
nmean, all the fluids passing through that. Right?
And there is no place to -- well, | suppose there are
pl aces to deposit particles --

MR. KROTIUK: One of the things - Tom
correct me if I'm wong about this - | seem to
remenber when we were runni ng the NUKON cal sil tests,
when the cal sil was -- when we didn't use the
filtration, so it was basically the Series-1 tests,
that cal sil always seened to pass through, and was
recirculating during the entire test. Do you renenber
t hat ?

CHAI RVAN BANERJEE: Forever?

MR MCHENER | can't recall exactly, but
| remenber that it was very dramatic when it would

come t hrough.
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MR. KROTI UK: Because | renenber that bl ob

of cal sil.

MR- MCHENER You'd see a cloud cone
t hr ough.

MR. KROTI UK:  You coul d physically see the
cl oud.

MR MCHENER: And then it would be clear
again, and then a little while here would cone that
cl oud agai n.

MR KROTI UK:  Yes, and it would
continually do it during the entire length of the
test.

CHAI RVAN BANERJEE: So it passed through
t he bed and cone out?

MR. KROTIUK: That's what | was saying, |
really think that a certain anount does pass through
t he bed. Because | do renenber seeing the burps of --

MR. M CHENER. W were convinced that you
had to filter, and that pretty nmuch answers the
guestion there.

CHAI RVAN BANERJEE: So if you had to use
your nodel, what woul d you do about the mass that you
woul d assune to be on the filter?

MR KROTIUK: Well, as | said, in the

NUKON, | woul d assume sonewhere --
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CHAI RVAN BANERJEE: Al nost all of it.

MR KROTIUK: Al of it, right.

CHAI RVAN BANERJEE: It doesn't drop off.

MR KROTIUK: And cal sil, | |ooked at the
test data and see how much deposit would conme up with
a nunber - sonme way to assune --

CHAI RVAN BANERJEE: Wich test data? |Is
the data --

MR KROTIUK: All the test data.

CHAI RVAN BANERJEE: Do you have a

reconmendati on on that?

MR. KROTIUK: | have not thought about
that, so | don't know for the cal sil. And for the
NUKON it's kind of obvious, for the cal sil, it's --

CHAI RVAN BANERJEE: Well, let's assume for

the NUKON it's 100 percent.

MR, KROTI UK:  Yes.

CHAI RVAN BANERJEE: \Whatever is entrained
goes there, but what happens with the cal sil is nore
tricky. Right?

MR, KROTI UK:  Yes.

CHAI RVAN  BANERJEE: Because these
experiments that were done were taking out the fine
particles, and the question then becones, is there a

big difference between when you take out the fine

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

326

particles, and when you don't. You did sone
experiments w thout taking them out.

MR KROTI UK:  Yes, we did.

MR.  WALLIS: Presunmably, the fine
particles have a different coefficient of everything
t han the coarse ones. Different surface area, val ue
and everyt hi ng.

CHAI RVAN BANERJEE: There's even the issue
as to whether your correlation nunbers |ike 300, 000
really work.

MR KROTI UK: Right.

CHAI RVAN BANERJEE: Because if sone fine
particles get trapped, as G aham said, they have a
hi gher surface area to volune ratio.

MR KROTIUK: Well, | didn't think about
that, and I don't have an answer on that right now.

CHAl RVAN BANERJEE: Ckay. Well, let's
continue with this.

MR KROTIUK: This is for that test, the
NUKON cal sil test, this is the conparison of the data
which is in black, two-volume nodel prediction

MR, VWALLIS: Wy doesn't NUREG al ways
predi ct higher starting volume? | nean, you ought to
know the velocity, the volume of the stuff when

there's no velocity. You ought to know that, and yet

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

327

they seem to be always off by a factor of 2 or
somet hi ng.

CHAI RVAN BANERJEE: | guess it's the
artifact of what you assune is on the --

MR. KROTIUK: This is also -- you have to
ook at the NUREG correlation and |ook at the
assunptions for densities, what they call theoretical
or mac density, you know, insulation --

MR WALLIS: You have taken the stuff and
formed a bed, so presumably you' ve conpressed it a bit
nore than if you just drop it in there.

MR KROTIUK: | don't feel that | should
in any way comment on the way that the NUREG is doing
its calculation. This is applying it

THE W TNESS:

CHAIl RMVAN BANERJEE: But you're not
applying it in the sane way that they applied it.

MR. KROTIUK: The only difference --

CHAI RVAN BANERJEE: You take the tota
nmass.

MR. KROTIUK: That's the only difference.

CHAl RVAN BANERJEE: Well, that's a big
di fference, though, isn't it?

MR, KROTI UK:  Yes.

CHAI RVAN BANERJEE: | nean, if you took
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the fraction of the -- what woul d happen if you took
the total mass?

MR. WALLIS: The velocity --

CHAI RVAN BANERJEE: Would it make it nuch
t hi cker, or what?

MR. WALLIS: The velocity you' d formthe

bed.

CHAI RVAN BANERJEE:  Yes.

MR KROTI UK: Make it thicker.

MR. WALLIS: At what velocity do you form
t he bed?

MR KROTIUK: This is fornmed at .1 feet
per second.

MR. WALLIS: So you shoul d have about the
same t hi ckness as they do, as you do. You've already,
when you formed it, conpressed down that green curve
to whatever the point is there. You're not going to
unconpress that to .6, you're going to go along at . 3.
So how you formthe bed makes a difference. Wat you
do here, if you formthe bed at .01 or sonething, you
m ght well be up on the NUREG curve. Once you've got
this point --

MR KROTIUK: There's other limtations.
| don't really feel | should comment on the NUREG

CHAI RVAN BANERJEE: All right. So you're
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at .1, that's where your fixed point is. R ght?

MR, KROTIUK: Right. That's ny initial

t hi ckness.

CHAI RVAN BANERJEE: Ri ght.

MR. ABDEL- KHALI K: Does the fact that
your, in this particular case, the data and

predictions for the height are close, is that totally
fortuitous, or is that related to this sort of
exponential fit of height that you did earlier?

MR, KROTIUK: In actuality, | studied that
somewhat closely, and it's not related to that
exponential delta Mheight. |It's nore related to the
whol e conpressibility and expansion relations. And
the initial calculation of bed thickness.

MR. ABDEL- KHALI K:  Because the nodel seens
to do better, | guess, for the two-volunme in terns of

hei ght for the two-vol une nodel than the single |ayer

nodel .

MR. KROTIUK: | think you have to --

MR. ABDEL- KHALI K: And | was wondering --

MR. KROTIUK: | think you have to | ook at
all the --

MR.  ABDEL-KHALIK: -- if that's just
artificial.

