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P-ROCEEDI-NGS
8:32 a. m

CHAI RVAN WALLIS: The neeting will now
come to order. Good norning.

This is a neeting of the Advisory
Commttee on Reactor Safeguards Subcomittee on
Ther mal Hydraul i c Phenonena.

| am Gaham Wallis, Chairman of the
Subcommi ttee. Menbers in attendance are Tom Kress,
Bill Shack, Mario Bonaca, Jack Sieber, OQto Maynard
and Ri ch Denni ng.

The purpose of this neeting today is to
di scuss t he progress bei ng made and havi ng occurred in
the resolution of generic safety issue 191, PWR Sunp
Performance. Today the Staff will present the results
of its research program associated with chemn cal
interactions of coolant and debris wthin a
contai nnent during a | oss of cool ant accident.

That's all we're going to hear about?

W'll hear a report from the Staff on
their continuing review of the industry response to
Generic Letter 2004-02. The Subconmmttee will hear
present ati ons by and hol d di scussi ons Wi th
representatives of the NRC Staff and ot her interested

persons regardi ng these matters.
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The Subcommittee will gather information,
anal yze relevant issues and facts and formulate
proposed positions and actions as appropriate for
del i beration by the full Conmttee.

We understand that Dr. Shack has a
conflict of interest and will not be participating in
the Committee deliberations on this matter.

Ral ph Caruso is the Designated Federal
official for this neeting.

The rules for participation in today's
neeti ng have been announced as part of the notice
previously published in the Federal Register on My
22, 2006. A transcript of the nmeeting is being kept
and will be nade available as stated in the Federal
Regi ster noti ce.

It is requested that speakers first
identify thenmsel ves and speak with sufficient clarity
and volune so that they can be readily heard.

W will now proceed with the neeting. And
| believe that Mchelle Evans of the NRC Staff is
going to begin. Please go ahead.

M5. EVANS: Ckay. Good norning. M nane
is Mchelle Evans. 1'm the Deputy D rector for
Engi neering Research Applications in the Ofice of

Nucl ear Regul atory Resear ch.
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|"d just like to take a nonent to thank
t he Subcomrittee for the opportunity to be here today
to continue the di al ogue regardi ng the work t hat we' ve
done to support NRR in their review of the PWR sunp
i ssues.

W last wupdated the Subcommittee in
February of this year. And the intent today is to
continue the dialogue and provide information
regarding the sunp related research that has been
conpl eted since that tine.

|"d like to introduce Rob Tregoning. He's
the group lead in our office for the sunp related
research.

Rob?

MR. TREGONI NG Thank you, M chelle

| wanted to echo her sentinents and j ust
thank the Conmttee for taking time out and all owi ng
us to present the results of our research to provide
you an update of activities that have gone on since
our last chance in front of you in February and in
March of this year.

As M chelle nmentioned, |I'm Rob Tregoning
fromthe Ofice of Research. | want to briefly here
to kick us off, provide an overvi ew presentation. And

there's not nmuch technical in this presentation, but
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what it's meant to do is to provide a franework for
the very technical presentations that you' re going to
be hearing over the course of the day. So really just
provi de an overview, |et you show how the various
pi eces of these various research facets really fit
together into a gl obal schene.

So the gl obal obj ectives  of t he
presentations you're going to be hearing today,
they're all going to followa very simlar format and
try to present simlar information, albeit on
di sparate technical topics. You'll be hearing about
the notivation, the objectives and goals for the
research initiatives that are supporting the Ceneric
Letter resol ution.

Here | talk about the GCeneric Letter
instead of GSI-191 because that is the mjor
regul atory activity that |icensees are trying to
satisfy as we nove forward here. It's certainly an
integral part of GSI-191, but that's why |"mnormally
referring to the GCeneral Letter here neant as a
euphenmi sm for GSI-191 as a whol e.

The second objective will be to provide an
overvi ew of the associ ated techni cal areas of research
and di scuss how these prograns fit together. [I'll be

doing that in this talk.
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For tal ks that you heard i n February, what
you'll hear today it'l| essentially be a status report
for those research prograns. They'll outline their
obj ective, notivation intended regulatory use. They
will briefly describe the technical appr oach,
al though we've tried to be brief in these areas since
in many cases you've heard this information already.
And what we really want to do is focus on the salient
results that we've achieved since February. So the
bul k of those presentations that you' ve heard al ready
will be summarizing those inportant results and
observati ons and anal yses t hat have occurred since the
February time franme. And then we'll also discuss
pl ans and schedul es for renai ni ng worKk.

CHAI RVAN WALLIS: Is there going to be any
remai ni ng work? We've heard nany tines that all this
i s supposed to finish in spring 2006.

MR. TREGONI NG There's remaini ng work
associated with each of these prograns in ternms of
reporting and analysis, in some cases. And you are
goi ng to hear about sone prograns specifically in the
area of downstream effects which have been initiated
since the February neeting. The downstream effects
presentation will not be held today. That's the only

research related talk that will be held, actually,
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tomorrow. But that is one activity where we do have
ongoi ng efforts.

CHAI RVAN WALLI'S: But the other work is
essentially being wapped up and it's just a question
of finishing the reports, is that right?

MR. TREGONING At this point the prograns
that you're hearing today or that you' |l be hearing
about today, nobst of the active testing has been
conpleted in those prograns. And we're finishing
reporting and analysis and at this point trying to do
assess where we go next.

MEMBER DENNING |I'd like to pursue a

l[ittle bit this question of GSI-191 versus Generic

Letter.

MR, TREGONI NG  Yes.

MEMBER DENNING I n ternms of the question
of when does GSI-191, when will it be brought to

resol ution versus this response to the Generic Letter?

CHAI RMAN WALLIS: Yes. | hesitate to
tackl e that question given that the responsibility for
GSl-191 rests within NRR | know t hey have a schedul e
associated with closure. So Mke Scott's going to
come up and illum nate us on what the schedule is, |
bel i eve.

MR. SCOIT: Good norning. This is Mke
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Scott with NRR

W have a schedul e, as Rob nentioned, for
resol ution of the Generic Letter first and resol ution
of the Ceneric Letter is one of the activities that
supports resolution of the GCeneric Safety |ssue.
Because sone of the plant full responses are not goi ng
to be coming in until early in 2008, we're currently
planning that the GSI would be closed if the
information is available to support that closure in
m d- 2008.

MEMBER DENNI NG Thank you

MR. TREGONING But just as a matter of
process, the GCeneric Letter would be closed and
resolved first as one of the integral steps to closing
GSl - 191.

The fourth objective is there are a few
progranms that we'll be tal ki ng about over the course
of the day that we did not discuss in February. So
those presentations wll be nore conplete self-
contai ned presentations where we go through the
approach objectives in greater detail.

The phil osophy, I"I1l just quickly touch on
this. | covered this in February. This slide's just
up here to remnd the Commttee what we discussed in

February.
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The notivation for all these activities we
certainly recognize that research was necessary in a
nunber of inportant technical areas to acquire
knowl edge so that we could adequately resolve this
Generic Letter.

CHAI RVAN WALLIS:  Well, |I'mnot sure that
you' ve reduced uncertainty. | thought the | ast report
you gave us seened to indicate that you had increased
uncertainty. You had raised new questions. You've
shown that you get a bigger spread in data than we'd
seen before. And so it's probably not quite right to
say that research is reducing uncertainty. |It's
gi ving you nore know edge.

MR. TREGONI NG Right.

CHAI RVAN WALLI'S: And that doesn't al ways
reduce your uncertainty.

MR, TREGONING Well, if you look at the
wording there it was very carefully done. It was to
reduce uncertainty associated with the resolution
And | would argue the nore know edge that you have,
the better you're able to resol ve issues.

CHAI RVMAN WALLIS:  well --

MR. TREGONI NG Regardless of it, the
knowl edge that you gain may increase the anmount of

uncertainty that you have with respect to a given
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techni cal parameter. But | agree with your point.

CHAI RMAN WALLIS: And if you believe a
correlation and t hen you do sorme wor k whi ch shows t hat
it's invalid, it would seem that you would increase
t he uncertainty.

MR TREGONING It would increase the
uncertainty with using that correlation, certainly.
That's correct.

CHAI RVAN WALLIS: Right. Okay. Wll, we
can go on

MEMBER KRESS:. The notivation for doing
the work remains the sane.

MR, TREGONI NG  Yes.

MEMBER KRESS: It's just --

MR. TREGONING Well, the phenonena that
we've investigated it's certainly been qualitatively
understood for quite sone tine. | think going back to
t he LANL wor k and previous effective debris sequenci ng
was a well known phenonena. | think we've quantified
it in a way that had not been done in any sort of
rigorous manner prior to that. So, that would be the
distinction | would Iike to make, yes.

CHAI RVAN WALLI S: I nportant worKk.

MR. TREGONI NG Again, the broad objective

of this work, we've tried to focus on techni cal areas
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that initially did have the highest wuncertainty.

Al though | hesitate using the word "uncertainty" again
at this point. And we've tried to take direction from
the ACRS Staff and industry to identify areas where
generic evaluation and research sponsored activities
we t hought woul d have the nost inpact. So that's been
an objective behind all of the various activities

we' ve conduct ed.

W discussed this in February but it's
worth highlighting. Mny of our studies are
paranmetric or scoping in nature at this point to
eval uate inportant vari ables over ranges  of
representative conditions.

CHAI RVAN WALLIS:  Now that doesn't tell ne
that you arrive at any net hod for predicting anything.
You're just going to evaluate inportant variabl es?
You're not going to be able to reach a conclusion
about predicting perfornmance?

MR. TREGONING You know, the second
bullet is a necessary step | would argue in |laying the
basi s of the groundwork behind the --

CHAI RVAN WALLIS: Right. But my
inmpression is that it's going to be left to industry
to predict performance. You are just |ooking at

i nportant variables and you're saying "Yes, we found
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out that this has an inportant effect and this has an
i nportant effect, and this has an i nportant effect and
this other thing is rather uninportant.” But you're
not going to pursue it to the point where you say now
we have a predictive too

MR. TREGONING That's largely correct,
al t hough we are doing work in correl ati on devel opnent
where that's the goal. However, the correlation
devel opnment work has mainly been targeted as a tool
for Staff to use for confirnmatory purposes and not for
the industry to use for the solving the problem So
you're largely correct in your analysis.

The goals, and this just anplifies the
poi nt that you just made, Dr. WAllis, is that nost of
this research the goal has been to conduct
confirmatory research for the Staff use i n maki ng sure
that the independent review and assessnent of the
licensee's submittals for this Generic Letter are
technically acceptable. However, even though that's
been a primary goal, certainly all the results of our
research we've strived to nake thempublicly avail abl e
as qui ckly as possible so that the i ndustry and ot her
st akehol ders could use them in developing their
sol utions as they nove forward.

Technical area of studies on the next
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slide, there's four main areas of study. And what
|"ve highlighted here are prograns underneath that
that we di scussed in February.

CHAl RVAN WALLIS: But what are you
confirmng in this confirmatory research?

MR. TREGONING W are confirm ng that the
pat h t hat i ndustry chooses or the technical resol ution
that they propose to use will be is that we can
confirmthat it's technically acceptable and that we
have i ndependent testing and anal ysis to buttress any
clainms that the industry --

CHAI RVAN WALLIS: But I'mtelling you
you' re doing that before you even know what they're
going to send you?

MR TREGONING It's true that we haven't
seen final submittals with respect to the Generic
Letter. But we've certainly seen lots of prelimnary
information fromthe industry.

And, Paul, did you want to -- he's com ng
up here. | didn't know if you wanted to add somet hi ng
at this point.

MR KLEIN: Yes. |I'mPaul Klein fromNRR

One of the things you'll hear fromne
tomorrow, Dr. Wallis, is that part of NRR s approach

will be to step back, look at all the avail able
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information and try to make a determination with
research on whether additional testing mght be
necessary. And part of that input will be trying to
eval uate i ndustry's approach.

CHAI RVAN WALLI' S:  You know, from | ooking
at the workshop in May that just occurred two or three
week ago, it appeared that NRR had |earned a | ot of
the questions to ask from this research. And that
seened to be one of the main roles of this research
was to establish which technical questions need to be
asked and need to be responded to by industry.

MR. TREGONING Yes, that has been a
contri bution.

CHAI RVAN WALLI S:  Ckay.

MR TREGONING So in the area of chem ca
ef fects we discussed in February, and then previously
in July of last year we talked in great depth about
the integrated chemcal effects test that was
conducted by Los Al anps National Lab. W also heard
about some chem cal specification prediction work that
was done at CNWRA.

In February in head | oss we tal ked about
chenmical effects head | oss testing at Argonne, and in
particulate head loss testing at PNNL. The big

di stinction between the two is that Argonne is truly
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focusing on chemcal effects where PNNL is largely
focusi ng on standard particul ate and fi brous debris.

In February in downstream effects you
heard about the sunp screen pass-through of debris,
ot herwi se known soneti mes as screen bypass as well as
HPSI throttle valve perfornmance work that was
conducted at LANL. And then you heard the begi nni ngs
of the coating transport work bei ng conduct ed at NSWC

Now this time in May it's going to be a
slightly different |ineup. W don't have any
presentations planned on | CET, per se.

CHAI RVAN WALLI'S: Could | go back to this

MR. TREGONI NG  Ckay.

CHAI RMAN WALLIS: -- effects of ingested
debris on reactor core cooling?

MR, TREGONI NG  Yes.

CHAI RVAN WALLIS: | wasn't aware that NRC
was doi ng any work on that.

MR. TREGONING W weren't in February.
SOthis is something, this is --

CHAl RMVAN WALLI S: But you are now?

MR, TREGONI NG  But we are now.

CHAI RVAN WALLIS: Are we going to hear

about that?
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MR. TREGONING Yes. | won't be covering

it today, but it will be covered tonorrow as part of
t he downstream effects.

CHAI RMAN WALLI'S:  We'll hear about it
t onor r ow?

MR. TREGONING  You wi |l hear about that.
That's the only research activity that we will not be
covering today specifically.

CHAI RVAN WALLI S:  Thank you.

MR. TREGONING So today we will not be
hearing about ICET or the chem cal specification
predi ction work. There has not been a | ot of new
activity, or at | east enough newactivity in either of
those areas to warrant presentations. However, as
al ways, if you have questions we'll be happy to field
t hose.

VWhat we wil|l be discussing in the area of
chemi cal effects is sone | CET follow on
characterization work t hat has been conducted at LANL.
You've heard a little about this in July as well as in
February. But we want to give a full blown treatise
t oday.

And then you' Il al so be hearing about our
peer review activities in the area of chemca

ef fects.
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Now in the area of head | oss you wi Il | hear
updates on the ANL and PNNL work. There's additional
testing and analysis work that will be presented
t oday.

There's also a new program that we only
touched on in February, sone static drain colum
testing work conducting at LANL that's going to
provide, | think, sone very interesting conplinmentary
information to be coupled with the work that's ongoi ng
at ANL. It's a different phil osophy and approach to
head | oss testing than ANL has enbar ked on.

And then in downstream effects, as Dr.
VAl lis nmentioned, tonorrowyou'll be hearing about the
effects of ingested debris on core coolability.

And then also today you'll hear sone
results associated with the coatings transport work.

MEMBER DENNI NG  Rob, before you nove on
tothat, it's pretty clear that the Staff's approach
towards the resolution of this issue is going to rely
very heavily on large integral tests that have
condi tions that are cl agged t oget her gl ugged t oget her,
in a sense, to include the effects of chem cal
effects. And | was wondering whether you had | ooked
at -- and it's going to be very difficult to assess

whet her these really represent reality or whet her they
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don't. Have you considered the possibility of sone
additional testing that would try to |ook at that
these integral tests in an experinental way to try to
determ ne where the ranges of applicability or are you
going torely totally on the work that's al ready been
done?

MR. TREGONING W' ve certainly discussed
anong the Staff, as anything, the possibility of doing
some, say, larger scale integrated confirmatory types
of tests. It's sonmething that we haven't chosen to
proceed down that road at this point because all the
i ssues associated with those integral tests have not
shaken out.

Whenever you enbark on i ntegratedtesting,
you know sone of the concerns that you've raised with
respect to the industry testing, we would have the
simlar concerns if we enbarked on our own program
maki ng sure that they reasonably representative and
t hat we were understanding all the various integrated
effects that were occurring in the test.

So we' ve chosen nore typically to | ook at
single effect; transportability, head | oss, cheni cal
effects with the hopes that we can integrate those in
alittle bit nore rigorous way by understanding the

pi eces. Now that doesn't nean downstreamif there is
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some conpelling issues that we're just not able to
come agreenent or, again, provide arigorous technical
eval uati on of sone of the outstanding questions that
we have on the industry approach, that we woul dn't
revisit that decision again. But as of now, we have no
plans to do any integrated testing along those |ines
that you nenti oned.

CHAI RMAN WALLIS: Well, the sort of
guestions | have about industry, just to show somne
out: (1) There seens to be an assunption that al
concretes are the sane. W know that concretes can be
qguite different dependi ng on what aggregate goes into
t hem and so on.

And there seens to be an assunption that
the precipitate of sone chem cal always has the sane
physi cal properties, whereas we knowthat precipitates
can be very di fferent dependi ng on howthey're formnmed.

So there's a whole | ot of questions |ike
t hat which rmuch be occurring to you guys.

MR TREGONI NG  Yes.

CHAI RMAN WALLI'S: W can have a di scussion
about that |ater on about sonme of these things which
are sort of being assuned or appear to be being
assumed by industry which maybe you need to do sone

confirmatory work to check on.
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MR. TREGONING Tonobrrow at the NRR

presentations that is sonme slides that they'|ll be
di scussing about the integrated testing and sonme of
the i ssues we've raised.

The issues you raised are certainly a
subset of many issues --

CHAI RVAN WALLI S: For exanple, | guess.

MR. TREGONI NG Yes. Many questions that
we have.

| know in August there is at | east a plan
at this point to bring in or to attenpt to have the
vendors come in so that we can have a nore detailed
di scussion in front of this Cormttee in terns of the
various testing approaches that are being undertaken
at this point.

Can | nove on?

CHAI RVMAN WALLIS: Sure. W've seen this
one before.

MR. TREGONING You've seen this one
before, so I'lIl nove right through it. |It's just
essentially | wanted to show that there's been a | ot
of col | aborati on between the various | abs that we have
working onthis. |It's a true consortium W' ve tried
to go to many labs so that we can conduct many

prograns simultaneously and try to achi eve the benefit
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of a large nunber of people thinking about these
i ssues sinultaneously.

These nmessages there, |'ve essentially one
nmet hod associ ated with each presentations that you're
going to hear subsequently. There's not a |ot of
technical information given in these nmessages, but
they're just there to set the stage for what you're
going to be hearing about and to try to provide a bit
of a take hone set of summary points.

You're going to be hearing in the first
presentation today that we have achi eved sone i n depth
techni cal wunderstanding about al um num precipitate
formation. And this was the precipitate, just to
remnd you that we saw in the ICET 1 and 5 tests
wi t hin contai nment pool environnents. So | think we
know a lot at this point of how these alum num
products conform and what sonme of the conditions of
formation are.

In the next talk, which is the ANL head
| oss talk, we have certainly denonstrated sone very
i mportant inplications associated with observed | CET
products. And we've actually nmeasured head | oss
associated with surrogates intended to mmc those
products that we observed in | CET.

The newtal k on peer review!l think you're
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going to hear a nunber of interesting issues that we
haven't discussed previously in front of the
Commttee. And we're using this external peer review
gquite extensively to not only review and coment on
t he research that we have ongoing, but really to help
us identify and priortize outstanding issues in the

chem cal effects arena.

Finally, when we | ook at the PNNL wor k and
t he head | oss correl ati on devel opnent work you'll see
once again that we're continuing to identify and
guantify i nportant phenonena that effect head | oss for
particul ate and fibrous debris systens. And we'll
show you how we're using the test data as well as
devel opi ng correlations so that we can try to provide
an analytical tool that the NRC Staff will have to
evaluate sone of the solutions that industry is
devel opnent that ensure that the head loss will be
acceptable, for some of these engineered sone
nodi fi cati ons.

Finally, not so nuch today but tonorrow
you'l | hear about research that we've initiated to
determne if adequate core cooling is naintained due
to ingested debris within the reactor core.

And t hen al so today you' Il be hearing t hat

the coating testing has qualified several inportant
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nmetrics for assessing chip transport to the sunp
screen. And also you'll see sone results from PNNL
where they actually made some head | oss neasurenents

of coating chips. And that was an area that hadn't

seen nmuch, if any, data to try to nmake that
assessnment. So there'll be sonme val uabl e new dat a
t here.

CHAI RVAN WALLI'S:  Rob, last tinme we neet,
before we met we received sone reports. These very
qui ck | ook sort of reports, but at |east they gave us
technical information. And | was thinking about how
we're going to evaluate this work or wite any letter
onit. Really until we see a report which has
information in it which you finally are going to hang
your hat on, it's very hard for us to eval uate what
you' ve done.

MR, TREGONI NG  Yes.

CHAl RVAN WALLI'S:  And we can sort of | ook
at what you present and say, yes, things | ook okay and
this thing is an interesting new tw st or something,
but we can't give any really definite statenent about
how good we think the work is until we see the final
product. And that is going to be sonmetine in the
future, isn't it?

MR. TREGONING Yes. | think what you'l
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see with each project starting in August from about
August through Cctober we'll probably have one or two
new reg. reports a nonth com ng out on these various
proj ects.

CHAI RVAN WALLI'S: So how are we going to
advi se the Comm ssion about the useful ness of your
work until we get all that stuff? W won't be able to
do it until, say, next year it |ooks like.

MR. TREGONING | think the plans are, and
Ral ph can el aborate on this a little bit, we plan for
a Novenber Subconmmittee neeting to be followed up with
a main Conmittee neeting in Decenber. And t he strategy
at that time was, or the plan is that all of the
reports will be done by that. So you'll have six or
seven reports.

CHAI RVAN WALLIS: So Novenber with the
time when we <can review this great stack of
i nformation?

MR TREGONING Yes. Yes. W realize that
it's going to be a chall enge.

CHAI RVAN WALLIS:  Well, I'minterested in
the tinmeliness here. Because | think that these plants
are putting in screens now. And by next year they're
going to have themin there. And soif NRRis goingto

use your work, it needs to come out presumably pretty
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qui ckly.

MR. TREGONING That's what we're working
to do. That's why we're working--

CHAI RVAN WALLIS: They can't really base
a decision on sone prelimnary indication that you
have of sonething. You need to actually state
sonmething definitely. GCkay.

MR. TREGONING That's our main activity
this sumrer is reporting and publishing. So over the
next several nonths there'll be a nunber of reports
that are com ng out on these various prograns.

CHAl RVAN WALLI'S:  WI | these be selective?
It's nice to see quick | ook reports because people
then say what they saw. It's a bit |ike evidence in
a legal case. You know, the evidence is the nost
val uabl e. \When peopl e think about what they really
want to say, sonetinmes it changes. W do sort of see
t he qui ck | ook type report as well as the final report
and say "Well, why don't we enphasi ze this part of the
wor k or sonet hi ng?"

MR TREGONING | can tell you the
strategy we're pursuing with all of our work:

A W're trying to present the
information as neutrally as we can, and;

B. For instance, with the PNNL report |
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know t here are plans to i ncorporate all of those quick
| ook reports as appendi ces.

CHAI RVAN WALLI'S: Ckay. So everything is
going to be there?

MR. TREGONING And that's the strategy
we're attenpting to pursue with all of the reports is
that there will be data and nore raw i nformati on t hat
will be in the appendi ces.

CHAI RVAN WALLI S:  Wbnderful . Ckay.

MR TREGONING So for those that are
inclined, there'll be plenty of information to sift
t hrough and dig into and real ly get your teeth around.

Any ot her questions? |'m accused of being
wordy, so once again |I've exceeded ny tinme all otnent
so | don't want to dally any longer and |l et the real
technical stars get up here and talk about what
t hey' ve been doi ng.

CHAI RVAN WALLIS:  Well, you may be wordy,
but you don't usually say much that's irrel evant.

MR TREGONING That's a matter of
interpretation, | think.

Ckay. Next we're going to hear about
al umi num chenm stry in a post-LOCA environnments and
T.Y. Chang, who is the NRC Project Minager, is going

to come to come up to lead this talk off and as well
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as Marc Kl asky.

MR. CHANG Good norning. M nane is T.Y.
Chang. |'ma Project Manager in the NRC Ofice of
Resear ch.

Wth me here is Dr. Marc Klasky from Los
Al anpos Nati onal Lab.

W woul d Ii ke to present to you a subj ect,
the title is Aluminum Chemstry in Post-LOCA
Envi ronnents, which | shoul d add that the environnent
we're tal king about is within the PWR contai nnment.

Alittle bit of background. The chem cal
ef fects i ssue was rai sed by the ACRS about three years
ago. And in response to this raised concern, the NRC
initiated a small scale chemical testing program
This study denonstrated that gelatinous chemn cal
precipitate could indeed be formed when introducing
alum numor zinc salt into a sinmul ated PWR cont ai nment
pool sol ution.

CHAI RVAN WALLIS: | was trying to think
about the history of this. There were sonme small
scale tests, | think they were done at Los Al anpbs or
New Mexico where --

MR CHANG That's the one I"'mreferring
to.

CHAI RMAN WALLIS: -- they had trouble
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getting consistent results. | nmean, they put a | ot of
things in a lot of jars with various pHs and things

and it was resolved it was zinc or sonething, wasn't

it?

MR CHANG The zinc --

CHAI RVAN WALLIS: It wasn't alum num it
was zinc.

MR. CHANG Al um num and zi nc bot h.

CHAI RMAN WALLIS: Getting consistent
results. And therefore, | wondered how --

MR. CHANG The missing link there is from
the netal corrosion to the formation of the
precipitate.

CHAI RVAN WALLI'S:  And there was somet hi ng,
it wasn't even consistent. | mean, they'd sort of get
sonetimes the -- they'd put in these, what did they
call then? Little pieces of nmetal. | can't think of
what they call them

MR. CHANG  Coupon or whatever.

CHAI RVAN WALLI S:  Coupons, right.

MR TREGONING Dr. Wallis --

CHAI RVAN WALLI'S:  And then sonetines they
gain weight, sonetinmes they'd | ose weight and so on.
It was very difficult to get consistent results. And

this was telling me sonmet hing about the difficulty of
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doi ng a good snall scal e test because industry i s now
pl anni ng a whol e | ot of small scale tests, right? And
they're going to take the results of these and apply
them They'|Il probably learn fromthe small scale
chemical tests that it was difficult to get consi stent
results. That's what | renmenber fromthat work.

DR LETELLIER This is Bruce Letellier
from Los Al anpbs National Lab.

| think that your nenory is correct. Wen
we tried to performa small scale corrosion test to
| ook at how rapidly the materials introduced to
solution, the results were rather inconsistent. It
depended a | ot on the physical property of the sanple,
whet her it was a coupon or granular material. That was
one of two objectives for the small scale testing.

The first obj ecti ve, as T.Y. had
nmentioned, was to denonstrate or to investigate
whet her or not chem cal products could i nduce an
i nportant head | oss effect. And that was denonstrated
conclusively in repeated studies.

MR. CHANG Yes. Let ne continue.

CHAI RVMAN WALLIS: But in ternms of this
confirmatory research, | nean industry's got a huge
pl an where they seened to do all of independent tests

of different coupons and stuff. And what you' ve
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| earned i s sonet hi ng about how one can do those tests
and how one can interpret the results and howreliable
it is to extrapolate them and so on. That my be
useful information when you evaluating what the
i ndustry is doing.

MR. CHANG Yes. Certainly they are useful
i nformati on.

That study, that the main finding is that
those gelatinous chemical precipitates and induce
pretty high head | oss across a sunp screen.

As | nentioned, that the link fromthe
netal corrosiontothe precipitate fornmation, however,
was not denonstrated in this testing. To address this
mssing link NRC and the industry started a joint
program It was the integrated chem cal effects test.
In short it's |CET.

Thi s ACRS Subcomittee was briefed by the
staff and our contractors on the I CET test twi ce. Once
was in July last year and again in February of this
year.

The |1 CET tests show that this chem ca
precipitate could formunder certain conditions when
corrosion and | eachi ng of various material s happened.
Those various materials tested in the ICET tank are

things such as different insulation materials,
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concrete and exposed netal surfaces.

CHAI RVAN WALLI'S:  Now t hese precipitates
were sonetines web-1ike?

MR. CHANG  Pardon?

CHAI RMVAN WALLI'S: They were web-1ike?
Looked like a spider's web? And so this indicates
that the precipitate isn't necessarily always a
collection of small particles which seemto be being
produced in sone of these industrial tests?

DR KLASKY:  You want ne?

MR. CHANG  Yes.

DR. KLASKY: Dr. Wallis, Marc Kl asky from
LANL.

"1l speak in a mnute about sonme of the
earlier photographs that | think we've presented in
the past with respect to the web-like growhs. And
|"d just sunmarize by saying that sone of those
pi ctures that you m ght have seen perhaps are just
mani f estati ons of the drying process.

CHAI RVAN WALLI'S: That's right.

DR KLASKY: And so I'll talk about that
in a mnute.

CHAl RMAN WALLIS: Ckay. Yes, but the
point is that precipitates appear in many forns

dependi ng on what you do?

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

35
DR. KLASKY: Correct.

MR. CHANG  Correct.

Vel |, based on our observation of the | CET
tests it becones clear that a better understanding is
needed about what kind of condition that al um num
based precipitate can form And also -- | think
ski pped one slide. Let nme see. kay.

What really notivated us to start this
study is the I CET test results. Looking at this table
we have three | CET tests --

CHAI RVAN WALLIS: Wwell, let's go back to
here. You say tenperature and pH But the formof the
preci pi tate depends on ot her things such as whet her or
not you stir things, whether or not this flow of somne
sort through sonething else or around the precipitate
and so on. It's not just tenperature and pH

MR. CHANG Wl --

CHAl RMAN WALLIS: Yes, you can make
precipitate but how it forms and what it |ooks |ike
depends on a whole lot of things, doesn't it?

MR- CHANG That's correct. There are a
| ot of other things. But we think those are the nain
things that wll influence formation of those
precipitate.

CHAI RVAN WALLI'S: | nean, you can make a
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single crystal of something if you do it very, very,
very carefully.

MR. CHANG  Correct. Yes.

CHAI RVAN WALLI'S: But that's not what you
usually get for a precipitate. It's not |ikely you
get one large rock in the sunp.

MR. CHANG Ckay

CHAl RMVANWALLIS: It's conceivable, right?

MR. CHANG Here we have three of the five
tests performed for the ICET. |If you |look at test
nunber 1 and 4 both have sodi um hydroxide as the
bufferi ng agent and t he pH val ue of the sol ution about
the same tinme. However, pretty different results were
obser ved.

For test 1 quite a bit of the alum num
based precipitate was formed upon cooling. Wereas
for test 4 none of those gel atinous precipitate were
observed during the test or after cooling.

In addition, you look at test 5. The
bufferi ng agent was t he sodi umtetraborate STB and t he
pH val ue was about 8. However, we al so observed
al um num based precipitate formation

The not abl e di fference between tests 1 and
4really istheinsulation mterial used. Test 1 used

100 percent fiberglass and test 4 we have 80 percent
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of the calciumsilicate there and only 20 percent of
fibergl ass.

so the question then is why do we see such
different results fromthe test? This is something we
need to know better.

CHAI RMAN WALLI'S: This is sonething that
unl ess you' ve done the tests, you wouldn't know. No.
No one predicted this woul d happen this way, as far as
| know.

So this shows that you cannot do a test
where you sinply look at NaOH and al um num |t
depends on the environnment of other things as well?

MR. CHANG That's correct.

CHAI RMAN  WALLIS: Wi ch is anot her
nessage, | think, where sone of these small scale
tests -- what are you going to put in the snall scale
tests in order to sinulate the environnent? Because
the smal | scal e test doesn't contain everything that's
in the sunp. They're sort of separate snmall scale
tests, | think are being planned by --

MR CHANG Well, the test actually is a
evolution. W started with the small tests --

CHAI RVAN WALLI'S: |I'mtal ki ng about | CET
" mtal ki ng about you learned fromthis that you can

then apply to your analysis of what the industry's
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doing. | think they have a whole lot of small scale
tests. | nean, many, up to an order of a 100. But |
don't think they've put in different insulation, for
i nstance, in each test to see what effect it m ght
have. So unless you happen to do those tests, you
woul dn' t know t hi s?

MR. CHANG That's correct.

CHAI RMVAN WALLIS: GCkay. So how much
Cal Sil do you need? Wuld 2 percent Cal Sil have the
same effect?

MR. CHANG For test 4, 80 percent of the
insulation was Cal Sil. But |I don't --

CHAI RMVAN WALLIS: Suppose it was 2
percent, would it inhibit the al um num precipitate?

DR KLASKY: Dr. Wallis, | think "1l
t ouch on those.

CHAI RMVAN WALLIS: You're going to talk
about this later?

DR KLASKY: Yes. Yes.

CHAI RVAN WALLI S: Ckay. Thank you.

DR. KLASKY: And | think your point with
respect to the presence of sort of, let's say, them
hi dden vari abl es --

CHAI RVMAN WALLI'S: Ri ght.

DR. KLASKY: -- is valid. And | think
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that that is precisely why we're attenpting to really
formul ate a greater understanding. W only have five
tests and yet there are many different conditions that
may exist. And so I think one has to be cogni zant of
that fact and try to really extract nore information
from these five tests than otherwi se would be, you
know, just laid out on the table.

CHAI RVAN WALLI S:  Yes, but you've |earned
somet hing about the fact that unexpected things
happen. That sonething like insulation can effect
what you thought was the primary reaction between
NaOHs and al um num

DR KLASKY: Correct. So there are --

CHAI RVAN WALLIS:  And that you cannot sort
of lightly go induce a whole |ot of separate effects
tests and assune that when you put it all together,
you'd get the same result?

DR KLASKY: Correct.

MR. CHANG Based on the observation of
the ICET tests, then it becones clear a better
under st andi ng of the conditionis for the formati on of
al um num based precipitate is needed. And also, we
need to understand better about the properties of
t hose precipitate.

The regulatory application is for the
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results of this test -- of this study, rather, is
first linked to support NRR eval uati on of the |licensee
responses to Ceneric Letter 2004-02 in the area of
chem cal effects. And in addition, the results wll
support NRR plant audits for evaluating chemn cal
effects.

Finally, for the Ilicensees this wll
provide information for themto performplant specific
assessment of chemical effects in the post-LOCA
chem cal environnent.

The product of this study will be in the formof
a NUREG CR report. The report, we're in the progress
and the publication is expected in Cctober this year.

And with this, | would like to hand it
over to Dr. Marc Klasky. He will finish the
presentation of this study.

DR. KLASKY: Ckay. Thank you, T.Y.

| want to point out another coll aborator,
Don Chen from University of New Mxico who has
assisted in the work.

| think there were a couple of points
made, Dr. Wallis, that really sort of are the
notivation for this work. And those are that we want
to recognize that we've done a |limted nunber of

tests, but at the sane time we have conditions that
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either are interpolations or extrapol ations, in some
sense, to the conditions that were present in these
five tests. So we're attenpting to understand the

maxi mum quantity of precipitate, it's susceptibility
to change with respect to its properties due to any
nunber of factors that nay be present and at the same
time really prepare for the subsequent head | oss test.
So inthe end we're after an understandi ng of quantity
of material and its inherent properties that m ght
effect the head loss. That's ultimately the goal.

CHAI RVAN WALLI S:  Were you able to predict
anyt hing that happens in the sunp?

DR. KLASKY: | think the objective of this
work is to predict or attenpt to predict the quantity
of precipitant and its properties --

CHAI RVAN WALLIS:  Are you able? |I nean, do
you end up with something which says yes you can use
this and we understand it and you can nake a
predi ction?

DR. KLASKY: | think what we wind up with
is a prediction of the properties of the precipitant
that coul d be used to devel op a head | oss correl ation
that Bruce, ny col |l eague at Los Al anps, will present.

An outline of the technical presentation,

we're going to sunmarize of the ICET tests in which
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we' ve observed alum num concentrations that were
substantial enough to warrant further investigation.
Present sonme of the nmeasurenents that have been
conducted, hydrogen production, properties of the
preci pitant and tal k about the passivation of the
al um numcoupons, in particul ar, and sone suppl enment al
tests that has been performed to understand the
guantity or source termthat we m ght be faced wth.
And tal k about some foll ow up anal yses that have been
performed to characterize the precipitant.

Again, the goal is to characterize it in
t he sense that we can reproduce it and understand its
susceptibility to changes in different paraneters.
M xing, for exanple, or rapid addition of sodium
hydroxi de to a sol ution of al um num

Then we want to talk about alum num
solubility, what factors affect alum numsolubility.
And this is inmportant again because we're trying to
predict the quantity and the properties of the
precipitate. And we're going to tal k about h ow those
properties m ght change as a consequence of aging, for
exanpl e.

And then | astly tal k about the devel opnent
of surrogates for head |l oss testingto facilitate head

| oss testing if you want to do that separate and not
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inanintegrated | oop where you' re corrodi ng t he net al
and then nmeasuring the head loss that results from
that chem cal product, which in fact what Dr. Shack
has performed at Argonne.

W'l | tal k about some of the difficulties
and the variability in the properties of the materi al .

But first I'Il just sunmmarize sonme of the
basi c observations fromICET. On the left we see test
1 we basically produced substantial quantities of
aluminum or corroded alumnum such that the
concentration in test 1 rose to a plateau
value of about 350 nmilligrans per liter over the
course of the first 20 days. And subsequently it
pl at eau.

CHAI RMAN  WALLIS: This was all in
sol ution?

DR KLASKY: This was in solution,
correct. This is the measured concentration perforned
by taking daily sanples fromthe | CET sol uti on of test
1

Test 5, which agai n was a sodi umhydr oxi de
system Actually, we used sodiumtetraborate to
simulate, | guess this was the ICET-- or sorry, the
| CET condenser sinulation or attenpt to sinulate that

environnent. W obtai ned concentrati on of al um num of
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about 50 mlrens per liter.

CHAI RMAN WALLI'S:  This is alumnumin
solution. It's not alum numthat cones out and then
reacts with sonet hing el se and preci pitates duringthe
test?

DR KLASKY: R ght. Right here we're just
presenting the concentration of --

CHAI RVAN WALLI'S: Do you know if there's
any alum numthat reacts with sonething el se and then
precipitates during the test or is it all in solution.

DR. KLASKY: |1'll address that.

CHAI RMAN WALLIS:  You'll address that
| ater?

DR, KLASKY: | think we have pretty
convi nci ng evi dence that the al um numthat was present
or that had corroded remained in solution during the
course of the experinent. And that's confirnmed by the
fact that the weight | oss from the al um num coupons
was | argely consistent with the concentration that we
observed. And |I'Il present it on the next slide, sone
ot her evidence to that effect.

Just to illustrate a point that | think
you made, Graham w th respect to pH and it's not as
sinple as just, you know, a single variable. |I have

plotted the pH of each of the respective tests. And
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t he upper nost curve is in fact that of test 4 in
which the pHis the highest. And as we alluded to, or
T.Y. alluded to, we did not observe the alum num
pl aced in sol ution.

CHAI RVAN WALLI S:  So you've got two things
at the same tine in test 4. You ve got CalSil there
and you've also got a high pH, is that right? No,
you've also got a high pHin test 1?

DR. KLASKY: Correct. So the difference

CHAI RVAN WALLIS: It doesn't show -- oh,
it's alnost the sane. Yes. (Kkay. Yes.

DR. KLASKY: It's a little higher, but
they're conparable. But as T.Y. alluded to the
difference being that CalSil is in test 4 and so one
can basically exam ne, you know, so what's different
in test 4 and what led to, in essence, the |lack of
alumi num And that's what we've pursued.

Li kewi se, test 5is the blue curve. It has
a pHthat's conparable to that of test 3 yet there was
no al um num placed in solution in test 3. And there
we're tal king about a trisodiumsystem borate system
ver sus sodi um hydroxi de system

So | think it's clear that we're talking

about nore than pHhere. W' re tal ki ng about different
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chemi cal species that behave in a manner which
passivate the al um num surface, others the chem stry
is just so substantially different that we have
different effects that are taking place.

This just summarizes the five tests and
just sinplistically whether sodium hydroxide or TSP
was present, the pH range and whether fiberglass or
Cal Sil was utilized.

| spoke to this point earlier, and that is
t he questi on was asked whet her the al um numni ght have
precipitated in test 5 and test 1. And there's |
think sonme substantiation to the effect that we
believe that the alumnum did not precipitate in
either of these tests during the course of the test.
Rat her remai ned in solution. One piece of evidence is
t he hydrogen concentrati on.

W neasur ed t he hydrogen above i n t he head
space of the tank. The tank was vented. And just as
a safety precaution, hydrogen was nonitored each day.

And there's substantial variability in the data, but

CHAI RMAN WALLIS: Turbidity is the
opaqueness of the --
DR KLASKY: Yes.

CHAl RVAN WALLI'S: So what is it if it's
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not a precipitate that's making it turbid?

DR. KLASKY: Well, let me speak to that.
This neasurement was perforned by allowing the
sol ution to cool

CHAI RVAN WALLI S:  Ah.

DR. KLASKY: Right. This is indicative of
turbidity in the tank itself.

The point of this figure, the |ower
figure, is that basically it reached the val ue which
sat ur at ed.

CHAI RVAN  WALLIS: So there was no
turbidity during the test? |It's just after you --

DR. KLASKY: Right.

CHAI RMAN WALLIS: -- lie around for many
days it --

DR, KLASKY: Well, the sanple was
withdrawn fromthe --

CHAI RVAN WALLIS: By different, the days
is during the ICET test, that time span?

DR KLASKY: Correct.

CHAI RVAN WALLI S:  Ckay.

DR.  KLASKY: Yes. So the sanple's
wi t hdrawn - -

CHAl RVAN WALLI'S:  And then cool ed?

DR. KLASKY: It's allow to cool to reach
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roomtenperature. And the turbidity here is
illustrative of the fact that you're basically
precipitating. And that's in essence what's occurring
here. So the passage of light is inpeded or you're
reflecting |ight.

MR TREGONING Marc, this is Rob
Tregoning. Just a quick point of clarification.

Those turbidity neasurenents, although
they are taken at room tenperature, they're taken
within ten mnutes of extraction fromthe tank. So
the sanples don't sit around for any great |ength of
tinme.

CHAI RVAN WALLIS: They don't settle?

MR. TREGONI NG  What ?

CHAI RVAN WALLIS: They don't settle, for
i nstance? They don't settle?

MR. TREGONI NG And Bruce night el aborate
here. But | believe, you know, that they shook the
vial s up so that they coul d honbgeni ze any precipitate
that it fornmed, yes.

DR. KLASKY: Yes. | guess the point of
thisisonly toillustrate that we basically observed
a plateau roughly at the sanme point at which the
pl at eau was observed with respect to the al um num

concentration. And likew se, in the upper figure the
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hydrogen production really ceased at about the sane
time that that plateau in al um numwas observed, which
basi cal | y neans t hat al umi numcorrosi on ceased at this
point. That is alum numcorrosion is acconpani ed by
t he production of hydrogen and --

CHAI RMAN WALLIS: It seems it ceases at
various tines?

DR. KLASKY: Wll, there is substanti al
variability in the data, there's no doubt about that.
| think | nentioned nore perhaps the conpelling
evidence of the fact that the alumnum did not
precipitate is the fact that if you just take the
wei ght | oss of the al um num coupon and put that into
the volunme of aliquid, that's roughly consistent with
the concentrations that were observed during the
course of the measurenent.