MR. KROTIUK: | think you have to | ook at
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all the plots, and it just happened - you can't make
that generalization w thout |ooking at all of them
And, generally, | found that the natch-up between the
test data and the predictions for the nodel for both
t he NUKON and the NUKON cal sil tests --

MR VALLIS: Well, can we | ook at sone
nore figures, and keep goi ng here?

MR KROTIUK: This is another case.

MR WALLIS: \Where the data are close to
t he two-vol une nodel

MR. KROTIUK: And so this is, to nmy mnd,
saying that this is now a practical upper limt.

MR WALLIS: And that's what shoul d be
used to be conservative?

MR, KROTI UK:  Yes.

MR WALLIS: And it's about 10 tines what
NUREG CR- 6224 woul d predict, sonething |ike that?

MR. KROTIUK: Using the nass on the bed.

CHAI RVAN BANERJEE: | nean, how nuch nass
was -- what fraction of the cal sil was on the bed?

MR KROTIUK: It's on top here. It's .243
NUKON, and .018 cal sil.

MR WALLIS: There's not nuch cal sil.

CHAI RVAN BANERJEE: How nuch cal sil is

it? Wiat fractionis it?
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MR. KROTIUK: | have fraction - I"'mtrying

to do it in nm head.

CHAI RVAN BANERJEE: Only 7 or 8 percent is
inthe bed. If you then use the NUREG the way it was,
| nmean, if you take all the cal sil and you bunp it up
somewhere to the sanme region, right?

MR. KROTIUK: Quite possibly. | don't
remenber this calculation, specifically.

MR. WALLIS: It seenms strange that they've
got a tiny bit of cal sil, but if you put it in the
two-vol une nodel, it has a very large effect on the
pressure drop.

MR. KROTI UK: Right, because --

MR. WALLIS: That's where your exponenti al
thing cones in, isn't it?

MR. KROTIUK: Actuality, this is down
pretty |low on the curve towards the zero.

CHAI RVAN BANERJEE: Well, | guess that
reflects the physics. | nmean, even if you --

MR. KROTI UK:  You have a thin |layer of cal
sil.

CHAI RVAN BANERJEE:  Yes.

MR KROTIUK: And then this is the
conpari son of the bed thicknesses for that sane test.

And then, finally, | wanted to show one that | didn't
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get good mat ch-up.

CHAI RVAN BANERJEE: That's the negative
one.

MR KROTI UK:  And the nodel was not
conservative, even. And there are, as you saw from
that table, there are a few of them And in this
case, |'munder-predicting the test data.

CHAI RVAN BANERJEE: What fraction of the
cal sil here is on the - again, how rmuch cal sil? It
could be that your measurenent of the cal sil has
dr opped.

MR. WALLIS: Yes, there's a tiny, tiny bit
of cal sil. W're down to .005.

CHAl RVAN BANERJEE: It could be that
that's not a very accurate neasurenent. Right?

MR KROTI UK: W neasured the val ues as
accurately as we coul d.

CHAI RVAN BANERJEE: Well, one thing could
be to | ook at the two-volunme nodel in the context of
all the data, and see what fraction of the cal sil
nmust be there to be al ways conservati ve.

MR KROTIUK: What | found out when |
| ooked at all the data is that the errors, the
greatest error existed for the thinnest of that delta

Mnmax, the saturated thi ckness. And there seens to be

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

333

a very strong dependency, so if you were down on that
curve, if you were closer to zero, a small error in
that saturated thickness could produce - a smal
difference in the saturated thickness coul d produce a
big difference in the pressure drop; whereas, if
you're out at the other end, small error in the
calcul ated thickness would not affect things as

greatly.

CHAI RVAN BANERJEE: And conversely, if you

just say a small error in the cal sil neasurenent,
because these are all neasured val ues by difference.
Ri ght ?

MR KROTI UK: Right.

CHAI RVAN BANERJEE: How sensitive are the
results to that? You could be off by easily 100
percent on your cal sil neasurenent.

MR. KROTI UK:  You know, that's a good --
didn't | ook at that, because on the neasurenents for
the NUKON and the cal sil, when everything was
neasured, we did have a plus or mnus on it, and I
t ook the nedium value to do all these cal cul ati ons.
But in retrospect, | should have | ooked at sone of the
extrenes to see if that could explain --

CHAI RVAN BANERJEE: Well, you're getting

the cal sil by difference, right?
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MR. KROTIUK: Right. Yes. But, | nean,

PNNL di d a whol e statistical study to come up with the
probability, the accuracy of those measurenents, so
have - for all the nunbers, | do have plus or mnus
val ues.

CHAI RVAN BANERJEE: Typically, what is the
error on this, this very small nunber here?

MR KROTI UK:  You know, | don't --

MR MCHENER: It seens like this was one
of the areas that we thought we could inprove on.

MR KROTI UK:  Yes.

CHAI RVAN BANERJEE: Because it goes
t hrough your whole analysis. Right? | nmean, in a
way, you go through the uncertainty analysis, it would
be interesting to see how it is affecting these
numbers.

MR KROTIUK: | just didn't do the
calculations. It would have been interesting.

CHAI RVAN BANERJEE: |s this project
finished right now? Wat's the status?

MR KROTIUK: When | finish this
presentation today, it's finished.

MR. WALLIS: So you aren't going to work
on it any nore?

MR KROTI UK: Right.
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CHAI RVAN BANERJEE: Now how i s this going

to be used?

MR KROTIUK: | can't address that.
Sormeone from NRR woul d have to address it.

CHAI RVAN BANERJEE: NRR needs some nore
anal ysi s done, or sone follow up work i n order to make
this stuff applicable.

MR WALLIS: It doesn't apply to a real
thing. | nean, this is applied to a bed which is
uniform and horizontal, and everything. It doesn't
apply to the typical screens that are actually used in
a sunp. It may give them sonme clue about things to
| ook for, but they're going to use industrial data.
| would be very surprised if they use this --

CHAI RVAN BANERJEE: At one poi nt you have
NUREG CR- 6224 was what was pl anned to be used. Right?

MR. LEHNING This is John Lehning in NRR
And as you said, | guess in the safety eval uation t hat
we wote on the NEI guidance report for doing those
sunp desi gns, we requested that |icensees do testing,
rat her than use the 6224 data, in light of sone of the
poi nts that were raised about that correlation. And
we did, and | guess in that paper, | think Mke Scott
handed out to you all earlier, we did talk a little

bit about their intended regulatory usage of this
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correlation. And as Dr. Wallis suggested, that in

part due to sone of the data limtations, that just -
the only data that we had, this newcorrelation for it
is NUKON and cal sil, and sone of the other
differences with the geonetries and things |ike that.
W were going to probably rely on testing, and show ng
the typicality and prototypicality of those tests.

MR WALLIS: It does support your not
usi ng the 6224, because sone of these data are quite
a long way fromthat, so it nmay support that decision
t hat you made.

MR. LEHNING | guess, there are different
paranmeters that can be put into that 6224 correl ati on.
Some of the things with the density, as opposed to
when you have blended fiber, as opposed to as-
fabricated, and sone of the other things out there.
But, again, | would agree with that, that sonme of the
things that you can clearly see that the 6224 woul d
under - predi ct that.

MR WALLIS: Can we nove on to the
tenperature effects?

MR, KROTI UK:  Yes.

MR. ABDEL- KHALI K:  Just one nore question.
O the 150 or so experinents that you ran, what is the

fraction of those experinents in which the nodel

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

337

under-predicts the data? | can't tell by max, mn,
and average. | can't tell by that.

MR KROTI UK: | knew that nunber off-hand,
and |'ve forgotten it. | forgot the answer to that,

but | do renmenber that it was naybe sonet hing, 30, 40
percent. Sonething - | don't - don't hold nme to the
exact nunber, but it was a neasurable anount. | just
don't renenber.

MR. WALLIS: This is when you use the two
| ayers.

MR. KROTIUK:  Two | ayers, right.

MR. ABDEL- KHALI K:  Well, either way, |
guess.

MR KROTIUK: No, for the NUKON, it was --

for the NUKON only, the correlation is fine. That
was for the NUKON cal sil.

MR. WALLIS: The two layers, which is the
wor st case you can think of, under-predicts the data,

t hen sonmet hing el se i s happening.

CHAI RVAN BANERJEE: And it's not the worst
two | ayer nodel. The worst two | ayer nodel woul d be
all cal sil.

MR WALLIS: He's got that weird
exponential thing. W don't knowif that's worse or

better than all cal sil.

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

338
CHAI RMAN BANERJEE: That's true.

MR WALLIS: Can we | ook at the
tenperature sensitivity, because that sort of shows
that you' re not always --

MR KROTIUK: Now this is for the NUKON
only tests, and it's for the three - this is for the
plot facsimle that | had before, and this shows, for
instance, at 22-1/2 - about 20 degrees C, the
calculation is up here, the data is down here. At 55,
t he cal cul ati on of data are about the sanme, and at
around 80 degrees, the calculation is above the data.

MR. WALLIS: Then the next figure is --

MR KROTIUK: Yes, so this is for the
NUKON only. The NUKON only basically always gave this
type of result.

MR. ABDEL- KHALI K:  So tenperature
mani fests itself in this nodel through viscosity?

MR, KROTI UK:  Yes.

MR. ABDEL- KHALIK: That's the only place
where it cones in.

MR. KROTIUK: That's the primary -- yes.
| nmean, we postul ated that there could be sone ot her
effects, like possibly the NUKON becom ng nore
flexible, and --

MR. ABDEL- KHALI K:  No, |'mthinking about
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the nodel, the prediction --

MR KROTI UK: Yes, for the nodel --

MR.  ABDEL-KHALIK: It only cones in
t hrough vi scosity.

MR. KROTIUK: Ckay. Now this is for a
NUKON cal sil case, showing the conparisons. This is
the data -- this is the one that |I showed that -
previ ously on the previous one, where the cal cul ation
was actually below test data. But then we went up to
55 degrees or so, the calculation and the test data --

MR WALLIS: It's weird that the
calculationis -- | nmean, the trend with viscosity is
okay for the data, but not for the calcul ation.

MR KROTIUK: This is NUKON cal sil, so
that's why | said before, that the trend for NUKON
only was directly related to the viscosity. For the
NUKON cal sil, there's other stuff there.

MR WALLI'S: Ot her stuff besides
Vi scosity?

MR KROTI UK:  Well, there's other
consi derati ons.

MR WALLIS: Such as?

VR. KROTI UK:  Such as possibly
redi stribution of material.

MR. WALLIS: But your cal culation should
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have a consistent trend.

MR. KROTIUK: Yes, but if you renenber,
this was one of the -- this could be one of the cases
where the nodel is under-predicting the data. | said
that there was --

MR WALLIS: AT least a trend should be
t here, the cal cul ati on shoul d showi ncreasi ng pressure
drop with increasing viscosity, and it doesn't.

MR, KROTI UK:  Yes.

MR WALLIS: It's strange.

MR, KROTI UK:  Yes.

MR- M CHENER: Tom M chener from PNNL.
This is the one that's the strangest here, the 20
degree one, that's one of the cases where the cal si
was neasured very, very low, so that nay be --

MR VALLIS: O it's sonething else. It's
not just the tenperature.

MR MCHENER So | point that out, that
i s that one.

MR. VWALLIS: Not just the tenperature
ef fect.

MR. KROTIUK: Then, finally, this is for

MR. WALLIS: That's al so very reassuring,

isn't it?
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MR. KROTIUK: This was the case where we

had the nmeasurenent show that the -- the data showed
that the delta P neasurenent for the higher
tenperature was actually higher for the | ower than
tenperature, which is -- whereas, the calculation is
showi ng that --

MR WALLIS: So can we | ook at the
concl usi ons, and then see where we are?

MR. KROTI UK: Okay. As | said, for the
one-vol une honogeneous nodel, | did conparisons, and
they are in the NUREG for PNNL, ANL, and LANL tests.
They were all, the conparisons are all in there. And
generally for the NUKON only tests, the nodel does
predi ct conservative results for all the NUKON only
tests. For the NUKON cal sil test, it generally
predicts - not generally, it always predicted pressure
drops that were at or bel ow the neasurenents.

MR. WALLIS: Al ways?

MR KROTIUK: For the data, for the
conpari sons of the --

MR ABDEL-KHALIK: This is the one-vol une.

MR WALLIS: One-vol une.

MR. KROTI UK: One-vol une, right. For the
t wo- vol une nodel, the nodel gave good conparative or

conservatively higher results for all the tests where
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the cal sil saturation thickness was thicker relative
to the entire bed. Wen the cal cul ated thickness, or
the saturation thickness was small, as | said, the
smal | inaccuracies in that cal cul ated thi ckness could
result inlarge differences in cal culation of pressure
drop, so there could have been - there could be little
differences between the nmeasurements and the
predictions. And as | said before, that calculation
of that saturation or upper limt thickness is really
the thing that | feel could do with some i nprovenent.
CHAI RVAN BANERJEE: Is it necessary to --
| mean, couldn't you just bound it by separating the
two | ayers?

MR. KROTIUK: That's a thought, and |
didn't do that calculation, so | don't know | nmay
try that just out of curiosity.