MR. TREGONI NG Rob Tregoni ng.

And just again, point of clarification
with the hydrogen neasurenents. They were done for
saf ety purposes so they weren't done necessarily with
a QA consistent qualified procedure. In fact, in many
cases we varied the procedure; left the vent open,
closed it for a certain period allowed things to
accurrul ate. So there was sone tweaki ng of procedures

as wel |l as nmeasurenent accuracy that | eads to sone of
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t hat observed variability in the hydrogen dat a.

DR KLASKY: | guess I'lIl hit it on the
next --

MEMBER MAYNARD: Excuse nme. The source for
the al umi numin these, was it based on quantities that
woul d be typically available or in a contai nnent?

DR KLASKY: Yes. The surface area of the
alum num was consistent with what would be in a
cont ai nment vessel -- or sorry, a containnent --

CHAI RVAN  WALLI'S: At |east one
containment. | think that contai nnent -- al um num
vari es trenendously from pl ant-to-plant.

MEMBER MAYNARD: Right. But | think nost
of them do have -- there's a program for accounting
for how nmuch aluminum | just wonder if they can
correlate that to these results or that's --

DR KLASKY: These were, | believe, the
upper bound. Rob, maybe you can el aborate on that.

MR. TREGONING Paul's going to

DR. KLASKY: Ckay. Paul's going to.

MR KLEIN:  Paul Klein fromNRR

This woul d be consi dered an upper bound.
Based on pl ant survey data there are a few plants t hat
have al um num | evels on the order of ICET. Conpared

to what was scaled for the test, nobst plants have
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substantially | ess al um num

MR TREGONING [I'mgoing to clarify.
Upper bound, | always cringe when the word "upper
bound" is used.

| think I would agree that in ternms of the
anount of subnerged alum num that was within this
test, which was the largest contribution of al um num
in solution, that that upper bound statenent is
probabl y accurate.

| qualify that because we see a |ot of
information fromthe plants and it changes quite often
in terns of -- even sone plants that have reported
hi gh al um num over tine their alum numlevels can
fluctuate pretty dramatically. But there are plants
out there that do have nore alum numthan we put in
t he | CET tank.

MEMBER KRESS: Right. A typica
contai nment, the bul k of the al um num --

MR. TREGONING Yes, that's nore typical.
But we did --

DR. SHACK: Even in ICET only 5 percent of
t he al um num was subrmer ged.

MEMBER KRESS: Ckay. So it is --

MR. TREGONING But the thing that we have

seen at | east based on the [imted plant data that we
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have seen is the plants that have high alum num
typi cally have nuch | ess than 5 percent subnerged. So
that's the distinction.

DR. SHACK: And I'Il have a little
di scussion of that in my presentation.

MR. TREGONING Yes. W can revisit it
t hen.

DR. KLASKY: So one consequence of having
the alumnum in test 1, in test 5 -- this was
initially surprising to us that the lack of silica we
had predicated initially that the fiberglass would
di ssol ve under the high pH conditions. And yet we
didn't observe that in test 1 or test 5. The silica
concentrations were very low. And so we started to
t hi nk about the interactions of alum num and silica.
And in fact this is sort of the inverse of what
happened in test 4.

Test 4 we dissolve the Cal Sil whichledto
hi gh concentrations of silica. And consequently we
basically precluded or passivated the alum num
surface. So to show that in this next figure that
illustrating the silica concentration and showi ng t hat
in test 1 and test 5 the higher alum num
concentrations in essence permtted the dissolution of

the silica or fiberglass, whereas test 4 you see the
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Cal Sil initially produces very | arge concentrati ons of
silica which presumably had sone effect on the
corrosion of alumnum So there is an interaction in
t hi s.

CHAI RVAN WALLI' S:  You don't know how nuch
you need of this CalSil --

DR. KLASKY: So we started studying that
and - -

MEMBER KRESS: You predict that in advance
of running the tests?

DR. KLASKY: No. The predictions of --

MEMBER KRESS: | wouldn't think so.

DR. KLASKY: The predictions of silica, |
bel i eve Sout hwest Research performed t hose equili brium
cal cul ations. And that was not predicted.

Now it turns out that there is a wealth of
information in the literature so this had been
studied. Yes, and I'll present this next figure that
illustrates that.

Sotostart toanswer Dr. Wallis' question
with respect to how nmuch silica one needs to nore
effectively passivate the alum num we perforned a
nunber of studies. And I'"monly reporting on the
study in which we place silica in concentrations that

basically were attenpted to mimc test 4, but we have
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performed these studies in which we've introduced a
vari abl e ampunt of silica.

CHAI RVAN WALLI'S: Wuldn't it depend on
the formof the silica. | nean, with glass we put in
a gl ass beaker. You got silica in the gl ass.

DR. KLASKY: The answer to that question
is yes, it is very dependent upon the formof silica
that's placed into a solution. It requires a
anor phous silica to have an effect, which hasn't been
studied. But it is a valid point.

So the wupper figure just illustrates
precisely what we saw in ICET test 4. It forned
places a high concentration of silica and the
concentration is roughly a 100 mlligrams per liter,
| believe, or | think we m ght have placed the upper
bound as well. 200 mlligrans per liter. One
effectively very rapidly passivates the alum num
surface and does not observe alum num in solution,
whereas if no silicais present or a negligible anmount
of silicais present in solution, the corrosion rate
is rather rapid. And calciumhas sone effect on
passivating the alum num surface, but it's not as
effective as the silica itself.

So getting back to the question can one

predict this or was this known, the answer is that
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there have been nunerous investigations of the
passi vation of alum num surfaces. And | present one
on the bottomfigure. And this bottomfigure is neant
to illustrate that one can basically effect the

pot ential by introduci ng both silica and al uni numinto
solution. And so what you see in the baseline is:

A. That the potential is negative 1600.
And the nore negative the nore apt or susceptible to
corrosion. By introducing small quantities of silica,
one can effective raise the potential and basically in
sone sense i nhibit or sl owdown the rate of corrosion.

So this starts to answer Dr. WIIlis'
guestion about how rmuch one needs by viewing the
potentials and the means by which the potentials
rai sed by small increnental amounts of silica one can
attenpt to get at that.

And we have perforned sone tests that wll
be outlined in the NUREG t hat attenpt to address that
guestion of how nmuch silica 1is necessary to
effectively passivate --

CHAI RMAN WALLIS: So you're suggesting
that plants should put CalSil in their sunmp if they
don't have any?

DR. KLASKY: Well, not too much because

t hen you've got a different problem Just enough.
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MEMBER KRESS: Cal Sil injections.

MR. TREGONING This is the first known
benefit of CalSil in this whole sunp i ssue that we've
seen over the years.

CHAI RMVAN WALLIS: | think it also protects
the steel, doesn't it?

DR. KLASKY: |I'mnot famliar with steel.

So it also turns out, if one exam nes
these figures, that the presence of alumnumin
solution al so has an effect on the corrosion rate. So
there is a feedback mechanismin the system And that
basically speaks to if one perforns corrosion tests in
a smaller volunme and the concentration is larger in
t he end, one can expect different corrosion rates. So
| think one has to be careful in the nmeans by which
corrosion rates are neasured. And | think that that's
part of -- | guess, Bruce, you guys found in the snal
scal e testing that you had performed. Perhaps not in
t he same context, but nonetheless there is an effect.

So we observed upon cooling from 60
degrees to roomtenperature that a precipitate forned
during this course of cooling. And so first to get a
sense of what the elenmental composition of this
precipitate was or is, we performed | CET anal ysis. So

basically we're just after what is the el enental
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conmposition. Forget about nolecular structure. It's
a very sinplistic chem cal analysis, in some sense.

And one can see that there's a large
per cent age of al um num predoninately the precipitate
is alumnum And it's acconpanied by a rather |arge
per cent age of boron as well.

Now this precipitate that I'm -- these
nunbers that I'mgiving here is precipitate that has
been washed. | think perhaps previously we've
presented el emental conpositions in which we did not
rinse the precipitate first. And in that case, one
sees a lot nore sodiumand a | ot nore boron. And this
speaks to, | think Dr. Wallis nentioned this filmor
web-1i ke structure between fibers. WlIl, this sane
mat erial basically fornms on the precipitate itself.
And it's a consequence of sodium borite being very
sol ubl e but, of course, if one extracts sonething from
solution, there is surface tension. And then one
allows it dry, well you get this nmaterial as a
consequence as well. And the figure that illustrates
this. This was a figure that a coll eague of m ne,
Steve Tippera, he noticed that this material that we
call precipitate was actually two different materi al s.
A white material which turns out to be tincal conite or

a crystallin material as evidenced by the sharp
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residences in the XRD and this anorphous greeni sh
material or anmber nmaterial which s anorphous
al um num

So | don't knowif we previously presented
this, so really we're tal king about two different
materials and really because we're interested in
what's really occurring with the I CE environnent, the
actual material that we're interested in is the
anor phous alum nummaterial. The tincalconite is only
present if one allows material to dry or renoves
material from the solution and subsequently the
material dries. So we're going to focus on the anber
or anor phous alum num material. And | think that
perhaps a lot of the remarks we made with respect to
t he web-1i ke structure and what not need to be revi sed.
That is, sone of the work that we presented earlier
with respect to the web-like structures probably is

just a manifestation of renoving the fibers from

sol uti on.
CHAI RVAN WALLIS: Wiy would it make a web?
DR KLASKY: | think it's alnost like it
-- well, first it adheres just to surface tension.

And then basically it's drying. And | guess it's the
cracking during the drying process that is |leading to

t hat appearance of a web.
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One might think that it just cracks and
basically separates. But apparently there's enough
tension and cracking doesn't break it, | presune.

MEMBER KRESS: | think it's surface
t ensi on driven.

DR KLASKY: | think that's what forms it.
| nean, we haven't fundanentally studied the surface

tension properties of this, and so |'d just leave it

at that.

MEMBER KRESS: Probably not inportant to
t hi s work.

DR KLASKY: | don't know. | think that
really -- Bruce?

DR LETELLIER  Bruce Letellier from LANL.

Mar c, maybe you shoul d expl ai n that you're
able to reproduce this artificially.

DR. KLASKY: Yes. Sort of to prove this
hypot hesis or | should say to lend a little nore
support, we took fiber strands, dipped theminto
sodi um hydroxi de with borate present and renoved the
fi ber, exam ned the fiber subsequently and observed
t hese sane structures.

CHAI RVAN WALLIS: CQut into the air that
you nmake these liquid filns?

DR. KLASKY: That's right.
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CHAI RVAN WALLI'S:  And then they dry?

DR. KLASKY: That's right. W also washed
the filmor the fiber as well. And once we did that,
of course, it disappeared. So it's certainly a
mani festation of just renoving it from-in ny opinion
at this point is what 1'd include.

Now to wunderstand the nature of the
precipitate, | wanted to understand what the
consequences of drying has on the precipitate itself,
that is the alumnummaterial. And so one can see in
the figure that the material is conprised of a very
| ar ge percentage of water. Just four hours of drying
at 60 degrees leads to a weight |oss of upwards of
90/ 95 percent. So we're tal king about very hydrated
mat erial which has a consequence in terns of head
loss. So we're not just tal king about -- you know,
we're talking about a small anmount of al um num
basically assuming a rather |arge volune due to the
associated water that's present. And | think in
devel oping a head loss correlation that has to be
recogni zed. We're not talking about just alum num
W' re tal ki ng about the whol e hydrati on sphere itself
or an effective dianmeter that's nuch | arger than just
the smal |l anpbunt of al um numthat one places into the

sol uti on.
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CHAl RMAN WALLIS: What is tincalconite?

DR. KLASKY: It's just sodiumborate. |
It"s | think --

CHAI RVAN WALLIS: That's sodi um bor at e.
And boehnmite is a oxide of alum num isn't it?

DR KLASKY: Boehmte is the --

CHAI RVAN WALLI'S: Al umi num

DR KLASKY: \What's that?

CHAI RVAN WALLI'S: Isn't that an oxide of
al um num or --

DR KLASKY: Yes. |It's ALOH and the
tincalconite is the sodi um borate.

CHAl RVAN WALLIS: And Boehmite is from
Germany and bauxite is from France.

DR. KLASKY: I'mgoing to give a little
nore information about the precipitate of the |east
gualitative. W perforned a nunber of observations
using TEM And what we have here is just an
illustrationthat it al nost | ooks |like the precipitate
is conprised of --

CHAI RVAN WALLI'S:  When you're finished all
this are you going to tell us what this nmeans for
sunps? It's a lot of detail you' re going into here,
but you've got to -- the interest really is what does

this tell us about sunps. Are you going to get there?
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DR. KLASKY: Ckay. The answer to that

guestion is we're first attenpting to understand what
the material is. And then the attenpt was to, in
essence, reproduce the material so that Dr. Shack and
others could basically have confidence that the
surrogate that they're usi ng was i ndeed representative
of what m ght be expected --

CHAI RVAN WALLIS:  well, if you take this
stuff out, you tell me it's a gel. And you take it
out and you dry it and you get a powder or sonething
i ke that?

DR KLASKY: Correct.

CHAI RVAN WALLI'S: Then if you put it in
wat er again does it make a gel again or does it stay
a powder ?

DR. KLASKY: This solution is very slow.

CHAI RVAN WALLI S: But it would stay a

powder? It wouldn't necessarily go back to a gel?

DR, KLASKY: It would stay -- if one
allows it to -- | nean, it's a powder. It's an
unstructured -- it's not a crystal, right. There is

very little crystal indication. But it's going back
into solution --
CHAI RMAN WALLIS: Is it a gel in the sunp

or is it a powder, or what is it?
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DR. KLASKY: It's a gel in the sunp.

CHAI RVAN WALLIS: A gel in the sunp.

DR. KLASKY: Right.

DR SHACK: That's because he shows that
enor rous anount of hydration.

CHAI RVAN WALLIS: That's right. And | was
j ust wondering about whether the way that industry is
going to make this stuff is going to duplicate the gel
al so.

DR KLASKY: Well, I'mgoing to speak to
that. Because let's get to the chase.

CHAI RVAN WALLI'S: Surely.

DR KLASKY: The bottomline is is the
mat eri al that one produces representative of what is
produced under an environment in which corrosion is
basically leading to the formation. And so when --
one has to be very careful. | think we'll show you
can produce it, but it takes a lot of care. It's not
as sinple as just mxing the two test tubes together
and saying |I've mxed al umi numw th sodi um hydr oxi de
and |' mdone. So the onus is on the person naking the
surrogate to prove t hat t he surrogate is
representative. And | think we're attenpting to cone
up with sone netrics by which to judge t he adequacy of

that surrogate. So, yes, it's |long-wi nded, but that's
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the --

CHAI RVAN WALLIS: But that's inportant |
think. That's an inportant concl usion.

DR. KLASKY: | won't spend too nuch tinme
on these, but we've also used NVR to characterize the
properties of both the solution and the precipitate
itself. And this figure basically shows, if one goes
to the literature, that the chemcal shifts that are
observed in the alum num 27 and the boron 11 NMR are
consistent with the fact that alum num coordi nated
with boron. And so we know sonet hi ng about the real
structure now of the precipitate; that is alum num
coordinated with both trigonal and tetrahedral boron.

CHAI RVAN WALLIS: Now this boehmte
doesn't have boron in it, does it?

DR KLASKY: The boehmte itself?

CHAl RVAN WALLI S:  Yes.

DR KLASKY: Boehnmite has boron absorbed
onto the surface.

CHAl RVAN WALLI'S: But boehmte itself
doesn't have boron in it?

DR KLASKY: No, it does not.

CHAl RVAN WALLI'S:  No.

DR LETELLIER I1'd like to interject.

This is Bruce Letellier from LANL.
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Al t hough Marc's presentation is extrenely
detailed, it does illustrate how difficult it can be
to specul ate an unknown material. | mean, that was one
of the Staff's initial requests that we identify
exactly what products were forned. And, in fact, it
can be very difficult especially in an integrated test
environnment that's | ess well controlled than you m ght
expect for a --

CHAI RVAN WALLI'S:  Well, this does concern
nme about this May neeting, this workshop. It seened
t hat NRR was aski ng questions | earned fromyour tests.
And i ndustry seened to have sort of rather easy going
answers. They're saying, well of course, we'll just
make this stuff and it's going to be okay. And it's
not going to be perhaps quite as easy as that. Maybe
that's just the inpression | got fromlooking at the

DR SHACK: You'll get a sinpler m nded
answer fromnme. So you can --

CHAl RVAN WALLIS: Well, you think it's
goi ng to be okay.

DR SHACK: We'll cone back and review
this questi on.

CHAI RVAN WALLI S:  Ckay.

DR. SHACK: Because obviously it does it
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arise in the context of ny --

CHAI RVAN WALLIS:  You're going to sort it
all out for us?

DR SHACK: Well, I'mgoing to give you ny
take on it.

CHAI RVAN WALLI S:  Ckay. Ckay.

DR, LETELLIER 1'd like to say that
numerous investigators have created a variety of
chem cal products and they all appear to give adverse
head | oss ef fects. But conmparing the degree, tryingto
guantify the conparison is the chall enge.

CHAI RMAN WALLI'S:  Yes. Especially if they
differ by an order of magnitude.

MR. TREGONING But | will say many of the
poi nts that Marc's raising wth respect to
difficulties of creating surrogate, | think Bill is
going to hanmer home with sone applications to show
how t hese mani fest thenselves in head |oss tests and
some of the peculiarities and differences that you
really need to keep in m nd when you're doing these
sorts of tests if you want to get sonething that's
nmeani ngful at the end of the day.

DR. KLASKY: | think the way of
illustrating the difficulty or one of the problens

illustrated by these two figures that |'ve presented
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on the solubility of the alumnum one is a
crystalline structure gibbsite and the other is for a
anor phous alum num And basically for any given pH
there's two orders of nagnitude difference in
solubility. And initially, I'll just recount a
conversation | had with Dr. Shack, that | had
basically perforned some cal culations and was very
car ef ul in wusing the best thernodynamc data
avai lable. And by that | nmean, let's say data that
had been scrutinized and real |l y taki ng mean val ues and
standard devi ati on and t hernodynam ¢ data and cane up
with predictions that could be up to a factor of 2
di fferent than what ot her i nvesti gators have presented
in textbooks, for exanple. And investigators have
found that the solubility is very susceptible to snal
changes in the way it's produced m xing the rate at
whi ch one reagent is added to anot her.

So it's not --

CHAI RMAN WALLIS: So this solubility is
di ssol ving of sonething? 1It's not the point where it
gets saturated and precipitates? That's sonething
else, isn't it?

DR.  KLASKY: Prior to the highest
concentration --

CHAI RVAN WALLI S: Does the anorphous of
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t he al umi numreach the saturation and then a gi bbsite
is way far -- way far away fromit?

DR KLASKY: That is correct.

CHAI RVAN WALLIS: What is gibbsite? Do
you nake | adders out of gibbsite? I have no i dea what
a gibbsite is.

DR, KLASKY: It's just crystalline

al um num

CHAI RVAN WALLI S:  What do you make | adders
out of?

MEMBER KRESS: Al um num hopeful ly.

DR KLASKY: Al um num

CHAI RVAN WALLIS: But what is it?

DR KLASKY: Al um num netal .

CHAl RVAN WALLI'S:  So --

DR. SHACK: G bbsite is just another
ALQ(CH) --

CHAI RVAN WALLIS: Onh. Because you're
tal king about your solubility of alumnumit says
here. So you're tal king about solubility of al um num
oxi des?

DR, KLASKY: Correct. Correct.

CHAI RVAN WALLI S:  Ckay.

DR. KLASKY: So that the point here is

that the concentration of alumi numin both test 1 and
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test 5 we believe was belowthe solubility imt. And
so the point is what basically termnated the
production was not reaching a concentrationlint, but
rat her passivation of the alum numsurface. So if one
wants to really get a good estinate of the total
guantity of alum num put into solution, one has to
real ly understand the corrosion or the passivation of
t he al um num surf ace.

CHAI RMAN WALLI'S: | would think these
| adders are passivated already, aren't they? They' ve
been around for a long tine.

DR. KLASKY: There is an oxide |ayer that
is present, but if you place that |adder in the wong
pH regi me, then one may not have a | adder anynore, or
a smal |l er | adder.

DR SHACK: But it's those solubilities
goi ng up by orders of magnitude.

CHAI RMVAN WALLIS: That's right. | noticed
the 1l og scale there. Yes.

DR.  KLASKY: So that's sort of the
conclusion with respect to the source term that the
source termis really driven by that corrosion and
basically term nates due to passivation. And really
we' re not faced with approaching a solubility limt in

the I CET |like environnent.
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CHAl RMAN WALLI S: Does it al so di ssol ves

readily with the | ow pH?

DR. KLASKY: Yes. That's right.

CHAI RVAN WALLI'S:  And what's the | owest pH
you get with the boric acid? Before it gets to the
sunp? It sprays out over the containnment, it forns
pools, it does all kinds of --

MR KLEIN:  Paul Klein fromNRR

It's probably in the range of 4 to 4%

CHAI RVAN WALLIS: So if we | ook at 4 here,
we' ve orders of nmagnitude difference inthe solubility
from-- gibbsite, | didn't know about -- yes, there
are orders of magnitude, too, for the other one,
what ever .

DR KLASKY: Yes.

CHAI RVAN WALLI S:  The anor phous one. Yes.

You' re always talking about the sunps
here, but aren't there pools of acidic water that are
hangi ng around in the containnent on their way to the
sunp?

MR. CARUSO. And could there be rivers of
sodi um hydroxide, concentrated sodium hydroxide
fl ow ng down | adders?

CHAl RMAN  WALLI'S:  From sprays or

somet hi ng?
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MR CARUSO  From sprays?

DR. KLASKY: \What is the upper pH? 12, is
it?

CHAI RMAN WALLIS: It always seens to be
assumed t hat you' ve got sone m xture in the sunp, but
there are regions where there -- there are high or | ow
pH regi ons i n the contai nment dependi ng on what you're
doi ng locally.

DR. SHACK: But that generally exists only
for a relatively short period of tine.

CHAl RVAN WALLIS: | nean, it could be in
a bl anket of hot fiberglass damed up there di ssol ving
somet hing --

DR. SHACK: If it's danmed up, you don't
worry about it.

CHAI RVAN WALLI'S:  But then you turn on
some sprays and it's rel eased, you know. So it's not
-- anyway.

DR LETELLIER. Dr. Wallis, one inportant
inmplication of solubility is that you' re not creating
a precipitate. It actually provides a reservoir to
keep that material in solution.

CHAI RVAN WALLIS: Until you've put it in
the sunp nmaybe. Until you cool it down in the heat

exchanger.

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

DR LETELLIER Until you experience a
t enper at ure change.

CHAI RVMAN WALLI'S: Ri ght.

DR LETELLIER But on the other hand, the
i mportant conclusion Marc has that the plateau in
al um num concentration is due to passivation. And
that's very i nportant because ot herwi se you coul d have
a heat exchanger that generates a punp of alum num
hydroxi de precipitate continually renoving it and
replacing it.

DR. SHACK: Right.

DR LETELLIER So Marc's identified a
very inportant physical mechanism that provides a
neasure of safety, if youwill. That's the benefit of
adding a little bit of CalSil is to passivate the
al um num surf ace.

MEMBER MAYNARD: And there may be sone
smal | pools, but typically the contai nnment's designed
so that the water will all flowto the sunp. So you
obvi ously have sone equi pnent and sone stuff, |-beans
com ng up where there may be sone small pools.

CHAI RVAN WALLI'S: There could be drains
t hat get | ocked.

The effect though of barriers nowthey're

putting in some containnments to at |east catch the
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fi berglass, to catch the insulation

Ckay. Can we nove on.

DR. KLASKY: Yes. So the point is is as
well that the solubilities are very sensitive to the
conditions in which the material are m xed, made and
can vary substantially.

In addition, | think another point that
needs to be made is that within the sunp we're tal king
about tines on the order of 30 days or a nonth. And
during this period the investigators have shown that
aging has an affect on crystallizing the alum num
materials or precipitate that forned. And yet, when
we examne the |ICET precipitate we observed an
anor phous formnonths after its formation. And that
sort of led us back to why is the al um num renai ni ng
anor phous, why is the solubility as high as it
actually is. And the answer to that question is born
out by the fact that we have a very hi gh percent age of
boron absorbed onto the al umi numsurface. And so what
this does is really preclude the crystallization and
it keeps the solubility high, which is of course a
good thing in that sense that we basically aren't
precipitating alum num And this has been illustrated
by a nunber of different experinental investigations

in which the structure of the alum num precipitate
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have been exam ned by XRD. For exanple, we observe
after aging, we get nore of a crystalline materia
than if in fact the initial alum numis anorphous and
it just basically crystallizes and, hence, the
solubility decreases at that point.

CHAI RVAN WALLIS: Now the head | oss
correlations use sonething |ike area per unit of
vol une, which translates really as particle size.

DR. KLASKY: Right. And that's what |'m
going to get to now.

CHAI RMVAN WALLIS: It nust be dependent
upon history here quite a bit, right?

DR KLASKY: Yes. So I'mgoing to get to
the particle size, and 1'll do that by talking about
t he devel oprment of surrogates.

So after that exam nation of the |CET
material, the question that we had and Argonne was
westling with at the time, | think this was even
prior to Argonne starting, was can we develop
surrogat es so that we coul d performseparate head | oss
testing and didn't have to wait 20/ 30 days to produce
the material and run it through a | oop.

And so what we did was exam ne the
di ssolution of two different types of alum num One

was alum numnitrate crystals and the other was just

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

75

di ssol ving alum num netal coupons just in the sane
manner that |CE basically dissolved alum num But
we're attenpting to produce a surrogate and basically
use our analysis tools to basically determ ne whet her
we can produce a surrogate that has the sane
properties. And now |l'Ill get into the --

CHAI RVAN WALLIS: How about the gel
characteristic that you tal ked about earlier?

DR KLASKY: 1'mgoing to talk about that.

CHAI RVAN WALLIS: You're going to get to
that? Oh, you're going to get to that. GCkay.

DR KLASKY: So in fact this is what we
did in ternms of conpromise. So we used XRD and
conpared the anount of crystalline or the crystalline
size cell dinensions. And you can see that the
mat ches is rather good. That is, that the cel
di mrensions a, b and ¢ match remarkably --

CHAI RVAN WALLI S:  Unreasonably cl osely.

DR, KLASKY: Yes.

CHAI RMAN WALLIS: And extraordinarily
cl osel y?

DR KLASKY: Yes. Wich, | nean, was
rat her renmarkable. W were very happy with that.

CHAIl RMAN WALLI S: How can you neasure so

accurately?
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DR KLASKY: That's the -- I'Il |eave that
to --

CHAI RVAN WALLI S:  Those are --

DR. KLASKY: XRD anal yst. The deci nal
pl aces are remarkable, 1'd agree with you. | guess in

one case, b, 12.259 versus 12.264. But that's about
as --

CHAI RMVAN WALLIS: Well, in every case
3.6817, 3.6821. And |I'mnot sure you can neasure that
accurate --

DR KLASKY: W will have to get back to
you with respect to the accuracy of the measurenent.

MEMBER DENNING Help ne again. This is a
crystalline structure, that's what the a, b, ¢ stand
for?

DR KLASKY: Correct. The cell size
di mensi ons of neasuring a cube, and these are the
di nensi ons.

CHAI RVAN WALLIS: Well, | guess this is
down to the atomic |l evel. You' d expect themto be the
same there, wouldn't you?

MEMBER DENNI NG Yes. |I'd like to suggest
that the accuracy is indicative of a specific
crystalline form

CHAI RVAN WALLIS: That's right. It's the
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same thing

MEMBER DENNI NG  The signatures are very
uni que.

CHAI RMAN WALLIS: It's the sane thing.
It's the same stuff.

DR KLASKY: And that was the confirmation
that we were hoping for.

CHAI RVAN WALLI'S: Ri ght.

MEMBER DENNI NG But it's the crystallite
size critical tous. And that is that that 29 and 20
represent the equival ent of an aerodynam c mass nean
di aneter or sonething like that if you were thinking
of -- what does that represent?

DR. KLASKY: No. |I'Ill present the actual
hydrodynamic rating is the equivalent of that in a
di f ferent measurenent.

CHAI RMVAN WALLIS: Well, they have a
cubical thing? Are they long fibers? Wat do they
| ook 1ike.

DR. KLASKY: The individual -- |eads you
to believe that it's an octahedral boron -- sorry.

CHAI RVAN WALLI'S: Not of the structure
| evel, but of the particle size. They're randomsi zed
shaped particles |ike gravel?

DR. KLASKY: That | can't answer.
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CHAI RMAN WALLIS: Course gravel or

somet hi ng?

DR. KLASKY: The assunption in deriving
the effective radius or dianeter is that they're
spheres. | nean that's --

CHAI RVAN WALLIS: It's area to vol une
rati o or sonethi ng?

DR KLASKY: Yes. That's based on the life
scattering. You know, you're assum ng a hydrodynanic
radi us and using the assunption that it's a sphere.

So we al so conpared the hydration or we
used TGA analysis to basically deternmine or make a
conpari son between t he surrogate and the | CE materi al .
And the upper curves illustrates the results of the
surrogate and the |ower curve represents the |ICET
material, the gel or |I think we called it the gel
And you can viewthe results. | mean the fact is that
they're rather good agreenent as well obtained from
t he conpari son between the surrogate and the | CET gel
in ternms of the hydration -- loss | should say.

MR TREGONING Marc, this is Rob
Tregoni ng, NRC.

Point of clarification. On the slide
before you tal ked about two different surrogates. You

tal ked about surrogate induced by alumnum nitrate
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crystals as well as corrosion from al um num net al
Whi ch surrogate are you tal king about as providing a
good conparison in this slide, which of those two?

DR. KLASKY: You got ne there, Rob. |I'm
going to have to get back to you. | don't recall which
figure corresponds to this data.

CHAI RVAN WALLIS: Well, the surrogate is
the first one, isn't it?

DR KLASKY: No, there were two. W
produced surrogates in two different --

CHAI RVAN WALLI'S: But the real surrogates
you want to use is the -- you don't want to have to
di ssol ve coupons. You want to just dissolve stuff.

DR KLASKY: Correct. And | believe the
answer is the alumnumnitrate crystals.

MR. TREGONI NG  Ckay.

DR KLASKY: But | need to check that.

MR. TREGONING That's an inportant point,
obvi ousl y.

DR, KLASKY: Yes.

MR TREGONI NG Because here is baseline
is the actual ICET 1 precipitate. So that's what was
actually forned in the experinent.

DR KLASKY: Rob, | believe, it's been

some tinme, but | believe we were successful by
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di ssolving the crystals. | need to confirmthat.

MR TREGONING WE' Il certainly clarify
that within the NUREG

CHAI RVAN WALLI'S: What are we | ooking at
in the top graph there?

DR. KLASKY: Say that again.

CHAI RVAN WALLI S: What are we | ooking at
in the top?

DR. KLASKY: The red curve is the weight

oss and the blue is the derivative of the red.

CHAI RVAN WALLI S:  The derivative?

DR. KLASKY: Right.

CHAI RVAN WALLI'S:  So we're not | ooking at
-- okay. W're not |ooking at a conparison there?

DR KLASKY: No.

CHAl RVAN WALLI'S:  No.

DR. KLASKY: You have to conpare the red
curve versus -- in the upper graph versus the green
curve in the | ower graph or figure.

For exanple, at 300 degrees the | CET we
have a wei ght percentage of 80 percent.

CHAI RVAN WALLIS: The derivative is the
bl ue?

DR KLASKY: Correct.

CHAl RMAN WALLIS: WwWell, it should be zero
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when it's leveled off, shouldn't it?

DR. KLASKY: Well, that's certainly true.

CHAI RMAN WALLIS: It doesn't |ook right.
Oh, it is zero. Ah.

DR. KLASKY: You had nme going as well.

CHAI RVAN WALLI S:  Ckay.

DR. KLASKY: kay. So sort of the bottom
line now So we want to use this --

CHAI RMVAN WALLIS: The bottomline is
surrogates are okay?

DR KLASKY: | think the bottomline is
that we were abl e to produce a surrogate that did have
conparable properties of |ICET by dissolving the
aluminum nitrate crystals into solution. But, you
know, | think the caveat is one can al so produce
surrogates that are not okay. |If you titrate and are
not careful, concentrate al um numhydroxide into a --
sorry. Concentrated sodi um hydroxide into an
al umi num you will basically forma precipitate that
is very crystalline in nature and not representative
of what is observed in ICET. So the fact that we're
able to do it doesn't basically drive home the point
perhaps that it -- it's not always the sane.

CHAI RVAN WALLI'S:  You haven't shown us

here what happens if you do it badly?
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DR KLASKY: Correct. W haven't shown
t hat .

CHAI RVAN WALLI S:  You ought to show t hat
really.

DR. KLASKY: W just showed that you can
do it.

CHAI RVAN WALLI'S: One of the way you can
go wong. You're showing you can do it, it doesn't
nmean to say that anybody --

DR. KLASKY: That's right.

CHAI RVAN WALLI'S:  -- who does it is going

to get the right answer.

DR, KLASKY:
i mportant.

CHAI RVAN WALLI S:
right.

DR, KLASKY: Yes,
VEMBER DENNI NG

because |

slide better

and |I'm not understandi ng.

primary and then an aggregated version.

on the right side there, the
hal f m cron basically,
DR KLASKY:

VEMBER DENNI NG

think it

is that what that

And maybe that's nore

That's nore inportant,

that's correct.
But let's understand this
really is inportant
What you're saying is a
That is that
thing that -- nowthat's

i s?

Correct.

So that's an aggregate.
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DR. KLASKY: Yes, let ne tal k about this

slide. So we're using dynanmic |ight scattering to
determine the particle size, if you wll, and
di stribution wi thin both the surrogates and al so | CET.

For ICET we only could neasure the
particle size of solutions that had previously cool ed.
Now with dynamic |ight scattering there are |arge
[imtations to --

CHAI RVAN WALLI'S:  So you don't get any of
t hese things until you cool it, do you?

DR KLASKY: Correct. Well, hold on a
second. Wat this shows with the surrogate at 60
degrees is that particles or these colloids do exi st
at 50 degrees. So when you say you don't get
anything, that's really |I think a nmi snoner.

CHAI RVAN WALLIS: The solution is in
col | oi dal fornf

DR. KLASKY: Correct. That's right. And
t hese colloids have dianeters on the order of we're
seei ng 30/ 50 nanoneters and al so we' re al so seei hg 500
nanonet ers.

CHAl RVAN WALLIS: Wwell, they haven't
precipitated yet. They're just --

DR. KLASKY: Correct. They're suspended.

CHAI RVAN WALLI'S: So how do you know t he
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properties of the precipitate depend perhaps on how
you cool it?

MEMBER DENNI NG Now wait a second. |'m
not sure |'munderstandi ng what you're saying. It
still is a precipitate, yes?

CHAI RVAN WALLI S: That's what they say.

MEMBER DENNING | nean it's --

DR KLASKY: | think the answer to that
guestion is difficult in this. W're tal king al nost
semantics. It is not in solution. W have --

MEMBER DENNI NG  Ri ght.

DR.  KLASKY: -- particles or we can
observe particles. They're not settling --

MEMBER DENNI NG Because they're extrenely
smal | ?

DR. KLASKY: Correct. Right. O they have
a settling time associated with them perhaps.

CHAI RMVAN WALLIS: But right at the
begi nni ng you said the al um numwas in solution or in
t he begi nning of the whole tal k?

DR. KLASKY: Well, maybe that | --

CHAI RVAN WALLI'S:  You nean it was in
col | oi dal fornf

DR. KLASKY: That's right. It's inclusive

of colloids as well. That's right.
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MEMBER DENNI NG Ckay. And that figure

that you' re showi ng corresponds to the first bullet,
the top bullet?

DR KLASKY: Correct. Yes.

MEMBER DENNI NG  Okay. Now why is it so
bi rodal ? | mean | woul d expect --

DR KLASKY: A continuous --

MEMBER DENNI NG A conti nuous.

DR. KLASKY: Right. If it's an
aggregation. But there are systens in which there are
two stability points. People have seen that. So it's
not inpossible. But | think we'd have to do a | ot
nore work to conclusively prove that point that it is,
you know, it alnost looks like its quantized that
these two -- around these two points, 50 nanoneters
and 500 nanoneters.

MEMBER DENNI NG  Now, but isn't the $64
guestion the second bull et and what size distribution
| ooks |ike there? | mean, are you going to show us
something like that, isn't that the question?

DR. KLASKY: No. The answer with respect
to ICET at 24 degrees we basically observe particle
sizes that were roughly 50 nanoneters.

MEMBER DENNI NG  Fifty nanoneters?

DR. KLASKY: Fifty nanoneters.
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MEMBER DENNING | nean, it's extrenely
smal | .

CHAI RVAN WALLI'S:  And no 500 nanoneters?

DR KLASKY: Correct. Correct.

CHAI RVAN WALLI'S:  An awful ot of surface
ar ea.

DR. KLASKY: It is.
MEMBER DENNING So if that's true then

when these things deposit in the bed, they don't cone

close to filling voids and stuff like that? They're
very small in the deposition in the bed?

DR. KLASKY: Well, | think perhaps, Bill,
you saw this when you produced -- you neasured head

loss. In fact, without seeing any precipitate, right?
So presumably that's what you have. At 60 degrees you
have these colloids that, | don't know what vyou
nmeasured, but are nanoneters in size, tens of
nanomnet ers perhaps that basically pack very well and

CHAI RVAN WALLIS: What do they do in a
bed? Do they actually cluster in sone way?

DR KLASKY: | --

CHAI RVAN WALLIS:  Are they sticky, do they
stick to each other?

MEMBER DENNI NG  Purely sticky. But if
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t hey were stuck together in the volune, then you woul d
see big things. You wouldn't see --

DR. KLASKY: Right. But also there's an
interaction, a repulsion as well. And that repul sion
bet ween particles is dependent upon the solution pH

CHAI RMVAN WALLIS: Charges, are they?
Exactly. Right.

DR LETELLIER Bruce Letellier from LANL.

You can speculate about a nunber of
nmechani sms, but particles that snmall can al ways i npact
t hensel ves on the surfaces and i ncrease the hydraulic
resistance. 1In fact, the fact that they're physically
hydrated raises some interesting questions about
energy dissipation through vibration in a colloids
type of form You don't actually have to aggl onerate
physically large particles that can fill the void
space --

CHAI RVAN WALLI'S: But they do when they
fl ow through a vent. They coul d deposit |ike snow on
a power line. | nean --

DR LETELLIER. Very much so.

Marc, you did have a slide that showed t he
aggl oneration of larger clunps out of small
constituents. That one.

CHAI RMVAN WALLIS: Well, this is very
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interesting. | just can't see how to make the
connection to what happens in a sunp. That seens to be
a |l ong way fromwhat happens in a sunp. This is very
interesting stuff, but | suspect that if you can't
make the very close connection to a sunp, it's not
going to be very useful to NRR and they're going to
j ust accept sone gl obal test done by i ndustry as okay.
Because they don't quite know what to do with this
stuff.

DR. KLASKY: | guess what ny thought is
that, you know, you've characterized in a sense a
useful parameters in terns of the dianeter to be used
in a head loss correlation. And | had done sone
prelimnary investigations internms of using this type
of work. | think -- I'mtrying to think where they
were from

But anyway, they had basically devel oped
head | oss correlations via this type of a mechani smof
nmeasuring the particle size diameters and basically
running it through --

CHAI RVAN WALLIS: How do they expect a
history effect? |If you run this stuff through a
fi berglass bed, that it would so deposit and you'd go
around and nore of it would deposit and it would sort

of take quite a long tinme before you' d reach any sort
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of equilibriumw th bed structure?

DR KLASKY: That's in fact these
basically filtration nodels. |In fact, precisely what
happens.

CHAI RVAN WALLIS: It would go through the
reactor many times before it --

DR. KLASKY: There's a collector
efficiency. And one can calculate as well the
col l ector efficiency and there's a fundanental theory
| think that was first devel oped that |ays --

CHAI RVAN WALLI S: Then you' ve got charged
particles. It's not the sanme as just collecting --

DR. KLASKY: They' ve exam ned t he
effective colloids and --

CHAI RVAN WALLI S: They have?

DR, KLASKY: Yes.

CHAI RVAN WALLI S:  Ckay.

DR KLASKY: So there is a substanti al
amount of literature on filtrational colloids. So
it'"s not like we're stepping into sonething that's
totally new.

CHAI RVAN WALLI S:  Ckay.

DR. KLASKY: So | think your question of
so what do you do with all this stuff is the $64

guestion, right? That's --
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MR. TREGONING Well, | want to weigh in

alittle bit onthis, if that's okay.

Rob Tregoni ng from Resear ch

| think one of the things, this is
fundanmental, very building block technology that |
woul d argue is really necessary to understand what the
true inplications are. | think will Bill Shack gets
up here next he's going to show what sone of the head
| oss inplications can e for some of these nmaterials.

But nore inportantly, what Marc's really
doing I think when we | ook at these various surrogate
tests is he's providing netrics that people that want
torun tests, if they want totry to recreate the type
of precipitate we found in the | CET tests, he's giving
themvery definitive nmetrics and ways that they can go
about achieving that in denonstrating that the
inplications in terns of what the ramfications are
for their specific head | oss can be, you know, defined
in that sense. So that's a very inportant point. |
think it gets | ost sonetinmes in --

CHAI RVAN WALLIS: Wll, NRRis going to
| ook at sone industrial tests and say did you use a
surrogate which has a 29 Arnstrong -- they're just
going to say this is to conplicated. W're going to

accept whatever they did?
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MR. KLEIN. Maybe sonewhere between the

t wo.

This is Paul Klein from NRR

| think we'd be | ooking for sonme hel p from
the Ofice of Research on what nm ght be the npst
appropriate way to try and generate surrogates and
then ensure that industry's approach of generating
surrogates is consistent with that.

CHAI RVAN WALLIS: Wl |, what concerns ne
is that there seens to be a nove to cut off all this
research and say it's finished. Really, the research
ought to be going on whil e you're aski ng questions of
i ndustry. And as question cone up fromthese
industrial tests and there's some doubt about whet her
the surrogate has the right particle size, then you
can turn to these guys. Because they still have a
contract. And you can say tell us some nore or do
some nore. | mean, the idea that you can just cut it
off and then you're going to accept what industry
gi ves you | eaves a huge gap sonewhere inthe mddle it
seens to ne.

MR. TREGONING This is Ron Tregoni ng
Ofice of Research

One of the things that we' ve been very

sensitive in this area is that | would say up unti
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this point, the Ofice of Research has had a prine

| ead in uncovering rmuch of the technol ogy associ at ed
with this, especially chemcal effects if not other
areas as well. And there's been a decision that given
that it's industry's issue ultimately to resolve, we
want themto show a nore pronmnent |ead role in sone
of these technical issues and working them out. It
doesn't mean that we're just washing our hands and
wal ki ng away.

CHAI RVAN WALLIS: Well, look at the
history of this. You will see that there's sort of
di scoveries that have been nmde every few nonths
whi ch were very inportant. And were not anticipated
as a result of doing exploratory research, not
confirmatory research. And now industry is going to
want to close this off by doing the m nimumresearch
possible. And it seenms to be a conpletely different
appr oach.

MR. TREGONING That's certainly --

CHAIRMAN WALLIS: So l'ma little
concerned about this dichotony here.