MR WALLIS: You wouldn't need any
exponential stuff.

MR KROTIUK: Right. [I'mcurious to see
what happens with that.

MR WALLIS: It's a very sinple thing to

do.
MR, KROTI UK:  Yes.
MR. WALLIS: | nean you could say that
al ways bounds everything. It mght be a candidate for
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a conservative anal ysis.

MR KROTIUK: Well, I'Il take a | ook at
t hat .

MR. VWALLIS: It seens to ne that you have
al l oned now a new degree of freedom which says you
can have honobgeneous | ayers. And since you put in a
new degree of freedom vyou' d expect to be able to
predi ct data better because you' ve got a new degree of
freedomto fit things, and so on. Which is probably
something likereality, there probably are two | ayers,
or there's a gradient of cal sil or sonething, so you
put in sone reasonabl e physics that catches sone of
the major things going on. | think this has got a way
to go before it's a predictive tool.

CHAI RVAN BANERJEE: I n any case, it would
have to be married to sone sort of a CSD tool, to
estimate | ocal | y what the concentrations are, what has
dropped out and what hasn't. O herw se, how would --

MR. KROTIUK: | don't know if you really
want to do that. | nean, ny approach to this was
trying to develop sonething that would be upper and
lower limts. Do you really need to know --

MR. WALLIS: But you don't do that. You
want to predict that the whole screen is covered with

athin layer of cal sil. That's terrible.
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CHAI RVAN BANERJEE: That would be -- |

nmean, the practical problens are often, as you know,
that you have multiple top hats or something behind
each other, so maybe the first few of thempick up a
ot of it, and then sone of the | ater ones don't have
sone. It's hard to -- | don't know what NRR s
intentions are, but it's very hard to see howi ndustry
can do tests to cover all these eventualities wthout
some sort of atool tointerpret these experinents and
bring themto full scale. | nmean, it would be nice to
be enlightened at one point about that.

MR. KROTIUK: Right. And just the final
conclusion, is that the bed thickness predictions, in
nmy opi nion, were pretty close at | east to trending for
all the cases nodel ed, and that the -- generally, the
nmet hod, cal culation nmethod predict higher pressure
drops at the | ower tenperatures, which is consistent
with the classical theory. However, it could be -
when conpared to test data, it could be affected by
various things, flows, tenperatures that affect
distribution of material in the bed.

CHAI RVMAN BANERJEE: Is that it?

MR KROTIUK: That's it.

CHAI RVAN BANERJEE: Thank you. | think we

kept you for a long tinme, but if there are sone nore
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guestions - anybody wants to --

MR XIAG Dr. Banerjee, if | may - Tony
Xiao from Research. | want to thank you for this
opportunity to come in front of your comrittee to
basically do a wap-up of the several of the projects
you may not have heard before. Earlier this - we want
to thank you for your input, as well. You provided
some reconmendati ons and questions that made us go
back to rethink, and maybe t hi ngs we coul d do better,
that we should do better.

| just want to assure you that we are not
closing shop fromthis point on. W wll continue to
closely work with the NRR staff, and i ndustry, and our
staff will nonitor industry's input and how t hey
i npl enent methods to resolve the GSI-191 issue at
their plants. |If necessary, we'll get into agreenent
with NRR, we'll do sone nore very defined, small-scale
research in the future, if necessary.

As far as for the schedul ed next week's
full committee, at this nonent, | don't see we have
new i nformati on between now and then to cone in front
of the full conmttee, so | ask your decision for the
full commttee, whether we will have to conme back and
brief the full commttee on the same topic, using

pretty nuch the sane material. But certainly, if we
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do conme back, we will take today's | essons | earned and
try to prepare better, and answer some of the
guestions, if possible. But, by and l|large, we wl|
not have new i nformati on between now and then, and we
are not asking the commttee to provide a letter to us
at this tine.

MR WALLIS: So you would be -- this is
nore of an informative thing where you tell the
committee what's been going on, but you' re not ready
for aletter.

MR XIAO Right, we're not asking the

commi tt ee.

CHAI RMAN BANERJ EE: Is this an itemon the

comittee' s agenda?

MR CARUSO Yes, it is.

MR WALLIS: So we have to do it.

CHAI RVAN BANERJEE: How much tine do you
have?

MR CARUSO. | don't have it here. |
woul d say | think two hours.

MR WALLIS: Two hours?

MR CARUSO | think this is a two-hour
item

CHAI RVAN BANERJEE: And at the nonent,

they're not asking for any response, it's only for
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i nf ormati on.
MR CARUSO It's up to us.

CHAl RMAN BANERJEE: Yes, up to us. Now

the second thing is, there is sone plans for -- thank
you, Dr. Krotiuk. | didn't nmean to | eave you sitting
t here.

MR. KROTIUK: Yes, | was going to |eave.

CHAI RVAN BANERJEE: Yes, it was very
hel pful .

MR VWALLIS: Don't go away.

MR. KROTI UK:  Ckay.

CHAI RVAN BANERJEE: Even though it's 5:00.

MR. KROTI UK:  Ckay.

CHAI RVAN BANERJEE: Is there plans for NRR
to cone to the conmttee or the subcommittee?

MR. CARUSO There are sone pl ans,
tentative plans to have NRR cone to talk to the
subconmittee in |ate My.

CHAI RVAN BANERJEE: Ckay.

MR SCOIT: And we have - Mke Scott, NRR
W have a nunber of subjects that we'd be interested
in talking to you about. For exanple, we will have
done several audits by then, we can cone in and talk
about that. And we are also naking plans for the

generic letter response reviews, we can talk about
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that. Maybe that would be of limted interest to you
W may by May have sone indications of the testing
that's planned and ongoing by the industry. As I
nmentioned earlier, there's one utility, at |east,
that's finished their chem cal testing, so hopefully
by May, there will be several, so we can conme in and
tell you what we know at that point about what's going
on with the testing.

W'l also be able to talk to you about
progress on the downstream effects ex-vessel topical
report, so there's several things that we'll be ready
to talk to you about, at |east give you a progress
report on then.

CHAI RVAN BANERJEE: Would you want to
come, | guess, in front of the subcommttee,
initially, and then in front of the full commttee?

MR SCOTT: | think that was the idea. |
think Ralph and I went back and forth about a date.
He said late May, | think ny preference was m ddl e.

MR. CARUSO. M ddl e May.

MR. SCOTT: Mddle May, yes. I'magoing to
be out the | ast week in May.

CHAI RVAN BANERJEE: Al right.

MR WALLIS: Well, in front of the full

committee, what are you going to say? It seens to ne
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you have to nake sonme key decisions. One is, whether
you're only going to discuss new material, because
t hey have heard | ots of this before, or whether you're
going to also take a | ook at what you've | earned from
all of these tests, which are in these NUREGs that are
com ng out, and nake sone sort of summary of what's
the state-of-the-art that you' ve established, that you
didn't do today.