MR. TREGONING One of the things that
we' ve been trying to do is make sure that we identify
what anount of research is necessary for themto do

and what type of research so that they don't do that,
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m nimze the research and then essentially, you know,
nove on at that point.

MEMBER DENNI NG  Marc, before you wap up
on this summary and concl usion could you give nme a
physi cal picture of your concept of you ve got a
fibrous filter bed, let's say, and we produce this
precipitate. In the precipitate depositing sonmehow
into that filter bed and causi ng additional head | oss

DR. KLASKY: Right.

MEMBER DENNI NG  -- what's your concept of
how that's happening? Do you think that these
particles are small are these masses are small and
they're attaching thenselves to fibers distributed
t hroughout that filter bed?

DR KLASKY: | think it's -- | guess the
concept is analogous to a cake filtration nodel in
whi ch, you know, basically you're devel oping -- these
particles are basically attaching on the outer fiber
strands and basically that's, as they circul ate,
they're just growing. Aggregates are growing as a
function of tine.

MEMBER DENNI NG You' ve got this huge nass
of fibrous material and a nmuch smaller nmass of -- am

| right? A much smaller mass of --
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DR.  KLASKY: But | guess what you're
saying is, yes, you do have a very large surface area
of fiber. But the question is how nuch of that fiber
is actually active in this process. In other words if
the particles basically all agglonerate at the top
surface, then that is effectively the surface area
over which these particles are being --

MEMBER DENNI NG  That's the question

DR KLASKY: | think that's correct.

MEMBER DENNI NG  The key question is is it
at the top nost surface and we are getting a kind of
debris bed of this flocking material or whatever it is
and then the fiber or is it distributing throughout
the fiber and --

DR. KLASKY: The answer to our question,
and this goes back. | did this about a year ago. |
| ooked at that. And ny conclusion was it was al nost
a surface coating. The depth of penetrati on was rat her
smal | .

MEMBER DENNI NG Well, I'mstruggling if
these particles are that small, this 50 nanoneters,
that you' re going to do that or whether they' |l just
go through and attach sonepl ace el se?

DR KLASKY: You know, | think nore work

needs to be done. |I'mjust speculating really.
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DR. SHACK: | nean it is true that we get
hi gh head | oss with absolutely no visible cake like
structure on top of the bed. | nean we don't see a
thing. The head | oss just goes up.

CHAI RVAN WALLIS: Wl |, some of these new
desi gns have a screen with a hole size of 32nd of an
inch or sonething and then they follow it up with a
bypass capture which has woven, woven netal with a
much tighter holes. [It's quite conceivable to ne that
the woven netal will catch different kinds of little
tiny fibers that m ght be nore effective in catching
t hese guys than the course fibers on the big screen.
You can ask nore questions then there are every
answers to until you do the research

MEMBER DENNI NG Let's see if Bruce has a
comment on that. Do you have a conment on this?

DR.  LETELLIER What you propose has
actual Iy been observed sort of unintentionally in one
of the integrated tank tests where we were | ooki ng at
CFD nodel s. W had a primary capture screen of a 1/8th
inch mesh. And, in fact, when we overflowed the tank
accidently we di scovered there was an internal screen
much, rmuch smal |l er that was capturing everything that
penetrated. Al of the rust particles, all of the

very, very small particulates. So indeed it does
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occur.

CHAI RVAN WALLI S:  But then what do these
t hi ngs do?

DR, LETELLIER: That wasn't capturing. It
wasn't capturing chem cal --

CHAI RVAN WALLI'S: Do things attach nore
preferentially to concrete fiber or concrete particles
or the fiberglass or what? Maybe they don't attach to
fiberglass at all. They're charged particles, they're
not --

MEMBER DENNI NG They're really charged --
or is this a polarization question?

DR. KLASKY: No, there's a charge. |
nmean, | think the point of zero charge is -- |I'd need
to get back to you. But there's a trenmendous anount
of literature on this topic?

CHAI RMAN WALLI S: They repel each other.
So when they stick to a fiber, do they |lose their
charge or what do they do?

MR. TREGONI NG Ron Tregoning, Ofice of
Resear ch

Let me suggest that we table sone of this
di scussion. Because | think you' re going to hear nore
inBill Shack's presentation. And then we're going to

have sonme nore of these issues comes when the peer
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review presentation is raised. So, you know, that
m ght be a nore appropriate tinme to revisit sone of
t hese i ssues. Because there's not only these issues,
but there are other ones that are associated with this
that will be --

CHAl RVAN WALLIS: What we seemto be
learning is that we don't have it all wapped up where
we can now wite a textbook and there are no more
guestions, right? That seens to be the case. |Is that
a valid concl usion?

MR. TREGONING Well, assuming that you're
witing a textbook on al um numeffects --

CHAI RVAN WALLIS: Well, you can't just
write a handbook which says this is the way you can do
everything. W understand everything. You can't quite
do that yet.

MR TREGONING No. W could not wite a
text book on everything. That's true.

CHAI RVAN WALLIS: GCh, you can't? Wll,
okay. So you're proposing that we end this
presentation now and take a break?

MEMBER DENNI NG Did you have any ot her
poi nt s?

MR TREGONING | don't know if he wants

to go through his sumary concl usi ons qui ckly.
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DR. KLASKY: | think the concl usions,

we' ve spoken to --
CHAI RVAN WALLI S:  Then we' ve gone through

t he concl usi ons, have we?

DR. KLASKY: | think so.
CHAI RVAN WALLIS: | think so. Because we
di scussed themal ong the way as well. And it seens to

me that these aren't sort of solid conclusions hat
hel p me as an engi neer desi gn anyt hi ng.

DR. KLASKY: | think the nost inportant
poi nt may be that, yes, we can produce surrogate. W
t hi nk we have produced surrogate that can match the
properties of --

CHAI RVAN WALLI'S: But there's nothing on
here t hat says use equation 10B to predi ct sonething.

DR KLASKY: Well, no, but I think the
attenpt was -- one attenpt was can we produce a
surrogate to be used i n subsequent head | oss testing.
And the answer is yes.

CHAI RVAN WALLIS: But that is a positive
thing. You can.

DR. KLASKY: But nore inmportantly we can,
and naybe we didn't answer it here, there are nany

ways t o produce the wong surrogate. And nmaybe that's
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CHAl RMAN WALLI'S: You didn't tell us that,

t hough?

DR. KLASKY: That's right.

CHAI RVAN WALLI'S:  You didn't show us how
to make a bad surrogate.

DR. KLASKY: One way to do is correctly
and there are nany ways to do it wong or incorrectly.

CHAI RVAN WALLIS: Ckay. Are we ready to
conclude as a Conmittee, have questions about these
concl usi ons?

| s the Committee convincedthat everything

is solved by now?

MEMBER MAYNARD: Well, | don't think
everything will ever be totally resolved and | don't
think we'll ever be to a point where you can just plug

in nunbers into an equation and cone out with a
design. | think the goal here is to get the
information and to see if we can get where we get
reasonabl e level of assurance that the health and
safety of the public will be protected. | don't think
we'll ever get to the point where all questions are
answered and there's a textbook answer.

CHAI RMAN WALLIS: No. The question is
whet her we have adequate information to evaluate the

performance of the sunp and then it's effect on the
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cooling of the reactor core.

kay. So I'mready to take a break unti
guarter to 11:00. Ckay. Take a break for 15 m nutes.

(Wher eupon, at 10:33 a.m off the record
until 10:50 a.m)

CHAI RVAN WALLIS: Let's come back into
sessi on.

We're going to hear from our coll eague
Bill Shack. | notice that to get the work done he
needs quite a few colleagues to help him But he's
going to present it very clearly to us in his usua
way, so pl ease go ahead.

Ch, we're going to hear from Paulette
first? Al right. So, go ahead.

M5. TORRES: Good norning.

My name is Paulette Torres. |I'ma
chemi cal engineer working in the Ofice of Nuclear
Regul at ory Research. |'mthe Project Manager of the
chemical effects head | oss testing program and |'m
going to be presenting a few introductory remarks
t oday.

Next to me is Dr. WIIliam Shack. He
represents Argonne National Lab, and he wll
presenting test results.

The objectives and notivations of the
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presentations are unchanged since |ast February ACRS
neeting. The chemical effects head |oss testing is a
confirmatory research activity. The tests neasure
head | oss associ ated with sinul ated | CE envi ronnents.
The programwas designed to i nprove our understandi ng
of the effects of inportant variables on chenica
products information and head | oss.

Thi s project was notivated by our need to
understand how chem cal byproducts form in some
specific environnents can effect head | oss.

When the project was begun we had little
information on head |oss associated with chem ca
bypr oduct s.

CHAI RMVAN WALLIS: | really wish you fol ks
woul d call it pressure drop. Because head | oss sounds
really dramatic. But anyways.

M5. TORRES:. You already famliar with
| CET program LANL. | CET denonstrated that chem ca
byproduct can formin the chenmical environnent in a
contai nment water pool after a LOCA Those
byproducts could possibly plug the sunp screen. In
turn, sunp screen pluggi ng can head | oss sufficient to
fail the ECCS recirculation function. However, the
head | oss associated with chem cal product was not

evaluated in the ICET program So the head | oss
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testing programat Argonne is investigating the head
| oss across a sunp screen that results from the
conbi nation of containment debris and chemi cal
products formin a post-LOCA sunp pool.

The chem cal byproducts chosen for head
| oss testing are consistent with those observed in the
| CET program The results for the head | oss in TSP
buffered environnments were presented in last ACRS
neeti ng and those were representative of | CET-2 and -3
environments. And the results were docunmented in a
series of quick | ook reports.

Si nce February Argonne's study of the head
| oss associated with chem cal products observed in
sodi um hydroxide and sodium tetrabirate buffered

envi ronnent s. Bot h envi ronnents contain di ssol ved

aluminum During this talk we're going to present the

results of those two | CET environments.

In terms of the regulatory applications
the research at Argonne will provide the Staff with
information to help review the responses of Ceneric
Letter 2004-02.

Al of the chemi cal head | oss testing at
Argonne is now conpleted and currently we are in the
process of docunmenting testing results wth a

proj ected NUREG CR report rel eased date of Septenber
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2006.

At this time | would like to turn it over
to Dr. Shack.

MEMBER SHACK: Thank you.

Most of you are familiar with the Argonne
test facility. |It's a fluid |oop. W have
essentially a horizontal sunp screen. And essentially
we've been trying to neasure a local head loss if
you'retryingtorelatethis tothe overall integrated
problens. We're not intending by this loop to
represent a sunp configuration. What we really want to
do is have a control |l abl e bed geonetry and under st and
t he head | osses across those beds.

The perforated plates 1'Il be talking
about today, we've used two types of perforated
pl ates. The one for the test today has a 40 percent
flow area with staggered 1/8th inch holes. It is our
understanding that is the kind of sunp perforated
plate that's used for nost of the nobdern sunp screen
desi gns.

CHAI RVAN WALLI'S: | think the newer ones
are having snmaller holes.

DR. SHACK: Well, there may be newer ones

CHAI RMAN WALLI'S: The antici pated ones
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Now.

DR. SHACK: This was as of Septenber or
so.

CHAI RVMAN WALLIS: As of when? Yes.

DR. SHACK: As of then.

Just a brief review for sonme of the work
that we did in the past with the | CET-3 environnents.

These are plants that use trisodium
phosphate for pH control after an accident. In the
| CET-3 test in which the TSP buffer was used with a
Cal Sil i nsulation, cal ciumphosphat e precipitates were
observed to form W had extensive discussions with
the Subcommittee on these environnents in February.
We noticed that the head |osses from the chem ca
products were greater than we got from an equi val ent
anount of the CalSil just as precipitates. So, in
fact, the chenmical effects were worse than sinply the
precipitate |l oss, which is bad enough with Cal Sil.

One of the other interesting concerns was
there's sonme question about just howthese will form
where the dissolution of the CalSil will take place
and where the formation of the chemical product wll
take place. W did sonme tests where we assumned that
there would be a significant anmount of dissolution

before the bed was built. And then we | ooked at a
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test in which there was no significant amount of
di ssol ution before the bed. And what we did find is
we had t he di ssol ution before the bed was built, which
we think is the nore prototypical situation since you
don't start resunp recirculation i mediately. You've
got a high head loss quickly. If you waited and | et
t he chem cal reaction occur after the bed formed, you
essentially got to the sane total head loss, it just
took you a little |longer as the chem cal process went
on.

W noted that for a given Cal Sil | oading,
t he head | oss coul d be highly non-linear, a nonotonic
function to the fiber |oading. You could saturate
thinner fiber beds to the precipitate.

And although ICET itself probably has a
nonpr ot otypi cal | evel of Cal Sil, agai n although it was
established with industry cooperation, even for nore
realistic concentrations of CalSil down to .5 grans
per liter, you can get the 75 ppm of calcium You' ve
got plenty of phosphate where essentially calcium
l[imt in these things, you' ve added enough phosphate
as your TSP buffer, you're going to take up all the
calcium that you can dissolve whether it's fromthe
Cal Sil or the concrete and turn it into calcium

phosphate. But with relatively snmall amounts of
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Cal Sil you can get fairly | arge anmounts of the cal ci um
phosphat e precipitate.

The next interesting set of environnments
are ICET-1 and ICET-5. And ICET-1 is a sodium
hydroxi de buffered sunp with primarily NUKON
insulation. And ICET-5 is a sodiumtetroborate buffer
wi t h NUKON.

CHAI RVAN WALLIS: Now, Bill, last tine
when we were tal king about the previous tests we got
some quick look reports to look at. | haven't seen
any on this stuff.

DR. SHACK: No. Since we're working on the
final NUREG you know we haven't produced an
i nternedi ate qui ck | ook report.

CHAI RVAN WALLI S:  Haven't had those? Yes.
So there's nothing that | can get to?

DR. SHACK: There's nothing that you can
get your hands on here.

CHAI RVAN WALLIS: Al right.

DR SHACK: As Marc discussed, what's
characteristic of both of these environnments is that
we got significant dissolved alum num | evels, about
375 ppmin I CET-1 and about 50 ppmin I CET-5. Wen we
cooled the ICET-1 solution, we produced visible

preci pitates and the volune and rapidity of the
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formati on of these sort of increase.

CHAI RVAN WALLI' S:  You say "when we." You
nmean when t hey?

DR. SHACK: They. The scientific
comunity.

CHAI RVAN WALLIS:  You didn't redo the
experi ment s?

DR. SHACK: W didn't redo the
experi ments.

The cooling of the ICET-5 essentially
produced much smaller ampunts of precipitates, but
they did do it.

W have t hese al umi numhydr oxi de enul si ons
of various forms. I think Mrc convincingly
denonstrated that these are anorphous forns, and |
t ake t he si npl e mi nded approach. That | have a factor
of 400 difference between the anorphous formand the
crystalline form If I've got this much al um num
floating around in this solution, it's got to be in
the anorphous form Because if it was in the
crystalline form it would be in arock. You know, an
extraordinarily super saturated sol ution

And again, conmng back. One of the
surprising things was, you know, if you |ooked at

ot her products that could be formng. One of the
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candi dat es beforehand was essentially the silicates.
And as Marc pointed out, one of the fortunate things
here is in the tests where you have |l ots of silicates,
you have little alum num which is the | CET-4 ki nd of
environnent and in a test like |ICET-1 where you have
lots of alum num it inhibits the dissolution of the
NUKON to formthe silicate. So we don't really see
significant amounts of the alum numsilicates.

We were kind of curious about how rmuch
alumnum it took to inhibit that NUKON dissol ution.
And if we took a little bit -- you know, if we had a
nore realistic subnerged al um numl evel, would we get
t he sane sort of benefit. And we did sone small scale
soaking tests where we had a greatly reduced rati o of
NUKON vol urme to al um numsurface area that we thought
was much closer to prototypical. And in fact, that
still inhibitedthe silicate distribution. So although
we saw sone formation of the alum num silicates, we
still believedthat it primarily is alum numhydroxide
type solutions that are going to be the principa
chemi cal product that we're going to have to worry
about .

And again, | CET-1 had a very specific kind
of submerged al um num |l evel. You know, they got an

anount of dissolved alumnumthat's a function of
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their environnent and t he anount of alum numthey had
avai l able to corrode. And the actual plant |evels of
di ssolved aluminum with the sane environment would
roughly scale with the anount of al um num exposed,
which is plant specific.

W tried to look at sort of a range of
al umi num levels that we mght expect to get. And
again, the estimtes here of the anount of al um num
and you' re | ooki ng at your al um numessentially as the
anount of volunme of sunp fluids you have so it's sort
of surface area per volunme of sunp fluid. In good
English units its foot squared per cubic foot.

Then, of course, you' re interestedin what
fraction of that is actually submerged because that's
going to be corroding for the whole mssiontine. And
t hen which portion of that is only wetted during the
spray period. Because that's only going to be
corroding for, you know, naybe four hours or so while
the sprays are active.

And | just went through some cal cul ati ons
here. And, again, you can see a wide range in ratios
of sort of alumnumto the volune that's subnerged.
Most of themtend to be fairly small. W have one --

CHAI RMVAN WALLI S: That doesn't | ook right.

| nmean 3 feet squared by -- it seens to nme that -- |
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nmean if | have a cubic foot of water and | try to put
three square feet of alum numon there. This just
doesn't sound typical. | nean, the plant nust be nade
of alum num It doesn't nmke any sense.

DR. SHACK: Ralph is going to explain
t hi s.

MR. ACHI TZL: Ralph Achitzl, NRR

And |' mnot positive, but | believe there
is at | east a couple of plants that have al um numRM .
Al um num R woul d have a very high surface --

CHAI RVAN WALLIS: Wth a |lot of alum num
at each -- that's where it is.

MR. ACH TZL: | think. |I'mnot positive.
| believe --

CHAl RMAN WALLI'S: That nust be where it

MR. ACH TZL: | believe a very high plant
woul d be an al umi num RM situation.

CHAI RMAN WALLIS: So the sunp is full of
this stuff then of alum numdebris? | nmean, literally
full. And that anobunt is a huge anount.

MR. TREGONING Yes, | think we do have
plants -- at |east sonme evidence that Plant R does
have al um num RM .

CHAI RVAN WALLI'S: Insulation. GCkay.
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DR. SHACK: Now it may al so be true that
Pl ant R doesn't have sodi um hydroxi de, a buffer. |
just took these results fromthe survey. | have no
idea whether these plants actually use sodium
hydroxi de as a buffer or not. | was using this nore
as a representative range of alum num | evels that |
mght find in plants that do use al um numhydr oxi de as
a buffer and seeing what kind of levels | would get.

MEMBER KRESS: This is with no
passi vati on?

DR SHACK: And in here |'ve assuned no
passivations. This is a slightly conservative
assunpti on.

The one day total is in fact typically
dom nated by the amount of alum num that you have
avai lable to be wetted by the sprays. So what you
have going for you early on, you ve only got four
hours but it's occurring at high tenperature and
relatively high pH So you can get fairly |l arge
contributions. And, in fact, | may be underestimating
these because | used an activation energy for
corrosion fromthe Center data. The industry data for
al um num corrosi on has a sonewhat hi gher activation.
So it would roughly double ny one day totals if | used

essentially the results of the industry.
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CHAI RVAN WALLIS: Wl l, that nunber of
3.36 feet squared -- | ooks hi gher than the al umi numin
any | CET experi ment.

DR. SHACK:  No.

CHAI RVAN WALLI'S:  Nunmber R? Is it really
true? They actually nmanaged to stuff in that much
al um nunf

DR. SHACK: | only know what is reported
in the survey. |It's not all subrmerged. You know --

CHAI RVAN WALLIS: Ch, it is. Ckay.

DR. SHACK: You know, if you look at --
al t hough again the fraction that's submerged i n pl ant
Ris extrenely |arge.

CHAI RVAN WALLIS: Mmim  Ckay.

MEMBER KRESS: What tenperature did you
assunme in these cal cul ati ons?

DR, SHACK: What | did was a tenperature
history. | have essentially sunp tinme tenperature
profiles for a Westinghouse 3 and 4 | oop plants and
West i nghouse | CET condenser plants. So B and Wand CE
pl ants becane 3 |oop Westinghouse plants for these
time tenperature histories.

MEMBER KRESS: Well in your cal cul ations
did you stairstep the tenperatures?

DR. SHACK: | stairstepped, yes.
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MEMBER KRESS: So it's an activation

energy and --

DR. SHACK: | nean, | did a continuous
tenperature history, yes. | just integrated the
differential equation.

MEMBER KRESS: GCh, you took the
differential equation?

DR. SHACK: | just did the differential
equation and just integrated it over the tine
tenperature history wth the corrosion rate
essentially decreasing with the tenperature.

MEMBER KRESS: |Is that a reasonabl e thing
to do? Because npost of these activation energies are
done at constant tenperatures.

DR. SHACK: Well, yes, we always do that
with activate -- you know, we neasure themin an
i sot hermal situation and then we apply themto a rapid
transi ent situation.

MEMBER KRESS: That under estinmates or
over estimates? It considerably over estimtes,
doesn't it?

DR. SHACK: |I'mnot going to nake any
general conclusion about that. That's what | did. |If
you don't like it, you have to do anot her cal cul ati on.

MEMBER KRESS: Ckay.
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MR. TREGONING Hey, Bill, Rob Tregoni ng.

Anot her point of clarification. D d you
| ook at any contribution due to condensation effects
beyond t he spray phase of four from--

DR. SHACK: No.

MR. TREGONING Ckay. So no al um num
outside, there's no contribution --

DR SHACK: No al um num outside. Once the
spray stops --
TREGONING It's done?

SHACK: -- it's done.

2 3 3

TREGONI NG Okay.

DR. SHACK: Because | think the condensing
solution would be relatively neutral pH and a
relatively neutral pH doesn't dissolve a whole | ot of
al um num

MR. TREGONING You don't think there
could be left over films that effect the pH of the
condensat e?

DR SHACK: You know, |'m not sure how
long it would wash off and how long it would take to
dilute that. But it's certainly true that | did not
consi der any corrosion during the condensati on stage.

CHAI RVAN WALLIS: The 5000 parts per

mllion of alumnuminthe sunpis alarge nass, is it
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not ?

DR. SHACK: Yes. Wll, clearly you' re not
going to get there. You know, if this plant was using
sodi umhydroxide and i f all these nunbers were true --

MEMBER KRESS: It'd hit the sunp right
away.

DR. SHACK: -- you know you'd turn to
Jel |l -O here before you got the 5000.

CHAI RVAN WALLI'S:  The sunp would turn to
Jel | -O?

DR. SHACK: The sunp would turn to Jell-0QO

The conclusion here is that the ICET-1
| evel is expected to be conservative, and we sort of
expect nost plants with sodi umhydroxi de buffering to
be at about 100 ppm or naybe a little lower. But a
100 ppmis certainly a level we have to consider is
roughly what | wanted to get to from here.

Because of again, the ICET-1 subnerged
volume of alumnum is pretty conservative for
everyt hing except the infanmous plant R, we think the
| CET-5 al umi numl evel is simlarly conservative, again
with nost plants that have the sodiumtetraborate
buf fer woul d not have 50 ppmal umi num They'd be nore
i ke 15 ppm al um num

MEMBER KRESS: The designation of your
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plants, is that a code to it or can | look at it and
figure out which plant it is?

DR. SHACK: No. | think this is nmeant to

be bl i nd.

MEMBER KRESS: Bl i nd?

DR. SHACK: Now, again, as we point here
the pH of interest -- and again |'ve only | ooked at

the neutral pHs because the acid pHis a very short
phase of this whole process. And we're up on the

al kaline region here for alnost the whole duration.
So ny curve did go back up again the way Marc's did if
| showed the whole pHrange. But I'monly interested
inthis range from8 to 10, which probably covers the
pHs that I'mreally interested in.

And, again, | have an anorphous solid of
some formin equilibriumhere and I'm | ooking at the
amount of alumnumthat | can have in solution. At
about 9.6 or so, |I'mat about 1-- ppnms. So at the
ki nd of retenperature conditions at a 100 ppmI|"' mj ust
about at that solubility limt. And that's not
i nconsi stent with what was seen in | CET-1.

If you look at the turbidity results in
| CET-1, they start going up about the tine you get to
a 100 to 200 ppm of sol ution.

Al though this data doesn't take into
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account the boric acid. You know, there's no boron
conplex in there. This is just literature data on
solubility in water. It doesn't seem unreasonable to
conpare with the ICET-1 results that sort of indicate
t hat about 100 ppmat roomtenperature you' re starting
to have things cone out.

CHAI RVAN WALLIS: How does this conpare
wi th your 5000 on the previous slide?

DR, SHACK: Wwll, at 60 C or 140 F you'l

see | can have about a gramand | can have a | oad of

CHAI RVAN WALLI S: Because you haven't got
50007

DR. SHACK: | haven't got 5000, no. As |
say if | had a sodium hydroxide in that plant with
t hat amount of al umi num you know, |'d never get here.
But as Marc pointed out, we can dissolve an awful | ot
of alum num at high tenperatures in these plants.

The other thing | wanted to point out in
my sinple mnded way is that if | look at this
equilibrium solubility, | can have essentially an
equilibrium between an anorphous solid and a
crystalline solid. And if nmy crystalline solids, if
it's a gibbsite, it's about a factor of 400 in

solubility between the anorphous form and the
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crystalline form Wth Bayerite it's nore |like an
order of nmgnitude. And again, these re essentially
pure water results. The solubilities can be

i nfluenced by the borates, organics and, as Marc
nmenti oned, we just have uncertainties in the basic
t hernodynanmic data. |If you | ook at different
literature results, you can get different predictions
of the solubility.

W used essentially the alumnumnitrite
additions to generate our enulsions. And what |'m
trying to show here are essentially sone coll oi ds t hat
we generated with 100, 200 and 370 ppmadditions. So
this gives ne alum num | evels of ICET-1 down to the
100 that | think is sort of typical of nobst plants.

And the difference in the two photographs,
one is taken with the flash on so you get nore
real i stic |ooking appearance here on the right.

CHAl RVAN WALLIS: W're just seeing a
precipitate, is that we're seeing?

DR SHACK: Yes. Here you can get a
better neasure of the volume of precipitate with the
375 down to the 100. And over here, you know, it | ooks
sort of solid white. But over here you get this nore
gel -1i ke coll oidal kind of suspension.

CHAI RVAN WALLI S: Well, alarge fraction of
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what's in the jar.

DR. SHACK: At 375, yes, you do get a
substanti al amount of stuff. It's alot filner and a
lot nore difficult to see at 100 ppm but it's
certainly there.

CHAI RVAN WALLIS: That's after it's
cool ed?

DR SHACK: Yes. Marc showed his |ICET-1
after the 4 nonths at anbi ent tenperature in which he
had a 10 micron particle distribution.

DR. KLASKY: Marc Kl asky, LANL.

That figure that shows the particles that
are roughly what? Ten micron or so, | think we need
to discuss that further.

The neasurenent technique that's utilized
| don't think can very accurately predict particle
sizes that are greater than a micron. And it has to
do with the fact that the concentrations-- you have to
dilute the solution, otherwise you got nmultiple
scattering events and this techni que requires that you
don't get nultiple scattering events. So you dilute
it, and the fact of the matter is when you dilute it,
then at very | ow concentrations you have t he opposite
effect. That if you look at a volune, basically the

fluctuations, which is what we're neasuring, are
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dom nated by what's flowing into that control vol une.

So at the concentrations that are really
necessary to make that nmeasurenment, they're really
dom nated by, in essence, noise. So we can through
it, but I think that those neasurenents above a m cron
are very uncertain. And so we choose to basically
delete them W attribute themto noise and not
actual particles. And, in fact, we have in a series of
tests we actually filtered the solution at about a
mcron and we still observed those particles which
you know, gives you that indication that they're not
real .

"1l just leave it at that.

MEMBER KRESS: But does that apply to the

bottom curve al so, to the second node? Wuld that be

noi se?

DR KLASKY: | can't see the scale on
t hat .

DR. SHACK: No. This is your half mcron
particle.

DR, KLASKY: Ckay. Okay. Generally I
woul d just | eave it at anything above a mcron is very
suspicious and warrants much further investigation
with dynam c |ight scattering.

MEMBER KRESS: Yes. Well, I'mstill trying
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to understand why you get a binodal distribution of
col l oi ds, but --

DR. KLASKY: The pol ydispersity of the
system that's another issue which also is difficult.
And | don't know that |'m prepared to answer the
pol ydi spersed nature of the systemat this point.

MEMBER DENNI NG You' ve never attenpted to
use different cooling rates to see whet her that
i mpacts the size distribution or things |like that?

DR SHACK: No, we haven't done that.

Now, again, this is particle size
di stribution for sone of our sinulation products after
bei ng cool ed to roomtenperatures. Wen we just take
t he product and we |l ook at it, we get a peaky sort of
di stribution, not quite binodal the way Marc gets it.
But we do see a kind of peak distribution.

CHAI RMAN WALLIS: | don't quite understand
this. | thought we were told this norning that these
wer e nanoneter size particles and now you're telling
nme they're mcroneter sized particles.

MEMBER KRESS: Divide by 100.

CHAI RVAN WALLI'S:  No. But | nean, the
scale is a 1,000 or a 100 different or something.
nmean, this norning we heard they were all itty-bitty

t eeny- weeny nanoneter sized particl es.
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DR. SHACK: W believe that we're | ooking
at aggl onerations here, you know, in these. Again,
when we essentially agitate these with a little
ultrasound, you'll see we suddenly have aggregated a
| ot of these particles. You know our --

CHAl RMVAN WALLIS: But they're stil
m crons, aren't they?

DR SHACK: We're down to micron sized
particles, which are not so different from Marc has
half mcron particles. And, again, | believe he's
actually done sone agitation of his also in a flow
syst ens.

So when we | ook in the TEMwe sort of see
the simlar thing; that there are nanosi zed sal non
eggs and then they sort of sifted in these
aggl oner ati ons. Just how sticky t he | ar ger
aggloneration is isn't clear to us and exactly what
particle size you should be using isn't clear because,
again, you do go all the way -- you know, it's clear
fromthe TEMthat the fundanental particle is sort of
nanosi zed - -

CHAI RVAN WALLI'S:  The nano is 10 to the
mnus 8 neters, is that it.

MEMBER KRESS: That's 9.

CHAl RMAN WALLI S: Nine. So it's a factor
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of 1000.

DR SHACK: Yes.

CHAI RVAN WALLI'S: So when you're talking
about 30 nanoneters -- | thought that was right. This
is .03 mcrons. |It's very nmuch smaller than you're
showi ng here, isn't it?

DR. SHACK: Yes. Yes. But, again, if you
recall Marc's TEMpictures, he has essentially sal non
eggs in clusters. So we're |ooking, you know what
we're seeing here are the clusters. And what we've
done hasn't disaggregated the cluster conpletely. W
can break those clusters up in sonme ways.

So | knowit's very difficult to conme up
with the exact notion of what a particle size is here
because it may depend on the agitation. It may depend
on the flow rate as you're going through the bed as
t hese things inpact together and can aggl onerate or
di saggl oner at e.

CHAI RVAN WALLI'S:  The basic size of the
unit woul d seemto be this 30 nanoneters. And the fact
that they nake a cluster is okay. But the basic size
of the unit --

DR SHACK: The basic size of the unit.

CHAI RMAN WALLIS: -- is this tiny size.

DR. LETELLIER: This is Bruce Letellier,

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

124
LANL.

Even the basic size is rather ill defined
because it's a hydrated sphere. And those spheres
interact with their neighbors. And so it's hard to
find a discreet definition of size, at |least fromthe
poi nt of view of fluid flow through a packed bed. It
just doesn't behave the sane. And it's mny opinion,
per haps specul ation, that these aggl onerations rather
than filtering the flow, they obstruct the flow. They
represent a blockage and those interspatial spaces
bet ween nanoneter sized particles do not partici pate.
It's stagnate. But that's speculation at this point.

CHAI RVAN WALLIS:  Well, they could wonder
around the loop until they aggl onerated enough to get
st uck.

DR LETELLIER: O course. And |'msure
t hey do.

DR, SHACK: But it just nakes it hard to
come up with a fundanmental partial size to deal with
here.

MEMBER DENNI NG Well, what's the fiber
diameter for NUKON? Was it 1 micron?

DR LETELLIER  Seven.

MEMBER DENNI NG  Seven m crons?

CHAI RMVAN WALLIS: This raises questions
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really, as we had this norning. Wat's representative
for a test in using a surrogate? Wat would you say
is representative spectrumof particle sizes?

DR KLASKY: Mar Kl asky, LANL.

One thing I'd say, and Bill maybe you'l
get to this or you' ve already alluded to it, and that
is you' ve observed head |l oss prior to seeing actual
precipitate, which sort of lends itself tothis notion
that the particles in fact at that point are too snal
to see. So what's visible? A mcron. So the
aggregates apparently are small enough up to that
point to still cause substantial head |oss, right?

CHAI RVAN WALLIS: Well, what |I'mgetting
at is howis NRRgoing to evaluate all these different
tests? How are they going to decide that this particle
size that shows up in the test is representative of
the plant? It seens to ne the plants are all so
different and all these vendors are going to test,
filter test their screens for each plant, aren't they?
How are you going to know that it's a representative
test? Are you going to say |ook at the particle size
and say here that it's |ike I CET, so it's okay or what
are you going to do?

MR. KLEIN:  Paul Klein fromNRR

| think probably what we intend to do is
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work with Westinghouse since they're building the
fundament al bui | di ng bl ock of generating the particles
and assure ourselves that we're confortable with the
direction they're providing to the screen vendors on
how to generate the chem cal surrogate.

DR. SHACK: Yes. | think you need to
return to this after we | ook at sonme of our head | oss
results.

CHAI RVAN WALLI S:  Okay. So sonetine |ater
inthe year, maybe Novenber or something, NRRis going
to say we now know how to have sonme criteria for
eval uation for these tests?

MR. KLEIN. W can discuss that tonorrow.

CHAI RVAN WALLIS: Ckay. But from what
|"ve heard so far, it nostly seens to be in the
future. | mean, you know sone of the questions to
ask, but you don't know what specific physical
criteria you will use yet? kay.

DR. SHACK: Now our first attenpt at a
simul ated test we ran to match the 375 ppmal um numin
ICET-1. and in this particular case, as Marc
suggest ed, perhaps we were not careful enough in
maki ng our surrogate. And when we introduced our
surrogate, what we in fact show was a snowfall. You

know, if you recall ny previous graph, 375 ppmshoul d
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be sol ubl e at 140F. You know, | should be able to put
in up three tines that anmount.

Now what | had when | did ny i ntroduction,
of course, is when | introduced ny alum numnitrate
| onered the pH.  As you'll notice again, that's a | og
scale, so ny solubility is dropping exponentially. As
| drop the pH locally, I forma product. So we saw
heavy snowfall.

Nowwi t hin 2 m nutes that snow di sappear ed
and we could see nothing in the | oop.

CHAI RVAN  WALLIS: So blue is the
t enper at ure?

DR. SHACK: Blue is the tenperature.

CHAI RVMAN WALLIS: Red is the?

DR SHACK: Red is the head |oss or
pressure drop.

CHAI RVAN WALLIS: Pressure drop.
noticed you called it by an appropriate term

DR. SHACK: W tend to say pressure drop,
that's true.

But what's interesting here is that in
this particular test the pressure drop started to
increase even at 140°F, even before we started
| onering the tenperature. But, again, | think you

woul d have to argue that there's sone questions about
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this test. W created too nuch of the precipitate to
begin with. But, again, you' re getting this head | oss
with no visible build up of product on the bed. Al
the snow that we have generated has dissolved and
di sappear ed.

CHAI RVAN WALLI'S: Well, the pressure drop
originally, without adding this, fromthe fi bers al one
| ooks like something like .27

DR SHACK: Point 3. Yes.

CHAI RMAN WALLIS: Three. So it's gone up
by a factor of 20 when you finish the test?

DR SHACK: Yes. Well and in fact if |
coul d keep ny velocity noving, it would probably be up
even nore than that.

CHAI RVAN WALLI'S: Are they constant here?

DR. SHACK: |I'mtrying to keep the
velocity constant. As ny pressures are building up
here, | can't control the velocity in ny |oop any
| onger. So, you know, this is a mnimmincrease in
head | oss that you're looking at here. |1'd have to
show you my velocity versus pressure drop profile so
that you could know exactly where --

CHAI RVAN WALLIS: But it's roughly .1,
roughly through this whole test?

DR. SHACK: Right. You know, that was the
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attenpt was to keep it at .O01.

CHAl RVAN WALLIS:  Until the near end
Ckay.

DR. SHACK: And again, this is a picture
of the snowfall --

CHAI RMAN WALLIS: -- by a factor of 20.
That nmeans that essentially all the pressure drop is
due to this al um nunf

DR. SHACK: Yes. Again, there's the
snowfall, definitely nonprototypical. But again, you
can see it dissolve.

CHAl RVAN WALLIS: Wwell, if there's a
snowfall, it's pretty big size particle?

DR. SHACK: Yes. You know, again, there
are agglonerations of t hi ngs, but you know
fundanmental |y t hey di ssol ve, agai n t hey di sappear. But
we're still getting pressure drop.

Now | ater we did a repeat test with the
375 ppm alum num that representative of |ICET-1. Here
you can see the al um numaddition at hi gh tenperature.
W had a very snmall snowfall here and you see this
little tiny spike in pressure. Nowthat nmay sonehow be
associated with the snowfall. But, again, that
di ssolved and we're seeing no pressure drop here,

al though we're now decreasing tenperatures. W're
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going along. W' re down to 100 degrees C --

CHAI RVAN WALLIS: There's no visible
precipitates circul ating?

DR. SHACK:  There's no visible
precipitates circul ating.

Now one of the difficulties between the
| ast test and this test, of course the previous test
was run i n a Lexamchanber, which is wonderful because
you can see what's going on. Unfortunately, in the
presence of the sodium hydroxide it cracked to
bej esus. And so we've switched now to a PVC chanber,
which is says it's clear, but what it really nmeans is
it's kind of a snokey | ooking plastic. So, you know,
t here undoubtedly could be some changes in turbidity
here that we can't really see through the PVC. It's
just not clear enough.

But, you know, we're com ng down. W're
sitting here at 100 C and then it begins to take off.
And agai n, once the pressure begins to increase. But
there's no visible product in this test. However, if
we - -

CHAI RVAN WALLIS: Did you | ook at the bed
afterwards and see what was there?

DR. SHACK: Yes. Wen we stopped this

test, we just let the I oop sit overnight before we do
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anyt hing. W collect, essentially, a |large anmount of
Jel | - O above the bed.

CHAI RVAN WALLI S:  Above the bed?

DR SHACK: Above the bed. So it's been
circulating in the loop. You know, the al um num
hydroxide is a transparent thing in a very fine
precipitate colloidal form so --

CHAI RVAN WALLI'S:  The Jell-O on top of the
bed or inside it?

DR SHACK: Well, it's -- I"'msure it's
inside the bed, but it's also stacked up.

CHAI RVAN WALLI'S:  Well, there's enough of
it to be stacked up on top of it?

DR. SHACK: On top of the bed. | mean
we're talking 6 inches. You know, we're not | ooking
at thin cakes here. W're looking at a quite
substantial bed. Zero flow. And it just collects
t here.

CHAI RMVAN WALLI'S: And when you have a
flow, doesn't it conpress then?

DR. SHACK: Well, if we could actually
start the flowwith the Jell-O on top, we could
probably conpress it.

CHAI RVAN WALLIS: The Jell-O conpletely

jans it up solid?

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

132
DR. SHACK: The Jell-0O has conpletely

janmed it up solid. Yes, we know. WVE were jammed up
as far as the head went |ong before we could see the
Jell-O But at |east we knew there was a | arge nass
of precipitate in the |loop that we could not visibly
see, but we could collect at the end of the test.

MEMBER KRESS:. In the process of this
aren't you generating a | arge anount of hydrogen?

DR SHACK: No. No. There's no corrosion
goi ng on here. You know, we've just added the al um num
as alumnumnitrate and so we're just |ooking at the
preci pitation product.

MEMBER KRESS: But in a real plant you
woul d be generating hydrogen?

DR. SHACK: You would be generating

hydr ogen.

MEMBER KRESS: And woul d that not tend to
break up this cake? | nmean, there's a | ot of
hydr ogen.

DR. SHACK: No, but the hydrogen's being
generated at different -- you know, it's being

generated off where you're putting the alum numinto
solution. The cake, if it was building up, would e
buil ding up on the sunp screen, you know, in a very

different | ocation.
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MEMBER KRESS: Ckay.

MR. TREGONI NG Al though we have | ooked at
ef fects of hydrogen or we've tal ked about effects of
hydr ogen and hydrogen peroxi de on the redox potenti al
of the solution. And that can certainly affect
aggl oneration as well as other aggregation types of
mechani sns.

CHAI RVAN WALLIS: Well if you had all this
hydrogen made in the sunp, it was sort of attached to
the particles or it's in the water, and then you
recirculate it, presumably the hydrogen coul d coll ect
in the reactor.

DR. SHACK: No. The hydrogen partitions
of f, | assune.

CHAI RVAN WALLIS:  Well, but | mean where
does it do it? Does it do it in the sunp or does it
do it in the rector? Sone of it cones out in the
reactor. In the head? No, it doesn't go out the break
necessarily unless it's carried -- it could goupinto
the head. It depends upon a |lot of things. Were the
break is and the flow rates and everything.

Ckay. So hydrogen m ght be a downstream
effect to think about. Wen we get to downstream
NRR, we m ght think about what the hydrogen is doing.

DR. SHACK: Yes, downstreamof this
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present ati on.

CHAl RMAN WALLI'S: It's not your concern.

MEMBER KRESS: But what's your pl and your
p27?

DR SHACK: Those are two different
transducers. One of them the pl transducer is about
3 inches from the bed above and below. The pl
transducer is about 12 i nches bel owthe bed. So you'l
see the pl is typically or a noisier signal than the
p2. But they should basically read just about the
same. You know, we get transducer drift in occasional
tests. But it's just sort of a check to nake sure
we're not getting too nmuch transducer drift to have
both of themthere.

CHAI RVAN WALLI'S: But you don't | ook at
t he ef fect of hydrogen bubbl es on the pressure drop in
t he bed then?

DR. SHACK:  No.

CHAI RVAN WALLI S:  You don't have hydrogen
bubbl es? But if they were small enough, they could
presunmably get trapped in the bed?

DR. SHACK: Yes. | really wouldn't expect
themto be there. | would have expected themto --

CHAI RMVAN WALLI S:  Yes, but when you do

experinments in sort of flow through porous nedia and
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| ook at the pressure drop, you got to be very careful
that you don't have gas in there because it really
i ncreases the pressure drop.

DR. SHACK: W tried to repeat the test
with 100 and 200 ppm and these were our first
attenpts at doing that. And --

CHAl RMVAN WALLI'S: Didn't make enough Jell -

DR SHACK: Well, we didn't see any real
effect on the pressure drop. You know the variation
we see here is alnobst the -- sort of the tenperature
variation of the head | oss, you know, as we heated up
t he pressure drop drops, as we cool it down again the
pressure drop goes back up.

These were probably just too short terma
test.

W then went to a longer termtest. W
added the al um num back here at 257 m nutes. Things
wer e goi ng al ong, basi cally not hi ng was happeni ng. So
we added nitric acid to the | oop to decrease the pH by
.2 units. And, again, that nakes a difference in
solubility. You'll see that again as soon as we did
that we began to see rapid increases in the pressure
drop. Again, no visible product. You know, you

couldn't see anything happening except once you
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dropped the pHto .2 units, the pressure drop went up.
W didn't have to add very much. Just a drop at .2
units.

And, again, it gets nore instructive to
ook at this in terns of tenperature. You see the
cycles here. W didn't want to | eave the cooling on
overni ght so that the | oop woul d heat up and cool down
here in cycles. That didn't seemto have too nuch
effect. Once we get to having forned product, there's
a significant correl ati on between t he t enperature drop
and the pressure rise. That is, as we changed the
tenperature, we could put the product in and out of
sol uti on.

CHAI RVAN WALLIS: Well, this is many days

DR. SHACK: This is nmany days.

MEMBER KRESS: That's the difference
bet ween day and ni ght?

DR SHACK: There's a difference between
day and night. Wen we didn't have enough nerve to
| eave everything on overnight. You know, as we were
approachi ng the end of the programand we didn't worry
about whether the | oop would be there the next week,
we got nervier about, you know, | etting everything run

and taking our chances. So you'll see sonme nore
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controlled tests com ng up

MEMBER KRESS: What's your source of heat?
St eanf?

DR SHACK: No. Electrical heat.

MEMBER KRESS: El ectrical heaters?

DR SHACK: Electrical heaters.

W did a third test with a 100 ppm And
this time we're going to add sonme nanomneter particles
totry to essentially initiate the precipitation. W
t hought we'd get --

MEMBER KRESS: What kind of particles were
t hey?

DR SHACK: Al umi num oxide. This is what
we used i n our patented Argonne sunscreen that we nake
nmoney from

MEMBER S| EBER  Oh.

DR. SHACK: CQur first application of
nanoparticles, revenue generating for the Lab.

MEMBER SIEBER: |s that an outgrowth --

DR. SHACK: It's an outgrowth of earlier
research work. W take our noney where we can get it.

MEMBER SI EBER: It sounds |ike sone kind
of hair dressing.

DR SHACK: It's sunscreen

Again, it didn't do very nuch. But if we
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wai ted | ong enough, and again these are tinme scales
that are long conpared to a --

MEMBER KRESS: A LOCA?

DR. SHACK: -- |aboratory test, but it's
certainly not withinthe mssion tine of the sunp, you
know as the sunp is agi ng and cool i ng down, you know,
these tines. And, again, we began to see a rapid
increase in head | oss. No visible product here during
the test. And in this case after we let the |oop
settle overnight, we didn't collect any visible
product on top of the bed. However, when we took the
sanpl es out and we let themage for a while, we did
coll ect a colloidal product --

CHAI RVAN WALLI'S:  Well, you seened to have
dropped the tenperature also. It's not just a
guestion of aging.

DR SHACK: No. No. You know, we have
gone down to a | ow tenperature.

DR SHACK: Is that's what's caused, do
you think, this rise in pressure drop or is that --

DR SHACK: Ch, no, no, no. The --

CHAI RVAN WALLIS: Wat's causing the
pressure drop to take off?

DR, SHACK: It's essentially, | think, a

precipitation process that --
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CHAl RMAN WALLIS: And it takes a week to

start?

DR SHACK: Yes. Well, it takes a week to
aggl onerate, to build up.

MEMBER SI EBER: Build up, yes.

DR LETELLIER  Bruce Letellier of LANL.

| think Bill's right. It's just the
conpetition of bed penetration versus increasing
filter efficiency. W' ve tal ked about inpaction and
aggl oneration on particles. And eventually that
reaches a crises point where it's very -- it becones
a very effective filter and the head | oss increases
rapidly.

CHAI RMAN WALLIS: So you're going to
require this --

DR. SHACK: No. There's still a question
| think of whether there is an additional aging thing
goes on. |If you look in the ICET tests, although they
got to the 375 at day 15, if you look at the data
right you see anincrease inthings |like the viscosity
that goes on after that. And in essentially their
readi ness to formthe precipitate i ncreased, although
they'd gotten to a constant |evel, you know, in one
case they had to wait alittle bit before the

precipitate would formwhen it started to cool down.
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In other cases, it's alnost the instant they took it
out of the loop and it began to cool at all. So |
think there is a couple of processes going on here.

One is an aging and devel opnent of the
col | oi dal suspensionitself. In this case | think the
| arger one is probably the build up on the bed, but
you know there are nultiple processes going on here.

CHAI RMVAN WALLIS: So is there a predictive
tool which can tell you when this is going to take
of f, this pressure drop? Sonetimes it happens in |ess
than a day, sonetinmes it takes a week, sonetines it
seens to take nore than a week if you | ook at these
di fferent graphs.

MEMBER KRESS: Yes. In that test it |ooks
like you get a change in nechanismin phenonena at
around 7500 m nutes.

CHAI RVAN WALLI'S:  Yes, but on the next
figure it goes to --

MEMBER KRESS: It's a sharp change there.
And, you know, if it were just a build up -- if it
were just a build up on the filter, you expect a
snmooth transition.

DR SHACK: No, | think it's a kind of a
threshold thing that once you begin to get the | oss,

then you can really begin to build it up.
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MEMBER KRESS: Yes, but | wouldn't expect

to see a break like that.

DR SHACK: Well, | mean we saw that with
the 375. You know, all these tests are in the sense
that it's going along very, very slowy. But once it
begins to take off, it takes off.

CHAl RVAN WALLI'S:  So what does this nean
for a sunp again? | mean, are these guys going to
have to do a test for nonths until they see if it
t akes of f?

DR. SHACK: Well, | mean ny first
conclusion is | really don't want ny sunp to have a
100 ppmof alumnumin it.

CHAI RVAN WALLI S: Because you know that in
about a week you mght have this phenonena. But
suppose you had 50 ppn?? Do you have to wait two weeks
or | nean do you have any i dea.

DR LETELLIER | can substantiate the
aging process. In this afternoon's talk we'll | ook at
solution fromtest 5 which had about 50 ppm And after
60 days post-test it did show signs of neasurabl e head
| oss.

CHAI RVAN WALLIS:  That's two nonths.

DR. LETELLIER  After the | CET

experi ments.
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CHAl RMAN VWALLI S: But these contractors

who are designing and testing these screens for 69
plants are going to have a lot of difficulty running
tests that take weeks for each plant. Especially if
there are lots of different tests they have to run.

MR TREGONING Well, if you go back,
aging is certainly an inportant issue.

CHAI RVAN WALLIS: Maybe they just don't
have any alum num so they don't worry about it.

MR TREGONING Well, there is a snal
tenperature drop that occurred t hat does coincide with
t he onset of --

CHAI RVAN WALLIS: But we're specul ating
about things. W're not saying --

DR. SHACK: No. Again, we can go back to
our solubility curves. Again, if you |look at the one
| have a pH curve and | have a tenperature curve
Qobvi ously, you know, the | ower you drop the
tenperature the | ess alum numyou can tolerate. The
hi gher the sunp that remains. So this --

CHAI RVAN WALLIS:  Well, what I'm |l earning
here is what 1've |l earned fromall these presentations
is that when -- and RES does the research, they |l earn
something. And they |learn sonething we didn't know.

And so when you stop doing RES doing research, you
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stop this | earning process.

Ckay.

DR. SHACK: Ckay. VW went to --

CHAI RVAN  WALLIS: And these are
significant things.

DR SHACK: -- the ICET-5 environnent.
And, again, the thing that | want to focus on here is
that | CET-1 and | CET-5 are equal | y aggressive in terns
of having a | arge anount of submerged al um num So
you knowit's alittle unfair to | ook at conmparing t he
di ssol ved al um numl evel s. What you real ly want to say
is | have a sodi um hydroxi de environment and a sodi um
tetroborate environment with the sane subnerged
alumi numlevels, | get different anounts of al um num
Since |'"'mat different pHs, that doesn't necessarily
mean | ' || be better off. But when we | ook at the tests
we do see sone interesting results.

And in this particular case we went al ong
in the test and, again, after 5 days or 6 days, you
know, nothing was happening. So we thought we'd go
t hrough with our pH kick again. You know, that did
wonders the last tinme we tried it, so we --

CHAI RVAN WALLI S:  Not hi ng happened.

DR. SHACK: --decreased the pH .2 and,

agai n, not hi ng happened. W actually al so added sone
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nanoparticles about that tinme. So we gave it the
doubl e kick; the nanoparticle addition and the pH
ki ck. And nothing really happened.

Agai n, the test programwas coning to an
end so we thought we'd sort of see just how rmnuch
al umi num we could tolerate. So we added enough
aluminumto get to al nost 100 ppm tot al

CHAI RVAN WALLIS: Ww. This was only 100
ppm though?

DR SHACK: Yes.

DR. SHACK: Well, a 100 ppmis nore than
enough. And now we're at 100 ppmat a pH of 8.5. |If
you go back to ny solubility curves --

CHAI RVAN WALLI'S: But previously 100 ppm
t ook a week before --

DR. SHACK: But that was at a pH 9.6.

CHAI RMAN  WALLIS: Different pH. The
velocity of the fluid --

DR. SHACK: Again, this is really unfair

| nean, this is a plant R kind of subnerged al um num

| evel .

CHAl RVAN WALLIS: This is all at .1 feet
second?

DR. SHACK: This is all at .1 feet per
second.
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CHAl RMAN WALLI S: Don't know if these

coll oids mght stick nmuch better at .2 or .01 for the
second? W have no idea.

DR. KLASKY: Marc Kl asky, LANL.

Bill, I think an issue here is we showed
or previously |I showed the hydration associated with
t he anorphous form And | guess the question that
comes into play here is the alum num that you're
addi ng and the means by which you're addi ng al um num
into the system do you think on the surface you're
formng a gibbsite or a crystalline structure or how
exactly is the alumnum introduced to basically
preclude that initial formation of the crystalline
material ?

DR. SHACK: If it was an equilibriumwth
the crystalline form | would expect an equilibrium
concentration of about .2 ppmof aluminum |[It's such
a night and say difference between the anorphous and
the crystalline one that | think | have to be
primarily in equilibriumwth an anorphous solid to
have anything left in solution.

If | was really formng significant
anounts of the «crystalline material, I'd be
precipitating alumnumlike a rock. And it would be

com ng out. So, you know, |'marguing fromthat basis
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that it has to be primarily anorphous, otherw se |
woul d have no al um num | eft.

DR. KLASKY: Right. | guess ny point,

t hough, is that the crystalline form although it
precipitates nore readily, doesn't have the hydration
and has nuch less of an effect on the head | oss or
pressure drop. |If you are precipitating, that which
precipitates first may have very little effect. It's
the hydrated form that has the large effect on the
pressure drop. There's a difference in precipitate A
and B. | guess that's the point that I'mtrying to
make. It's very nuch dependent upon how large this
effective diameter is. And if it's crystalline, it's
not very large. And so one could put a |ot nore

al um num presunably, on the bed as opposed to
something that ties up a lot of water.

| guess we need to talk.

DR. SHACK: That's true. But, again, |
woul dn't have anywhere near this nmuch alum numin
solution if I was in equilibriumwth a crystalline
solid. It would come out like a rock. And so | think
it has to be primarily an equilibrium with the
anor phous form

CHAl RVAN WALLIS:  Your bed is NUKON

fibers?
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DR. SHACK: NUKON fi bers.

CHAI RVAN WALLI'S:  NUKON fibers. So we
know not hi ng about the effect of having some concrete
debris or sonething to which these particles could
cling. W know not hi ng about other nechani snf

DR. SHACK: |If you added precipitate, you
know t hat would --

CHAI RVAN WALLIS: But you tried to add
precipitate alum num but there's all kinds of other
stuff in the sunp.

DR. SHACK: No, there's no precipitate
al um num here.

CHAI RVAN WALLI'S:  You added - -

DR. SHACK: Onh, the nanoneter al um num

Yes.

CHAI RVAN WALLIS: You added precipitate
al um num

DR SHACK: Yes, the 30 nanoneters.

CHAI RVAN WALLI'S: But there's a | ot of
other stuff. | think the point is that whether or not

this stuff sticks to the bed woul d seemto depend upon
what else is there.

DR. SHACK: That's probably true.

CHAI RVAN WALLI'S: Now there's a | ong way

between this and predicting anything about a sunp.
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You' ve just shown that there can be a | arge effect.

DR SHACK: Yes. Well, I think what we've
shown up until we added the extra alum numis that for
a gi ven amount of al um numthe STB buffer is nuch nore
forgiving than the alum num-- than the sodi um
hydr oxi de buffer. For a given anount of alum numthe
sodiumtetraborite's a nore benign environnent.

W went off to ook at a head | oss test
with the sodium tetraborate environnent and Cal Sil
Now we didn't add any aluminumto this test because we
knew from essentially, the integrate | CET test that
when we had the Cal Sil in any significant anount we
got very little aluminum And so we |eft the al um num
out of this test.

And so we essentially now got 15 grans of
NUKON, 15 granms of CalSil in a STB buffered
environnment. The head | oss we're seeing here
initially, and again | don't know whether this is a
test-to-test variable or not, is higher than we sawin
the sane sort of NUKON Cal Sil |loadings in a different
buffer. So it's about twi ce as high. You know, |
woul d have expected to see sonmething on the order of
1 to 1.2 psi for the immediate pressure drop in the
Cal Si | / NUKON mi xture that we have here.

And | didn't nention that we'd done sonme
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other tests. There are sorts of interesting things
that go on here. Wen we go sinple aging tests of the
insulation in the different buffers, we see different
behavi ors.

CHAI RVAN WALLI' S: But you're suggesting,
possi bly, that the buffer changes the pressure drop
t hrough Cal Si | / NUKON - -

DR SHACK: Yes. \What we've done here is
essentially presoaked the NUKON i n t he buffer sol ution
for a half an hour, which may essentially affect the
way that it can disaggl onerate--

CHAI RVAN WALLI S: Wi ch is what happens in
reality?

DR. SHACK: Wich is what happens in
reality. You know, if you disagglonerate the
fi berglass even nore, you allow the bed to build a
little bit differently and so that you could
conceivably get a different head | oss. W see a
di fferent behavior of the NUKON in a |ong term soak
test wwth the STB buffer.

CHAl RVAN WALLI S:  That makes sense. It
must nean that you can't use a correlation for NUKON
and Cal Sil w thout sayi ng sonet hing about what buffer
you' ve got and how | ong you' ve soaked it for and al

that kind of stuff.

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

150
DR. SHACK: Per haps.

CHAI RVAN WALLI S:  Perhaps. But as an
i ndi cati on?

DR SHACK: It's an indication.

Now, the good news is, is that as you go
al ong here, the Cal Sil just benignly dissol ves and you
end up at a head loss that's really nmuch nore typica
of what you woul d expect from a pure NUKON | oadi ng.
So as the test proceeds --

MEMBER SIEBER:. By that tine the punp is
shot .

DR, SHACK: Well, yes. CQobviously, it's
this head | oss that concerns you.

CHAI RVAN WALLI'S: Benignly dissol ves?
nmean it's now going around the | oop forever nore.

DR SHACK: There's calciumand there's
silicates.

CHAI RMVAN WALLIS: Unless it deposits
somewhere else in, say, a cool region or sonething

DR SHACK: Yes. On the fuel; who knows?

Summary slide. Again, we observed high
head | osses in environments with the sodi um hydr oxi de
buffer for alum numlevels of 375 and 100 ppm

The formation of the precipitate or the

build up of the head loss is tine dependent.
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W had one test that we think is
nonpr ot ot ypi cal where we got high head | oss even at
140°F. We think we really do have to decrease the
tenperature to get these kind of head |osses. W
really believe the solubility of the anorphous
al umi numat 140 is high enough that we shoul dn't have
seen that.

The solubility, again the anorphous and
crystalline phases is by a factor of 400 for gi bbsite.
The behavior we see in the ICET-1 environment is
pretty consistent with the Iliterature data for
anor phous materials. These hi gh head | osses can occur
with no visible precipitates and, again, very snall
changes in bul k properties |like viscosity. You know,
if we do the test with 275 ppmdi ssol ved al um num we
do see an increase in the bulk viscosity, but it's
like a factor of 2. You know, it's nowhere conparabl e
to what we see in the head loss --

MEMBER KRESS: You actually neasure
vi scosities?

DR. SHACK: W neasured viscosity in the
sense that we take a sanple of the solution, we shake
it up and we pour it through a visconeter.

MEMBER KRESS: Gkay. That'll do.

CHAI RVAN WALLIS: Well let nme ask you
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somet hing. You' ve got this stuff which dissolves
aluminum right. And there's a certain equilibrium
solution. And then you catch this alum numgel in the
bed. That presunably nmeans that the water now has
less alumnumin it.

DR SHACK: Yes.

CHAl RVAN WALLIS: So doesn't it nean it
would try to dissolve sonme nore al um num sonmewhere
el se? Because it no | onger has --

MR. TREGONING Unless it passivates

CHAI RVAN WALLI S:  Because sone of it's now
trapped in the bed.

DR SHACK: Yes. You know, the ICET-1
seens to indicate that the alumnum will in fact
passi vat e.

CHAI RMAN WALLIS: Ch, it will. So you
won't di ssol ve anynore?

DR. SHACK: You won't dissolve anynore.

MR. TREGONING And that was a key
findi ng.

CHAI RMVAN WALLIS: That it's passivated,
not because it's saturated?

MR. TREGONI NG Because the levels in
| CET-1, as Marc denonstrated, were well bel ow the

solubility limt for --
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CHAI RVAN WALLI S: But you understand the

ki netics of passivation of the alum nun?

MR TREGONING |'msorry, could you
repeat ?

CHAI RVAN WALLI'S:  Understand the kinetics
of this passivation of alum num so you can predict
it?=1in a plant?

MR TREGONING Part of Marc's work, he
didn't present this in much detail today given the
l[imted amount of tine, but he's got a substanti al
section in his NUREG report that discusses rate
controlling factors for passivation of al um num

MEMBER KRESS: Does it have to do with
form ng Al 30H?

MR TREGONING I'msorry, Dr. Kress,
coul d you repeat?

MEMBER KRESS: It have to do form ng
Al 30H?

MR. TREGONING \Well, the passivation
det er mi nes how nuch al um numyou' || get into sol ution.

MEMBER KRESS: | understand that. [|'m
trying to figure out why it quits dissolving is
because you get a surface |ayer -- A 30H,
pr obabl y. Ckay.

CHAI RMVAN VWALLIS: Well, I'mhoping to

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

154

finish at 12:00. WII that work out?

DR. SHACK: |I'mon ny |ast bullet.

CHAI RVAN WALLI S:  Good.

DR. SHACK: Again, the STB buffer seens
nor e beni gn than the sodi um hydroxi de or the TSP.

For the sanme subnerged area that produced
high head loss in the sodium hydroxide buffer, no
significant head | oss observed in 11 days in the STB
buffer.

Again, interaction wth NUKOV CalSil
m xtures produced nuch | ower head | oss than observed
in corresponding tests with TSP.

MEMBER MAYNARD: |'ve got a question. The
applicability of this test to contai nment sunps that
you'd find in a plant in that you have a fairly snal
screen area it | ooked li ke for your flowl oop, whereas
in a containment you're going to have a fairly |arge
screen area. It's going to be vertical probably also
with a top open. Flowis probably going to conmng in
from the side. |I'mnot sure what this gel atinous
solution would do. Wuld it settle out nore o the
floor or how --

DR. SHACK: That's the thing, because we
don't see any settling at all. This thing is

infinitely transportable. You know, it's going to go
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wherever the fluid can go. The sort of product per
vol une, the product per unit screen area that we have
in our tests are roughly prototypical of what we
expect in the plant.

You know, the geonetry is different. You
know, it's horizontal rather then vertical. But to the
extent that you're looking at a local effect and you
see the head | oss going across there, it seens to ne
applicable in that effect. It certainly doesn't take
your overall design, if you nade a rmuch | arger screen
area, you know, that would have an effect. But these
things really do have to be scaled to a kind of a mass

per unit screen area kind of scaling.

MEMBER MAYNARD: Ki nd of going back to the

guestion of what happens if it's filtered out. There's
other things in the basenent of a containnment that
this could be attaching itself to besides the screens.
Got all kinds of nmetal support, other concrete and
other things. As sone of this attaches to other
t hi ngs, does that make room for nore alum numto be
formed or --

DR. SHACK: Because again it's a
passivation process, we don't think that you'll --
you'll be Ilimted by essentially the amount of

corrosion that you can sustain on the surface of the
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aluminum And taking it out, perhaps, in a heat
exchanger would not really create nore product.

MEMBER KRESS: | have a problemw th your
nmust use screen scaling concept, and that is how do
you ever solve what nass per screen you ended up when
you took of f? How did you know what mass screen that
represents?

DR. SHACK: | can't -- yes. That's what
| would need if | was going to have a nodel

MEMBER KRESS: (kay.

DR. SHACK: If all 1'mlooking for what
ppm can tolerate in ny sunp, | can give you a ppm
chenmical concentration per unit area of screen that
you can use as a kind of a guideline.

CHAI RVAN WALLIS:  How could you do that?
Because it depends what's on the screen?

MEMBER KRESS: Yes.

DR. SHACK: Well, if you're going to argue
that, yes, if | had concrete precipitate -- you know,
that my 50 ppmal t hough it | ooked benign here, really
woul d have been different --

CHAI RVAN WALLIS: But if plant R had
not hing but alum num reflective insulation and no
fi bers, nothing, you get this sunp and it's got al

this colloidal stuff init, it just goes right through
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t he screen and t hrough the -- not hing happens. Soit's
not a problem even if it's 500 ppm

MEMBER S| EBER:  Presumabl y.

CHAI RVAN WALLI' S:  But we haven't done that
test. W don't know So it all depends on the
synt hesis of everything that's going on. You've
| ooked at part of it, and it's very interesting. But
every plant is different. | want us to figure out
what's a reasonable test. Ckay.

And this work is finished now?

DR. SHACK: Except for the reporting.

CHAI RVAN WALLIS: It's finished because
the noney has run out? 1It's not finished because
you' ve solved anything, is that true?

What was your task? To explore these
things or do you cone up with predictive nethods?

DR. SHACK: No, we were to explore these
t hi ngs.

MR. TREGONI NG \When we started this work,
there was no information on any sort of head |oss
i ndi cations --

CHAI RMAN WALLIS: Try it and see what
happens.

MR. TREGONI NG  Chenmi cal

CHAI RMVAN WALLI'S: How can expl oratory
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tests be confirmatory? Not confirm ng anything, just
seei ng what happens.

MR TREGONING Associated with the | CET
products.

CHAI RVAN WALLI S:  Anybody el se? We'd |ike
to stop 12:00. You can go on as long as you like, but
nmy schedule, being a schedule-driven Conmittee of
course, was that we should stop at 12: 00. Is that okay
with the Commttee?

MEMBER KRESS: Yes.

CHAI RVAN WALLI'S: Ckay. Thank you very
much, Bill. That was very, very interesting. You did
a great job.

MEMBER KRESS: And I'd like to
congratul ate the speaker on such elicit presentation.

CHAI RMVAN WALLIS: Right. | noticed that
you put the commas in just the right place. Thank you.

W will take a break wuntil 1:00.

(Wher eupon, at 12:01 p.m the hearing was

adj ourned, to reconvene this sanme day at 1:03 p.m)
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AAF-T-EERNOON S-ESSI-ON
1: 03 p. m

CHAI RVAN WALLI'S: Pl ease cone back into
sessi on.

W' re now going to hear about the peer
revi ew of chem cal effects. Rob, are o going to start
us off? Go ahead, pl ease.

MR. TREGONI NG Thank you, M. Chairman.

Again, this will be a presentation on the
chenmi cal effects peer review given by nyself and
Paul ette Torres fromthe O fice of Nucl ear Regul atory
Resear ch

The objectives the peer review itself,
there are really two specific objectives. One was to
review the technical adequacy of Research sponsored
activities related to chemcal effects in PWR sunp
environnments. So we've only asked themto focus on
t hose progranms where we're specifically |ooking at
chem cal effects.

Secondary objective is to have the peer
revi ewers recomend not only i nprovenents, and t hey' ve
done this all throughout the year, reconmend
i nprovenents to the Research prograns that we have
ongoi ng. But also just as inportantly, or nmaybe nore

inmportantly, identify additional inportant technical
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i ssues for consideration that we're not currently
addr essi ng. So we'll di scuss some  of t hese
subsequently in this presentation.

Prograns we asked themto review. There
were four specifically.

We had them| ook at the | CET test at LANL,
some of the follow up testing and anal ysis that Marc
Kl asky presented today, specifically |ooking at the
al umi num sodi um hydroxide and sodium tetraborate
systens. To |ook at the chem cal specification work.
Again, we're not discussing this today, but we
di scussed it in pretty good detail at the | ast neeting
conducted at the Center for Nuclear Waste Regul atory
Anal ysis. And then also |ooking at the ANL chemi cal
effects head | oss testing, which you ve just heard
about .

My slides are heavily process driven. W
tal k about the process that we went through in the
peer review, and that's intentional because we're
still getting results. So | want to try to get
t hrough the process rel ated slides as quickly as | can
so we can get to some of the nuggets that |I'msure
you're nost interested in.

Wiy did we decide to do peer review for

this, and that's always a |l egitinate question. There
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was really two reasons. One, it's NRC policy. In fact,
it's sonething that's becone nore focused, a nore
rigorous |look at using peer review. And where it's
war r ant ed, external peer reviewto nake sure that the
prograns that we are undertaking have sufficient
quality.

And part of the policy as well is to make
those results visible. And you'll be hearing howwe're
going to be doing that as part of this process.

Chem cal effects in the sunp pool were
certainly a logical reviewtopic. It's arelatively
new research area. | think BP indicated that it was
really 2003 when we started seriously |looking into
these issues. And there's an aggressive resolution
schedul e associated with GSI-191 in 2007. So
relatively short tinme frame to try to identify and
t hen resol ve issues.

And as we' ve di scussed not only today but
inprior neetings, that it's a technical area that has
guite a bit of conplexity. So we thought sone
i ndependent revi ew was necessary.

And then finally, as we've di scussed, the
i ssues that we're tal ki ng about coul d have sone ef f ect
on the resolution path. So we've been trying to use

peer reviewto identify those as quickly as we can at
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this point in the process.

Qui ckly, theintended regul atory use. This
is very simlar to what you have seen in prior
presentations. Again, all of theinformation that were
developed in this program will be used by NRR in
evaluating the Generic Letter responses from the
licensees and in conducting audits to ensure
appropriate resol ution.

Specific applications that NRR will be
using as well as Research, they need to evaluate the
adequacy and uncertainty of results that we're giving
themw thin the proper context. So the hope is that
the peer revieww || hel p themassess the results that
we are giving them from our sponsored activities.

W want to help identify or help NRR
identify outstanding chem cal effects issues. And we
al so want to provide themw th a neasure of assessing
the fidelity and the robustness of sonme of the
i ndustry sponsored testing in this area.

|"ve presented this table before. | just
wanted to refresh your nmenories. This is the group of
external peer reviewers. |'Il get intoalittle bit
how we sel ected them subsequently. There are five
peer reviewers. They are from industry as well as

acadenm a, as well as national |aboratories. So we
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tried to get diversity of affiliation as well as
diversity of technical expertise. W have ge
experts, filtration experts, experts in analytical and
experi ment al chenm stry, corrosion and netallic
corrosion, experinental testing, el ectrochem stry. W
tried toreally cover a range of technical areas that
we think are appropriate within the chenm cal area.

And we | ooked for diversity. W didn't
want five people with the sane background. W really
want ed, again, distinct backgrounds so they could
interact as a group and try to ook at the issue in a
holistic a manner as possi bl e.

Sol'vetalkedalittle bit about the peer
reviewers and the approach. And that was the first
step in this process.

W spent quite a lot of time here. W
spent probably three or four nonths gathering
recommendations totry to assenbl e a panel that covers
a range of technical expertise and also has a
di versity of experience. So we took recomendati ons
froma nunber of different people; staff, contractors,
i ndustry, the nuclear industry itself to arrive at the
final panel of five.

W had provided, we actually started the

activities back last fall, Cctober 2005. W initially
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provi ded docunentation to the peer reviewers of all
t he various research activities that we had. And the
formality of that documentation varied as a function
of the program

| CET  where t he testing and t he
docunentation was relatively nmature, we were able to
provi de the conpleted test data reports that were
avail able at the time. For other activities like the
ANL work, which was really just initiating at that
time, the docunentation was nore along the |ines of
presentations and sort of informal status reports and
things like that.

After the initial docunentation we had a
ki ck-off nmeeting in Cctober. The purpose of that
neeting was to identify the inportant technical issues
and questions that we wanted themto assess in their
review. W also during this neeting through
presentations sunmari zed t he addi ti onal docunentati on
we provided them And, again, we also as well as
sumari zi ng what we had done, we al so discussed the
pl ans and phi | osophy behi nd t he phase of research t hat
was ongoi ng and then planned for the near term over
the next several nonths at that kick-off nmeeting in
Cct ober.

Then i n Decenber we asked all of the peer
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reviewers to provide us with a prelimnary assessnent.
This was essentially their quick | ook reports to use.
What we wanted them to do was give a pretty quick
cursory review to try to identify any ngjor
deficiencies or any mmjor course changes that we
shoul d undertaken in that time. So that was one thing
that we wanted themto do.

The other thing we wanted themto do in
this assessment was identify issues that they needed
additional information in so that they could conplete
their review And al so raise some technical questions
that we could try to address to help themwth their
formal review

After their prelimnary reports, we
followed it up with a second peer review group
neeting. This was conducted in March of this year.
That meeting we presented our research activities that
we had undertaken between the Oct ober neeting and the
March neeting. W attenpted to address their
guestions and clarify renmining issues during that
neet i ng.

And then the third thing we did at that
neeting was actually conduct a PIRT process to help
with identifying outstandi ng i ssues.

So where are we in the process? W're
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really at the stage now when we're gathering and
receiving their final assessnments. | say June 2006, so
we are in the process of that. W've gotten first
drafts of the final assessnments from all the peer
reviewers. And we're in the process of going back and
iterating with them as necessary to get fina
docunent s.

The PIRT process we're still awaiting
results from sonme of the peer reviewers. So we're
really right inthe mddle of that. But the intent is
by the end of this nonth their assessnent, both their
formal witten reports as well as their PIRT
assessnments shoul d be conpl et ed.

W expect that there's going to be two
products that will evolve out of this work.

One, there will be a NUREG sunmari zi ng t he
peer revi ew process and the significant findings from
the formal reviews. And we will have or docunent in
their entirety the individual peer reviews in the
appendices. So the NUREG itself it just going to
provide a sunmary of inportant findings as well as
describe the process that we followed for the peer
review. And again, the actual individual peer reviews
will be contained in the appendices.

The second product that we're working on
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is a Research Information Letter. And that will be
focused on summarizing the PIRT process and
out st andi ng i ssues.

So there will be nothing about the PIRT
contained in the NUREG but the PIRT aspects of the
peer review will be covered in this RIL and Research
| nformation Letter.

| knowthis is old hat to many of you, but
| thought | should have at |east a few slides
descri bi ng how we conducted the PIRT or how we have
been conducting the PIRT since it is ongoing.

This first slide is, again, for anyone
that's not famliar, just a brief introduction to the
Pl RT process.

Pl RT stands for Phenonenon I dentification
and Ranking Table Process. A PIRT is, again as nost
of you are aware, it's based on expert opinion. You
enlist the various experts, you provide themwth
background information. And there's a structured
process that you follow through for a formal PIRT.

The outcome withthe PIRTis you'rereally
seeking informed opinions. And you' re | ooking at
opinions in tw areas: (1) You're |looking at ranking
i nportant issues and providing the rationale behind

that inportance ranking, and; (2) You're trying to
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assess the anount of know edge that's associated with
a given issue. How well do we really understand it
and the rational e behind that.

| deal |y what you're looking for, you're
| ooking for areas that come up as being both high
i nportance and where there's a |arge anmount of
technical uncertainty. Those are the areas that
potentially are ripe for additional research. |If
they' re high inportance yet they're well known, those
are areas that are ripe at that point for nore of an
engi neering anal ysis and assessnent of the issue.

And the final point behind a PIRT is,
agai n, the outcones are docunmented. So it's a fornm
pr ocess.

This last bullet, I think, is inmportant.
It's not meant to be an end all, be all final step in
t he process. The outcones are fluid. They' re very nmuch
based on information available at the tine of the
PIRT. As you learn nore, issues that have been raised
in a PIRT are either validated, shown to be
i nconsequential or changed. So, again, it's neant to
be sort of essentially a status report of what the
state of know edge is with respect to the issues that
are devel oped as part of the PIRT.

Again, this is just a brief flow chart
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that depicts at |east what's classically outlined as
t he nine steps associated with the PIRT. | don't want
to go through all of these steps, obviously. But |'ve
highlighted in orange here, that's typically
information that you provide to the reviewers before
you get into the assessnent or even identifying
phenonena. So these are things |like the objectives,
what the issue is, the background information, how
you're going to evaluate the inportance of issues.
These are all things that are determned up front,
normal Iy by the sponsor, but it tends to be iteration
i nvol ved. Because, again, the experts thenselves in
many cases have a hand in defining those things.

| know when we had our neeting in March
where we presented this, we had sone prelimnary
eval uation criteria that we proposed. And we actually
nodi fied that and iterated that based on information
that we got fromthe peer reviewers.

Same thing wi th background i nformation. |
nmean there's sone initial background i nformation that
you supply, but quite often the panelists thensel ves
will identify other background information that's
perti nent.

So once steps 1 through 5 are conpl et ed,

the blue steps 6 through 9 are really the essence or
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t he actual product that evolves fromthe PIRT process
itself.

At least 6 through 8, and |I've got a bit
of a typo. Six through 8 | would argue are really
conpl eted by the expert panel. NRC Staff is doing
step 9, which is the docunentation process.

| nmentioned that these steps are often
irritative. And, again, it's inportant to docunent
not just rankings but rationale.

So that;s the generic process.

MEMBER S| EBER: Do you have col | eague
neetings with the experts to do all this?

MR. TREGONING W had a kick-of f meeting
t hat was 2% days where we covered a |l ot of the initial
ground work for the PIRT as well as initial
brainstormng to identify issues.

W' ve had prior nmeetings in collaboration
to lay the ground work, provi de background
i nformation.

Now since that initial PIRT nmeeting we've
had two conference calls with the peer reviewers to go
t hrough various stages of the PIRT process. Both to
clarify issues, nmake sure that there's comon
under st andi ng and agree to how we' re goi ng to conduct

t he eval uation. So we've had -- again, | think there's
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been two conference calls. There's another one this
week because in fact by the end of tonorrow|'m
expecting to have initial assessnents fromall the
nmenbers. And then what we'll do at that point, the
next conference call will be to synthesize the various
results and summari ze them and identify issues where
we have consensus as well as al so | ook at issues where
we don't have consensus and try to understand why. So
there's a nunber of follow on interactions.

MEMBER SI EBER: So you product the final
report, do you interpret that as a consensus?

MR TREGONING: No. No. | wouldn't
interpret it as a consensus report.

MEMBER SI EBER You woul dn't?

MR. TREGONI NG No. What you will get wll
be a distillation of -- again we're asking for
i ndi vi dual assessnments from each expert. W're not
asking the panel to cone up with consensus
recomendat i ons.

MEMBER KRESS: The PIRT will be a
consensus in terns of rating priorities, won't it?

MR. TREGONING W ask for individua
ratings and priorities. W have to be very careful
about - -

MEMBER KRESS: You'll have to cone up with
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arating --

MR TREGONING Well, we the Staff will
distil the information. 1t various, for instance,
there's five peer reviewers. Let's say there was one

i ssue that one reviewer rated very highly, of extrene

i nportance. Four of themsaid were not -- was not an
issue at all. One of the purposes for the conference
call is totry to explore that. And try to assess,

maybe t he person who thinks it's incredibly inportant
is the one that's correct. So we'll try to have sone
di scussion to whatever we think is the right way to
go.

| f there are any issues, | can assure you
that we'll tend to error on the side of presenting an
i ssue versus sort of squelching an issue. So if
there's | ack of consensus, we m ght certainly indicate
that in the PIRT docunent, but probably raise the
i ssue all the sane.

MEMBER SIEBER: So the Staff is the
control ling process as opposed to your peer revi ewers?

MR. TREGONING Yes. The Staff is in
charge of the process. LANL, Bruce Letellier has been
hel pi ng out as well. So we've elicited sone contractor
support. But we've specifically tried to make sure we

were in charge.
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W have to be careful because, you knowin
terns of getting consensus recomrendati ons frompanel,
there are very specific statutes and nandates that we
have to work within to nake sure that we don't viol ate
any of those mandates. So --

MEMBER SI EBER W do, too.

MR TREGONING Yes. W're well aware of
many of those.

MEMBER BONACA: Well, the peer review,
it's very focused on the chem cal effects. And to
what degree are they i nfornmed of all the other aspects
of GSI-191?

MR. TREGONING Yes, that's a good
guestion. And in fact when we've had sone of the
brainstorm ng issues, they'll raise issues |ike what
about particulate, you know what about precipitate
that's fornmed here, how m ght that effect things. And
we've tried to provide a context to | et themknow what
issues are inportant, yet we've really strived to
mai ntain a focus on the chem cal effects area.
Because that's the area currently with the nost
uncertainty with respect to GSI-191.

MEMBER S| EBER  Ckay.

MR. TREGONI NG So they've been i nforned,

yet asked to sort of recuse thenmsel ves fromcomenti ng
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as much as possi bl e.

So let ne briefly go through how we
tailored the PIRT process. And | think we've covered
a lot of this based on Dr. Sieber's comments. So | et
me just quickly go through this.

VEE had a brainstorm ng sessiontoidentify
technical issues. W docunented that brainstormng
session. And we had the peer reviewers review it to
make sure we were both accurate and conpl ete. And t hen
we devel oped fromthat a finalized issues list. And
t hen we had a subsequent conference call to make sure
that we all had common understanding as to what the
i ssues were and that we knew how we were goi ng about
the ranking, what the criteria was for doing the
r anki ng.

So now step 2 is really the step that
we're currently in, that's when the panelists are
conpleting their initial PIRT assessnent. As |
nmenti oned, these are i ndependent and they're going to
be docunenting rational es.

What's going to happen later this week
we'll be sunmari zing some of the initial assessnents.
And again as | indicated, one of the things we'll be
doing in that sunmary, we clearly want to identify

hi ghly ranked i ssues that have consensus, but we al so
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want to identify and explore other possible highly
ranked issues that don't have a clear consensus. W
want to wunderstand why we don't have consensus

r anki ng.

And there'll be, again, subsequent panel
di scussion. So to either get sone sense that there's
na agreenment on the consensus, those highly ranked
i ssues and |like |I said, explore reasons for a |l ack of
consensus.

W will give the peer reviewers if they're
so inclined, a chance to iterate their tables and
provide us with final tables based on all the
di scussion. | doubt that there'll be much, if any,
irritation, though.

The next four slides | want to delve into
some of the conments and results that we've gotten
fromthe peer reviewers. And the way |'ve structured
it isthis first slide is some general coments j ust
with respect to the four programtechnical areas that
we asked themto review. So this is outside the PIRT,
but this falls within the purview of their form
assessnents.

Wth respect to the integrated chem ca
effect testing, | think what we've generally heard

from the peer reviewers is those tests within the
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l[imtations of the assunptions that were nade were
general ly representative of what m ght be expected in
a containnent environnent with nultiple materials
And | think, again, there's been agreenent that
sever al i nport ant contri buting mat eri al s and
i nteractions have been identified by this | CET tests.

Wth respect to the I CET foll ow on bench
scal e studi es that Marc Kl asky tal ked about, there has
been, again |I'll say, an understanding that the work
has addressed sone of the inplications of the |CET
byproducts which fornmed and provide us sone
indications as to the effects of change sin critical
paranmeters |ike tenperature, concentration, pH and
time.

The specification prediction work, again,
we didn't hear about this this tine. | think one of
the things that people would agree that it has done,
is it has identified capabilities that a code would
need and limtations of cormmercially avail abl e codes
for predicting specification in these environnments.
However, again, | think there's fairly universa
agreenent anount the peer reviewers that rmuch nore
ri gorous code devel opnent woul d be needed in order to
real ly devel op an adequat e assessnent tool --

MEMBER KRESS: Yes. | renenber. These
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were chem cal equilibrium codes?

MR. TREGONI NG  Yes. Yes.

MEMBER KRESS: Wre they relating to
kinetics in that second bullet there then?

MR. TREGONI NG There's certainly been a
di scussi on about kinetics And we've had a nunber of
di scussion with the peer reviewers. Initially sone
peer reviewers were of the m ndset that we shoul d | ook
at developing a full kinetic nodel. | think as we've
had further discussions, there's been a realization
that full kinetic nodel mght be very difficult to
achi eve and --

MEMBER KRESS: Under these conditions,
yes.

MR. TREGONING W may be better served
doi ng, you know, pseudo-thernodynanic, you know sort
of an infornmed thernodynam c equilibrium type of
nodel . And by informng, by informng devel opi ng
t hernodynanmic constants in conditions that nore
cl osely simul ate the environnents that we' re concer ned
about. And also with precipitated species that are
along the | ines of the products that we' ve observed in
t hese various tests.

So the idea would be to try to focus the

t her nodynani ¢ devel opnment and experinents that you
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woul d do.

Wth respect to the ANL work in chem cal
head | oss testing, again there's been an under st andi ng
or an agreenment that we have identified inplications
for sone of the I CET products. And those tests have
been val uable with respect to that.

One of the things that they've, |I'd say,
been generally critical of is | think they'd like to
see nore snaller scale tests in parallel so that nore
paranmeters can be i dentified and eval uated i n parall el
versus what we chose to doinitially was focus on nore
a | arger scal e | oop devel opnment. And, again, one |oop
versus several smal | er | oops. So that's a
recommendation that we got from several of the peer
reviewers that they thought woul d be hel pful.

MEMBER S| EBER:  And one of the problens is
that you don't vary one variable at a tinme? Such a
smal| set of tests that you're running, it's hard to
pi ck out --

MR. TREGONING Yes, that's true.

MEMBER SIEBER: It's only a matter of tine

MR. TREGONING Well, the phil osophy has
been not just at ANL, but also LANL to sone extent is

the smal | er scal e studi es have been used nore, not in
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ternms of looking at head loss inplications, but in
defi ni ng paranmeters which are i nportant for the bigger
testing, either the integrated testing of the | CET
type testing or ANL, and Bill can speak better to this
than |, they've used bench scale studies to try to
identify what paraneters they should try to study in
t he bigger loop. So there has been, again, at |east
t he objective fromthe beginning to try to couple as
much as we can, smaller scale testing with the | arger
scal e testing that's gone on at each of these |abs.
But, again, | think to be fair the peer revi ew comment
was really focused along the lines of they'd like to
see nore smal ler, sort of head | oss | oop apparatus to
get nore information relative to head | oss with
respect to all of these paranmeters in a nuch cl eaner
way.

| mean, the way Bill did his scoping
tests. Quite often he's varyi ng many things withinthe
tests.

MEMBER S| EBER: Ri ght.

MR, TREGONING | think they woul d have
been happi er seeing, you know, single effects sort of
tests on a snmaller scale to | ook at one change at a
time and evaluate that before -- you know, to try to

muddy or confound the issue by |ooking at severa
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things in any one test.

MEMBER KRESS: You don't gain much in
either tinme or noney by going to nmuch smaller scale
t han what Bill had, | think.

MEMBER SI EBER: No, you don't.

MEMBER KRESS:. | nean, you got to have a
punp, you got to have a heater, you got to -- you just
don't gain much | don't think

MR. TREGONI NG There's certainly trade-
offs. But, again, you know | | ook at these
recommendati ons of, you know, let ne design how I'd
| ove to do these experinents if | had no constraints,
okay, be they constraints of tine or noney. And
think it's valuable to |l ook at themin that context.