CHAI RVAN BANERJEE: | guess what -- if |
heard M ke correctly, he was sayi ng that you have sone
results of audits, and sone of the industry efforts,
and prograns --

MR. VWALLIS: But NRR isn't on our program
are they?

CHAI RVAN BANERJEE: In May, |'m saying.
"' mtal ki ng about the May and June neeti ng.

MR. WALLIS: Onh, you're tal king about My.

MR. SCOIT: Okay. Yes, | was --

CHAI RVAN BANERJEE: Tal ki ng about the My
neeting really right now So for next week's neeting,
all we can do is discuss what was done today.

MR WALLIS: |Is that right?

CHAI RVAN BANERJEE: W had two different
t hi ngs.

CHAl RVAN BANERJEE: But is that a
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wort hwhi |l e use of the full commttee tine, to listen
to this story that we heard today?

MR. CARUSO. Unfortunately, you're stuck,
because the agenda has been publi shed.

CHAI RMAN  BANERJEE: | think the
informati on woul d be useful, because when that is --

the information in May woul d be added.

MR, VWALLIS: Well, you could certainly
tal k about the peer review

MR XIAO W look to your direction. If
you feel the full conmttee would benefit from
heari ng a condensed version, and we'll focus on the
peer review, we wll do that, so |I'mjust asking
whet her you think it's necessary for us to come back
to do it again in a condensed version next week.

MR WALLIS: You don't want to cone back
next week at all?

MR XIAOC If you ask us to, we wll.

MR VALLIS: Well, | think Ral ph is saying
you're on the agenda. There's a perfornance by you
schedul ed, and it's been advertised, and you' ve got to
show up.

MR. KRESS: You pretty rmuch have to.

CHAI RVAN BANERJEE: You have to.

MR. XIAO | thought maybe you can send
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out an agenda change, if you feel it's not --

MR KRESS: It's too |ate.

MR XIAG -- it will not benefit.

MR. KRESS: Even when we change it, we
have to advertise themin the Federal Register.

MR. CARUSC. The only thing we can do is
just have a big hole, go off and have a snoke.

MR WALLIS: W had that before, we have
sonetimes had that, but very exceptionally.

CHAI RVAN BANERJEE: Wl l, | think we
shoul d assune for the tine being that there will be a

presentation, and get ideas fromthe subconmttee as

to --
MR WALLIS: To fill an hour?
CHAI RVAN BANERJEE: Well, | think how -
|"'msure it will fill nore than an hour, but how best

to present the information so that we have the nost
usef ul ness, so maybe we could start with Tom and ask
hi m

MR KRESS: Well, | think | would focus on
t he peer review, because it's new, and the rest of the
conmittee haven't heardit. As far as this discussion
on the nodeling and conparison of the data, it's al
very interesting, but | don't think we have tine for

that, and it's - | don't think I would get into it.
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| think 1'd just focus on the peer review.

CHAI RVAN BANERJEE: What about you,
G ahan?

MR VALLIS: Well, | think that maybe they
coul d hear about what's new, rather than - although |
woul d ki nd of |ike a perspective on what we' ve | ear ned
fromthe entire program since you're wapping up al
this research, and you mght sort of - but | don't
think you're ready to do that, so what did we |earn
fromall this work we've done?

Peer review !l woul d think coul dtake maybe
60 percent of the tine or something, but then you' ve
got to do it right. | mean, you've got to give an
honest assessnment of all these criticisnms you' ve
gotten so the 50 or so recommendati ons, and how you're
going to respond to all that, | think you' ve got a |l ot
of work to do to put together a presentation al ong
those |ines, because that's not really what we heard
t oday.

MR. XIAG Correct.

MR WALLIS: | do think it's worth
nmentioning that there has been this new work on the
West i nghouse surrogate. | nean, that struck ne as
bei ng sonmething that was inportant.

MR. KRESS: Yes, that's inportant.
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MR. WALLI S: Realize that this stuff could

really clog screens probably nore effectively than
some of the things that Argonne has been using.

CHAI RVAN BANERJEE: Well, equally, let's
say.

MR WALLIS: Well, it looked as if it was
maybe even nore effective, but | think some summary of
that. And | wouldn't say nothing about the nodeling
effort. | think you could say that there's been this
nodeling effort. This is roughly - sketch out very
briefly how it's being done, and show that it
sonetimes work, and it sonetinmes doesn't work, and
probably conclude that it's not a tool which is ready
for use.

MR. KRESS: They could show that slide
with the four different --

MR. WALLIS: There are probably about five
or six slides showi ng, here's the basis of the nodel,
here is where it works, here's where it doesn't work,
here's sonme of the anomalies, and | think you' re going
to conclude, probably, that it's not something that
you can use, but you' ve learned a few things
gualitatively, which mght be useful for NRR in
deciding their RAIs and so on.

MR XIAO (kay. |If that's what you
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prefer, we will cone back and use next --
CHAI RVAN BANERJEE: Let's hear from Sai d.
MR. ABDEL- KHALIK: | would concur fully
with what Dr. Wallis has said, particularly with
regard to the peer review. | think a rehash of what

was presented today woul d be not very useful.

MR. XI AG | understand.
MR. ABDEL-KHALIK: | think a rmuch nore
t hought f ul assessnment of t he coment s and

recommendat i ons nmade by the peer review, and how you
pl an to address those conments, and the rationale for
your deci sion as to how you're going to address those
coments woul d be nuch nore valuable. As far as the
other two itens, | fully agree with what Dr. Wallis
has sai d.

CHAI RVAN BANERJEE: And do you feel, Tom
that it would be inportant to present a very brief
outline of the surrogate experinents?

MR. KRESS: OCh, yes. | really think
that's very inportant.

CHAI RVAN BANERJEE: So | think then you
have our feelings fairly clearly. The only thing is

MR. VWALLIS: W don't know what you think.

CHAI RVAN BANERJEE: Well, | probably said
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what | thought. But you' ve got two hours, let's say,
so you would want to organize things so that roughly
60 to 70 percent of that time is taken up wth
analysis of the peer review and what actions and
responses you have. And then the rest with the

surrogat e experinents, and naybe just an outline of

the work you've done with the correlations. | think
that's valuable, even iif 1it's not imediately
applicable. 1t's indicated sonme thoughts about

separating these into tw layers, and get a nuch

better correlation with that, so | think that's

useful. But you want to keep it short.