MEMBER DENNI NG:  Shoul d we interpret that
| ast bullet as a criticismof the way the experinents
were performed or as an indication of their feeling of
the need for nore testing than has occurred?

MR. TREGONI NG Yes. Soneone el se may want
to weigh in here that's been privy to the di scussion.
But I would say nore likely the latter. You know,
al though again there's been -- | don't want to
mnimze the former point. Because, again, those
tests are difficult tointerpret because there is sone

conf oundi ng aspects going on in several of the tests
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that nake it hard to really see what's happeni ng. But
| think it was really nore focused on the latter; the
need to nore fully evaluate the effects of certain
parametri c changes.

So t hi s next slide would, again, al ong the
lines of what | just talked to Dr. Kress about, if the
peer reviewers were conducting in a vacuumand trying
to solve this issue, this is how | think they would
progress based on the comments that they' ve nade.

They would argue that we do need to do
nore paranmetric studies on a smaller scale to
conpl etely address chemical effects. And we'd use
these smaller scale studies to eval uate outstanding
issues. |I'mgoing to cover some of these outstanding
issues in a subsequent slide. And also to |ook at
pl ant -specific variability within critical paraneters.

| think they recognize that they had a
pretty close col |l aborati on anong the anal ysts and t he
experitnentalists fromthe various | abs. But the nain
poi nt behind the second bullet that if you wanted to
devel op applicable nodels, which is again what their
focus was, you' d need a rmuch cl oser col | aboration than
we had where the analysts would be informng the
testers what actual tests they wanted to do. W

haven't foll owed that nodel. Again because our tests
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have been nore scoping in nature.

So if the focus were on nodel devel opnent,
this cl ose col | aborati on bet ween anal ytica
devel opnent, the characterization of the byproduct and
then the head loss testing, it would all need to be
very closely coupled. | think several peer reviewers
recogni zed that fact.

kay. And this next slide, | figured I'd
throwthis up and we'd all have a lot of fun with it.
| nmean, this is meant to be a bit of a laundry |ist of
prelimnary issues that many of the peer reviewers
have rai sed.

Now | say it's prelimnary because again,
this wll be refined once the PIRT process is
conpl et e.

MEMBER KRESS: The first reconmmendation is
that throw that first bullet out.

MR. TREGONING Ckay. That's fine with
nme. That's a mmjor conplication | wouldn't have to
deal with.

MEMBER KRESS: Yes, right.

MR TREGONING So this list is not neant
to be enconpassing in anyway, and it's to provide you
a bit of the flavor of some of the classes of issues

that we' ve di scussed and tal ked about within the peer
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revi ew group

So | really wanted to focus on sort of
four areas of additional study here that have been a
theme as part of the peer review discussions.

One that we've had a | ot of discussion
about were the coupling of radiolytical effects and
the redox potential of the sunp environment. That's
been a maj or area of discussion in the sense that | CET
or none of the tests that we've done have | ooked at
all at radiolytic effects.

MEMBER KRESS: Were is the radiolytica
com ng fron®

MR. TREGONING There's a variety of
potential sources. The ones that we focused on woul d
be crud that's rel eased fromthe inside of piping due
to the thermal transient. So this would be nickel
ferrite, magnetite, nickel oxide, hematite, activated
species that would be released due to the thernm
shock transient from the inside of piping. Again,
build up or scale that accunul ates over tine.

And the rationale behind that is, you
know, when plants are shutdown nornal pressure,
tenperature transients you do see a certain anmount of
crud rel ease, you know, comes out as bl ack water. And

there's been a | ot of specul ati on about those effects
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and how they mght alter the chemstry and the
byproducts that we're seeing in these environnents.

And, again, Bill or Marc or Bruce may want
to junp in at any point here because they've been
privy to all of these discussions. |In fact, Bruce
| ooks like he can't wait any | onger.

DR, LETELLIER: | think one of the reasons
that even small amounts of radiolytic products are
important is because of the sensitivity of the
chenical systens to the hydrogen peroxide. So that's
part of the concern.

| nmean, we can discuss the radiation
| evel s or quantities of crud that are rel eased, but
even a snmall anmount of hydrogen peroxide can have a
| arge effect in the system

MR. TREGONING In terns of preparing the
redox off potential of the system And there's been
a | ot of discussion about the redox of the contai nnment
environnent could vary from over a volt, which is
tremendous in ternms of what the inplications are in
terms of chem cal product formation.

So that's an area that we've had a | ot of
di scussion and at |east several peer reviewers have
indicated that if you really want to understand what's

happening in your environnent, you have to have a
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real ly accurate sense of the what the redox potenti al
and how the radiolytic effects m ght be effecting the
redox potential in your containnent.

Anot her area, we've touched on this before
so this is certainly not a surprised, the ICET tests
by in large were, in fact they were isothernal tests.
And there are certainly concerns. W know in the
contai nment environnment we don't have an i sotherma
environnment. In fact, we go through a tenperature
cycle, any little control value of liquid first gets
cool ed down at the heat exchanger and t hen gets heated
back up in the core. So we talked a lot within the
peer review of the effects of thermal cycling on both
product formation due to standard solubility,
precipitation at lower tenperatures as well as
retrograde solubility; scaling or plating our at
hi gher tenperatures on areas within the reactor core
itself.

And one of the concerns here, and it was
rai sed earlier by Bruce, w thout passivation therm
cycling potentially sets up a continuous source term
devel opnent for chem cal product.

Anot her inportant area, and Marc touched
on this alittle bit, is the solution pH or point of

zero charge. This is an inportant neasure for
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determ ning the susceptibility of product to go from
nanoscal e colloids to actually agglonerate and form
bi gger particles, bigger agglonerated particles that
may have inplications beyond just inpaction on the
fiberglass in terns of how they mght effect head
loss. And that could significantly effect if
substantial gel core formation actually occurs.

A fourth area which we've touched on a
little bit, |I think we tal ked about this in July at
this Subconm ttee neeting, was the effect of coatings
and other organic materials.

And, Marc, | don't know if you presented
this in July or not, but Marc has done sone work on
ef fects of organics on effecting essentially acting as
chel ating agents and effecting aggl onerati on of somne
of these alum num products. And has been able to
denonstrate that for certain organics that he can
i npede precipitate formati on through certain | evel s of
organic elenental additions. So the effects of
organics as well as coating.

MEMBER KRESS: |Is that considered possible
mtigating strategy, to add chel ati ng agents i n there?

MR TREGONING It's a possible strategy.
| don't know that it's been seriously considered at

this point. |It's something that's been di scussed.
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You know, when we try to assess the
chem cal environment we want to be careful that we're
not maki ng changes i n one area that are havi ng adverse
effects in a different area. So it is a possible
mtigation path, though

And then so | talked about chelating
agents. There's been at | east one peer reviewer has
an al ternative hypothesis that whil e you may have sone
organics that instead of acting as chelating agents,
may act to bound or accrete solid particles together
and actually pronote aggloneration instead of
di scourage aggl onerati on.

And then we've tal ked about effects of
hydrol ysis on coating materials to produce particles
or gels.

So again, this list isn't nmeant to be
inclusive, it'sjust really to provide you a flavor of
some of the things and sonme of the issues that have
been bani ed about within the peer review di scussi ons.

So ny next slide is, you know t he obvi ous
guestion that you're all having is so what? Wat are
you going to do with this information? And this next
slide is neant toreally outline the strategy that we
have initially. And I'll say this slide is really

broader than just these issues. It's really how we're
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approaching sort of the entire Research phil osophy
behi nd GSI-191 resol ution.

One of the things that we think is
inmportant is that the issues that are devel oped, not
just here but with respect to all of our research
they need to be resolved within the context of the
resolution plan. And the way that's been outlined, and
the way we're proceeding to date, the industry has
been given the lead and the ultinate responsibility
for the resolution. And the NRC s role has been very
clearly articul ated as verifying that these resol ution
strategi es adequately assess outstanding issues. So
this gets at your point where our role has never been
defi ned as devel opi ng t he net hodol ogy or the textbook
for solving these. But really to focus nore on
ensuring that we ensure adequate safety of the
nodi fi ed sunp designs that the industry is going to be
pronul gati ng.

MEMBER SIEBER  How cl osely has the
i ndustry been involved in observing the research and
tests and experinents that you fol ks are doing? Now
if you' re going to ask the questions of thembased on
what you're learning now, if | were a licensee | would
try to figure out exactly what it is you're doing so

that I knew what questions you were going to ask.
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MR. TREGONING That's a good question

And |'d say it depends on the test program

The | CET programwas a j oi nt program

MEMBER S| EBER  Yes.

MR TREGONING So that was all nutual
col l aboration and it was set wthin a form
framewor k. The other prograns, we have to be a little
bit careful because we have other stakehol ders ot her
than industry so we can't give industry preferenti al
know edge prior to giving other public stakehol ders.
So our strategy in these other prograns |ike the ANL
work is conduct tests and then try to di ssem nate the
i nformation as qui ckly as possible so we can get -- in
ANL's case we had a nunber of quick |look reports. In
the area of |CET, when |ICET was devel oped we never
intended to rel ease all these individual data reports
associated with each test. W were just going to have
a sunmary report when it was done. But we thought it
woul d be nore product to get the raw i nformati on out
there so that plants and people could --

MEMBER S| EBER:  That's the stack of stuff
t hat we have.

MR. TREGONI NG Yes. That big stack that
you had was never envisioned at the beginning of the

programas being output. But as we progressed we saw,
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| ook, we're seeing things here and it's i ncunbent upon
us to get as nmuch of the informati on out as qui ckly as
possi bl e.

MEMBER SIEBER But it |acked the
analysis. It was just reports.

MR, TREGONING It was reporting day. |
nmean, | ook, you sacrifice something inin --

MEMBER S| EBER: That was fast?

MR. TREGONI NG For speed, right. Right.

So the summary report that's being
devel oped for ICET will provide sone of that anal ysis
that was lacking in the data reports.

MEMBER SI EBER:  Well, | would think that
if your overall plan is to be successful --

MR. TREGONING So | woul d agree

MEMBER SI EBER: Qut desi gni ng sunp screens
that aren't going -- maybe they're going to do it
twice, and that's not good.

MR. TREGONING No, that's ny concern
And | share that concern

Another thing we've done other than
provi di ng sort of quick witten products, is we've had
a nunber of public neetings. In fact, | think we've
averaged over the last two years a public neeting

every two nonths. And typically the way these public
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neetings are structured is Research has a role, or we
go up at the public nmeeting and present what we've
done of interest in the prior two nonths.

When | CET was goi ng on, we were presenting
what we were finding with | CET. Wen the Argonne work
has been going on, we've been presenting findings as
we get them So that's another mechani smwe' ve been
using to get information out quickly.

And at these public neetings quite often
we take a lot of feedback from industry on how we
m ght refine the tests or do thembetter in ways that
are nore representative of their actual environnent.

So | would agree with you that as nuch as
possi bl e we need to get feedback and an under st andi ng
that our testing is looking at things that are
reasonabl e and representative.

MEMBER S| EBER: One of the troubling
things is the Generic Letter-- but the basic ground
work is not finished. And | guess | just have to hold
nmy breath and wait and see. Because it's sort of a
concern to nme that when you rush and doing a | ot of
things in parallel with the opportunity to cone to a
wrong conclusion soneplace -- it's difficult to
reverse

MR. TREGONI NG Again, we are doing things
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in parallel. And when you do things in parallel, the
need for comuni cati on becones nore i nportant and you
potentially run the risk of exactly what you're
saying. But | think NRR probably nmay want to address
this alittle bit nmore further.

MEMBER SIEBER  Well, | think it's nore of
an NRR probl emthan yours. | guess the other question
that strikes me is that you're going to learn a lot of
things. A lot of themare specific to PWRs, you know
t he boron and the chenical species and all. There's
some things that apply to other kinds of plants who
have al ready done the sunp work. To what extend do
you expect to find sone startling new nmechani smt hat
woul d have an inpact on BWRs, for exanple?

MR. TREGONI NG Yes, actually, that's an
excellent point. | would argue that --

MEMBER SI EBER: They think they' re done.

MR. TREGONING Yes. Certainly the focus
with the chem cal effect work and the environnental
focus has been on PWR environnents.

MEMBER SI EBER: Wl |, that's where a | ot
of the chem stry issues are.

MR. TREGONING Right. And we expect,
this is inforned speculation or maybe ill-infornmed

specul ation at this point. But | would argue that the
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PWR conpl exities are greater. However, that doesn't
precl ude additional artifacts inthe BWR environnents.
And one of the things that we're |ooking at NRR has
actually taken the lead on this, and it's not just the
chemi cal area. | mean, we've learned things in a |ot
of areas. The information that we didn't have when
t he BWR resol uti on was achi eved.

So one of the things that NRR has taken
the lead on is to go back and start to revisit BWR
resolution and see if there are any issues that have
arisen since the resolution time which may have
inplications. So that's sonething that we're | ooking
at working closely with NRRtotry to see if there are
i ssues.

In fact, we do have -- there's at least a
plan in the budget to go back and start to eval uate
BWR chem cal effects.

MEMBER SI EBER: | agree with you. The two
types of plants are very different fromthe standpoi nt
of chenmi stry. But there nay be thermal -dynam c -- that
you'll learn about in the process of dealing with PAR
sunps that you may want to think about for broader
applicability. So | think what you're doing is what
| woul d expect a reasonabl e assunpti on of fol ks to do.

MR. TREGONI NG Ckay. The second point on
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this slide that | think is inportant, we' ve talked
about today, you know prior to this presentation
within this presentation, there are nany possible
i ssues that we don't fully understand. W certainly
don't wunderstand to the point of having rigorous
t echni cal nodel s devel oped that can predi ct head | oss
due to this set of conditions. But | guess one of the
points that I'd like to nake, and Professor Wallis has
stressed this | think pretty elegantly so far today,
is that many of these remaining issues are very plant
specific. And the inportance of these issues will be
a function of inportant plant specific paranmeters, the
design margi n that they have for their ECCS systemand
the mtigation strategies that they' ve adopt ed.

So we need to while we're considering
whi ch i ssues are i nportant, we really --
unfortunately, this is just the nature of the beast;
we really have to identify I think for each plant what
set of issues are nobst inportant and to try to
understand and build up in that way for the fl eet w de
whi ch issues are really inportant.

Is it alumnumcorrosion? 1Is it calcium
phosphate formation? You know, to nme it's not quite
cl ear yet which plants. There may only be one pl ant

where we have to worry about substantial alum num
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corrosion and precipitation. And if that's the case,
we take a very different approach and strategy to
dealing with that plant than we would if it were a
whol e fleet of plants.

MEMBER SIEBER: Well, one of the
difficulties that | think you' re going to have is that
you are devel oping nodels. You are investigating so
you can come up with a list of phenonena or a per
process or sonething like that. But you don't have a
way to take the individual characteristics of a given
plant and translate that into this plant will operate
successfully or not. And | think that piece is
m ssing still. And maybe the industry is going to
come up with the magic forrmulas, but | don't see the
evol ution of nodels comng fromthis research work.

MR. TREGONING Yes. | would say in sone
areas | would agree with you that that's certainly the
case. In other areas, like for instance | think the
TSP issue, | think we've gained really quite a
significant | evel of technical understanding in terms
of , you know, Cal Sil | evels that can potentially cause
issues. | think there's netrics that can be devel oped
or can be utilized to really deternmine if you have a
probl em or not and can be used for screening.

So there's sone issues | feel like we're
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sufficiently far advanced enough where we can rmake a
definitive statement. There's others where there is
significant uncertainty. That's why understandi ng
whi ch plants are potentially affected by those issues
and how many plants are there is in ny mnd a vital
importance to really deternm ne how best to proceed
with fully resol ving those remaining issues.

MEMBER SIEBER:. On the other hand since
you're limting the nunber of tests and experinents
that you do, where you're varying nore than one
variable at atime fromany given test, it's not clear
to me that you're going to be able to make that
distinction for every plant that's out there as to
what's inportant, what is not, what conbi nation of
things. For exanple, maybe in a test you vary two
things, but the plant in its operation and predicted
acci dent response doesn't have one of those vari abl es.
You' re not going to know --

MR. TREGONI NG Right.

MEMBER SI EBER. -- what's inportant there
unl ess you do additional work or they do additional
wor K.

MR, TREGONI NG  Yes.

MEMBER SI EBER: So there are sone pitfalls

her e.
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MR. TREGONING Yes. No, | agree.But by

the sanme token, it's really inpossible for us to do
research to | ook at 69 different plants uniquely. So
that is one area that we're relying on the plants for
given the information that's out theretotry to do as
ri gorous assessmnment as possible, as well as buttress
that assessment with sone additional experinentation
as necessary to denonstrate technical acceptability.

CHAI RVAN WALLI S: Let's | ook at one plant.
Let's look at plant R which has all the alum numin
it. That's one plant.

MR. TREGONING Plant R potentially has
i ssues.

CHAI RVAN WALLI'S: That's one plant.

|"m not sure how you use what we heard
this norning to eval uat e whet her or not they' ve sol ved
the GSI-191 probl em

MR TREGONING Well, GSI-191 is a |lot
br oader than anything we' ve tal ked about so far today.

CHAI RVAN WALLI S:  Yes. But how you goi ng
to use what you heard this norning to assess sonet hi ng
when they cone in and say our screen is nowten times
as big, we've done these tests, and we've found al
this stuff, and the pressure drop i s acceptable? And

|"m not quite sure how you use what you heard this
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norning to assess that.

MR. TREGONING  Well, you know, let ne try
to answer that. Again, | would argue we don't have a
specific set of criteria that plant R cones in and
says okay, |'ve checked off 1 through 5 so | know
don't have a problem However, let's use plant R

W know plant R has a |lot of alunm num
that raises a concern. W've seen results here and
results at LANL that lots of alumnumpotentially
| eads to head l oss. So then we start asking questions
of plant R

W find that plant R is not a high pH
plant. That's a good thing. W know with work at LANL
and ANL and other places that the |ower the pH, the
| ess al um num you get in solution. And secondly we
| earned that plant Ris not a sodi um hydroxi de pl ant.
They're a TSP plant. Even better. So that makes it

MEMBER SI EBER: O about to becone one.

MR. TREGONING O about to becone one.
So although | believe plant R is a TSP plant, but
that's just ny own --

MEMBER S| EBER  Ckay.

MR TREGONING | don't know that for a

fact, but | have a sneaky suspicion that they're a TSP
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pl ant .

So | nmean that's the sort of evidence
you're looking for to try to build a case of how
concerned are we for plant R Now sonme plants | think
we'll be able to nmake a very good argunent that we
don't have concerns. There'll be other plants that we
probably don't have enough information to nake that
kind of logical argunent to elim nate any concerns.
And those are potentially the plants where we have to
do sone additional analysis, testing, study totry to
figure out what issues are.

But the way | look at this right now we
have an issue with 60 plants --

CHAI RVAN WALLIS: So are you going to do
sonme nore anal ysis and testing when you find out what
ot her questions you need to answer?

MR. TREGONI NG  Paul m ght want to junp in
here because |I'm stealing some of his stuff.

MEMBER DENNI NG But let me junp in here
before we go rmuch further. And that is, | think that
a basic decision is nmade that we were not -- | nean |
think that the NRC has made a basi c decision. They're
not going to go down a pathway that's the nornal
pat hway of devel opi ng nodels that could be appli ed.

| nmean at some point, |'ve heard said this
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is too conplex a problemfor us to really have first
principle nodels and this kind of stuff, particularly
in the chemstry area. And so although what we were
dealing with three years ago or so, or was kind of a
nodel oriented approach, since we got into the
chem stry problens, now the industry has taken a
position of going very large scale integral tests and
sormehow covering the inputs with the thought that you
can do that with an integral test.

| mean, the normal way we deal with 69
different plants or 104 different plants i s we devel op
nodel s, we have experinments that val i date those nodel s
and we use the nodels to do our safety eval uation
W're going a different pathway here, or at |east |
perceive that a |arge el enent of what we're doing is
a different pathway, a very enpirical integral test
pathway for this difficult elenent of the problem
And |I'm not convinced that really is a successful
pat hway when we start to -- | nmean, if you didn't have
the ACRS, you'd be okay. But you know we're going to
ask questions that are going to be very difficult to
answer w t hout nodels.

And, you know, you tal k about the things
are on the good side and things that are on the bad

side as far as -- obviously, there are things that are
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on the good side and the bad side. But can we really
go down this integral test pathway in a conservative
manner ? Because |'m sure that at sone point here what
the industry is going to have to do is say you know I
can't cover all this, but 1'mdoing it conservatively.
And are we going to be able to answer all those
regul atory questi ons when we' ve gone away a pat hway we
normally go, which is nodel developnent and a
val idation? Even if those are fairly approxinate
nodel s, we're not going down that pathway for this
part as | read everything that you' ve said.

MR TREGONING It's true

Paul , did you want to weigh in?

MR. KLEIN. | was afraid you were going to
say that.

MR. TREGONING Well, you were sitting
t here.

MR. KLEIN. | think the key would be if we
can convi nce oursel ves that the approach even w t hout
our | ack of nodel devel opnent is conservative. And we
will be an iterative process. | think Rob is correct
there'll be sonme subset of plants where it m ght be
easy to determne that, sone it mght be relatively
easy to determne they have a real issue that they

need to address, to either switch a buffer or do
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something different. And then there may be a third
subset that we perhaps nay need nore confirmatory
research to hel p us address those and verify that the

i ndustry evaluation are appropriate and conservative.

CHAl RVAN WALLIS: |1'mnot sure they're
going to be conservative. They can just sinply say
we've put into our test facilities all the sorts of
things we expect to see in the plant. The tests are
representative. W sinply take the test results and
use them in the plant. That's wthout having to
understand anything at all.

MR.  KLEIN: | don't know that we
understand all of the different vendor approaches at
this point. There's five different strainer vendors
and potentially four different approaches to
eval uating chemical effects. | believe sone of them
will be doing chem cal effects testing in
mul ti functional loop simlar to what ANL has done
trying to develop a factor to apply for head | oss and
chem cal effects. | don't believe everyone will use
an integrated test where they add sinul ated chemn cal
surrogate and say they've addressed the issue.

MR. CARUSO Do you intent to resolve this
on a vendor specific basis or on a plant specific

basi s? Because we read sone things that say you plan

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

203

to | ook at what the vendors do and maybe audit a few
pl ants and then say the rest of the plants are okay.
But then | keep hearing well you've got to consider
each individual plant and their alum numand their
chemi stry and their sunmp configuration.

MR TREGONING | don't know if you want
to junmp in, Mke?

MR. SCOTT: Yes. Mke Scott, NRR Staff.

W are in fact going to be resolving the
i ssue on a plant specific basis. Now, as we'll talk
about tonorrow, the process will include audits. And
we're not auditing every plant. Wat we're planning
to do is audit a representative sanple. And we'l]l
show you those criteria tonorrow.

Now t hat doesn't nmean that the plants that
are not getting audited don't get a further | ook.
Everybody's package that they -- all the licensees
will turn in supplenental responses to the Ceneric
Letter and/or responses to the Staff's RAlIs that we
sent out here a couple of nmonths ago. And all of
those will be evaluated as part of addressing the
Ceneric Letter. So everybody will be eval uated.

Now what we're expecting 1is that,
obviously, if five plants use one vendor's testing

program then their approaches are going to | ook
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fairly simlar, although not identical because as you
all have pointed out many tines, each plant is
different.
Does that answer your question, Ral ph?
MR. CARUSG Does that mean you're going

to wite an SER? You're going to wite 69 SERs?

MR. SCOTT: It doesn't nean we're going to

wite 69 SERs. W're going to do cl ose out packages
for 69 plants associated with the Generic Letter.

MR. TREGONING Okay. So the last slide
here before | turn the floor over is -- I'mhere the
rest of the day. |I'mnot going far.

What are our research plans or how do we
plan to proceed forward? W' ve talked a little bit
about this. Wat's our strategy.

W' Il certainly be conpletingthe Research
Information Letter in the very near termto identify
or raise sone of these potential outstanding issues.

And then the second bullet is inportant.
We're going to be working with industry to nonitor
their direction and progress over the next severa
nmonths to take that issue list and really try to
determ ne based on, again, where the plants are
heading with their nodified sunp solutions to

prioritize which of the issues are really nost
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i nportant and which are the ones can have a dramatic
i npact on their engineering solutions.

And then those that we identify, we'll be
| ooki ng at coordinating with NRR and i ndustry so that
we can assess and resolve whatever remaining issues
result.

Status for the peer review | think I
nmentioned this, so | won't go over this. The forma
review reports have been received. And the PIRT
assessnments have been conpleted. W'IIl be --

CHAl RMAN WALLIS: Well, we heard this

norning, I"msorry to interrupt you, that the fina
reports are not available until Novenber. How can
t hese people peer review the work until it's been
really pulled together inareport? | nean, they give

coments now, sane as we can. But until they see the
final product, what are they review ng?

MR. TREGONI NG Yes. W have reports that
are starting to be published anywhere from April to
Cctober. | think in the chem cal effects area, yes,
we have not hi ng published after October.

They've certainly seen the -- in many
cases they've seen prelimnary versions of reports.
They' ve been presented presentations with essentially

the guts of the report and had a | ot of discussion in
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terms of this is what information is going to be in
t he report.

They won't be formally reviewing the
reports thenselves as nmuch as they are the prograns
that are associated with those various reports.

CHAI RVAN WALLI S:  But the thoughts change.
| think of ICET. W heard about ICET a long tine ago.

MR, TREGONI NG  Yes.

CHAI RVAN WALLI'S:  And you still don't have
a final report as far as | know.

MR, TREGONI NG  Yes.

CHAI RVAN WALLI'S: And you're still saying
that -- nowyou' re saying that well our interpretation
of the web-Iike structure has changed as we' ve | earned
nore. \Wen we originally heard reports you were
sayi ng oh we' ve di scovered sone new stuff which m ght
clog the screens. You know, we've seen all these
pi ctures of these webs. And now you're saying well
that's an artifact of how you process the stuff
af t erwar ds.

So, you know, until you've really decided
what your final report will say, you don't know quite
what it is that's got to be revi ewed.

MR. TREGONING Well, you know, | would

agree with you sonme sense. But in another sense |et
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me recall the discussion we had last July when we
presented these films. And we all discussed that they
| ooked pretty odd, and | think you were the one that
rai sed hey you ought to | ook at surface tension, maybe

t hese are surface tension phenonena. And subsequent
wor k di d show t hat these were phenonena that occurred
via drying.

Marc's precipitate distribution that he
put up this norning and the trinodel distribution
that raised a | ot of discussion at the peer review
| evel . Enough di scussion that Marc's gone back and
| ooked at the technique a little bit. And | think
while you heard today that at |east one of the peaks
he thinks is an artifact of the way the tests were
conducted. There's been a |ot of discussion |ike
t hi s.

CHAI RVAN WALLI'S:  Yes. That's the whole
point. | mean, it's going around and around. But
then you're going to publish a peer review NUREG

MR, TREGONI NG  Yes.

CHAl RVAN WALLIS: It's better based on the
| atest information, not what they heard fromhimthe
first tinme around.

MR. TREGONING But essentially his

anal ysis, the analysis that he's doing in his report
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is finished so there's not any newinformation that's
going to come up in the report.

CHAI RVAN  WALLIS: But different
i nterpretations, apparently, of t he si ze
di stri butions.

MR TREGONING Yes, as a result of
consultation with the peer reviewers.

CHAI RVAN WALLI'S: Ri ght.

MR. TREGONING So you're right. We didn't
ask themto actually |l ook at all of the final products
from each of these project.

CHAI RVAN WALLI'S: Are they being asked to
say that what you' ve done is adequate to review?

MR. TREGONING No. No. No, not at all.

CHAI RVAN WALLI'S:  So how do you know t hat
you' ve done enough work to forma basis for resol ving
this GSI?

MR. TREGONING Yes. W wouldn't even
attenpt to task the peer review --

CHAI RVAN WALLI'S:  You don't know if you've
done enough work.

CHAl RVAN WALLIS: | don't think we'll know
t hat .

CHAl RMAN WALLIS: W won't know that, wll
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we?

MEMBER SI EBER W won't know it until the
reviews are over. The one who will determne it is
NRR.

CHAI RVAN WALLIS: So we could wite -- you
know, we're review ng your work, too. And what we're
going to wite is aletter. W could sinply wite
that we've had a very interesting neeting with you
You' ve told us sonme things that were new i nformation
for us, but until it's all pulled together, we can't
really assess what it's worth.

MR. SCOIT: If | can junmp in again. And
we're actually in the sane position that you are, Dr.
Vallis. W're not sure right nowif the approach that
we have taken will be enough in and of itself to reach
closure on the GSI. That's why when sonmeone asks when
you going to close the GSI, said well 2008 if we have
enough information at that tinme.

Once we start to get the Ceneric Letter
responses in and, as | will discuss with you tonorrow,
those are going to start conming in towards the end of
this cal endar year, we're going to have a better idea
of the approach that the industry has taken in
response to the actions that we have requested of

them And that may, dependi ng on how that comes out,
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require additional actions or refocus.

So we're not prepared to say to you today
or tomorrow that we see that this absolutely,
positively going to result in closure of the GSI
wi t hout further work. W don't know yet.

CHAl RVAN WALLI S: Because al so what
West i nghouse is doing, there are sonme WCAPs.

MR SCOIT: That's correct.

CHAI RVAN WALLI'S: W have got sone, |
think, well we haven't tal ked with Wstinghouse, we
haven't reviewed themthoroughly --

MR. SCOIT: Right. W just got two. W
just got two of those in the door.

CHAI RMAN WALLIS: That's part of the
package. And since we heard here that industry is
taking the | ead, that nmay be one of the nore i nportant
parts of the package.

MR SCOTT: That's correct. A lot of the
i ndustry's approach for downstream effects and
chem cal effects relies on these WCAPs. And as
another thing we're going to bring up is that
West i nghouse or the PWR owners group is witing a
third WCAP to address in core downstream ef fects.

CHAI RMVAN WALLIS: So | just don't know.

Have they witten these WCAPs wi t hout the benefit of
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the sorts of work that we heard about this norning?

MR. SCOIT: | can't speak to those.

Paul, do you want to weigh in on the
chem cal ones?

MR KLEIN: The chem cal effects area
t hey' ve been very cogni zant of the work I CET and al so
the early work at ANL. W released two information
notices with attachnments that provide --

CHAI RVAN WALLIS: Wwell, let's take the
work that Bill Shack talked about. |'ve been
surprised that that's been incorporated into a WCAP
yet and yet it seens that some inportant phenonena

have been identifi ed.

MR KLEIN | think the WCAP that we have
infor reviewcurrently is not -- there's not much in
it related to head | oss. It's nore in chem cal nodel

trying to predict what mght form
CHAI RVAN WALLI' S:  You have to read a | ong
way before you get sonmething that's useful. But what
| found in one of them was how you actually produce
some surrogate mx. Isn't that what one of themis up
to? How do you produce surrogate set of particles?
MR KLEI'N:  Yes.
CHAI RVMAN WALLIS: And that's all?

MR. KLEIN. Well, they would argue there's
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nore. They' ve done sone corrosion testing.

MR TREGONING Yes, corrosion as well as
| ooking precipitate formation. They've done sone
filterability testing as well as --

CHAI RVAN WALLIS:  And a lot of small scale
tests in separate jars, but not nothing at synthesis
bet ween different things.

MR- TREGONING Yes. That's correct.
That's correct.

CHAI RVAN WALLIS:  We haven't heard about
that. Are we going to hear about that in August, is
it? Is that where we're going to hear about that,
Ral ph?

MR. CARUSQO  Yes.

CHAI RVAN WALLI'S: W have a presentation
fromindustry?

MR. CARUSO A whol e bunch of them

CHAI RVAN WALLI S:  Ckay.

MR TREGONING | don't know, is the
West i nghouse testing on the agenda for August? Not to
nmy know edge.

MR CARUSO | could ask the WOG to cone
in and talk about what they're doing. So it's the
nmenbers of the WG

MR. TREGONI NG Two days sufficient?
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MR. CARUSO Well, as long as we need to.

CHAl RVAN WALLI'S:  Well, we've witten sone
fairly strong letters about this issue. | think we
mght this time sinply wait and see. Say, |ook, we've
heard a bit and we're going to see what el se cones
al ong before we reach any conclusion. |'mnot sure
yet. But a lot of this seens to be sort of so
inconplete, I'm not sure | want to wite anything
about it at all yet, personally.

MEMBER SIEBER: | tend to agree with you.
And | guess |I'm not totally satisfied with the
approach that you're taking, but | can't think of an
alternative that will work in any reasonabl e kind of
time frame. So if | had a better idea, | certainly
would tell you, but --

MR TREGONING | certainly would wel cone
t hat .

Any other questions with respect to the
peer review before we nove on to the next
present ation?

CHAI RVAN WALLIS: Well, we haven't seen
what they've said yet, have we?

MR, TREGONI NG  Sure

CHAl RVAN WALLIS: We haven't seen their

reviews witten down?
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MR. TREGONING No. You have not seen the

formal review. And that'll be part of this August
2006 NUREG. Seeing in great detail what each of them
have sai d.

CHAI RVAN WALLI'S: What you've told us is
it's happening. You've told us sone of the sort of
t hi ngs, sone of the conclusions. And we don't have
much of substance to review yet.

MR. TREGONING Not at this point. But
when t he NUREG cones out in August, certainly you will
at that tinme.

CHAI RVAN WALLIS: Ckay. But thank you.

So shoul d we be noving on to drain colum
testing, is that it? Probably should nove onto it.
If it takes too long, we may need to take a break in

the mddle of it. And naybe Bruce can nove al ong

rapidly.

DR LETELLIER  Maybe.

MR. CHANG  CGood afternoon.

Again, |I'm T.Y. Chang, NRC Ofice of
Resear ch.

Wth me here is Dr. Bruce Letellier from
Los Al anbs Nati onal Lab.
Today we would like to present to you a

study that was being perforned at Los Al anps. The
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study is about the head |oss caused by cheni cal
precipitates and the study is being done by using a
very sinple set up that is the gravity driven drain
col um.

CHAI RVAN WALLIS:  No punp?

MR CHANG  Pardon?

CHAI RVAN WALLI'S:  No punp?

MR. CHANG No punp. All right.

Under the agreenment between NRC and the
i ndustry head loss inplications are not evaluated in
the ICET tests. |In order to address the head | oss
caused by chemical precipitates a strategy was
concei ved to place fiberglass i nsulation specinens in
the formof pucks in I CET test tanks during tests 3,
4 and 5.

Afterwards, the post-test fiber pucks were
eval uated for head loss using a very sinple gravity
drive drain colunmm. Bruce is going to go into nuch
nore details about the test |ater on.

The primary objective of this study is to
do work that was not done in ICET tests, that is to
evaluate the head |oss caused by |CET generated
cheni cal products.

And there is a second objective that isto

develop a head loss correlation for flow through
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porous nedia from the fundamental principles. And
this will permit us to do the conparison to sonme of
the existing correlations, such as the NUREG CR- 6224
correlation and al so there are vari ous one being
devel oped by our coll eague, Dr. Krotiuk of the Staff.
And he's going to talk about that right after this
one. |It's about the nodified Ergun equation.

MEMBER KRESS: Do these tests duplicate
what was done at Argonne, add to it or what?

DR. LETELLIER  Conpli ment.

MR. CHANG Conplinmentary.

CHAl RVAN WALLIS: And Argonne didn't
correlate that data with any equati ons.

DR LETELLIER. W'Il get into the details
of the study, but in fact this exercise used actual
test articles fromthe | CET experinents solution in
fibers. And Argonne was a surrogate with a nuch
different apparatus. We'Ill conpare the two.

MR CHANG Similar to the presentations
the regul atory applications of the study is mainly to
support NRR review of |icensee responses to Generic
Letter in an area of head |oss caused by chemi cal
products.

And also it will provide, too, for the NRR

to performaudits in this area.
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And thirdly, this wll

provi de the
i censees i nformation for their assessnent of the head
| oss caused by chenical products.

The end products, again, wll be a
NUREG CR report. It is in progress. And the
publication is expected in Cctober this year.

Now | would like to hand this over to
Br uce.

CHAI RMAN  WALLIS: Now in the NRR
presentation at the workshop the statenent was made

that NUREG CR-6224 is unsuitable for the kind of

material that's in a sunp.

MR, TREGONI NG

|"msorry. What was the--

CHAI RVAN WALLI S:

NRR stated in the

wor kshop on May 24th, whenever it was, that this

correlation was unsuitable for

use i n NUREG CR-6224.

MR. TREGONI NG Ral ph, you want to take
that, or -- I'll be happy to answer it, but you can
take it.

MR ACH TZL: Ralph Achitzl, NRR |I'm

speaking a little bit for Shanlai Lu. He's not here

ri ght now.

CHAl RMAN WALLI S; Because he's the man who

said it, yes.

MR. ACHI TZL: Vell, we went through ESE
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-- actually speak of the devil -- he just wal ked in.

Vell, let me say what we did in ESE and
Shanl ai Lu basically had the difficulty of whether you
could use the correlation or not. And we ended up
saying you could wuse it for scoping because of
tenperature effects and other effects, debris, that
didn't correlate well inthe Cal Sil data. The ESE was
witten that you couldn't use that al one as the basis
like we did on the boilers. So what was being said at
that point is you nmust do individual plant specific
testing, but you could use the correlation for
scoping. | think that's the gist of the comrent that
was nmade at that.

CHAI RVAN WALLI'S:  You could use it as sort
of a guide --

MR. ACHI TZL: As a scoping tool.

CHAI RMAN WALLIS: A guide, but you
couldn't use it alone to predict things. You had to
have it backed up

MR. ACHI TZL: You had to have it backed up
with testing.

CHAI RMAN WALLI'S: So plant specific tests.
Yes.

MR ACHI TZL: O different correlations.

| guess it wasn't ruling out different correlations.

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

219
MR. TREGONING And that's what the SE

said. So there was no new position in the May neeti ng.

CHAI RVAN WALLIS:  Ckay.

DR LETELLIER So the Committee has not
seen any of this work except for sonme mnor illusions
toit in the February briefing.

As T.Y. said, this was intended to
conpliment the |ICET program by providing sone
prelimnary head | oss indications of actual materials
that were resident in the chanber, either fiberglass
t hat had been incubated, so to speak, or cultured in
the solution or the solutions thenselves to | ook at
changes in -- or latent precipitates that mght be
present .

Just really quickly acknowl edge co-
authors, two of our graduate students who have
successfully matriculated in their nmaster's |evel.
And WIIl Roesch turned to the dark side. He's now
consulting for industry with Alion Corporation.

The presentation we're going to | ook over
t he apparatus, just talk about the equipnent that's
i nvolved. Avery sinple | ook at the sanples, the fiber
sanpl es that were fabricated to essentially avoid the
conplication of bad conpression during the head | oss

neasurenent. W tried to avoid that problem by
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pr econpacti on.

W'll look at the rinse procedure, in
particular how we attenpted to control tenperature.

The test mtrices wll give you an
overview of all of the itens that were surveyed. And
in essence this was suited to a survey type of
exerci se where we coul d execute rinses very rapidly
and collect a lot of data for a variety of test
obj ect s.

The theory devel opnent deserves a little
bit of study because it's not a constant velocity
system You need to understand how to convert the
vel ocity measurenents that are -- velocities that are
observed into a head | oss effect and how ultimtely
that's converted into a inference of the hydraulic
paraneters that you m ght be assuming for a head | oss
correl ation.

And finally, hopefully, we'll spend nost
of our time on representative results |ooking at the
baseline |oss characteristics of the enpty colum
itself, looking at the clean fiber sanples which
serves as a baseline for all of the products that were
present. And then |look at |ICET-5 which was
investigated the nost thoroughly. W actually

archived about 100 gallons of solution at the test
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tenperature so we could work through a well designed
test matri x.

CHAI RMAN WALLI'S:  This is the one that has
this alum numin sonme sort of colloidal form is that
it?

DR LETELLIER. Test 5 is representative
of the al um num - -

CHAI RMAN WALLI'S: That stuff has been
stored for along tine. Is it still in the sanme form
as it was when it was | CET.

DR, LETELLIER That's a very good
guestion. The material was tested within 30 to 45
days post-test. So it was rather mature conpared to
the surrogate material that Argonne has tested. It
does represent in sone sense a continuation of the
| CET exposure condition with the exception of the
corrosion products that were present.

The whol e concept was i nspired by a coupl e
of problenms. First of all, we had made the deci sion
not to do any institute pressure drop neasurenents as
part of | CET, but yet people were clanoring for that
information. Everyone's curious. So there was an
opportunity because we had been extracting sanples
periodically, we thought if they could be arranged or

configured in a manner convenient for testing, we
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shoul d conti nue doing that.

Just some sinple studies. Rem nd you that
the drain tine kinetics are all that you really need
to know to understand the hydraulic properties. For
an enpty colum --

CHAI RMAN WALLIS: This is presuned to be
something on its side here that's --

DR LETELLIER Did it work?

CHAI RVAN WALLI' S:  You have gravity that's
hori zontal in New Mexico? Hey.

DR LETELLIER Did we all see that? It
drains in approxi mately 1% seconds fromtop to bottom
But if you put clean fiber in place, it's nuch sl ower
and it could be photographed digital inmagining. W
actually instrunmented this with a pressure transducer
that 1'1l show you.

CHAI RVAN WALLIS: Ch, there's a weighted
ball on top of this water that pushes it through or
somet hi ng?

DR. LETELLI ER: That was just a
vi sual i zation techni que so we coul d see the top of the
wat er .

CHAI RVAN WALLI'S: Actually, there seens to
be nore head than just above the screen. Because it

actually keeps going. Wen the ball reaches the
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screen, it's still noving. So presumably there's a
si phon or sonething that's sucking it out as well as
pushing it.

DR LETELLIER: Well, | think gravity's
doing the work. And whether it's pushing or pulling
is a matter for philosophical debate.

CHAI RVAN WALLIS: There is the one that's
bel ow the screen that's sucking it out, too.

DR LETELLIER This is a schematic of the
design. And what you're referring to is what | cal
the exit chanber. And it was inportant to have a
continuous flow of water through the bed. W didn't
want instabilities to formand allow air pockets to
per col at e back through the bed.

Some configurations do show that behavior. And
if I were doing this again, we would nake the exit
col um nuch | onger.

It also has a throttle valve for
controlling the flow so that we can have velocities
that are in the range of interest. Under
gravitational free fall this drains in about half a
second. So we need sonething that's nore noderate, but
yet we don't want to burn all of the potential energy
in the throttle. W need sonething that's primrily

burned through the sanple so that we have good
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fidelity data.

W instrunmented the colum with a single
pressure transducer that's | ocated a few i nches above
the bed. The sanple itself is inserted in a two inch
cylindrical ring in this coupling here.

CHAI RVAN WALLI'S:  You coul d al so take
phot ographs. You could take a novie so you know t he
vel ocity fromthe novie.

DR, LETELLIER: The very first tests were
done that way. |It's extrenely |abor intensive but in
fact it would be nmy preference, it would be much nore
reliable. 1'Il show you what challenges we had with
data anal ysis with an el ectroni c pressure transducer.

W al so eventually when we noved to --

CHAI RVAN WALLI S:  Frame-by-frame you can
read a video very quickly.

DR LETELLIER If it's autonated.

MEMBER SI EBER: W th graduate students.

MR. TREGONI NG Rob Tregoni ng.

The chal | enges we wanted to do testing at
el evated tenperature. And these are fairly 1long
sl ender colums and we were trying to mnimze the
anount of heat |oss we had during the test as well.
So there were sort of bal ances that we nade.

CHAI RVAN WALLI'S:  Ch, so you covered them

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

225

with insulation?

DR LETELLIER. That's right.

CHAI RVAN WALLI S:  Ah.

DR LETELLIER This is shown w thout the
t hermal insul ation.

CHAI RVAN WALLI S:  Ckay.

DR LETELLIER: But there are clever ways
around that, magnetic tracers and ot her pressure taps.

This was honestly a poor nman's head | oss
loop, but | think it was very successful. It's
serving its intended role.

W didinstrunment this with a tenperature
probe just belowthe sanple. W nade every attenpt to
preserve the tenperature of the rinse solution and the
tenperature of the fiber sanple. W did that through
constant tenperature storage ovens.

Approximately 3.7 liters passed through
this sanple in each rinse. And, of course --

CHAI RVAN WALLIS: A gallon.

DR LETELLIER: Approximtely a gallon
And, of course, the length of the colum is the
maxi mum driving pressure. W had about six feet of
head available. 1In conbination with the throttle
val ve we had test ranging, velocity ranges from.05 to

1 foot per second, which is perhaps a little higher
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t han prototypical some screen designs. But the intent
here is to quantify the paranmeters of the correlation
whi ch are debris specific not velocity specific.

There's our test article. It's a 2 inch
dianeter % inch thick preconpressed fiber puck.
There's about six grans of fiber once we conpacted it
and - -

CHAI RMAN WALLIS: Got a hole in the side
t here where your arrow is?

DR LETELLIER Yes. There are some
occl usi ons, none of these observed to pass all the way
t hrough, but there is a variety of uniformty. And
that was the reason it was inportant to us to
characterize the baseline. [1'lIl show you those
results.

W started out with 7 grans of fiber, but
j ust the manufacturing process we | ost about one gram
So when we cal cul ate effective porosities, it's best
to use the dry mass of the fiber that's detern ned
post -t est.

The test articles that were exposed to
| CET actual |y dissolved partially. Sone the order of
atenth of a gramm ght have been rel eased to the test
sol uti on.

And sone of our blanks experienced sone
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agitation during storage. So all of this contributes
to sonme interpretation of variability. Despite being
preconpressed to about seven tinmes the nmanufactured
density, it's still 92 percent porous. There's a
great deal of open space.

The fiber sanpl es wer e support ed
underneath by a retaining screen and al so on the top.
And so you'll see sone pictures of test articles that
have a waffling pattern on top.

CGeneric rinse procedure includes preparing
all the bottles. Again, the intent is to maintain the
tenperature as well as we could nanage in a manua
f ashi on.

W woul d actually fill the | ower chanber
before inserting the sanple so that we could
contribute to constant tenperature. And then we woul d
fill it fromthe top using this diffuser arrangenent.
And the intent is sinply to avoid direct water
i mpi ngenent from di sturbing the bed.

Manual | y opening the valve at the bottom
initiates the test. W had automatic data acquisition
from the pressure tap and the throttle valve was
cl osed before we actually exposed the fiber sanple.
The intent here is that we could repeat multiple

rinses over a full cycle. And typically we would rinse
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each puck five tines.

Phot ogr aphs, dry wei ghts constituted the
data record. Ckay.

The text matrices first of all, consist of
t he performance data. The basic flow | osses inherent
drag coefficients for the enpty col umm including al
of the retaining screens and rings. WE also did sone
studies using pure sand beds that are suspended on
filter paper just for conparison to theory. W did
some studies with sand | oaded fi ber for conparisons to
handbook type of values. And, obviously, a rather
extensive characterization of the clean fiber
variability.

For the test articles we had fi ber sanpl es
t hat were exposed to | CET-3 environnents begi nning on
day 4 following the observation of primary
precipitate. If you renmenber test 3 is the cal cium
phosphat e condition. So nost of that had settled, the
water clarity was very good by test 4. Sorry, by day
4.

For test 4 the sanples --

CHAI RVAN WALLIS: Rinse with clean water.
| CET the fibers have sone cal ci um phosphate in there?

DR LETELLIER That's correct.

CHAI RVAN WALLIS: And it stays there when

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

229

you rinse then?

DR LETELLIER  That was one of the
guestions. W could study both -- well, for test 3
and 4 we could only study the rel ease. W coul d study
t he sheddi ng of that material through nultiple rinses.

For test 5 we actually archived sol ution.
So for the test 5 fiber we rinsed it with both test 5
solution and clean water so we could | ook at the
differential.

For test 5 by that time we were excited
about sone potential value here. W had a well
designed test matrix and we had 12 sanples total to
exam ne.

Test 5 was representative of the al um num
hydr oxi de chem stry. And renenber fromtest 1 we had
observed a visible precipitate when it was cooled. W
never observed a visible precipitate in either test 1
or test 5 at the test tenperature of 6°C. So when we
determined test 5 we archived a 100 gallons of
solution in the oven until they were ready for use.

W al so | ooked at some rapid cooling of
that test 5 solution over a 20 degree tenperature drop
to hopefully explore the idea of a tenperature of a
heat exchanger before rinsing that through clean

fiber. And we had sone very cursory exam nes of
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cal cium phosphate that we prepared in a surrogate
manner. So all total we have over 60 rinses with
replicates of many different configurations.

The cool ed test 5 sol uti on was exani ned in
a nested incremental test matrix so we could | ook at
five different sanples that were rinsed an i ncreasing
nunber of times. And in that way if the trends are
good, we could | ook at both accunul ati on and sheddi ng
by | ooking at differences. And I'lIl show you sone of
that information

So in essence, this matrix | ooks at a set
of nested replicas. There are five reps of a single
rinse, there are 4 replicas of 2 rinses, et cetera.

The neasured viscosities, | think Bill
alluded to this earlier, test 5 solution at 60° at the
end of the test was slightly higher than cl ean water
as far as neasured viscosity.

The cooling rates that we were able to
i nduce just using ice baths and i nmersion are al nost
3 degrees C per mnute. And, honestly, | don't know
how t hat conpares to a heat exchanger. | expect it's
rather slow conpared to the heat exchange in the
plant. But in fact we neasured about the sane
viscosity at 40 degrees. Wiat was interesting is we

di d observe a visible precipitate at that tenperature.
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And in fact by the end of our testing, even the
archived solution at 60 degrees had sone evi dence of
settling at the bottom of the containers.

A data typical data record |ooks Iike
this. This is a pressure trace over 5 consecutive
rinses. And you can see that the colum is filled. W
check out the operation of the data acquisition and
it's rinsed.

What' s i nportant to preserve is to | ook at
the time delay in conmparison to the tenperature.
Again, we had a target tenperature but we weren't
conpletely effective at preserving that.

So the total data analysis follows a
history. First of all, you have a presuned or well
devel oped head loss correlation with sonme free
paraneters that are determned by the naterial
properties. Wat we get fromthe drain colum rinse
is a pressure trace that has to be converted into a
velocity. So that's the first step. G ven the
velocity, given the kinetics of the system then we
can calculate the delta p, the head | oss neasure.

CHAI RVAN WALLIS:  Well, in theory given if
you understand the porous nedia, you can predict the
whol e experi nment.

DR, LETELLIER: You can, that's right.
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CHAl RMAN WALLI'S:  You don't need to know

anyt hi ng except that you saw this height and you | et
it go.

DR LETELLIER: That's true except as you
pointed out, that delta p is a nobre accurate
definition of hydraulic | oss than sinply the head, the
static head. So given the sure stress, dissipation and
other irreversible effects it's not sufficient just to
know the height of the bed. |It's essentially a
conpari son between the free fall velocity history and
t he observed history.

CHAI RVAN WALLIS: Well, you know t he
pressure because of the -- you know the height, you
know t hat vel ocity gives you anot her rate of change of
height. So you're in pretty good shape.

DR LETELLIER That's true. This
illustration just recounts the data analysis steps
that were executed. Intuitively it's all very
obvi ous.

Once you have a delta p then you still
have a statistical step of inferring the value of the
paraneters fromthe data and then you can feed that
back to refinements of the head |oss correlation.

The velocity history sinply records the

conversion of potential energy to kinetic energy. Not
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much nore to it.

CHAI RVAN WALLIS: | don't know what you
nmean by kinetic energy and this stuff is just oozing
t hrough t he bed.

DR LETELLIER. Well, you saw an exanpl e
where even clean fiber will drain 6 feet of head in
about 8 to 12 seconds.

CHAI RVAN WALLI S:  Kinetic energy naybe in
that case, but nobst of it's on a -- if you' ve got
particles in there, do you worry about the kinetic
energy?

DR LETELLIER  Sone terns dom nate,
others do not. Wen we added cal cium phosphate, we
woul d wait onwards of ten m nutes.

CHAI RVAN WALLI'S:  So you don't worry about
kinetic energy at all?

DR LETELLIER Not at all. But, of
course, the terns are there.

The pressure tap cam be converted into a
velocity sinply by wusing an unsteady Bernoulli
equation. You have to account for the possibility of
acceleration, and that's what this reduction shows
you. There are two terns. Wen you initiated the
rinsethereis soneinitial acceleration. It'sinfree

fall, for exanple. And then when it's draining
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steadily, it's sinply the static head that drives the
fl ow.

Because there is noise in the data, and
"1l show you an exanple. There are various physical
constraints that are useful for obtaining arealistic
velocity profile. For exanple, the instantaneous
acceleration at any point in time cannot exceed --

CHAI RMAN WALLI'S:  You can also throttle
with the ball valve and run a slower experinent.

DR LETELLIER. W certainly coul d.

CHAI RVAN WALLI'S:  You know t he pressure
drop characteristics of the valve, presumably, so --

DR, LETELLIER: W certainly could. There
was sone initial design effort to choose a throttle
velocity that would get us in the right range. But
this was a tinme conpressed experi ence, so we col |l ected
as much information as we could with the apparatus we
had.

Qobvi ously, the derived vel ocity cannot be
greater at any point than the velocity that you woul d
have sinply under free fall. And eventually the
curmul ated di splacenment can't be greater than the
hei ght you started with. So these are all attributes
that can constrain the nuneric solution

This is what |' mtal ki ng about with regard
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tothe initial acceleration where the bed essentially
drops in free fall for just a fraction of a second.

CHAI RMVAN WALLI' S:  You can open a val ve
t hat qui ckl y?

DR. LETELLIER: That's a good questi on.
The sanpling we made about 30 to 50 m|Iliseconds. And
we saw very regular patterns that |ooked |ike this,
even from the photographic data which are only 200
frames per second. So in nmy opinion we were resol ving
sonme of that initial acceleration phase. There are a
| ot of proposed i nprovenents to the equi prent, and an
el ectroni c actuated val ve woul d be one of them But
the noise, | call it noise, it's nore of an extraneous
i nformati on because when you do open the val ve, there
are acousti c pressure waves t hat bounce back and forth
fromthe valve to the surface. And they are being
resolved by the pressure transducer and they can
travel back and forth many, nany times within the
sanpling rate

So we tried several nuneric techniques to
snooth this out. Sinply using a repeated rolling
average to snooth the data seened to hel p. Backwards
differing to reference the previous velocity which
starts out to be zero.

CHAI RVAN WALLIS: By the first few data
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poi nt s?

DR LETELLIER  You can. And, in fact,
that was the nost effective. W only used the data
where the accel eration was negligi bl e.

| really think the photonetric data woul d
be nore reliable, but it's very labor intensive to do
it manually and it's conplicated by the thernal
insulation. So there's sone inprovenents that could
be nmade.

CHAI RMAN WALLI'S: Rather than counting
dropl ets or sonething |i ke that graduate students used
to do --

DR LETELLIER. The MIlikan oil drop
experiments? That's before nmy time | think.

A sinple energy balance on the drain
colum eventually identifies which terns are
inmportant. This is cast in terns of the curulative
energy expended. So the first term is how nmnuch
potential energy has been liberated, if youwll. The
second term is how rmuch kinetic energy has passed
t hrough the nozzle of the outlet. And the |l ast termis
a conbi nation of how nuch kinetic energy remains in
each section of the drain columm at any point of tine.

And the beta factors are to account for

some conplexities in the fl ow patterns, which you nmay
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or may not be willing to ignore. But once you have an
expression like that and you know t he vel ocities, you
can evaluate it any point in tinme.

The curul ati ve energy that passes through
the colum in ternms of a the delta p across the bed is
equal to that expression. And although we know that
delta pis largely driven by the static head, it's not
exactly equal to pgh because of our expression for
curmul ati ve energy accounts for the finite thickness.
It includes irreversible acceleration effects within
the bed and the flow irregularities. So there's a
m nor difference.

G ven the delta p and your favorite head
| oss correlation, which is shown here as the two term
nodel , a linear and a quadratic velocity nodel, it can
sinply be plugged into that expression and set up as
a matrix equation. Renenber we have a data vector of
pressure nmeasurenents at a very high tenpora
resolution. So we're not just neasuring the steady
state delta p at a given velocity. W're concurrently
or sequentially neasuring delta p over an entire range
velocities for each test.

| f you knowthe velocities, the only thing
left to determine are the coefficients a and b. And

of course, those could be conplicated expressions of
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porosity, specific surface area, all of the geonetry
factors that Bill is going to discuss next.

And, of course, we need at sone point
correct the data by assuming that the total pressure
dropisreally the contribution of the colum plus the
debris. But the contributions of the colum are very,
very small conpared to even clean fiber.

Any desired correlation could be fit to
this data. You coul d dreamup any conpl ex physics t hat
you like and still fit it to the sane set of data.
This is a |inear nodel, obviously.

CHAI RVAN WALLI S:  But you have trouble if
you have -- well, | guess you have enough data points
you can fit an infinite nunber of variabl es?

DR LETELLIER. Alnpbst This is a highly
over determ ned data set. In fact, because we have an
i ndependent estinmate of porosity, we have the dry
mass, we really only have one free paraneter here.

So the fits thenselves, the values of
t hese paraneters are supported by the range of drain
velocity in a single sine. But once you know that you
can eval uate the correl ati on over a cormon range. And
that turned out to be the best basis for conparisons.

Sonme of the performance data to take a

| ook at, for the sand-bed conparisons we ran 5 rinses
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each. W used --

CHAI RVAN WALLIS: Sand at 10 grans and 7.5
grans or different sand?

DR LETELLIER. Two different quantities
of -- it is different sand.

CHAI RVAN WALLIS: O different sand?

O herwi se, you expect ten to be twice five, but it
isn't. Then is twice 7.5 in ternms of pressure drop,
right? You | ook at 4 and 8 and velocity of .6, one is
twi ce the other.

DR LETELLIER:. That's a good observati on.
| hadn't noticed. It is a sieved, it is size graded
bet ween a range of 7.5 --

CHAI RVAN WALLIS: It has a different --

DR LETELLIER: 105 mi crons.

CHAI RVAN WALLIS: A sinple test would be
to have the same size two different thicknesses and
see.

DR LETELLIER: 1'm not sure what you nean
by the sane sand.

CHAl RVAN WALLIS:  Well, if | used the sane
sand five granms and 10 grams, | expect tw ce the
pressure drop with 10 grans. And it's sort of a check
on whet her things were reproducible and all that.

DR LETELLIER  Sure.
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CHAI RVAN WALLI S:  Anyway, the theory works

out .
DR LETELLIER Quite nicely.

CHAI RVAN WALLIS: It's very linear, isn't

DR LETELLIER: This, in fact, this was
fit just to the linear term

CHAI RVAN WALLI'S: Ri ght.

DR LETELLIER. Over particle ranges. In
fact, one of ny questions is you can see the
preci pitate Reynolds nunbers are portrayed in the
bottompanel. And over the range of 1 to 6 the |inear
determ nant transition for fl owaround a sphere, there
is asignificant amount of data in the turbul ent range
and yet the data set matches the Ilinear term
remar kably well. And --

CHAI RVAN WALLI'S:  So it's real turbul ence.
It's just when the inertia terns --

DR LETELLIER Start to dom nate.

For enpty-colum baseline I'd just point
out sonme conparisons in the linear coefficient. For
sand it's on the order of ten to the eighth in the
appropriate units. For clean fiber it's alittle bit
hi gher. Yes, the coefficient for the enpty colum

even when we had the 200 nesh sieve is four orders of
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magni tude lower. So the hydraulic resistance of the
drain colum is negligible.

| do want to stress that this s
prelimnary information. W've spent a lot of tinme in
organi zing the data for presentation in sonme draft
deliverables. So it may change by the next tine you
see it. But | did want to present the attributes of
t he information.

W had a specific study done with what we
considered to be identically prepared fiberglass
sanples. But there's a lot of information that we can
use to hel p judge repeatability. For this set of four
sanpl es we executed five rinses each with 40 degrees
Cclean water. And the paraneters that we derived for
each of the rinses were sinply averaged in an
arithnetic way.

CHAI RVAN WALLIS: Each rinse presunably
gave the same answer?

DR LETELLIER: Well, I'msure there is
some variability.

CHAI RMVAN WALLIS: O pretty close? Mich
| ess than the variability between sanpl es?

DR LETELLIER. That's the point, exactly.
It would be appropriate for us to pool or lunp all of

the data for a single test article into a single
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correlation. That's something we can exam ne.

| want to go back and nake sure that these
were all evaluated at a conmon tenperature. Because
there is tenperature variability between our tests.
W need to rebaseline themfor an accurate conpari son.

CHAI RVAN WALLI S:  What | ooks a bit strange
is that the higher curve is nore |inear than the | ower
curve, and you' d expect that higher head |oss would
have nore of the squared term nate, wouldn't you?

DR LETELLIER O these five tests that
| oner curve was the only one that exhibits significant
guadr ati c behavi or.

CHAI RVAN WALLIS: Well, it's strange. You
think it would be the higher one that would do that.

DR LETELLIER In fact, you can tell that
|"ve truncated. |'ve clipped this because that
guadratic behavior starts to domnate at higher
vel ociti es.

CHAI RVAN WALLI S:  Yes.

DR LETELLIER And that was purely --
it's somewhat an artifact of the range that was chosen
for the data presentation. | need to go back and
deternm ne exactly what range velocities existedinthe
test data. And the final report will show that as end

points so it's clear where we're extrapol ati ng beyond
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the fits.

As | mentioned the nested | CET solution
matrix will yield additional direct conparisons for
this issue of repeatability. But for now | would
suggest a kind of a rule of thunb of a 50 percent
variability. And that was estimated sinply at the .1
foot per second velocity. There's a range from the
nmedi an of about plus or mnus .5 feet per second
That's quite a large margin, but it's inportant to
know that to help us interpret the next plots.

CHAI RMAN WALLI S:  Actually, the red one is
about a quarter of the green one or sonething at that
point. There's a significant different velocities.

DR LETELLIER. That's right.

CHAI RVAN WALLI'S: So you have to wonder
what's going on right down there.

DR LETELLIER. M first exercise would be
to go back and nmake sure that they're being presented
on an equivalent basis. But there are many reasons
for possibility variability. You noticed one, the
uniformty of the fiber puck itself is probably the
bi ggest one.

CHAI RVAN WALLI'S: Yes, there's a hole in
it, it would be squared.

DR. LETELLI ER: None of those occl usi ons
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were observed to penetrate he entire puck. In fact,
t hey were pressed with consi derabl e force and extruded
onto the walls of the pipe. But the preparation
procedure, PANL has struggled to conme up with a
suitabl e recipe for very regular fiber mats. And this
was done much nore quickly than their study.

There was an initial decision made whet her
we should sinply imerse a fiberglass filter. That
woul d be a suitable nedian for incubating chemnca
products. But the decision was nmade to use a
representative debris type. Even poorly honogeni zed
fiberglass was judged to be preferable over an
artificial substrate.

W had a nunber of different rinse
solutions. Notably clean water and three different

t enper at ures, roomtenperature, 40 degrees, 60 degrees

C. And then by conparison the test 5 archive solution

whi ch was tested at 60 degrees. Now these have been
rationalized to a conmon tenperature and as expected
wat er behaves like water, the theory explicitly
factors the viscosity. And so they behaved very
regul arly.

CHAI RMAN WALLIS: It looks as if the
viscosity is over twice as much. | thought earlier

you said it was not so different.
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DR. LETELLI ER It does, and that's one of

nmy questions to be resolved. But even with the factor
of 50 percent variability on the fiberglass behavi or,

this is pretty clear evidence that there's sonething
uni que about the test 5 solution.

CHAI RMAN WALLI'S: This is presunably the
same puck, isn't it with test 5 and with water?

DR LETELLI ER  No.

CHAI RVAN WALLIS: It's not the sanme puck?

DR LETELLIER. No. They're all unique
fi ber sanpl es.

CHAI RVAN WALLI S:  Ckay.

DR LETELLIER. That's why it's inportant
to understand the variability of the bl anks.

The cumnul ative test matrix has sonewhat
inclusive results, but the trends are | guess
intuitive. What we're looking at is a set of data
that represents -- at the bottomis a single rinse.
The green is actually two sequential rinses. The red
is three. The black is four. And the top is --

CHAI RVAN WALLIS: Is it all with clean
fi bers, not deposits in thenf

DR LETELLIER That's correct.

CHAl RVAN WALLI S:  Yes.

DR. LETELLIER. dean fibers. There's a
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uni que or a brand new bl ank used for each of these--

CHAI RMAN WALLIS: It is strange the way
you got that top curve is so linear and then there's
a very parabolic curve comng up to it. That top
curve is very linear.

DR, LETELLIER. Yes. The parabolic curve
is actually not part of the curmulative matrix. It's
put in there for reference. And it's sinply clean
wat er at 40 degrees. And it had -- I"mnot sure WII
choose this particul ar exanpl e, except to showthat it
is within the data range. It is within the range of
variability.

CHAI RVAN WALLIS: It's not corrected in
any way, so how does it nmanage to get such a high
pressure drop conpared with the other stuff?

DR LETELLIER: That's sonmething to be--

CHAI RVAN WALLIS: | nean it doesn't mnake
sense sonehow.

DR. LETELLI ER.  Sormet hing to be
i nvesti gat ed.

CHAI RMAN WALLIS: It |ooks very strange.

DR LETELLIER: The entire data set needs
to be scrubbed for consistency so that all the
anal ysi s met hods are done the sane and it's presented

in a rationalized basis.
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DR. SHACK: Okay. I'mlosing the curves
Is the top curve the clean water curve?

DR, LETELLIER  The top curve is the
result of ICET-5solutionwth five sequential rinses.
It's the accumul ati on of --

DR SHACK: It's the T5 curve?

DR LETELLIER That's correct.

DR. SHACK: Ckay.

CHAI RMAN WALLI' S: That parabolic one | ooks
al nost exactly a parabola if you | ook at the numnbers.
It's very nmuch a square.

DR LETELLIER I'mcertain that it is.

CHAI RVAN WALLI'S:  But for one of these A
zero and the other one B zero.

DR SHACK: Now which one is the clean
wat er curve?

DR. LETELLI ER: The parabolic one.

CHAI RVAN WALLIS: Parabolic is strange.

DR. LETELLIER: And the only reason that
it's portrayed here is to remnd you that the
variability in the fiber blanks is at |east 50
per cent . So this sequence wasn't necessarily
concl usive by --

CHAI RVAN WALLIS: Is this because of the

Reynol ds nunber transition that higher viscosity can
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actually lead to a | ower pressure drop?

DR LETELLIER | wouldn't think so at
these velocities, but it's worth |ooking at.

CHAI RVAN WALLI S:  Ckay.

DR, LETELLIER.  Presumably because there
are sone trends in this data, had we run six, seven
eight cunulative rinses perhaps the pressure drop
woul d have i ncreased.

DR. SHACK: Where is your head | oss --

DR. LETELLIER: The pressure tap is not
too far above the bed. It's |ocated reasonably close
to the top of the fiber sanmple. There's a |ot of
information to assimlate and present as part of
closing out this study. But we have sone significant
fi ndi ngs.

DR. SHACK: Now when you say the cool ed
solution, is this the supernate or you've kind of
m xed everything up?

DR LETELLIER: This was test 5 archive
solution which had no visible precipitates. It was
drawn of f of the top of the tank so it was a supernate
in that nacroscopic sense. And it was stored
i mredi ately.

DR. SHACK: But as you stored it you saw

preci pitates. Now you then supernated it again?
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DR. LETELLI ER It was mininal. It was

just a residue in the bottom

DR. SHACK: Ckay.

DR, LETELLIER | guess the reason |
nmentioned that is it was significant that the solution
had matured to that point even at 50 degrees.

CHAI RMVAN WALLIS: | don't see any data
with the puck filled with deposit. Isn't that what
t he whol e point of the experinment was to test pucks
that had actually deposits in thenf

DR. LETELLI ER: | ndeed. And that
information is just not here, this specific.

CHAI RVAN WALLI'S: Not there yet? Wll,
you're giving us rather trivial information so far
conpared with the real thing --

DR, LETELLIER well --

CHAI RMAN WALLI'S:  -- which is what happens
when you have the deposit in the puck. You don't have
any of those?

DR LETELLIER Let's see.

CHAI RVAN WALLI S:  You have a backup sli de.
| thought you were going to tell us that the pressure
drop was ten times as much or sonething when you had
the deposit in it.

DR. LETELLI ER: No. This bullet here on
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the summary partially addresses your curiosity.

CHAl RVAN WALLI S:  Yes.

DR LETELLIER W did test nunber 5's
test 5 solution and there was no significant
di fference between the exposure duration whether it
was in the tank for 20 days or 30 days or 10 days was
rather irrel evant.

CHAl RVAN WALLIS: So is the idea that the
puck picks up deposit or not?

DR LETELLIER  That was one of the
guesti ons.

CHAI RVAN WALLI'S:  That was the idea it
m ght do?

DR LETELLIER. | have not presented the
data for test 3 and 4 fibergl ass.

CHAI RVAN WALLI'S: It looks as if it did
not pick up deposits?

DR LETELLIER: That's right. The nost
significant difference here was i n the behavi or of the
test solution, not in the fiberglass sanple.

CHAI RVAN WALLI' S:  But the behavior of the
test solutionis alittle bit irrational if you |ook
at those parabolismstraight lines -- and so you still
have to work it out?

DR LETELLIER Cdearly so. Wat | was

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

251

hopi ng to show here i s that there was sone evi dence of
i ncreased head loss for test 5 solution beyond the
variability of the fiber sanples. This is not
extrenely high fidelity data. There's --

CHAI RVAN WALLI'S: There is nothing like
t he Argonne tests where they got huge changes in head
| oss because of deposits in the bed?

DR LETELLIER That's true.

CHAl RMVAN WALLIS: You don't have any
evi dence of deposits in the bed, apparently?

DR LETELLIER: W have visual evidence
fromthe | CET sanpl es

CHAI RVAN WALLI S: Does it have any effect
on the pressure drop?

DR LETELLIER. |I'msorry, | just can't
present that test 3 and 4 fiber right now

CHAI RMAN WALLI'S: So this is ongoing work?

DR LETELLIER Yes. It's within a few
weeks of having a draft NUREG for comment.

CHAI RVAN WALLI S:  Your boys get a thesis
out of it?

DR. LETELLIER  They did.

CHAI RVAN WALLIS: Yet it isn't finished
yet, isit? It was all anomalies and --

MEMBER MAYNARD: Feeling nore of it's been
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resol ved, he thought he would present it today.

DR. LETELLIER: The sane questions were
asked during the defense, | assune you.

CHAI RVAN WALLIS: Well, put ne on the
thesis commttee. Spared that.

DR LETELLIER: | keep telling ny students
that their defense just prepares themfor future ACRS
bri efings.

CHAI RMAN WALLIS: | tell ny students |I'm
going to be so hard on you that when you get to the
Committee it's going to be a breeze.

DR. LETELLI ER°  Just sone overal
observati ons about the whole concept of the drain
col utm net hodol ogy.

One thing that | very much |Iike about it,
it naturally permts the correlation to be made over
a range of Reynolds nunbers. You obtain that
natural ly because of the tine dependent velocity and
you don't have to worry about those conplications for
preserving constant velocity punping conditions.
Because we can recover the bed i medi ately you have an
estimate of the in situ porosity. You know the dry
mass that was actually tested at |east at the end of
five rinses.

And because you can execute these into
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di screte vol unes, you have a very hi gh data return per
sanple investigated. You can actually do sone
differentiation here to exam ne accunulation and
sheddi ng.

CHAI RVAN  WALLIS: This is all in
principle, but then if you look at all the curves you
got and evaluate the a's and the b's, you m ght get
somet hi ng which | ooks like sort of a randomwal k. |
nean, the a's and the b's may not nake any sense when
you | ook at them

DR,  LETELLIER: There's clearly sone
i nprovenents that could be nade. An automated | eve
hei ght detector, for exanple --

CHAI RVAN WALLI S: But can you draw any
useful concl usions? A sinple experinment, a nice idea.
But the thing is can you draw any concl usions from

anal yzi ng the data?

DR LETELLIER | think that the jury is
still out on this particular data set, but the
technique in general, | think the bed variability
could be reduced with very little effort. For

exanple, using filter paper as an alternative.
The preconpaction exercise | think was
very effective, an inportant sinplification for this

study. And within the 3 or 4 weeks of tine that we
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had it was ideally suited for a survey type of
exan ne.

So that's the status report that we have
to offer. As T.Y. said, the publication date is
Cct ober tinme frame.

CHAl RVAN WALLIS: That concluded, is it
time we took a break? W take a break for 15 m nutes
until 3:15.

Thank you very much

(Wher eupon, at 3:02 p.m off the record
until 3:21 p.m)

CHAI RVAN WALLIS: COkay. W all ready? Do
we have a presenter? W're going to hear from PNNL
t 0o.

Pl ease cone back into session. W'll nove
wi th the question of particul ate head | oss testing and
correl ati on devel oprent.

MR KROTIUK: |I'mBill Krotiuk and this is
Carl Enderlin fromPNNL. And we'll be tal king about
the head | oss testing and nodeling, that effort that
we are pursuing at the NRC and at PNNL.

Ckay. First we'll talk about the head
| oss testing aspect. The work that was bei ng done at
PNNL was to do sonme confirmatory head |oss testing

using typical debris and insulation. Insulation
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debris and coating debris. And we wanted to
characterize various itens, conposition, distributing
of debris in a bed, fluid tenperature effects. And we
designed a facility to have certain characteristics
that we wanted. And ultimately the data woul d be used
in developing an inproved head |oss calcul ational
nmet hod.

CHAI RVAN WALLI'S: Now you showed | ast tine
that the head | oss could vary by al nbst two orders of
magni t ude dependi ng on how you built up the bed.

MR KROTI UK: Right.

CHAI RMAN WALLIS: Is that going to be
included in the cal cul ational method?

MR. KROTIUK: | will address that, yes.

CHAI RVAN WALLI S:  Thank you.

MR. KROTI UK: The head | oss nodel i ng
addressed two itens. One is the calculation of the
pressure drop itself and the other is the conpression
of the insulation debris that woul d be accunul ated on
the screen or perforated plate that we were testing
Wi th.

The notivation really for the testing and
the nodeling is to provide testing -- sorry. |Is that
previous testing indicated the further need to

eval uate the effects of particulates that were n xed
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with fibrous debris in the debris bed itself.

W wanted to address concerns regarding
t he appropri ateness of certain characteristics of the
previ ous testing.

And with regard to t he nodel i ng, we want ed
to address possible deficiencies in the older CR --
t he NUREG CR- 6224 correlation. And ultimately we al so
wanted to be able to include the coatings debris
effects in the head | oss calculation and also in the
anal ytical nodeling.

The regul atory applications, we wanted to
support the 2004-02 resolution of that item And we
wanted the additional head |loss testing data to
eval uate licensing submttals and to provide insights
on how the variations and the reconcentration could
affect plants head loss. And ultimately in the
nodel i ng we wanted to give a cal cul ational tool that
could be used at least to give the esti mtes of head

| oss across the debris bed.

The current statusis this: |Is that we've
conpleted all scheduled insulation and coatings
testing in May. | conpleted the devel opnent of the

conmput ati onal nodel in May al so. However, there are
certain paraneters that have to be verified and worked

onalittle bit nore in the nodel using the test data.
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And since the testing was just conpleted in My, |
still have to go through sone of the | atest tests and
updat e sone of the sem enperical nultipliers.

|"m going to present sone results with
what | believe are the current anticipated val ues of
t hose, but they may change as | | ook at nore of the
dat a.

W ultimately want to have the nodeling,
NUREG and the testing NUREG rel eased in COctober
That's the current schedul e.

Let's go here.

MR. TREGONI NG Just while this is coning
up, just logistics. There's a different package for
the next presentation. |It's the one entitled PNNL
Activities Associated with Head Loss Testing for Sunp
Screen Debris Beds in Support of the Resolution of
GSI-191. So we'll do this -- this package will be
next, and then we'll go back to the package that Bil
was j ust working through.

MR. KROTI UK: Ckay. Go ahead.

MR ENDERLIN. |I'm Carl Enderlin from
Paci fic Nort hwest National Laboratories. Tom M chener
is also present, and |'ve |listed other nmenbers of the
test crew here.

W're going to talk about just a quick
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revi ew of the setup and capabilities, the neasurenents
we've taken in a review of debris |oading sequence
results. These initial review |I'm going to breeze

t hrough rat her quickly unless there are questions on
them This is all material in those first two bullets
that was presented back in February.

Then we're going to tal k about there were
some issues on that February presentation, and those
have been resolved. And that's the description of
Series 2 test conditions and neasurenments that were
t aken.

Overview of the test procedures, just to
give an idea and to clarify sonme things that m ght be
slightly different than the initial test program

Then we'll talk about results, basically
four cases. Results of the NUKON only bed, Cal Si
only, the Cal Sil and NUKON conbi ned and a few tests
t hat have been perforned on coatings. And we'll do a
brief summary of initial findings.

W have two test | oops that data has been
taken from both a bench top |oop which is a 4 inch
screen but doesn't have the fully devel oped up and
down streamflow that the large scale |oop has. The
| arge scale loop is a 6 inch diameter test section

W're neasuring the delta p across the bed from
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approximately 10 diameters upstreamto 10 dianeters
downstream And we're using an array of 4 pressure
transducers so that we've always got severa
transducers on line. And the data that |'mreporting
will be frombasically the | owest pressure transducer
on line at tine.

The in situ debris bed hei ght neasurenents
were taken for all these tests using the optica
triangul ation method we presented back in February.
W have a filtration systemthat was used for these
tests. And I'Il discuss in the overview of the
procedure of when the flow or the loop flow is
filtered.

And then our debris injection systemis
different than sone of the other tests as we used a
cl osed system that gives us controlled dilution and
i ntroduction nethod as far as fl owthrough that debris
i nj ection chanber.

This is the slide that Gaham Wallis
referred to about showi ng several orders of magnitude
difference in the head | oss that was obtai ned. What
"Il do is just briefly talk about the different
cases.

There were actually four cases that were

| ooked at. We've got the prem xed. This neans the
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material is prepared individually and then before
bei ng put into the | oop, the particul ate and t he fi ber
i s conbi ned together.

W have the case where we inject and nake
a NUKON bed first, get a steady state or based on our
experimental criteria for steady state bed forned, and
then Cal Sil material is introduced into the | oop.

And the last which is the tine delay. And
if you look at that, there's actually three cases
there. One of themyou only see one data poi nt because
it was such high head loss as the bed was created
before the bed actually reached a steady state. So
it's at the pressure at lowflowin the bench top | oop
in which we actually fornmed a bed.

In the tinme delay case CalSil is
i ntroduced into the | oop, allowed to pass through the
screen and then there's a tinme delay which for these
were on the order of about 11 seconds. And we've done
some additional work. That time delay is basically
dependent al so on what your |oop volume is. But in
that the Cal Sil is allowed to pass through the screen
so any fiber material fromthe Cal Sil that wants to
hold up on the screen, then the NUKON is passed
through. And without a lot of the things | tal ked

about last in February, what you have is a different
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bui l di ng process that's going on. Wereas with the
NUKON bed first, that same building process or
pl uggi ng process goes on in just a top layer of the
NUKON. Here you have the CalSil able to go to the
preferential flow path through the fiber bed as it's
being built.

So what we've shown here is basically by
t he | oadi ng sequence we can have a significant inpact
on what the head |oss is.

MEMBER SIEBER: Carl, what's your
circulation tine in your bench top |oop? Your repeat
time?

MR. ENDERLIN. At .1 feet per second, |
believe it's on the order of 30 seconds. Actually, |
think it's closer to a mnute. | wouldn't take that
to the bank, though. There's nunbers | know, that one
| don't know off the top of ny head.

So this load sequence along with the
preparation nmethod of the material that | saw showed
to be extrenely influential on how or what head | oss
we neasured given the sane debris |oading on the
screen. Everything here, data we've seen, is material
that was presented in February.

So now based on those i ssues these are the

conditions we use for what we refer to as a Series 2
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test. The debris constituents for all the data that
|"mgoing to show here forward was prem xed prior to
i ntroduction of the |oop. W' ve used the perforated
plate for all these tests. This is a 5 nesh screen,
which is what the Series 1 tests were done on and is
the material that LANL used. This is a 41 percent fl ow
area and the square openings are |listed at 1.28,
They're roughly 8th inch opening screen. Perforated
plate is an 8th inch hole and is a 40 percent fl ow
area. So flow area through the two is roughly the
sane. This is the material that is the sanme, cut off
t he sane sheets that Argonne has.

Testing in the Series 2 has been forned at
multiple tenperatures. Not all cases have been
performed at the elevated tenperatures. The
t enperatures were approxi nately 21 degree, 54 degrees
and 82 degrees cel si us.

During debris bed formation, the bed was
allowed to build while holding the approach velocity
at .1 feet per second. In the Series 1 tests we had
built sone beds at .2 feet per second. Started at .2
and allowed the velocity to decade down to
approximately .1. So here we're using a constant bed
formati on vel ocity and adj usting punp speed as needed

to maintain that velocity.
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Followingtheinitial debris bed formation
the loop is pressurized to maintain any gas in
solution. W were using approximately 2% at nospheres
was sufficient for our work. And so we reached steady
state, pressurized the |oop and then verified that
steady state still exists based on the criteria that
"1l talk about in two slides.

kay. Following that there was this case
of any material that may settle due that we're now at
.1 feet per second bed formation. So the first ranmp up
is conducted and then the entire loop is filtered. So
we run through a 10 mcron filter and t hat happens for
approximately 20 circulations. [It's highly dependent
upon when the bed reaches the steady state. So we
take a neasurenent, then we go through the filter
systemand again, to nonitor it until we see a steady
state reading. But the mnimum criteria was put on
that was for 20 m nutes, which is roughly 5 at .2 feet
per second if it were filtering, that is, five
circulations through our |arge scal e | oop.

kay. W have three ways we've
characterized the beds as far as visual observation.
W have a conplete formed, which neans all the screen
is covered. W have channeling form which after the

bed was created and we' ve gone to higher velocities it
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appears that we see individual ports cleared but you
don't see any screening material. And the last one is
an inconplete bed. That usually neans either | can
see screening material or | have a sufficient nunber
of channel s that have never been covered.

This is just a quick sunmary of the nunber
of tests that have been done in both conbi ned bench
top and | arge scale | oop. Now sonme of these, such as
NUKON only are in the bench top |looking at
repeatability and eval uating debris preparation. But
this just gives you an idea of the nunmber of tests
t hat have been done. And |I'mnot going to present
results fromall of these at the nonent. Al of these
tests will be covered and listed in the final report.

Overview of the test procedure, |1've
covered sone of that in tal king about those that are
criteriaor initial conditions for the Series 2 tests.

Qur debris constituents are prepared
individually for each test imediately prior to
injectioninthe loop. So aloopis up running, steady
state fl ow has been achieved. At that time the debris
constituents are prepared, m xed together and
i ntroduced into the | oop.

The flow rate through the |oop, the

injection lines, is nmaintained at a steady val ue and
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it's the sane for all of these tests. So there's no
variation in the bed formati on except for when we get
to the coating tests there were sonme hi gher velocities
had to be used.

Bed formati on was conducted for a m ni mum
of 1 hour, 7 conplete loop circulations. And this is
different than we showed in February where we were
going up to 3 hours based on sone debris preparation.
But basically when we showthe results here, we'll do
it for the second ranp up. W don't consider the bed
conpletely forned until we've gone through the first
ranp up in velocity and then appliedthe filtrationto
try to reduce the chance for additional nmass to being
added.

Qur criteria for assum ng steady state,
this criteria was the differences for a ten mnute
difference of a one mnute average. This was taken
for bed formation and are at peak velocities. At the
| ow velocities or intermttent velocities in the ranp
up and the ranp downs we used a 5 minute criteria.

Again, filtering was perfornmed after we
had this first ranp up and achi eved a steady state at
.2 feet per second. Then we put the filtering on
wi t hout changing the velocity and adjust the punp

speed to maintain the .2 feet per second speed.
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kay. WE're going to first talk about
NUKON results. The pictures of the beds we were able
to get very repeatabl e NUKON beds. The appearance of
themis all pretty nmuch the sanme and you can see that
there's arim

Agai n, our screen, if someone has a screen
there, the collar. The idea of those screens is the
i dea of the test section. So the rimis forned because
there is no lip inside of the test section.

| " ve shown t he bottompi cture to showt hat
even with the prepared fiber as it is, with the NUKON
beds there is no material that we can see passing
t hrough or hangi ng t hrough the screen.

Okay. As we go through these if anyone's
of interest or looking at these later, the first
nunber in the test IDs is the date, the second four
digit nunmber gives us what the total debris | oading
is. So 27.03 grans per neter squared. And that is
the target value that's been i ntroduced, not what was
on the screen.

Okay. Now what we're showing is just for
t he ambi ent or 21 degree case. What we've done is on
t hese velocity ranp ups and ranp downs, our velocity
sequence at an individual tenperature consists of 14

velocities. |I'msorry. Several velocities are
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r epeat ed.

The sequence is that we fornmed the bed at
.1 feet per second, pressurize and then we take
anot her .1 feet per second, then we do the ranp up to
.2 feet per second, take a steady state reading,
filter and go to another .2 feet. Stay at .2 feet per
second and take a second readi ng.

CHAI RVAN WALLIS: It doesn't seemto
extrapolate tothe origin. |Is there sone error in one
of the readings or sonething that nakes that happen?

MR ENDERLIN: |1'd have to | ook further on
that to see. Should we be going through zero --

CHAI RVAN WALLI S:  There seens to be a zero
error or somnething.

MR. ENDERLIN. Al --

CHAI RVAN WALLIS: They shoul d be |inear
near the origin anyway, so it looks a little odd that
it doesn't extrapolate to the origin.

MR ENDERLIN: I'Il have to | ook further
in that.

MEMBER KRESS: Screen |oss has an effect.

CHAI RVAN WALLI'S: Maybe there's a screen
| oss or sonething --

MR ENDERLIN. Well, we've neasured the

screen by itself and this is not -- oh, yes. The
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other thing that can be in there is the tenperature
correction. There has been no tenperature corrections
for the loop --

CHAI RVAN WALLIS:  No flow, there should be
no head | oss, shouldn't there?

MR ENDERLIN Correct. But if the
tenperature inside nmy loop is different than the
tenperature on ny DP manifold, 1'lIl have an offset.

CHAI RMVAN WALLIS: You m ght have an
of fset?

MR. ENDERLI N:  Yes.

CHAI RVAN WALLIS: Ckay. That's probably

MR ENDERLIN: Yes. And this has not been
corrected by tenperature.

CHAI RVAN WALLI'S: Okay. It looks like an
of f set.