MR XIAO Yes. | sawBill, as you were
tal king, as the other nenbers are talking, | saw Bill
jotting down his notes, sol'mglad he's still hereto

hear it fromyou again to enphasize that. W wll --
CHAI RVAN BANERJEE: Fifty-nine slides,
four or five. Right?
MR XIAO Ckay. We'll be limted to four

or five slides. And | also heard, very clear to ne --

MR. WALLIS: Back-up slides, have sone
back-up slides, because it may well be that you're
going to get a lot of discussion and questions which

coul d be answered by a suitable back-up slide.
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MR XIACG W'Il prepare those, as well.

W' Il concentrate 60 to 70 percent on peer review.

MR. WALLIS: Very short, perhaps have a
| ot of substance that you can turn to if you need it.

MR XIAO Ckay. W'Ill focus on peer
review as to how we're going to address them the
rational e behind --

MR. WALLIS: Have you nade up your m nd?
Now are you going to in a week deci de how you' re goi ng
to respond to the --

MR XIAOC It's going to be a chall enge,

but it's a challenge going in front of the commttee

at any tinme, so we'll take that challenge and do
better. | know we'll do better, how nuch better to
your full satisfaction, we'll try.

MR. WALLIS: Because if you don't do it,
then I may be tenpted to quote from the peer review
and say okay, here's a statenent, how are you going to
respond?

MR XIAG W'Il try to prepare better so
you don't have to quote.

MR. TRAGONING Yes, but just to be
realistic here, it's a relatively short tinme. |
woul dn't expect disposition of the peer review

comments between now and then. | think we'll
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certainly indicate path forward. Another thing that
we can certainly dointhis areais to prioritize and
hi ghlight some of the ones that the peer reviewers
t hensel ves t hought were particularly inportant, and we
have information to do that.

W can present some strategies for noving
forward, but we nmay - and sone of them we nmay
actually have a disposition, but I would say, by and
| arge, we probably won't have that, nost of that
information in terns of the exact disposition of
coorment A, B, C, D by the next week or two.

CHAI RVAN BANERJEE: If you can get help
fromthe PIRT to order your thinking, and present it
in that form that would be very useful

MR. TRAGONING Yes, and that's the plan.
We're going to informthe slides by the PIRT process,
and be able to, agai n, a little bit nore
systematically present issues that percolated up in
the PIRT, as well.

CHAI RVAN BANERJEE: Ckay.

MR XIAO W look forward to com ng back
next week.

CHAI RVAN BANERJEE: All right. Thank you,
then. Do we have any nore di scussions?

MR. KRESS: Well, we probably ought to
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have comments on what we've heard so far.

CHAI RVAN BANERJEE: Okay. So if you want
to say, say it.

MR. KRESS: Ckay. Well, all in all, the
--1 thought it was a pretty good wap-up. One thing
that bothers nme is |I'm di sappointed that we haven't
made nore use of chemical equilibriumnodels. | was
under the inpression that you should be able to bound
the kinetics effects with these, and | haven't seen
any evidence of that, so that's one problem | have.

| still think there's a need for an
overall integral predictive nodel which would include
t hese chemical equilibrium And | think that should
be the reason for doing additional research, to pul
that together, and | think it wll be needed, as
confirmatory to their judgnents they're passing on the
adequacy of the plant-specific tests. That's where |
think it's going to be needed.

| think the peer reviewers did a good job,
and | agree that there's a real need to respond to
each and every one of their conments, not necessarily
to agree with them but to respond to them

| thought the nodeling approach was
interesting and prom sing, that | still consider a bit

of a work in progress. | think the curve exponenti al
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relating the percent cal thickness to the percent cal

mass needs a little rethinking. And | think you need

to figure out, like Sanjoy said, howto apply this to
real screens that may fill up in a non-uniformnmanner,
so you need - | nean, you don't just have a screen

with two layers on it, you have lots of strains with
different relations to these through it. And so, |
think there's a need to apply it to the real world.
QO her than that, | thought it was a pretty good day.
MR WALLIS: What | miss is sone
| eadership for all this research. | see a |lot of
projects which are sort of not conplete, and they' ve
di scovered sone t hi ngs, and ot her thi ngs haven't been,
and so on. | would |like to have soneone know edgeabl e,
and that's really what a manager shoul d be abl e to do,
a techni cal nmanager shoul d say these are the things we
have established by this research, and these are
t hi ngs which we need to do, or what sonebody needs to
do, and so put the whole thing in some kind of
techni cal perspective, and | really mss that.
nmean, someone who's here who's on track, who's going
to put the work in the best light, and so on.
And then the peer reviewers do sone of
this. They actually point to this here, well, this

m sses this and so on. | don't see a sort of a
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t echni cal managenent perspective, where sonmeone who's
in charge of this whole effort, the NRCin a techni cal
way, knows what's been achi eved, and what hasn't been
achi eved, and whether or not it's net sone objectives,
or whet her sone ot her objectives have been negl ect ed,
and all that. That's sonmething | really mss, and |
don't think I'"'mgoing to get it, but | would really
liketo. Then I'd feel really conpetent that sonebody
here knew what was going on technically with this

i ssue.

MR. SCOTT: |If | can interject one point -
one thing I would recommend you do is look at the
docunent that we gave you tardily today, and it shows
at least what NRR plans to do with the research
results, take a |l ook at that, maybe it gets you part
way what you're interested in.

MR WALLIS: Well, | understand the NRR
perspective. | nean, |I'mjust asking the RES
perspective on it. You do the best you can with this
stuff, and you're trying to solve the problem and
you're going torely a lot on industry, | understand.

MR. SCOTT: And | think nmaybe part of the
answer to the research part, and |' mspeaki ng for Tony
here, is the RIL that you all were tal ki ng about

putting together. Right? That will have that kind of
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perspective, will it not?

MR XIAO Yes, | think Rob - | wasn't
here, but | believe Rob Tragoni ng had nenti oned there
is work on the RIL. It will be available later on
this year, probably May/June tinme frane.

MR WALLIS: This was to sunmarize the
result and what the nessages are fromit, and so on.

MR XIAG  Yes.

MR. WALLIS: That would be very good.
| ook forward to that.

MR XI AG  Ckay.

MR ABDEL-KHALIK: | would Iike to echo
that. There are just too many | oose ends here. NRC
is doing research, there is an i ndependent peer
review, industry is going to do work, and sonehow al
of this has to be connected to cone up with a coherent
useful story, where people in NRR can actually use it
to their best advantage, rather than elimnating or
excluding part of it, or relying to a | arge extent on
only a part of it.