MR. ENDERLIN: Yes. And, again, when we
see the el evated tenperatures, the maxi mnumworse case
we didn't correct it this time just so we could be
consistent with the data. In the report that'll be
addressed and the uncertainties will be addressed. An
absol ute worse case would be a 5 inch correctionif we
add the nmax tenperature difference that we coul d have

in our two legs of the DP neters for the full height
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of the leg. But none of the material that is being
presented has had any tenperature correction done.

This shows a full velocity sequence at the
21 degree C. And what we can see is that .1 feet per
second and the .2 feet per second you' re getting an
increase in head loss with each ranp up each tinme
you're returning to the velocity.

The .05 is a one tinme we are based on pi pe
flow in the area of potential transition between
| ament or turbulent flow | believe the Reynolds
nunber for that is on the order of 2000.

The other points at the 21 degree Clie
outside of that. And at .02 feet at the el evated
tenperatures we'll be in the potential area of
transition flow

Now what we're | ooking at is tenperature
effects. GCkay. And the very first thing we have to
point out is the process is that we nake a bed at 21
degrees C, we run through our velocity sequence. Then
we hold at .1 feet per second while we raise the
tenperature. In this case to 54 degrees C. Run
t hrough the sanme identical velocity sequence w thout
additional filtering. Then we hold at .1 feet per
second, raise the tenperature again to 82 degrees C.

So we' re seeing a flowhistory through al
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of this.

CHAI RVAN WALLIS: It goes up and down, it
doesn't go consistently in one direction?

MR ENDERLIN. Correct. And that's the
guestion of in this slide we have not isolated by
maki ng a bed running it at 21 degrees C, naking a new
bed. So there is a flow history that has been shown
both in the bench top to potentially have an effect
here. That the evaluation of 54 degrees C may have
been due shifting of the bed.

CHAI RVAN WALLI S: Because you woul d expect
it to go down because there's less --

MR. ENDERLIN. Correct. The viscosity has
gone down. All of the cases of 82 degrees C we do see
| ower than 21. But the point isis | haven't |ooked at
it, I don't knowif Bill has. |If the proportionality
here or the difference between them can be fully
accounted between the 21 and the 82 degree case just
due to viscosity. The thing to keep in mnd is that
in these results we have a flow history that can be
ef fecting.

MR. TREGONING Yes. And you've taken
t hi ckness readings, too. So if there's sonething that
af fected conpaction --

MR, ENDERLIN:  Yes.
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MR KROTIUK: -- at these different

tenperatures, that theoretically could be accounted
for?

MR. ENDERLIN:. Yes. Wi ch speaking of
which, we're nowto our next slide. Wat we're going
to show is just a quick video showi ng the different
bed heights. Wat you'll see the video are these 16
poi nts at which data was taken.

On the | eft are sonme exanpl es of anal yzed
photos. Once we take the photo, we don't get the bed
height inreal time. So they're not in order. They're
sel ected pictures that we took. And so you' ve got
ei ght cases in which you' ve got photographs that have
been anal yzed, but you're going to see 14 pictures in
t hi s.

This will go through it rather quickly.
"1l talk about this just a little bit. The novie
then goes to a slower node showing the actual
velocity. And we can term nate that and nove on

CHAI RVAN WALLIS: Slowly conpacting the
bed?

MR. ENDERLIN: Correct.

CHAIl RVAN WALLIS: Every time you go up and
down?

MR. ENDERLIN. Right. And this is all at
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the 21 degree C. So it's a question of we have in the
bench top we've | ooked at head | oss for sone |ong,
like 15, 18 cycle tests but we don't have the opti cal
triangul ati on down there.

So that's showing the screen. There we
go.

Ckay. So now what we're seeing is if you
look at the .1 feet per second case, and |'1]I
term nate the novie when |I'm done tal king here, but
the rimheight goes .72, .71 and ends at .62 on the
rim height. You see a | esser effect on the body
height. But you're getting on the order of 20 percent
change.

| f you look at the .02 case, we see the
same thing that the bed is continuing to relax as we
go down in velocity.

The NUKQN, strai ght NUKON bed, the results
are much cleaner. If you add Cal Sil, the effects of
the Cal Sil can change based on the rati o what we see
here.

CHAI RVAN WALLIS: It |looks like | can see
the screen through the bed, is that right?

MR. ENDERLIN: No, no. Those lines are
the lines used to get the optical triangul ation.

W're projecting that parallel lines.
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CHAl RMAN WALLIS: First | see here is the

bed swelling and collapsing and swelling and
col | apsi ng?

MR. ENDERLIN: Correct.

CHAI RVAN WALLIS: It's hard to see.

MR. TREGONI NG It's better with the fast

one.

CHAI RVAN WALLIS: OCh, it does go up and
dowmn a bit. Yes. It does go up and down. Ckay.
Ckay.

MR ENDERLIN. So now I'Ill tal k about the
NUKON and Cal Sil beds conbined. |If we |ook at the
phot ographs first, these are two different beds and,
yes, the pictures do |look the sane which is what we
are trying to showthere. So in visual appearance and
ininitial height, the bed on the | eft has 75 percent
Cal Sil based on the CalSil to NUKON ratio, | think is
how the NRC has been using it. The other one is a
one-to-one ratio or a 100 percent Cal Sil.

What we see, though, and we've got 56
percent of the material that we injected was retained,
the other 69 percent was retained on the other bed.
W' ve applied the filtering. We're working to do nass
bal ances by anal yzi ng those filters, but | don't have

the dried results presented here of the filters. So
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we're attenpting to capture and | ook what our nass
bal ance i s or how nmuch that material is still in flow
That becones a critical issue fromthe standpoi nt when
| report a head | oss or delta p, how nuch nore nmass i s
bei ng added to the bed.

So what we're going to see on the next one
is that the one on the right gives us nmuch hi gher head
| oss or pressure drop. However, as we went from.1
feet per second and increased to .2 feet per second,
we appear to have saw sonme channeling fornmed with the
higher Cal Sil. So a NUKON of just that nade a very
repeat able bed. As we add Cal Sil what we see is that
handling the beds afterwards or the potential for
channeling is the head | oss goes up but the actual bed
integrity goes down. And when you see that, you al so
start toseealittle bit nore variability in the head
loss. If I was to make the bed on the left, | would
get less variability in the answers than the one on
the right. |If I make a NUKON bed only, then the head
| osses that | neasure are very repeatabl e.

So here what we' re conparing basically the
ratio of CalSil to NUKON and we see the tenperature
effects. The blue hall ow squares are the data take in
at 21 degrees C. The red triangles and di anonds are

the data at the 82 degrees C. W can easily see that
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we see that the head | oss goes down with tenperature
and goes up significantly with the slight addition of
Cal Sil from75 to 100 percent.

Now in showi ng an exanple of the Cal Sil
only beds, we did significant testing just to try to
find a Cal Sil |loading that would give us a conplete
bed. Wthout running through all these cases, | can go
back and forth, you'll notice the mass retained is 13
percent with a 1.92 grans. 13 percent with the 2. 37.
So I"mincreasing over a base. | |ook at the next
slides, I'mstill at 13 percent. Those first three
were made in the snall scal e or bench top | oop and t he
|arge scale I'mat 10 percent. So we're never able to
make with the tests we did a conplete Cal Sil bed. But
one thing that's significant here is that the Cal Si
isnot filteringitself. GCkay. You' re always getting
t he sane proportionate anmount of Cal Sil. You would
think as you built up nore CalSil, you d have the
ability to capture. And if you visually look at it in
t he hol es you have, it's hard to believe that all the
Cal Sil with the low velocity is making over to those
hol es.

CHAI RVAN WALLIS:  Well, what do | see on
the left? | see a whole -- screen on the outside with

nothing on it at all?

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
MR. ENDERLIN: That's fromthe bench top

| oop, it just doesn't have the wel ded collar.

CHAI RVAN WALLIS: A small -- you've taken
the 4 inch and put it on the 6 inch or sonething?

MR. ENDERLIN: No, no, no. The 4 inch
bench top loop configuration has two gaskets that
clanp it.

CHAI RMAN WALLIS: Those are gaskets.
kay. kay.

MR. ENDERLIN. And that |oop wasn't
intended to go to as a pressure --

CHAI RMAN WALLIS: There's sone bypass
holes in it or something that --

MR. ENDERLIN. If you look at that -- the
actual holes in the center of the bed, the one on the
left, both of themthe bed is nmade to the wall of the
test section.

CHAl RVAN WALLI S:  Yes.

MR. ENDERLIN: One is 4 inch, the other
one is 6 inch. But the inportant thing to take away i s
no matter how nmuch Cal Sil | put in there, it's not
filtering itself, which was sonething we hadn't
expect ed.

CHAI RVAN WALLI'S: So you kept on putting

some nore and eventually it woul d?
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MR. ENDERLIN. That's what you would
expect, but we're at | oadi ng that are nuch hi gher than
what were initially put in the matrix --

CHAI RMAN WALLIS: First if it's going
around the | oop --

MR. ENDERLIN. Well, or the question it's
passi ng through or as you build up a pressure drop,
you're feeding Cal Sil out the bottomof the plate as
it's being replenished. So this becones a question of
do | have sone ability that I'mnot holding ny Cal Si |,
| just have a hold up problemor am| actually, the
same particulate is passing through the | arger Cal Sil.
But regardl ess, the first assunption is that we should
have a proportionate amount of the fiber and |arger

sized particulate that is being held up. And the

other material, | nean, there's 87 percent of that
material, the 90 percent is still flow ng through ny
loop. In all these cases these are nunbers that were

gone to .2 feet per second and we hadn't inposed any
filtration yet.

MEMBER DENNING This is a constant
velocity test?

MR. ENDERLIN:. These did get ranped up to
.2 feet per second. The bed was allowed to formfor a

long period of time at .1 feet per second.
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MEMBER DENNI NG Yes. Then presunably

what happens is that the pressure drop -- | nean, if
it tries to cover the whole screen, then the pressure
drop is enough through those individual holes that
some of themare going to bl ow t hrough?

MR ENDERLIN: Yes. But on these we've
never -- these holes existed fromthe beginning.
That's the definition of an inconplete debris bed is
that we just cannot get that -- at any velocity from
bed formation. At .1 feet per second we don't get the
entire screen covered.

CHAI RVAN WALLI S: Ei ghty-one grans in the
| oop you only caught 8 grams on the screen, is that
what | read there?

MR. ENDERLIN:. Right. Ten percent. And if
we go back --

CHAl RVAN WALLI'S:  And the rest of it is
goi ng around the | oop somewhere?

MEMBER DENNING On around. It's in the
core.

MR. ENDERLIN. Right. And the thing is
we're | ooking at 1.92 grams up to, you know -- we've
increased this a factor of four and we're still
getting roughly the sane approxi mate anmount, rel ative

anount .
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MEMBER DENNING But a little bit of NUKON

woul d change it?

MR ENDERLIN. Yes. Just a little bit of
NUKON woul d change that drastically. And then as we
saw, if you nade a NUKON bed and let sone Cal Sil from
the | oading sequence, you' d have head | osses nuch
greater than what |' mshowi ng with pre-m x conditions.

CHAl RMAN WALLIS: So it's the pressure
drop that's pushing this stuff through the holes,
probabl y? Because if you got too big a pressure drop,
it pushes --

MR. ENDERLIN. And again the question
comes is it pushing it just through the holes or is
this proportionate anount of small CalSil materia
entering the bed having sone hold up and bei ng al | owed
to exit.

CHAI RVAN WALLI'S:  Some Cal Sils have nore
fibers in themthan others, don't they?

MR. ENDERLIN: Correct.

CHAI RVAN WALLI'S:  Now you think they woul d
make a better bed.

MR. ENDERLIN: Yes. Al of our testing is
done with one lot of CalSil. And it's the sane |ot
that Argonne's using. The manufacturer reports 4

percent. It could be as high as 8. The fiber is put
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in purely for structural strength. |f you go back

20/ 25 years your fiber content can even be sonething
di fferent of what they' ve used in there. But the fiber
is getting added purely through --

CHAI RVAN WALLI S:  You are retaining nore.
As you put nore CalSil in, you're retaining nore?

MR.  ENDERLIN. Right, but the sane
relative amount. So if we thought of it as just a
size distribution --

CHAI RVAN WALLI'S:  So you put in 500 grans,
you' d probably be able to cover the bed, cover the
screen, wouldn't you?

MR ENDERLIN: W woul d think.

CHAI RVAN WALLIS: It's hard to tell.

MR ENDERLIN: Four times and still see --
| would have at | east expected to see 13 percent, 20
percent, 30 percent, 40. | woul d have expected to see
a larger proportionate anount to be retained with the
high Cal Sil.

MEMBER DENNI NG:  The vel ocity through the
open holes is really high, right?

MR. ENDERLIN: Yes, it is. The question
isif youlook at a flowdistribution across this, is
t hat enough to get all the -- | nmean, when we | ook at

a bed on the left, and again part of the reason you
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have that is because the elbow isn't as far up the
streamas with the large scale. AmI| really able to
get all the CalSil to come down and traverse over to
t hose hol es? You know, these are still pretty |ow
velocity for a 4 and 6 inch pipe. And if you turn
this thing off and | ook at some of the settling rate,
again | don't know at 13 percent we've got sone
particle size data to go |look at, and that'll be in
the report is if we just assune the top 13 percent is
captured. But, again, it's a question is is just
captured or do you have a hold up problem going? So
you have stuff constantly being deposited and it's
bei ng forced through the hole.

CHAI RVAN WALLIS:  Well, it's settled down
onto there, then you'd have trouble blowing it through
the holes. As long as it's flowi ng through the hol e,
that's one thing. But if you stop the |oop and start
it up again --

MR. ENDERLIN:. Right.

CHAI RMAN  WALLIS: -- it mght be
different.

MEMBER DENNI NG You mi ght have a problem
yes.

MR. ENDERLI N:  Yes.

MEMBER S| EBER: Do you know anyt hi ng about
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the velocity profiles on any of the screens?

MR. ENDERLIN: In the vicinity of the
screen if we go back to look at the NUKON bed, that
rimon the NUKON bed will pretty nmuch give you what
the velocity is. The pressure drop has to be the sane
through there and you're not getting as nmuch
conpression at the rim In the holes and stuff, no.
| nmean, we'd have to do sone LDV or sonmething to get
that with tracer particles.

Once you have the inconplete bed in the
holes, | don't knowwhat it is right there. But |'ve
got over 20 L over Ds of straight pipe upstream

MEMBER SIEBER: It would be shifting as
ti me goes on through this whole thing?

MR. ENDERLI N:  Yes.

MR. TREGONING This is Rob Tregoni ng
Ofice of Research

The other point I'd like to nake we don't
worry so nuch about NUKON with what the underlying
screen | ooks like, whether it's perf plate or wre
nmesh. And largely we don't have to worry about that
because NUKON is so efficient at formng a bed and
capturing regardl ess of the screen paraneters.

Wth CalSil it's a little bit different

consideration. And if for situations that noved to
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potentially smaller hole size that require |ess
bridgi ng di stances, potentially CalSi| would be with
shorter fibers, would potentially have nore of a
chance to clog or forma conplete bed by itself. So
t he exact per plate you tested is certainly nore of an
i ssue when you |l ook at CalSil only loading than it is
wi t h NUKON.

That was just a point that | wanted to
make sure was made.

MEMBER S| EBER: But as the screen starts
to load up, the velocity and the places where it's
thin or there's sonme open spots, would increase
rapi dl y whi ch m ght keep those areas pretty clear. So
the overall size of the screen and the total flow
woul d have beari ng on how nmuch cl oggi ng you got. Wth
just different geonetry you may get --

MR ENDERLIN. Well, there will be head
| oss data in the report and there have been quick
| ooks that have been witten on these for Bill
Krotiuk. But at this tine |'mnot presenting head
| oss data due to the inconplete bed. The nost
significant result was we keep CalSil and we can't
nmake a conpl ete bed. And, again, just to rem nd, our
purpose was to obtain data for developing the

correl ati on.
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So I' mshowi ng sone brief results fromthe
-- we've done four coating tests. On the left hand
side you have the AA material --

MR. KROTIUK: That's an altered coating.

MR. ENDERLIN: And on the left is the zinc
epoxy. | believe that's a two ply coating.

CHAI RVAN WALLIS: Well there's a mixture
of two things, is that what it is?

MR ENDERLIN: Correct. What we had was
t hrough basically screen sieving we refer to as the
guarter inch particulate, which | believe is through
roughly an 8th inch to half inch screen. That nateri al
is referred to as chips. And the other material is
processed, the size characteristic on that have not
been conpleted at this tine. They will be done by the
Naval Weapons Research Center using the sanme nethod
they did for the transport tests.

But on these this is basically a 50/50 by
mass. The AA material or the bed on the left fornmed
a fairly conplete bed but due to the structure of the
chips, you know if you look in it, you can see --
instead of necessarily seeing straight through
channeling when it's forned, you can see that there
are some open paths basically in and around chi ps.

The AA material was rnmuch nore likely,
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especially at elevated tenperature, to adhere to each
ot her and you could see sonme change in its structure
with tenperature.

The ZE material we didn't see any change
or cohesiveness change with tenperature. Again, we
had limted -- |l ess work on that. But the ZE materi al ,
"1l also point out, is denser. So the question is if
| went to the sane vol unme of AA material, would | have
got different results. But for the nass | oadi ngs on

the matri x, we came nowhere near to form ng a conpl ete

bed.

MEMBER SIEBER Did you exam ne the
physi cal characteristics of the chips, like are they
flat?

MR. ENDERLI N:  No.

MEMBER S| EBER:  How t hey woul d stack up or
are they curved?

MR. ENDERLIN. The ZE beds are flat. The
AA, those chips tend to have sone curl. Mich nore has
been done by Anne Fullerton and --

MEMBER SI EBER: Li ke a potato chip?

MR. ENDERLIN: And we're using the sane
material as them so we didn't want to duplicate what
we got from her.

MEMBER DENNING Did you do m xed with
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fibers or are you going to do nmixed with fibers?

MR. ENDERLIN: We have not any with fibers
and currently our testing is conpl eted.

MEMBER DENNI NG  Because it seens to nme
that that's really the issue is the chips mxed in
with the fibers and the inpact on the delta p across
that nore realistic debris bed I think. | mean, the
fact that -- because | wouldn't anticipate a chip only
situation. And now the question is how do you put
t hese toget her.

MR. KROTIUK: The only thing | can tell
you i s that we have not addressed that at this point
in time.

MEMBER DENNING  Well, | think that in--

MR.  ENDERLIN. It was sonething of
interest, it's just in prioritizing the test matrix,
and as Professor Wallis pointed out, at the end of
fundi ng that one hadn't been done yet.

MEMBER DENNI NG Yes. It's interesting if
you | ook at the WCAP that tal ks about production of
how t hey' re goi ng to produce the chem cal debris, they
talk about how to take different conmponents of the
debris and add the resistances together in ways that
| think are clearly erroneous. And so | was just kind

of curious as to howwe think we would do it. But --
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or howthe NRCthinks it will dothat. It has cone up
wi th, you know, when you have m xtures of things, how
you then come up with a resistance.

MR KROTIUK: 1'll address that in the
second part of this.

MR. TREGONI NG Rob Tregoni ng.

| just wanted to clarify a little bit the
phi | osophy behind the coatings test. | think you're
going to hear subsequent to this Carderock work and,
again, the Carderock work built on sonme very early
LANL work where we | ooked at neasuring the
transportability of coating chips vis-a-vis coating
particulate. | think what you're going to see is that
nost of these chips, except for the al kyd systens,
have very limted transportability within the flow
rate reginme that we'd expect globally within a
cont ai nment pool. Now that doesn't nean that there
| ocally m ght be some higher velocity |ocations that
m ght transport this. So that's why we really were
focused on the al kyd system primarily.

Zinc, we did look at a zinc chip but I
t hi nk nmost of us are nore concerned about zinc based
particul ates. And we woul d make the argunment that if
you can predict one particulate, you know the

hydraul i ¢ paraneters, you can essentially use that to
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predi ct another simlar particul ate assum ng you know
the size distribution and the anmount of | oading and
things like that.

So we wanted to | ook at chi ps here and we
wanted to | ook at al kyd chips primarily, because they
t here were concerns that they m ght be pliabl e enough
that even these |arge chips would bend and create a
contiguous bed that would result in relatively rapid
head |oss, even in the absence of a NUKON bed
underneath it. So that's really what these tests were
intended to study to see if coatings by itself,
coating chips by itself could |lead to situati ons where
head | oss was maybe unsust ai nabl e. And there are a few
plants that we are concerned about the anount of
coating debris they mght potentially have in their
sunps. So that's why we | ooked at those cases first,
you know, absence of any NUKON additional filtration
bed underneath that coating debris.

MEMBER DENNI NG  But once again, there are
nore tests that clearly could be done even at this
poi nt, and yet the test program stopped.

MR. TREGONING Again, at this point until
we know how big of an issue for specific plants
coating chips are, it's not clear what a suitable

matri x would be. So you're right. There are certainly
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nore tests that could be done, but at this point we've
chose to try to assess what plant conditions are nost
representative. And then if additional testing is
needed to assess those conditions, we'll revisit that
at that tine.

Do you want to weigh in?

MR LU Ckay. Shanlai Lu, NRR

And the reasons we asked for this two
tests that we want, as Rob just nentioned, we were
trying to figure out whether this coating al one can
form a bed which can cause a significant head | oss.
And anot her reason is we want to study the m xing of
the m xture of the coating chip with other fiber and
the particulates. So that's not the purpose of this
test.

MR. ENDERLIN. The purposes of these
initial tests was to first answer that question.

MEMBER DENNI NG Yes. But | don't see the
guestion will coatings alone block it as being a
particularly inportant question relative to wll
coatings in conbination with fibers totally bl ock --
significantly block it. Because |I think in these
cases where there is fiber there, it's going to be
there. And al nost every plant, even in ny plants,

have a fair anmount of fiber.
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MR LU | think you're right. And from

the testing of the relationship we actually did
observe that we have nmi xed coating chi ps and the fi ber
inthe particulate. So the reason we want to separate
that fromthat m xture i s we want to study whet her the
coating chip alone can constitute in a former bed
which can surprise us. And | think the results is
not .

CHAI RVAN WALLIS: Well, the problemwth
| eaves in plants where they, say, take sugar out of
sugar beets and so on, is that you get enough of them
stacked up, then they conpress each other. And that's
howthe thing clogs up. |If these are flexible of |eaf
i ke coatings, you' ve got a very thin layer here. But
if you had several stacks, then they sort of |ay over
each other, you know, and they sort of block -- you
can imagine how they do it, especially if they can
conpress it alittle bit.

MR LU Well, the object --

CHAI RMVAN WALLIS: |'m not saying that
you're really testing in this experinent. Now these
are pretty hard coatings, they're not coatings that
are like | eaves. They're actually --

MR.  KROTIUK: The alkyd is pretty

fl exible.
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MR. ENDERLIN: Yes, the alkyd by itself

chi ps on the order of over a quarter inch, were able
to roll and pass through the 8th inch holes.

CHAI RMAN WALLIS: Wwell, if you have a
t hi cker | ayer of these things, it mght well be that
t hey --

MR ENDERLIN.  Well, we're about to show
t he head | oss data, and the bed on the left did create
some head loss. 1'd say there's just sone channeling
observed. It wasn't significant. Wat |I'mtrying to
point out is with the debris you can |look from the
top, just a top view

CHAI RVAN WALLIS:  Well, I'mthinking of a
| ayer, which would be, say, an inch thick. That
doesn't look like an inch thick there. A bed which
was quite thick with this stuff |ayered across it. And
it's not randomy oriented. It's oriented so it's
lying flat, isn't it?

MR. ENDERLIN:. Right.

CHAI RVAN WALLIS: And that would tend to
bl ock the hol es.

MR. TREGONING Can you conment on how
many | ayers approxi mately of chi ps nake up sort of the
center of the bed on the left? Have you done any

sectioning at this point or is that still pending?
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MR. ENDERLIN: |'ve got notes,

observations. | wouldn't want to talk off ny head. |
nmean, you know, there are places there are two to
three chips on top of each other. The thing to
understand is if you | ook at the bed on the right, if
you | ooked across it it's very flat.

CHAI RVAN WALLI'S:  Fuller than that.

MR. ENDERLIN: If you | ook at the bed on
the left there's avery 3D, it's a very rough surface.
Ckay. Those chips are not oriented at all |aying
flat. They were chips able to past through. |[|f you
pi cked that bed up, any of the AA beds, you see
material. The NUKON was very clean on the bottom
This has material hanging through the holes. And,
again, we're | ooking at an angle and you can see what
appear to be a few holes, but it's because |'ve taken
it at an angle. |If you | ook dead on, there's one or
two and we're not sure it wasn't in bed retrieval.

The point | was trying to get at is if you
| ook at NUKON or a NUKON Cal Si| | ooki ng down, you can
see there's no channeling. If you see that with one of
t hese beds nade of coatings, then | ook fromthe side,
you can see there are cl ear paths even though fromthe
top. The bridging effect creates a | ot of difference

of where there's holes big enough --
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CHAI RMAN WALLI'S: For a vertical screening

it mght be quite different --

MR, ENDERLI N:  Yes.

CHAI RVAN WALLIS: -- in ternms of the
orientation of these things. And if it were one of
these comercial screens which has all kinds of
strange shapes, you'd have to test that by itself?

MR. TREGONING That's a good point to
keep in mnd. Wen you see sone of the coating data
subsequently with respect to al kyd transport, you'l
see that there's sonme very strong distributions in
terms of -- as a function of thickness where
transportability is nore or less |likely. And | think
that's a very relevant point to consider.

CHAl RVAN WALLIS: Well presunably with
this coating being sheets of stuff, you woul dn't
correlate it with a equation for spherical particles.
You woul dn't correlate it with the usual type of sand
type filter equation?

MR. ENDERLIN:. Right. | mean using the
| eaf exanple fromthe food i ndustry and stuff, you can
get packing fractions that are much higher.

CHAI RMAN WALLIS: Quite different, right.

MR. ENDERLI N:  Yes.

So here again, the blue represents those
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done in ambient 21 degree C. The ZE coating because
it was so inconplete, we didn't take thetine togoto
t he hi gher tenperature. Again, you can see that we see
the tenperature effect of a reduced head | oss and we
still see sone head | oss fromthat AA bed.

CHAI RVAN WALLIS: Well, this seens to be
like the other tests, it's sort of try a few things
and see what happens. It's not a conprehensive
programto establish a nethod of predicting anything.

MR. ENDERLIN: This portion of it.

CHAI RVAN WALLI'S: Ri ght.

MR KROTIUK: Dr. Vallis, | think when
you're tal king about coatings that could be a valid
comment. However, if you notice in one of the figure
that Carl had shown, is that the nunber of tests that
we had run with the CalSil and the NUKON are quite
substantial. So | think we have rmuch nore information
on that.

MR. ENDERLIN:. This is just a brief
overvi ew of sone of the summary of the findings that
we have.

One thing we've seen clearly is that the
| oadi ng sequence or how the material arrives at the
screen and the degree of preparation basically can

dom nate. G ven the sanme debris |oading we've shown
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substantial differences. However, we have shown that
we can control these and get repeatable results and
ook at these different parameters or different
vari ati ons i ndependently.

The NUKON only debris beds, they yield
very repeat abl e beds, repeatable head | osses. They're
i nfluenced by tine of flow \Wat we've seen is that
217 grans neter squared we nade beds | ess than that,
but we didn't | ook for the absolute m ninmum But at
t hat | oadi ng we consi stently get conpl ete debris beds.

W were unable in our testing to get a
Cal Sil to forma conplete bed, although we do have
some significant head | osses fromthose beds.

CHAl RVAN WALLIS:  Wwell, | think Los Al anps
did in one case get a CalSil only bed.

MR KROTIUK: That's correct. Yes. |
remenber readi ng that.

CHAI RMAN WALLIS: So it is possible. And
maybe with smaller sized holes, which are now going
into screen, it would be nore likely.

MR ENDERLIN.  Well, it could be smaller
si zed holes, another function is just a dilution of
the nmaterial. W' ve seen, you know, if you take a
test | oop that has higher dilution fromthe injection

poi nt, we've seen that can have a bearing on making
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DR, LETELLIER  Bruce Letellier of LANL.

|'d have to say that that statenent about
a conplete bed was sonmewhat qualitative in nature.
What we observed was very simlar to PNNL. Wat
surprised us was the fact that the very smal
particul ates could actually bridge the gap. And that
was the first tine it had been observed to induce
substantial head loss. But it wasn't uniformin the
sane sense that the NUKON beds have been.

MR.  ENDERLIN:. Through the optical
triangul ati on we've shown that the bed continue to
contract and relax even with significant nunber of
cycles. So we're not getting to a conpletely, you
know, preconpressed bed that's going to stay at one
hei ght. W' ve been able to take el evation
nmeasurenents for the purpose of the correlation.

For nost cases the head | oss does i ncrease
with increasing tenperature. Again, in our test to
date that hasn't been isolated as a single paraneter
tested so that we can check what the relative
difference is in tenperature. There's always a flow

hi story effect there.

CHAl RMAN WALLIS: And all that we've heard

t oday no one has asked t he question what would it take
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to do enough work to have a predictive tool. You
found out a few qualitative things here, which are
very interesting, but you don't have a way of
predicting the pressure drop for coatings on a screen.

MR. ENDERLIN: Qur scope was to obtain
data for others to work with maki ng a predictive tool

CHAI RVAN WALLI'S:  You sort of tried a |ot
of things and the results are interesting. But NRR
has perhaps learned a few questions to ask of
i ndustry. But you don't have a predictive tool. So any
predictive tool that's going to be used has to cone
fromthese industrial tests?

MR. KROTIUK: Now are you tal ki ng about
for the coatings?

CHAI RMAN WALLI S: The coatings, yes. W
haven't tal ked about your theory yet.

MR, KROTI UK:  No.

CHAl RVAN WALLIS: But for the CalSil, are
you going to give us a predictive tool for the Cal Si
and NUKON?

MR KROTIUK: For the CalSil and the
NUKQN, vyes.

CHAI RVAN WALLI'S:  You're going to give us
a predictive tool for that?

MR. KROTI UK: For the Cal Sil and t he NUKON
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| have --

CHAI RVAN WALLIS:  Are you going to present
that today or is that going to be in the future
soneti me?

MR. KROTIUK: Yes. |I'mgoing to present
t hat t oday.

CHAI RVAN WALLI'S: So you're going back to
your script?

MR, KROTI UK:  Yes.

CHAI RVAN WALLI S:  Ckay.

MR. ENDERLIN: And anot her one, the [|ast
finding that | have listed here, is that the 5 nmesh
screen and the perforated plate for the purpose of the
NUKON, NUKON/ Cal Sil didn't really have any beari ng. W
saw t he sane head | osses for the sanme debris | oadi ngs.

MR. KROTIUK: And just go to the end, |

guess.
Now if we go back to this one we can
cont i nue.
MR. ENDERLIN. Eight in the previous
presentation will be the next slide.

MEMBER SI EBER. That up there says 7.
MR. ENDERLIN: Right. And nowit's 8.
MR. KROTIUK: Ckay. So now "Il talk

about the head loss nodeling itself. And this is
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basically an effort to use the data that is avail able
to cone up with the analytical tool. | based the head
| oss on the classical formof the Ergun Equation. And
it does take into account the conpressibility for --
accounting for theirreversible and el asti c behavi ors.

Now this is inportant. The nethod that
| " ve devel oped uses two approaches to nodeling the
debris bed. One uses a single honpbgeneous
cal cul ational control volume and the other uses a --
breaks the debris bed into two control volunes. So
therefore, it's heterogeneous. But within each of
t hose control volunmes you have a honbgeneous -- it's
consi dered honpbgeneous.

VWhat 1'Il dois I'lIl try to describe the
nmet hod and then show you sone conpari sons with data.

This is -- | wanted to -- had a thought
process here in devel oping the nodels and the reason
why | have a one vol une and a two vol une nodel is that
| tried to ook at the possible configurations of
debris within a bed. And what | could come up is that
there are four basic configurations.

One, you could have a bed that s
conpletely -- in this case these are all fibers and
particles. Let's talk about that first. If we have

a bed that consists of fibers and particles but are
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unsat urated, and what | nmean by unsaturated is that if
you have a mass of fibers that mass of fibers in a
debris bed could only accommpbdate certain mass of
particles. And I'mdefining that as a saturated bed.

MR. ENDERLIN: Interspatially.

CHAI RMVAN WALLI'S: That's not true, though.

MR. ENDERLIN: Interspatially you nean.

CHAI RVAN WALLIS: It depends on how
conpressed the bed is. If you have a very fluffy bed,
you can put nore particles nore in. |f you conpress
the fiberglass, you got Iless space to put the
particles in, presumably.

MR. KROTIUK: Right. But --

CHAI RMVAN WALLIS: so the particles go into
t he spaces in the fiberglass?

MR KROTIUK: Yes. So this is within the
spaces.

CHAI RVAN WALLI S:  Anot her question, which
is if you squashed the fiberglass enough, presumably
you can't squash it any nore, or is that -- | don't
know. Does it yield in some way or --

MR. KROTIUK: The void fraction is pretty
hi gh, so above 90 --

CHAI RMAN WALLIS: It keeps conpressing

forever as you squash it?
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KROTI UK: | don't think so.

MR
MR, ENDERLIN:  No.
MR

KROTI UK:  No.
MR. ENDERLIN. -- can't the drag to the
bed to conpress it. | mean, if we |look at the

pressures --

CHAI RVAN WALLI'S:  You don't have enough
force to do it?

MR. ENDERLIN:. Right. If we |ook at the
bed hei ghts based on -- you know, we've got data for
two at nospheres applied to it.

CHAI RVAN WALLIS: But it seens to ne that
t he saturated concept it okay, but it nust depend upon
-- and if you have a very fluffy bed of fiberglass,
you could put nore particles in there and then you
conpress it --

MR KROTIUK: Right, and it's --

CHAI RVAN WALLIS: But you can't because
the particles are taking the stress rather than the
fibergl ass.

MR KROTIUK: Yes. So the saturation
conditions for the particles in the fiber bed is a
function of the density of the fiber bed. So it's
actually a density --

CHAI RMAN WALLIS: So it's not just one
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mass to mass ratio?

MR KROTI UK: Right.

CHAI RVAN WALLI S:  Ckay.

MR. KROTIUK: It's a density of particles
to density of fibers.

CHAI RMAN WALLI S:  Thank you. Ckay. Ckay.

MR. KROTI UK:  Ckay.

MEMBER SI EBER. At a given conpression?

MR. KROTIUK: At a given conpression.

So let's just look at this first columm
here. So I'mcalling this a honbgeneous unsaturated
bed. And |I'msaying that for this type of condition
you woul d use the one volune approach. And it wll
give us a best estimte nunber. And especially this
approach was al so used for, like, if you have a case

with just all fiber bed, you know, you'd use this case

al so.

What | found is that this will give you
have a mxture -- okay -- let ne just go to this
columm here first and then I'll cone back to here.

For this case I'mcalling it a saturated
condition. This is a case where it's -- you have a
t hi ckness, a debris bed that has particles -- |I'm

sorry. That has fibers in it and it has for its

conditions the maxi mum anmount of particles that can
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be accommodated with this bed.

CHAI RVAN WALLI'S: So a void fraction in
these two cases is very different?

MR KROTI UK:  Yes.

CHAI RVAN WALLI'S:  If you | ook at NUKON by
itself, the void fraction is 97 percent or sonething.
When it's saturated with particles, the void fraction
is presurmably 40 percent or 50 percent.

MR KROTIUK: It is |ower, yes.

CHAI RVAN WALLIS: Very, very different.
That's what nakes the pressure drop so big.

MR KROTI UK: That's correct.

So all I"mjust sayingis that this second
case here is really the limt, you know, as you add
nore and nore particles to the fiber bed, you reach a
saturated condition. And for both of these cases you
basically would -- if you had either of these two
cases, you woul d use the one vol unme approach.

Now, if you had now a case whereby you
had, again, a m xture of fibers and particles, as tinme
woul d go al ong --

CHAI RVAN WALLI S:  Excuse ne. If you had a
gel, you could presumably fill up everything solid.

MR. KROTIUK: That's a possibility. GCkay.

kay. For this case is really sonmewhat of

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

304

a-- thisthirdcase is really a continuation of this
first case. For instance, say you start building the
bed and you have a honogeneous m xture of fiber and
particles. And it's evenly distributed, just --

CHAI RMAN WALLIS: So all the particles,
and you squash all the particles in the --

MR. KROTIUK: So as tine goes along, the
particles squash and you woul d have basically a
saturated | ayer here with fibers on top. Nowthis is
a type of situation where |I'msaying we woul d use the
two vol une approach

CHAl RVAN WALLI'S:  That's a conservative or
thin bed type of anal ysis?

MR. KROTIUK: That's right.

CHAI RVAN WALLIS: That's with all the
particles in one |ayer?

MR. KROTIUK: This is a thin bed type of
anal ysi s.

CHAI RMAN WALLI S: Squash them as nuch as
you can.

MR. KROTIUK: And the nethodol ogy that
devel oped gives you the upper bound of what this
cal cul ation to do.

CHAI RMVAN WALLIS: Isn't it worse to put

the saturated particles in fiber on top of the fibers
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so they squash the fibers, too. It depends which is
on top, how nmuch of squash?

MEMBER DENNI NG I n your nodel does it
make any difference? | understand that you're
t hi nki ng about how it's formed, but does it make any
di fference in your nodel as to which comes first, the
fiber on top or --

MR. KROTI UK: Actuality the way the nodel
is built, the order of this -- you know, whether |
have the fibers on the top or the bottom doesn't
really matter.

CHAI RVAN WALLIS: It doesn't make it how
much is conpressed because if the pressure drops in
the black layer, if it's on top, but then it squashes
the fibers belowit. |If it's below, it doesn't squash
the fibers.

MR. KROTIUK: Yes, but then if you have
the black layer with the particles on top, the
particles will tend to try to migrate to the --

CHAI RVAN WALLI S:  But your nodels doesn't
let themdo that. It legislates that they' re stuck
t here.

MR. KROTIUK: Yes. It |egislates.
Because ny nodel is a conservative nodel to try to

gi ve you an upper bound cal cul ati on.
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And then the fourth condition that
posture could exist would be a case where you
conpletely saturate the fibers with particles and then
you have a | ayer of particles on top. And, again, this
is handl ed by the two vol ume approach.

CHAI RVAN WALLI S: They're cl ose packed or

MR, KROTI UK:  Yes.

CHAI RMAN WALLIS: -- mass the particles on
top?

MR KROTI UK: Right.

Now in the testing that |'ve |ooked at,
and | haven't |ooked at all the --

CHAI RMAN WALLIS: | suppose there's a
wor se case, another case which is you have the fiber
clean and then all the particles. So you have a yel | ow
and a gray. And you put all the particles in one
| ayer and the fibers in another.

MEMBER DENNING The particles can't
penetrate the fibers.

MR. KROTIUK: The particles --

CHAI RVAN WALLI'S: You put the fibers on
the bottomand the particles on top. You can do that,
t 0o.

MEMBER S| EBER: That woul d give --
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MR KROTIUK: That's the third colum

essentially.

CHAl RVAN WALLI'S:  No.

MR. KROTIUK: No. You're saying to have
a case where you have a separation with fibers on the
bottom and the particles on top.

CHAI RVMAN WALLI'S: Ri ght.

MR KROTIUK: | nean, that could be
handl ed by the two vol une approach.

CHAI RVAN WALLI'S: That could be. It's
probably the worst case of all, isn't it?

MR KROTIUK: But | didn't -

MEMBER DENNI NG What is the answer? |Is
it worse or not worse?

MR KROTIUK: |'msorry.

MEMBER DENNI NG If you take all the
particles out, put themon top of the fiber --

MR. KROTI UK: Right.

MEMBER DENNING Is that --

MR KROTIUK: This is the worst case.

MEMBER DENNING -- or is it worst to have
particles interspatially within the fibers --

MR ENDERLIN.  Well, the fourth one would
be --

MR. KROTI UK: The fourth case is the worst
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case.
CHAI RVAN WALLI'S: That's the worst?
MR. ENDERLIN. The packing factor. |If you
think in ternms of spheres. If you have a nono
di sperse, | nean a poly disperse particles, then you

coul d pack those tighter. But if you take fiber with
particles | can get the | ower void fraction --

CHAI RMAN WALLIS: Actually it conpacts
nore than particles al one?

MR. ENDERLIN. Right.

CHAI RVAN WALLI'S:  Ah. Ckay.

MR KROTIUK: So in the testing, as |
said, |'ve tried to identify these at |east four
regimes in the testing that has been done. And |'ve
identified a fair nunber of cases with this situation.
|"ve identified one case that's probably this, and
t hen one that's saturated.

CHAI RVAN WALLI'S:  You could actual |y nake
t hi s happen. You could actually build up one and then
put the other on top of it --

MR. ENDERLIN:. That's the | oad sequence
data that we've showed you

MR. KROTIUK: That's the | oad sequenci ng,
right.

CHAI RVAN WALLIS:  But then you could now
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do it systematically and the | oad sequence before was
just sort of seeing what happens with these things.
Now you coul d deliberately nmake these --

MR. ENDERLIN: The | oad sequence we did
was to deliberately make these.

CHAI RMAN WALLIS: A few points. |I'm
saying if you want to do a conprehensive --

MR. ENDERLIN. Onh, right.

CHAI RMAN WALLIS: ~-- testing of a
correlation, you' d probably want to take, say, the

fourth regime and nmake a 100 data points out of it,

not three.

MR. ENDERLI N:  Yes.

MR. KROTIUK: This is just a review for
what | previously presented. This is basically the

equations, the general formof the equation that |'m
solving the Ergun Equation. Basically it has a
vi scous conponent and a ki netic conponent.

The Vi scous component has t hese
mul tipliersinthemwhich are di mensional pernmeability
functions which cane out of literature. They' re based
on the Happel approach. And the multiplier is a
function of whether you have fibers or particles.

Thi s ki netic approach is, again, taken out

of literature. This multiplier here, which is an
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enpirical Band a C --

CHAI RVAN WALLI'S:  Now we're going to have
such | ow velocities through these screens that it's
goi ng to be viscous.

MR. KROTI UK: Right. And that's what | put
down here on the bottomis that currently | ooking at
the data that |I've had is that this term the kinetic
term really accounts to | ess than 4 percent of the
total pressure drop.

MEMBER KRESS: You need both eta and X or
chi, or whatever that is?

MR. KROTIUK: |'msorry, say again.

MEMBER KRESS: Eta and the void ratio and
porosity, aren't they one-to-one correlated? Do you
need both of then®

MR. ENDERLIN: Are they independent?

MR. KROTI UK:  No, they're not independent.
| f you know one, you know, they're rel ated.

CHAI RVAN WALLI S:  Those are two different
things, aren't they?

MR KROTIUK: One is a void ratio, one is
porosity.

CHAl RVAN WALLI'S: But one is the void
fraction, the fraction of the space occupi ed by

['iquid.
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MR KROTI UK: Right.

CHAI RVAN WALLIS:  And one is a fraction of
t he space occupied by particles versus the fibers or
something, or is it not?

MR KROTIUK: The void ratio is the vol une
of the void over the volunes -- of the occupied
vol unes.

CHAI RVAN WALLI S:  Not sayi ng what ki nd of
solid it is?

MR. KROTI UK: Not what kind of solid it

iS.
CHAI RMAN WALLIS: So X and epsilon R --
MEMBER KRESS: One-t o-one.
CHAI RMAN WALLIS: It's the sane thing?
MEMBER KRESS: No, they're not the sane
t hi ng.