The second comment | would |ike to make is
that with regard to the presentation that we heard
towards the end of the day, a lot of effort has been
expended on the experinments in the pressure drop

nodeling, and it would seem that with sonme nodest
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additional effort in the nodeling area, we can extract
alot nore fromthe data that we already have. And |
woul d sort of recomrend that that not be stopped. It
woul d just seemlike the return on investnent in that
case would be quite significant. Just nore though,
nodest effort really should go into analyzing the
data, and comng up with a much nore robust nodel
Those are ny comments.

MR WALLIS: But, Said, if you were
runni ng a research programyoursel f, and you wanted to
wite a proposal to solve this problem or if |I were
doing it, I think | would need quite a few nman-years.

MR. ABDEL- KHALIK:  Well, what I'mtrying
to see is what is the best we can do with the
information that we have with the relatively nodest

addi ti onal resources.

MR. WALLIS: The trouble with this problem

is there keeping being surprises, and you sort of
t hi nk you' ve got a correlation, and then soneone does
anot her experinent, and then it doesn't work, soit's
very difficult to really conprehensively cover all
eventualities.

MR. ABDEL- KHALI K: But the starting point
really ought to be sort of a thoughtful assessnent of

the peer review conments. These are by and | arge
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peopl e who have put in a lot of effort, and a | ot of
t hought into comng up with their comments and their
reports, and it would seem |like we ought to take
advant age of all that know edge and wi sdom that they
have put forth, so the i dea of organi zing the response
to the peer review, and com ng up with why you accept
or reject sonme of these comments, and how woul d you
respond to them would probably be --

MR. WALLIS: | guess what | was asking
for, too, would be nore of an internal peer review.
And if you folks - a lot of the stuff the peer review
peopl e cane up with, | would think that you guys woul d
come up with on your own.

CHAI RVAN BANERJEE: Well, there were sone
t hi ngs which apparently weren't thought of. First of
all, 1'"d like to say that | very nmuch appreciate and
commend the staff for going out for such a thorough
peer review. |'ve seen a |lot of peer reviews, and
this was a pretty good one. And they were serious
peopl e, they did a serious job, and to expose yoursel f
to the extent that allows these people to do this,
think that's very conmendable. And it's a first-rate
thing to do.

Now | think it's sinply having to dea

with this, and learn the lessons fromit, and go
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forward, as Rob said, to have a path forward. And
think the PIRT is a bit overdue, but once that is
done, at least you'll have things prioritized and
clear, clearer, let's put it.

The probl emseens a very big problem and
| don't think that it's going to very easy,
personal ly, to have sone sort of a predictive node
for the effects. Wat the research can do is to
indicate directions that industry may or may not take
to deal withit, which may sinply be to circunvent the

probl emin some way by changi ng the buffering agents,

or what ever. | mean, whatever information that can be

made available to help that process would be useful.
And things should be organized so that that can be
done.

| do think, though, that the work on the
head loss is going in the right direction, but it's
still very much a work in progress, as sonebody el se
said. And to really make it useful, it will need to
be coupled to sonmething which is a little bit nore
global. | said CFD, but it doesn't have to be CFD
There can be ot her ways of dealing with this, because
ny feeling about what the i ndustry will dois, they'l
do a series of tests, perhaps they'll do it in water

tunnels with a screen at the end, and with some
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conditions which are typical, and | ook at maybe drop-
out in front of the screen. | don't know exactly what
they'Il do. If I was in industry, that's what | woul d
do, probably.

Now how do you i nterpret this, because the
real situation is going to be very conplicated, and
the sunp screens which will take out a |lot of stuff,
other parts of it it won't. There has to be sone sort
of a tool which can be used as a structure to
interpret what the industry proof tests are, put it
into a framework. And maybe the sort of work that's
bei ng done on the head | oss nodeling coul d be phrased
into this structure even to interpret the sort of -
what do these experinents nean? How do we interpret
t he nodel s? Eventually, there's no escape from sone
formof nodeling to scale up

MR WALLIS: | don't think there's any
nodel for the performance of the industrial-type
screens.

CHAI RVAN BANERJEE: Yes. Well, how do you
operate in the absence of a nodel ?

MR. WALLIS: They're not honpbgeneous,
they're usually vertical, they have pockets in them
there's all kinds of stuff, and there's no nodel for

t hat .
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CHAl RVAN BANERJEE: Can be a very

enpirical one, but | don't know what direction that
woul d take. But it concerns nme to operate w thout
some sort of a framework, and just depend on proof
tests. Anyway, those are ny coments, and hopefully,
in May we'll know nore about the approach industry is
taki ng, and what actually they're acconplishing, so
that woul d be an inportant neeting.

MR. SCOTT: If | can insert one nore thing
- we do now have one of our audit reports is public,
and we'll, of course, get that over to Ralph. And
when you all have a chance, you m ght want to take a
| ook at that. And you'll get an idea fromthat as to
what sort of things we're finding out there, and what
we're witing up as an open item And by My, we'll
have at l|east two nore audit reports available, so
those will give you sone perspective to support the
May neeting, too.

MR. WALLIS: Include chem cal effects?

MR. SCOIT: Well, unfortunately, what
we' re saying for chem cal effects is, you haven't done
it yet for those plants that we've evaluated. But as
far as head loss and the other, nmany of the other
subj ect areas, there's a greater degree of conpl etion,

so for those areas, you'll have perspective. For the
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chem cal effects, what | would say we woul d plan to do
istalk to you at that point about what we know about
how the testing is going. W probably will not have
an audit report in-hand at that time speaking to
chem cal effects.

MR WALLIS: There are chem cal effects,
what use are head | oss tests w thout chem cal effects?

MR. SCOIT: Well, you learn information
about their methodol ogy as applied to the head |oss
testing. What they nmay have to do, and a | ot of the
plants will have to do, is redo the testing once
chemi cals are factored in.

MR WALLIS: O get rid of the chemi cal
effects.

MR. SCOTT: O get rid of the chem ca
effects, yes. And they can sinplify their problemin
many cases by that. And as we've said before, each
plant is goingtolook at it fromtheir own particul ar
pl ant - speci fic situation, decide what conbination of
all the above neasures nakes sense for them And the
environnent at any plant a year fromnow is going to
be very different fromthe environnment that it was two
years ago when we started in all these nods.

MR XIAO This is Tony Xiao again from

Research. | would like to say that is really a result
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of the research we have conducted for the past few
years, that contributed to this kind of decision, the
regul atory decision to help industry to at | east take
the right steps, stepsintheright directionto avoid
certain things that will help the situation.

MR. WALLIS: Now, Tony, you said you don't
want a letter fromthe ACRS?

MR XIAOG Correct.

MR WALLIS: Wat is -- | think I was
assigned to wite a letter, draft letter. Was that
right?

MR CARUSO | think so.

MR WALLIS: | want to know - ny
inclination is not to draft a letter, but if the
conm ttee, subcommittee feels that a letter should be
drafted, then | should do it. |'mhoping at the
noment that we don't have to wite a letter. [|'m not
quite sure how we add val ue in the nost useful way by
witing a letter at this stage.

MR XIAO. Correct. Just a persona
suggestion, | think I would suggest that probably a
better time to wite a letter is after May or June
when NRR cane back and gave you their status update,
and we wi || cone back, al so describe the RIL we tal ked

about earlier. That would be a better tine.
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MR. CARUSO Al so, that we have a neeting

with the conm ssion in June.

MR WALLIS: W don't want to discuss
sunps agai n.

CHAI RVAN BANERJEE: W m ght have to.

MR. CARUSG They' ve al ways been aski ng
for it, so that's just sonething to consider.

MR. SCOIT: Are you going to hang around
for that, Ral ph?

MR. CARUSO |'m not.

MR XIAO On a personal note, starting
next week, | have a new assignnment. 1'l|l be working
at NRO, but | was trying to get ny replacenent here
today to be part of this neeting, but she was not in.
Her nane i s Rosenary Hogan. Sone of you may know her.
But 1'Il stick around for a couple of nore weeks j ust
to make sure we have good transition, and I will make
sure she will be here next week for that neeting.

CHAI RVAN BANERJEE: But who is going to
coordi nate your presentations next week, you?

MR XIACG | wll.

CHAI RVAN BANERJEE: Ckay.

MR XIACG | wll.

CHAI RVAN BANERJEE: Ckay. |If we have no

ot her busi ness --
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MR. WALLIS: Then sonebody new is going to
be managi ng the progranf

MR. XIAG Rosemary Hogan will be the new
Branch Chi ef.

MR, WALLIS: WII there be any continuity
t hen?

MR, XIAO Absolutely, there will be
continuity.

MR WALLIS: She'll have to be briefed on
everything all over again, and --

MR. XIAO  Absolutely. M and ny staff
will dothat. | nean, and that's why | was hopi ng she
woul d be here, get a taste of what kind of questions
t he ACRS may have, but she was not in. But next week,
she will be here.

MR. KRESS: And where are you goi ng?

MR XIAG NRO Ofice of New Reactors.

MR, KRESS: Oh.

CHAI RVAN BANERJEE: Sunp screens will be
interesting with passive circulation.

MR XIAG We'Ill probably see you also in
a different |ight.

MR. SCOIT: Regarding continuity on the
NRR side, | have been told | can't go anywhere el se

until this is resolved, so you don't need to worry
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about that one.

MR. CARUSC Until you retire.

MR SCOTT: O wuntil | retire,.

MR. WALLIS: Wsat is the question - when
we | ook at new reactors, like |I supposed AP-1000 is a
new reactor.

MR, SCOIT: What was your question?

MR WALLIS: How does sunp screen
guestions affect things |ike AP-1000, which is a new
reactor, since Tony brought up the new reactors.

MR. SCOTT: W' ve been discussing that
very subject, as a matter of fact. W |ooked at al
of the new reactor designs, both the Bs and the Ps
from the perspective of strainer clogging, and the
situation for each one of them varies dramatically,
depending on the tinme line involved. For exanple,
ABWR was certified in 1994, and the BWR operating
pl ant corrective actions were taken about two or three
years after that, so we just sent, NRR just sent a
meno to NRO identifying the disparity between where
the ABWR was certified, and the rest for the other
BWRs, and suggesting that they address that with
Ceneral Electric, which | believe they plan to do.

AP- 1000 was certified early oninthe GSI -

191 resolution process. There are a nunber of COL
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action itens for AP-1000 that reflect sunp concerns.
| would say that we are snmarter now t han we were then,
and so is Westinghouse, and so we understand that
West i nghouse plans to subnit a topical report on sunps
to the NRC, anpong nany topical reports, evidently,

that they are submtting to address, | guess, the
progress of know edge since that design was certified.

ESBWR and EPR, of course, are either in
current review, or not started review yet, and so
we're fully up to speed, and i nvol ved with the revi ews
of those designs. O course, that work scope is going
to NRO, and sone of the expertise will follow it so
that they can do those reviews. So we're working al
t hat .

MR. WALLIS: The ESBWR doesn't really have
sunps, and it doesn't have places where debris gets
into the tanks, which then inject water.

MR. SCOTT: They do have a strainer in
there, | believe it's called the gravity-driven, yes,
"' mnot sure exactly.

MR. WALLIS: The PRA has strainers, and it
has sone estimate of whether or not the strainers
bl ocked. | noticed that.

VR. SCOIT: Certainly, their

vulnerabilities, or lack thereof, are very different
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from the current generation of plants. And the
interesting thing is that these designs are so
different, each of them fromthe traditional designs
that are out there now that you can't take your PWR
gui dance and just plug it into the AP-1000, or the
same for the BWR gui dance for the ESBWR  You have to
ook at it specific to that design. And in nany
cases, their vulnerability hopefully will be |l ess, and
t hey' ve taken a nunber of nmeasures in each of these
new reactors to reduce vulnerability. For exanple,
the materials of construction for the BWRs, they've
gone fromcarbon steel to stainless steel to mnimze
t he anount of sludge they're going to have in their
suppressi on pool, so there have been a | ot of changes,
but we're | ooking at that.

CHAI RVAN BANERJEE: Well, one thing would
be to design out chenical effects.

MR. SCOTT: Absolutely. WlIl, another
thing is to design out vulnerabilities. For exanple,
I"mtrying to recall which one of the designs it is -
| think the ABWR may have conmitted to all RM
insulation, so the fiber is all gone.

MR KRESS: The IRIS doesn't look like it
woul d be vulnerable to this at all.

MR. SCOIT: No insulation of consequence.
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Is that the issue?

MR. KRESS: Right.

MR SCOIT: Yes.

MR. XIAO The new reactor designs are
like Dr. Banerjee argued, design out a |lot of the
i ssue, vulnerabilities. One is the sunp issue, the
other one is aircraft inpact, so there's a lot of
effort there, too. And | believe we're al so coning
back to the ACRS sone tinme next week to give a summary
of our plans to do the aircraft.

CHAI RVAN BANERJEE: Aircraft. Al right.
| f there are no nore discussion, then I'mgoing to
adjourn this nmeeting until tonorrow

MR, CARUSO. No, not tonmorrow. We're
goi ng to adj ourn today.

CHAI RVAN BANERJEE: Oh, adj ourn today.

MR. CARUSC Different meeting tonorrow.

CHAI RVAN BANERJEE: Ch, different neeting
tomorrow. All right. Adjourn today.

(Wher eupon, the proceedi ngs went off the

record at 5:35:17 p.m)
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