MR. ENDERLIN: They get defined in terms
of each ot her.

MR KROTI UK:  You could define X in terns
of epsilon and vice versa.

CHAI RVAN WALLI S: Ckay. You can. Al
right.

MR. KROTIUK: Yes. |'mjust using both of
t hem

And to review the conpressi on nodel that
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| have, is that as probably saying is, you know,
during testing we have velocity increases foll onwed by
decreases. The assunption that | nade was that for
t he first conpr essi on is a nonr ecover abl e,
irreversible process and all of the further on
conpression are elastic with constant conpressible.

CHAI RVAN WALLI'S: Wi ch nmeans that's when
there's no pressure, the bed is infinitely thick?

MR. ENDERLIN. But there's no water in it
either, so --

CHAI RVAN WALLIS: One over zero is
infinity, sothat's the trouble withthis Pto the end
correlation. It obviously blows up when you get no
pressure drop.

MR. KROTIUK: That's right. But we don't
have that situation.

MR. TREGONING Fortunately that's not the
case.

CHAl RVAN WALLIS:  Well, it does. | nean
if you had it upside down, the stuff comng up from
the bottom You know the bottom-- when it's falling
dowmn from the top, it's own weight squashes it on
them But if it's coming up -- if you had a filter on
top and you're flowing wupwards, then you can

eventual |y get very, very disperse --
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MR. KROTIUK: You | owered the velocity,

yes.

CHAI RVAN WALLI'S:  -fiber bed down there,
which it's barely held up -- it's a fluidized bed.

MR KROTI UK: Right.

CHAI RMAN WALLIS: So it could have a huge
X.

MR KROTI UK: X

CHAI RMAN WALLIS: There's no pressure
essentially until you get enough pressure to begin

conpressing it. So you can have a hugh bed.

You do all these experinents with the
stuff raining down and resting, then gravity makes t he
bed.

MR. KROTI UK: Right.

CHAl RMAN WALLIS: If you do it with
upfl ow, then you have a fluidi zed bed bel ow whi ch can
have a huge void fraction.

MR KROTI UK: That's correct.

CHAI RVAN WALLIS: That's where your P of
zero conmes in, even if particles aren't even touching
each ot her.

MR. KROTIUK: But then | don't think you
woul d be using this approach --

CHAl RMAN  WALLIS: Especially with
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horizontal. | mean, the gravity isn't hel ping you
conpress the bed, then you can have a very fluffy bed.

MR KROTIUK: | nean, for a fluidized bed
you woul dn't be using this type of an approach.

CHAI RMAN WALLIS: Ch, yes, you can use
Ergun to sone extent.

MR. KROTI UK:  You can use Ergun, but this
conpression --

CHAI RMVAN WALLIS: Ckay. Go on. Yes.

MR. KROTIUK: The key thing is that
wanted to point out here is that both of these
equations have this paraneter Nwhich is a material of

CHAI RMAN WALLIS: It's a quarter.

MR. KROTIUK: -- property fromthe --
excuse me?

CHAl RMVAN WALLIS: It's a quarter. |It's
been .2 and .25, isn't it fromthe experinments?

MR KROTIUK: Yes. | calculate it about
. 23.

CHAI RVAN WALLIS: Ckay. Well, you did a
pretty good job.

MEMBER MAYNARD: A quarter is not worth
what it used to be.

DR. LETELLI ER: Canadi an quarter.
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MR. KROTIUK: Okay. Now in order to do

the calculation there are certain paraneters | need.
One is the one that | just spoke about was N, which
the material parameter. The other thing is that I
have to have an initial starting bed thickness for the
calculation. | have to know the debris materi al
properti es.

CHAI RMAN WALLI'S: There's no pressure drop
or what ?

MR KROTIUK: ['Il define that in a
m nut e.

CHAI RVAN WALLIS:  Well, it will be at sone
pressure drop.

MR KROTIUK: Yes. It will be at a given
velocity. | say at .1 foot per second.

And then | have to have ny naterial
properties. This could be densities of the solids and
all, and specific surface area. Nowthis for the
debris, this would be calculated fromthe test data.

| have to know ny material masses on the
bed itself. In other words, the debris nasses that are
in the debris bed for Cal Sil/NUKON.

CHAI RVAN WALLIS: Is a bed which is forned
by rai ning down on to gravity the same as a bed which

is formed by particles arriving in a flow?
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MR. KROTIUK: |If you have a --

CHAI RVAN WALLI'S:  The structure the sane?
| mean because sone of these beds are forned by
putting in a screen and letting stuff rain dowmn onits
own weight, right?

MR, KROTI UK:  Yes.

CHAI RVAN WALLI'S:  Just like a snowfall?

MR, KROTI UK: Sur e.

CHAl RMAN WALLIS: And it's not clear to ne

that those particles raining dowmm with a particul ar
orientation they take are going to be the sanme as
taki ng, say, a vertical one and letting flowdrive the
particles in. They may cone in this way instead of
t hat way.

MR. ENDERLIN: | nean it depends on the
vel ocity you're using.

CHAI RVAN WALLI'S: | nean, you rmake quite
a different structure depending on how it's mnade.

MEMBER KRESS: Well, do you want a
particle fraud nunber to --

CHAI RMAN WALLIS:  No. This --

MR ENDERLIN:  Well whether it's
stratified flow and whether you' re exceeding the

settling velocity. You're letting it rain.

CHAl RMAN WALLI S: No, it's the orientation
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of the particles.

MR. KROTI UK:  Yes. But dependi ng upon the
vel ocity, the way you can --

CHAI RMAN WALLIS: If a particle like this
under gravity it tends to fall like this.

MR. ENDERLIN. Right.

MR KROTI UK: Right.

CHAI RVAN WALLIS: If | have a particle in
aflow it tends to conme this way. The flow orients
-- does it orient it this way.

MR, KROTI UK:  Correct.

MR.  ENDERLIN. But if you do the
hori zontal flow with a high enough velocity --

CHAI RVAN WALLIS: |I'mjust saying that the
bed may form differently depending on whether it's
formed by gravitational settling or by the flow
bringing the particles in.

MR ENDERLIN. Correct. But | mean it's
a function of basically the velocity and the flow
regi e.

CHAI RVAN WALLIS: The flow tends to take
the particles to the places where there are holes,
t 0o.

MR, KROTI UK:  Yes.

CHAI RMAN WALLI'S:  \Whereas gravity doesn't
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do that.

VR. ENDERLIN: Yes. If they're
stratified, it'll be conpletely different also.

CHAI RMVAN  WALLIS: There's somet hi ng
di fferent about making a bed froma flowthan there is
making it fromjust laying --

MR ENDERLIN. | don't think it's vertica
and horizontal as nmuch as the flowconditions at which
you - -

CHAI RVAN WALLIS:  well, | --

MR KROTIUK: Yes, | think the flow
conditions --

MR.  ENDERLIN:. There are sone flow
conditions in a horizontal -- in a vertical screen
hori zontal pipe you can't get to froma vertical flow
pi pe.

MR KROTIUK: Yes, there are variable --

CHAI RMVAN WALLIS: IF they're not round
particles, then all beds aren't the sane.

MR ENDERLIN: Correct.

MR. KROTI UK: The ot her paraneter that |
wanted to know is what | defined previously was the
saturation condition for a particle concentration in
a fiber bed.

And t he ot her coment |'mgoing to make i s
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t hat because the kinetic termwas so snmall relativeto
the head loss is that | haven't concentrated too nuch
on determning the factors for B and C because of the
relative small magnitude of their conponents of the
pressure | oss.

MEMBER KRESS: And that neans you' ve
ignored then? 1S that what that neans?

MR. KROTIUK: | didn't ignore them but I
just used the values that were published in
literature

Ckay. First, using the Series 1 test
data, | have not | ooked at the newtest data that Car
had alluded to, is that again, N is .23 which is
consi stent with what was previously said.

CHAI RVAN  WALLIS: What | got for
fibergl ass?

MR KROTI UK:  You know, | don't renenber.
It's around there, though. |It's around there. Maybe
it 225, | don't know.

CHAI RVAN WALLIS: Well, okay. C ose
enough.

MR KROTIUK: Now I have to have that
starting point, as | said. So | defined a starting
point as a bed thickness of essentially .1 foot per

second. And using the data that | had again, for just
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the Series 1 tests, | have to factor in the Series 2
tests and 1'Il nodify this. And then using just a
basic definition for voidration, whichis essentially
the same thing -- you know related to porosity, you
could cone up with arelationship for tat initial bed
t hi ckness of this fashion, which uses the nmass of say
in this case NUKON and Cal Sil and the density of
Cal Sil and NUKON and the flow area of the screen
itself. And then there's two enpirical factors which
| call Xy @and Xo5,- And if you | ook at the data,
you could come up with the conclusion that X g and
Xeasy are these nunbers, 12.% and 19. 1.

And, again, this is just based on the
dat a.

CHAl RVAN WALLIS: And it's best to use a
reference length which depends on the mass of the
stuff?

MR KROTI UK: Right.

CHAl RMVAN WALLIS: Right. That's the way to
do it.

MR KROTIUK: So that's what that is.

CHAI RVAN WALLIS: Not to try to do it by
nmeasuri ng sonething or as nmanufactured or anything
l'i ke that.

MR. KROTIUK: Right. The other thing is
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is now -- was the material property itself.

Looking again, this is just my current
assessments using the Series 1 test data, is that for
the NUKON fibers | cane up with a value for S, of
176,000, Conparing it to the NUREG 6874 the previous
value 171,000. So for NUKON fibers that's pretty
cl ose.

CHAI RVAN WALLI'S: That's pretty okay, but
the Cal Sil varied all over the place?

MR, KROTIUK: Right. And that's the
second colum here. The CalSil, the reconmendation
was somet hi ng of 600, 000 feet to the mnus one if you
had a m xed debris bed and for a thin bed it was
recommendi ng - -

CHAI RVAN WALLI' S:  That was just taking the
wor st case they got as a conservative val ue?

MR KROTI UK: Right.

Now, again using the data | calcul ated
what t he val ue shoul d be for the Cal Sil particles, and
| cal cul ated a nunber around 179, 000.

CHAI RVAN WALLIS: Maybe this 880,000 was
because they had nonhonpbgeneous bed?

MR. KROTI UK:  That woul d be ny suspi cion.

CHAI RVAN WALLIS: And they treated it as

if it were honpbgeneous.
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MR. KROTI UK:  That woul d be ny suspi cion,

yes.

And then |' mbasically for any fibergl ass
fibers inthe CalSil, I'"musing the same nunbers for
t he NUKON fibers, which was consistent for what was
previ ously done.

The val ues for the material densities are
basically the sane as was previously deterni ned.

CHAI RMVAN WALLIS: What do you do for

al um num oxi de hydr oxi de?

MR KROTIUK: | haven't |ooked at that
yet.

CHAI RVAN WALLI S: Maybe you can't treat it
this way.

MR. KROTI UK:  You might not be able to,
yes.

DR. LETELLI ER. A question. Bruce
Letellier from LANL.

Bill, how do you rationalize the
recommendati on that the NUKON fi bers have the sane
specific surface area as the Cal Sil given that they're
just radically different physical forms. | nean, when
| think about the flow path, the hydraulic surface
area basically, | have a hard tine i magi ni ng that they

have the sane effective netric. Do you have any
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t houghts on that?

MR. KROTIUK: | noticed that nyself,
Bruce. And at this point | don't, and I was hoping to
address that after | |ooked at the rest of the data
t hat was avail abl e.

MR. ENDERLIN: The thing to renenber is
that we're not as manufactured. He's gotten these off
t he experinental data. So our degree of preparation
has a bi gger influence.

DR LETELLIER: |I'mjust thinking about
t he SEM photos that we see of raw Cal Sil is such a
conpl ex surface. | nean, perhaps it's a very valid
concl usion of the data that the effective drag surface
t hat really participates in the flow just
coincidentally |ooks very much like fiber. But
physically they |ook drastically different. So |'ve
al wvays wondered nyself just how nuch of that visua
porosity effects the drag coefficient.

MR. KROTI UK:  You know one ot her thing |
was thinking of doing also is, you know, one of the
reasons | had Carl run that case with the all CalSi
bed is because | wanted the data with an all CalSi
bed to really give ne a good handle on what this
nunber was. But with the bypass hose that devel oped,

again, | haven't |ooked at that data in detail, but |
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don't know whether 1'll be able to --

CHAI RVAN WALLIS:  This is the nunber that
correlates your data, is that what it is?

MR KROTIUK: That's the nunber that
correlates the data, right?

MR TREGONING It correlates to the
Series 1 data.

MR. KROTIUK: The Series 1 data, right.

MEMBER KRESS: As best | renenber that
specific surface area wasn't really a ratio of the
volume to the -- area to the vol une.

MR KROTIUK: It's really not. It's
really nore of a --

MEMBER KRESS: You' ve backed it out of the

data --

MR. KROTIUK: That's right.

MEMBER KRESS: And it wasn't really that
ratio. It was somewhat related --

CHAl RVAN WALLI S:  What ever the coefficient
isin the --

MEMBER KRESS: \Whatever the coefficient
was, yes.

DR LETELLIER  But on the other hand it
has to be related to the flow area divided by the

wetted paraneter or volunes to area ratio.
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MEMBER KRESS: It's sonething like that.

DR LETELLIER So there is an associ ation
with an effective length scale.

MR. ENDERLIN. The thing to always keep in
mnd i s when you' ve got the porus nedia is what
fraction is actually --

DR LETELLIER  Exactly.

MR. ENDERLIN:. -- flow passing through.

DR, LETELLIER. Exactly. And, Bill, if you

MR. ENDERLIN. The hypothetical is that
you have 100 percent, all particles see flow

CHAI RVAN WALLI' S:  Kind of an indication of
the inverse of the particle size, isn't it?

DR, LETELLIER. The effective size, yes.

CHAI RVMAN WALLI'S: Ri ght.

DR LETELLIER  The hydraulic diameter
essentially.

MR. ENDERLIN: And from experinental data
it's showmn that it can have an effect.

DR LETELLIER | think the better
conditions for nmeasuring that m ght be a packed col um
under Darcy flow, just |ike they do geol ogi ¢ sanpl es.

CHAI RVAN WALLIS: So we're going to nove

along now and you're going to convince us that
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everything is fine.

MR. KROTIUK: To suggest with regard to
the material nasses in the debris bed, this is just
again fromthe Series 1 data and | think you' ve seen
this before, is that this for instance on the NUKON,
this is the kilogranms per neter squared that were
added to the loop and this was actually put into the
bed, and then this is for the CalSi|l values also
These are all NUKON tests. These are NUKON Cal Sil.
Again, this is all Series 1. And it just shows that,
for instance, the CalSil, not all the CalSil that is
added to the loop is deposited into the bed.

A larger fraction of the fiberglass does
get deposited into the bed.

CHAI RVAN WALLI S:  Ckay.

MR. KROTIUK: Let' see now. This is ny
saturation correlation. And as | previous indicated
and as Dr. Wallis has indicated, this is kind of an
ef fect that was observed is, you know, called the thin
bed effect.

This is nmy correlation, it's conpletely
enpirical. It was devel oped using the Series 1 data.
And it relates essentially the density of the NUKON i n
t he debris bed volune to the density of the CalSil in

the --
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CHAl RMAN WALLIS: This is the nmaxi num

density possible, is that what it is?

MR. KROTIUK: This is the nmaxi mum density
possible that | was able to determ ne using the text
data fromSeries 1. | want to expand this to include
the Series 2 data, but | haven't done that yet.

CHAI RMAN WALLI' S: Those are things cubed
or isthat a 3 and 2 are sub --

MR. KROTIUK: That's a cubed square --

CHAI RVAN WALLI S:  They' re cubed?

MR, KROTI UK:  Yes.

MEMBER KRESS: That's just a --

CHAl RVAN WALLIS: That' the cube -- it's
a curve?

MR. KROTIUK: [It's nothing nore exotic
t han that.

CHAl RMVANWALLI S:  Dinensionally, could all
t hese things have di mensions --

MR. KROTIUK: Yes, might. So this is al
done wusing netric dinensions, Kkilograms per neter
squar ed.

CHAI RVAN WALLI S:  Ckay.

MR. KROTI UK:  And just to show you what it
| ooks like when | plot it up, the red here is the

actual data or what | determ ned was fromthe data.
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This is the curve fit line. And | tried to develop a
curve fit that gave nme an upper limt. So this curve
fit includes the data, plus or zero mnus 4 percent.

CHAl RMVAN WALLIS: To go through the
origin?

CHAI RMAN WALLIS: This is postul at ed.
|"ve only had the data up here. And | just do that
there because | -- with the Series 2 test data | wll
have data down in this area, but | just plotted it up.

CHAI RVAN WALLI S:  Ckay.

MR. KROTIUK: This solid line is really
the only data | have right now.

CHAI RVAN WALLI S:  Ckay.

MR. KROTI UK:  Now what |'ll do now conpare
sone of these calcul ational nethods, two cases that
|"ve chosen fromthe Series 1 tests. |In the process
for the NUREG report itself to look at the Series 2
test al so.

The Series 1 tests were only run, as Car
had mentioned, with the nmetal screen. But the Series
2 tests were with the perforated plate. But as Car
observed, there was a mninmal difference between the
results of the two, you know, was observed during
testing.

CHAI RMVAN WALLI'S: Particles saturated by

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

329
density is pretty low, isn't it? | nean if they were
cl osely packed particles and the density is bigger
t han water?

MR KROTIUK: | nmean it's not |ike soneone
said --

CHAI RVAN WALLI S:  You woul d expect to get
a density of 1,000 or something |ike that.

MR KROTIUK: Yes, but it's not |ike a--

CHAl RVAN WALLI S:  For a sand bed, a sand
bed would have a density of a 1,000 or sonething,
wouldn't it? And it's 2.5 material density and a void
fraction of .4, it's going to have a density of 1500
kil ograns per -- a sand bed. You try a shovel full of
sand, is heavier than water, so -- sothis stuff isn't
very conpacted, is it?

MR KROTIUK: Fromthe data this is what
you - -

CHAI RMAN WALLIS: So it's not very
conpact ed?

MR. KROTIUK: It's not conpacted. This is
pretty large void in it.

CHAI RMAN WALLIS: Still a large void
fraction. Okay. Wat's the void fraction of raw
CalSil? | mean, the stuff that | had in ny hand that

was the piece of insulation didn't seemto have a void
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fraction of --

MR. ENDERLIN:  Much hi gher when it's wet.

CHAI RVAN WALLI' S: Much heavier than this.
It was nuch heavier than this, wasn't it?

MR. ENDERLIN. The dry Cal Sil, no, not at
all. \Wien you -- if you prepared it by the notor and
pestle and wet it --

CHAI RVAN WALLI S:  Just pick it up. Pick up
a piece of CalSil insulation. Wat's it's density?

MR. ENDERLI N:  Not hi ng.

CHAI RVAN WALLI'S:  Much nore than this.

MR. ENDERLI N: No, I'mnot so sure on the-

CHAIl RMAN WALLI'S:  You're not. You say
it's that light.

MR. ENDERLI N:  Yes.

CHAIl RVAN WALLIS: Wwell, okay. W should
nove on. But | guess we can think about it. | think
you know what it is sonmewhere --

MR. KROTI UK: Ckay. |'ve chosen one test
which is a NUKON only bed, so this is a bed that was
run for its Series 1 that has --

CHAI RVAN WALLIS: By itself?

MR KROTIUK: Al by itself. Just NUKON

by itself.
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CHAl RMAN WALLIS: Wwell, that should work

out .

MR KROTIUK: This is the data in bl ack.
And the solid black line is the initial conpressions,
so the first velocity increased. The dotted |lines are
t he subsequent velocity transients.

The pink line here or red line is the
results of the one volunme nodel --

CHAI RMAN WALLI' S: The hysteresis?

MR KROTI UK:  Excuse ne?

CHAI RMAN WALLIS: You can predict the
hyst eresi s?

MR. KROTIUK: To a degree |I'mable to do
t hat .

CHAI RVAN WALLI'S:  How do you do that? |
nmean, that's not in your theory.

MR. KROTIUK: It is the theory because of
the conpressibility function.

CHAl RVAN WALLIS: But then doesn't it
bounce back to where it was before.

MR KROTIUK: Not for the first one. If
you renmenber, the equation for the first one is one
cycle. The first cycle is --

CHAI RVAN WALLI'S:  You don't let it bounce

back?
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MR, KROTI UK:  Yes.

CHAI RVAN WALLI S:  Ch, okay.

MR. ENDERLIN: After the first cycle.

MR. KROTIUK: So, | nean, the match up is
afairly good match up between the predictions and t he
text data for this case.

| just put here for conparison, thisis a
NUREG 6224 correl ati on usi ng t he same i nput paranet er
And it significantly wunder predicts the neasured
pressure drop.

MEMBER DENNI NG Do you know why? | nean,
| know the conpression is part of it, but certainly
not down at these |ow approach velocities. Wy
doesn't the NUREG predict better?

MR. KROTI UK:  You know, you're not the
first one who has asked that of me, and |"'msorry |
haven't gone back and taken a |l ook at this, so | can't
answer that question.

MR. ENDERLIN. Well part of it, it relies
on the manufacturer as manufactured link goes. It
don't seemto namke any sense.

MR. KROTIUK: One of the things that I
could say, and let nme just go to the next graph, this
is the debris bed thicknesses as a function of a

velocity. The black here is the data and the red is
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t he one volune nodel. And these are the predictions
for the NUREG

CHAI RVAN WALLI'S:  The NUREG is way off or
significantly off.

MR. KROTIUK: So if you're significantly
of f in your thickness, you affect your pressure drop
significantly.

CHAI RVAN WALLI'S:  Well, NUREG has a bogus
t heory anyway, and it makes dependent on the gradi ent
instead of the overall stress.

MR KROTIUK: So | nean so the thickness
is very related to the pressure drop. So this is
probably sone indication.

Now t he ot her case that | want to | ook at
is the NUKOV Cal Sil bed, and | choose one case there.
And for this case | have here in the solidlineis the
nmeasurements fromthe test data. The blue line is the
one vol une nodel predictions and the pink [ine is the
two volume nodel prediction. And this is what |I'm
trying to --

CHAI RVAN WALLIS:  One volune is a short of
| ower bound and the other is --

MR. KROTI UK: Exactly. Because that
assunmes that you have a honbgeneous situation. So

that gives you the | ower bound. And ny postul ation
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here is that when the testing was started you had
somewhat of a honbgeneous situation. As time went
al ong and you went t hrough the velocities cycling that
you started to nove -- change the conposition of the
bed itself and the particles started to redistribute
t hensel ves in the fiber and you started to approachi ng
a two volune type of situation or the condition that
| assuned for the two volunme situation. So in that
situation you're approaching this two vol une nodel

So what I'mtrying to indicate here is
that the one volune and the two vol une approach give
you the upper and the lower |limt of the expected
pressure drops.

CHAl RMAN WALLIS: |If you wanted to be
conservative, one could say always say a two vol unme
nodel ?

MR KROTI UK: That's correct.

Then finally just --

CHAI RVAN WALLI'S: | think industry clainms
that they're getting pressure drops nmuch | ess than
predi cted by the NUREG report.

MR KROTIUK: | can't comrent on that.

This is for the NUKOV Cal Sil bed. This is
t he conpari son of the nodel predictions with the test

dat a.
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CHAI RMAN WALLIS: Is this for a |l ayered

bed, two | ayers?

MR KROTI UK: Right.

CHAI RVAN WALLIS: Al right. Wll, you
got a new degree of freedom you can presunably
predi ct nore things.

MR KROTI UK: Well, because | have a two
vol ume nodel .

CHAI RVAN WALLI'S:  You can assune different

anounts in different parts of the bed and so on.

MR KROTIUK: Right. | nean if you -- one

of the things that we are doing also and as part of

the testing is that Carl is sectioning, and he
nmentioned this in February. W are doing section of
beds to actually | ook at the relative distribution of
the particles in the fiber beds. But we don't have
that data yet to report.

So the summary is i s that one vol une nodel
coul d provide the best estimate for a honbgeneous bed
and the two volunme nodel will give you the boundi ng
case for a heterogeneous bed.

And then |'mgoing to be using the Series
2 data to essentially optim ze the paranmeters that |
spoke about --

CHAI RMVAN WALLIS: In this -- where they
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got two orders of nmagnitude. | didn't see any two
orders of magnitude in your graph

MR, KROTI UK: Wi ch?

MR. ENDERLIN: The del ay test.

CHAI RVAN WALLI S: That blue spot. The
bl ue spot was at a 100 tinmes bi gger than what you get
nmy extrapol ati ng the honogeneous bed, it was a factor
of 100. You have a factor of 2 or sonething by making
it --

MR. ENDERLIN:. For the cases anal yzed.
The question is --

MR. KROTI UK: For the cases anal yzed.

CHAI RMVAN WALLIS: For the cases you're
anal yzing. But interesting ones are the ones are the
pressure drop is hugely different.

MR. KROTIUK: Well, | could tell you that
| didn't report it here, but I did |look at the case
that | said was a Series 2 case that | believed that
had the particles essentially on top of the saturated
fiber particle layer. And in that case it conpletely
bl ocked up the test. In other words, there wasn't
essentially any flow that could go through. The
pressure drop was very high. And ny cal cul ati ons show
that the pressure drop is very high for that case

al so. But, again, | haven't finished the assessnent of
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all that.

CHAI RVAN WALLIS: Well, | thought that
they were able to -- you can't make it honbgeneous
t hen because you've got too many particles.

MR KROTI UK:  You can't. Yes, there's too
many particles. You can't nake it honbgeneous.

MR. ENDERLIN. Well, if you go to a | ower
ratio.

MR KROTIUK: |If you go to a | ower nass,
yes.

MR. ENDERLIN: You get a |lower ratio.

CHAI RVAN WALLI' S: The graph with the bl ue
square up here.

MR. KROTI UK: Right.

CHAI RVAN WALLIS: Was for the sane upper
ratio.

MR. ENDERLIN. That's a 50 percent. Yes.
That's a 50 percent Cal Sil to NUKON.

CHAI RVAN WALLIS: Al right. And that's
not saturated

MR ENDERLIN. And what we saw is a
significant difference is if we were at a 25 percent
Cal Sil to NUKON.

MR, KROTI UK: But the key thing is is that

| will be | ooking at those cases.
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CHAI RVAN WALLIS: You'll be | ooking at

that stuff nore.

MR. KROTIUK: | just haven't conpleted al
that work yet.

CHAI RVAN WALLI S: Because are you stil
going to Kkeep doing this work?

MR KROTI UK: For the next two nonths or
so to finish all the assessnents, yes.

CHAI RVAN WALLIS: Then you're going to
wite a report which we can see?

MR. KROTIUK: The report is -- I'll have
the final report available in Cctober.

MEMBER DENNI NG Now if we had sone rea
concept of what was going on with chem cally produced
gel s you could include themin your nodel presumably?

MR KROTIUK: If | had sone information
t here.

MEMBER DENNING  Are you giving sone
t hought to what that mght be? | mean | think this
nor ni ng we were struggling with just what the physi cal
nodel really is of what's happening with it.

MR KROTIUK: Well, | mean | think that if
you think about it, you mght be able to include it.
But | haven't really given nmuch thought about doing

that right at this point in tine.
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MEMBER DENNING Well, it mght be

interesting to think about.

CHAI RVAN WALLIS:  Well, we've got a letter
fromthe EDO. W wote a letter saying that it was
unrealistic to stop research in spring of 2006 because
of the unanswered questions that were still there. And
he wrote back and said t he devel opnent of these sorts
of nodel s, predictive tools, was for the future and in
order to get tinely resolution of GSI-191 we didn't
need that sort of thing. But you seem to be stil
working on it.

MR. KROTIUK:  Well, up until -- for the
next couple of nonths, yes.

CHAI RVAN WALLI'S: So rmaybe you will get
some predictive tool. 1It's not going to be sonething
that's way in the future. Maybe just be a couple of
nont hs away.

VR. KROTI UK: At | east maybe for
NUKON Cal Sil, where there could the extrapol ati on of
sonmet hing el se may be questi onabl e.

MR. TREGONING And again, the jury is

still out on how well we're going to be NUKON and
Cal Sil. | think we've been encouraged so far by sone
of the work we've seen that Bill's done and Bruce as
well. We didn't present this today, but there's also
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sone correlation --

CHAI RMVAN WALLI'S: Now i s industry doing
something simlar or what are they doing? Are they
just going to use the NUREG 6224 or sonething or are
t hey doi ng sonmething simlar?

MR LU | think they stay away fromthe
correlation relevant work. Mst of the |icensee
design to perform prototypical at |ast testing. So
t hey consider that that pass is very difficult.

CHAI RVAN WALLIS: So they're not going to
do this kind of thing? They're going to rely on the
test?

MR. LU Yes. There is only plant which
relies on the NUREG CR-6224 wth plant specific
correl ati ons devel oped and al so with very conservati ve
assunption on the debris distribution on the strainer.
That's the only plant that we saw in our pilot audit

CHAI RVAN WALLI'S:  Well, what the industry
is going to do is not really going to nake use of
t hese research results. They're going to do their own
tests and use those results to predi ct what happens in
the plant. 1Isn't that what they're going to do?

MR LU Yes.

CHAI RVAN WALLI S:  Ckay.
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MR LU You're correct.

MR. TREGONING Let ne clarify that, and
| think Shanlai mght want to junp in.

It's really vendor specific. Certainly a
| ot of the vendors are doing these prototypical tests,
but I know at | east one group is conducting a | ot of
t hese cl osed vertical |oops --

CHAI RVAN WALLI S:  Yes, because | read sone
of those things and it |ooked as if many of these
groups had this huge sort of roomwith a flune and al |
that stuff. But they also had bench top tests. So
t hey had sonet hing that | ooked very rmuch |i ke t he LANL
or Argonne tests with a |loop and a 6 inch dianeter
thing. So they're probably doi ng fundanmental work as
wel |, they just haven't shown us. But they could try
to do the sanme thing as these guys are doing. But we
haven't seen any results of that.

MR. LU  Yes. They do have a | oop, a
vertical loop very simlar to Argonne test |oop. And
actually that's their plan to study the chenica
effect of head loss. And a bunp up factor on top of
the prototypical head loss testing. So it's not
geonetrically the shape of the conplex geonetry of a
strainer the head |oss data, the neasure for the

normal -- they are going to add up a bunp factor. And
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based on a test loop and sinmlar to the --

CHAI RMAN WALLIS: They got a factor of
safety sort of thing, you multiplied it by --

MR. LU No, no. The four chem cal effects
to address --

MR TREGONING So it's essentially a
mul tiplier.

MR LU Yes, the nultiplier, right.

CHAI RVAN WALLI S:  Ckay.

MR. LU. But by the baseline the head | oss
is not based on the correlation.

CHAI RMVAN WALLIS: The safety, you say
there's going to be a factor of two nore to that --

MR LU That's right. That's right.
You're right.

CHAl RMVAN WALLIS: Ckay. So we should
probably nove on then. [|I'msorry we're taking so
long, but it's very interesting.

Are you going to reach a concl usi on now?

MR KROTIUK: No. That's it.

CHAI RMAN WALLIS: That's it? That's it?

Vel |, you' ve come sone di stance since you
| ast talked to us, and that's very good. Thank you.

This going to go in the open literature

sonme day?
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MR, KROTI UK:  Yes.

MR, TREGONI NG  Yes, NUREG

MEMBER KRESS: You could also put it in a
j ournal .

CHAl RVAN WALLIS: That's what | neant.
That's what | nmeant, put it in a journal.

MEMBER KRESS: | think it's worthy of a
journal article.

Now you fol ks were here last tine we net
with you. Are you going to tell us something new this
time? Well, introduce yourselves and go ahead.
don't think we'll take a break. W'Il| just go on.

MR GEIGER H . My nane is Ervin Ceiger
I'mwith the Ofice of Research. Wth me is Anne
Fullerton with the U . S. Naval Surface Warfare Center.
And they're the one that's conducting our research on
the transportability of coatings.

W were here in February and we presented
a pretty good test outline and also presented somne
prelimnary observations as a result of the testing.
And today what we're going to do is just do a brief
overvi ew of the programfor those who weren't here the
last time. And then we're going to present some new
i nformation.

The research is the transportability of
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coatings. And the objective was to characterize the
transport behavior of coatings in a water under
stagnant and uni form fl ow conditions.

Agai n, the notivation was that the current
safety evaluation assunes that all wunqualified and
failed qualified coatings transport to the ECCS sunps.
And what we were trying to do is cone up with a nore
realistic assunption.

And al so the background is that currently
nucl ear power plants have had a nunber of incidents of
failed coatings qualified and wunqualified which
pronpted wus to evaluate what the transport
characteristics are.

The intended use of this test program or
the results will be to provide information to aid
staff to assess the license's responses to Generic
Letter 2004-02. And also it's for plant-specific
anal yses of coatings debris transport.

That is the testing that was conpl et e back
in January and the report is currently in draft form
ready to be issued for review

The schedule is that we are right now
planning to issue this for publication in early fall.

Reviewing the research concept. Wat

we're doing is characterizing the transportability of
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coatings. And we're |ooking at different coating
systens. W | ooked at five coating systens which were
representative of coatings that were found in
cont ai nment buildings of U S. nuclear plants.

W tested debris size ranges from2 inch
down to 1/64th inch. Sort of captured the size range
anti ci pat ed.

Debris shapes, we |ooked at the shapes
t hat we generated were randomin their outline, but we
tested flat chips and also in a curled condition to
simul ate chips that m ght have curled off the wall.

We | ooked at different densities. The
al kyd was froma density of near 1 gramper, | guess,
centineter to the heavier zinc epoxy systens and the
we tested a 6 coating epoxy system

We | ooked at debris thicknesses. That
again, we |ooked at a one coat, about a 3 m | alkyd
system and then we also |ooked at a six coat epoxy
system

And we |looked at a range of water
velocities fromzero up to 1 1/2 feet per second.

W tested, like | said, we tested five
coating systens. W did three qualified and two
unqualified. W had a zinc priner with two epoxy

topcoats. W call that a ZE systens. W |ooked at an
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epoxy primer and the epoxy topcoat, which is the E2.
And then we | ooked at a concrete coating systemwhich
consi sted of a epoxy seal er and epoxy surface and two
epoxy topcoats.

The unqual i fied systens were an epoxy Si x
coat application. The epoxy itself was qualified, but
the 6 coat systemwas not. That was to sinulate
conti nued nmintenance painting wthout renoving the
previ ous coats.

And we al so did an epoxy -- oh, |'msorry.
An al kyd t opcoat, which was just a single layer. That
al kyd, that's the one that was also tested at the
other tests. And that is a very -- it is alnost like
a cell ophane body to it, so it's very pliable.

Test overview. W did two types of tests.
W did a qui escent test, which consisted of atinme-to-
sink test. And we tested for an incipient velocity
whi ch was the tine required for debris that we dropped
onto the surface to actually break the surface and
start to sink. That was to see how long, let's say
after the accident a chip fell on the surface, how
long it would take for it to sink.

CHAI RVAN WALLIS:  The chip it's washed off
the wall it's not as if it has to get wetted when it

falls into the sunp, is it?
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MR CEl GER: Yes.

CHAI RVAN WALLIS: It's probably ready to
sink by the tine it's been washed down the wall in a
stream of stuff?

MR GEIGER It depends. Wll, you could
have two. The failure is nore. One, it could be
washed down by the spray. And also, just fromthe --
if you can imagine in a LOCA just the occurrence of
steam of things noving it could fall fromthe wall.

CHAI RMVAN WALLIS: But if it's being
carried in the flow, it's already essentially broken
the surface, hasn't it?

MR GEIGER If it's carried in the flow,
yes. And we have also did tests where what we did is
we wetted it and tried to see what happened. And we
found that sonme cases the wetting, theinitial wetting
did not really influence howlong it took to sink.

Then we did bulk. W neasured tine, how
long it would take for the bulk or 80 percent of the
debris to sink.

And then we did a termnal velocity test
where we pl aced t he chi ps underneat h t he wat er surface
and just timed what the velocity was, the tern na
velocity. And that was so we could sort of calculate

how | ong a chi p that was under the surface, let's say,
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woul d be sinking depending on a certain velocity how
far it woul d go.

And then we did a transport test where
first we did a tunbling velocity test. W wanted to
see what type of velocities it would take to actually
start a chip noving that was resting on the floor
That was an i ncipient tunbling velocity test. And t hen
at what velocity would 80 percent or nore the chips
nove along the floor. And that was the tunbling
vel ocity test.

And based on those nunbers then we based
our steady-state velocity test, the observations we
had during that test.

And so what we |earned was, the first
observation that we nmade was that at up to .2 feet per
second very little of the coatings actually exhibited
any tendency to transport very far. Okay. Actually
to the end of the flume. And so we did a test that,
we initially were going to test at .1 feet per second,
but what we're looking for is to try to get a nore
upper bound nunber that could be used. You know, the
hi gher the velocity it would be, the easier it would
be for plants and us to | ook at water velocities and
less with transport. Less plants woul d have a probl em

| shoul d say.
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And then we | ooked at how far they would
transport at the tumbling velocity. And these were
tests just by placing the coating chips imediately
under the surface into a noving stream and then
observing how far they travel ed down the flune.

And with that, | guess I'll |et Anne
di scuss sone of the testing specific.

M5. FULLERTON: Ckay. W showed this the
last tinme. This is just to review the different
coatings and sizes that we tested. As Erv said, we
went fromthe 1/32nd to 1/64th inch size up to the 1
to 2 inch size.

W tested five different coating systens.
It was the al kyd, which is ALK, that's the flinsy one
that | ooks kind of |ike a garbage bag. The zinc,
which is heavier, that's the highest density coating
we tested. And then there were three different epoxy
coatings, the E2, E6 and E3C.

This is the matrix for the quiescent
tests, so again we did the tine-to-sink test for both
dry and presoaked chi ps and the term nal velocity test

CHAI RMAN WALLIS:  This is alkyd, it's like
a piece of plastic or a piece of garbage bag or

somet hi ng?
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M5. FULLERTON:. Yes, it's |ike a garbage

bag.

CHAl RVAN WALLIS: | would think that would
be sonething which would be pretty bad for screens.
| nmean, |ayers of that stuff would be pretty bad for
screens.

M5. FULLERTON: It would just get stuck on
there. Yes.

MR. GEIGER And that's, you know, they
show.

M5. FULLERTON: And then the term na
velocity tests were done only with the presoaked.

| should also nention that we did a
thermal curing test in the quiescent testing just to
see if there was any effect for heating the chips. W
did 120 degrees for 2 days and a 150 degrees for two
weeks. And the effects were minimal. So we didn't
include that for the transport testing portion.

This is the matrix for the tunbling
velocity tests. Again, we had five different coatings
the sanme size range, and we did incipient, what was
the velocity for the fresh chips to start noving and
what was the velocity for the bul k of the chips, which
was defined as 80 percent of the chips to start

novi ng.
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W also did the steady-state transport
tests and those were done for 0.2 feet per second as
well as the tunbling velocity that was determ ned in
the tunbling velocity tests.

Now we have some results fromall the
tests, but first the quiescent testing. The chart
that you see at the top is for the 1 to 2 inch flat
chips. And this is the tine-to-sink test. And what
you see along the Y axis is the percentage of chips
that sank. And you have the type of chip along the
bot t om

So the reason that zinc is mssing from
this one is because we actually didn't have flat zinc
chi ps. The zinc chips cane in an al ready curl ed shape.

CHAl RMAN WALLIS: The alkyd is zero
si nki ng?

MS. FULLERTON:. Al kyd never sank for dry
or presoaked. And fromthe other observation you can
see there's not a huge difference between the dry and
presoaked percentage of chips sinking.

MEMBER KRESS: That neans its density was
| ess than water?

M5. FULLERTON. Right. It was actually
j ust about the sane. Yes, just about one. So it would

fl oat .
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MR GEIGER Wth a gravity of 1 to 1.5.

MEMBER KRESS: Oh, yes. | see.

MEMBER DENNING If the water |evel stays
above the screens, then it doesn't even enter inor is
t hat not true?

MR GEIGER | guess | would think --

CHAI RMVAN WALLIS: Unless it's caught on
something else. Mxed up with all the other stuff.

M5. FULLERTON: The water's just still.
There's nothing that would force it in.

CHAI RVAN WALLI'S:  Probably tangled up with
all the fibers and the Cal Sil and everything else.
It's not as if it's by itself.

MR YODER: This is Matt Yoder from NRR

And I'd just like to interject here the
reason that we use these |Iight al kyd chips, there are
two reasons actually. At the tine that we devel oped
the test matri x we did not have data to show how t hese
kind of chips would fail. W now know based on the
EPRI testing, which "Il talk about a little bit
tomorrow during NRR s part, that these things are
going to fail as fine particulate. Okay. So that
elimnates sonme of the concern about these things
transporting and not here in the stream

The ot her reason that they were included

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

353

inthis matrix is because they are very |light and we
t hought that would bound the | ower end of chips that
you could see in a plant.

MR CGEIGER Well, | could see the
tendency for these things to float. As the water
woul d start to nove, they would just -- you know, |ike
| eaves on the surface, you know.

M5. FULLERTON: And then the |ower chart
there are some of the termnal velocity test results.
So we have -- there's a bar graph for each of the
different sizes. So the dark red is the snmallest size
we tested. The dark blue is the 1/8th to 1/4 inch.
The yellowis the 1 and 2 inch curled. And the |ight
blue is the 1 inch to 2 inch flat.

So you have the different coatings al ong
the X axis and the termnal velocity in feet per
second along the Y axis.

It was hard to correlate the termnal
velocity with density. You'll see in the next slide
there's the chip weight per unit area had a greater
influence. So this was the weight per unit area al ong
the X axis and grans per square centineter and
termnal velocity again in feet per second along the
Y axis.

So you can see that there's higher
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term nal velocities with the increasing chip size and
wei ght per unit area.

CHAI RVAN WALLIS: Well this is sonme sort
of average velocity, because these things don't fal
regularly, do they? Don't they sort of wobble around
as they fall?

M5. FULLERTON: Right. This the average.
W tracked all of the -- | think about a 100 chi ps we
tracked and took the average term nal velocity.

MR CGEIGER That's of each size --

CHAI RVAN WALLIS: This is individual
chips, this isn't group chips?

MS5. FULLERTON:. Individual chips. Not
group chips, yes.

MR CGEIGER | think it's five or ten at
a tinme.

MEMBER MAYNARD: |'ve got to go back on
the previous one. Wiy do you even have a thernm
velocity for the chips that don't sink?

M5. FULLERTON: Well, they weren't dropped
on the surface. These were placed --

CHAI RVAN WALLI S:  Once you pushed themin,
t hey si nk.

M5. FULLERTON: -- just below the surface

so that they --
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MEMBER MAYNARD: But once they get bel ow

the surface they will sink?

M5. FULLERTON. Yes, they will sink.

MEMBER KRESS: Right here.

MEMBER MAYNARD:  Ckay.

CHAI RVAN WALLIS: Surface tension or
sormet hi ng.

MEMBER KRESS: Surface tension.

MEMBER MAYNARD:  Ckay.

M5. FULLERTON: Right.

MR. TREGONI NG As G aham nentioned in an
actual LOCA environment it's expected with water
entrai nnent to be nuch nore, you know, you won't have
t hese qui escent conditions on the surface. You'l
have mxing. You'll have nmechanisns for causing
entrainnment. So the tine-to-sink tests with dropping
them on the surface were inportant, but that doesn't
necessarily inply that in a LOCA if you had chips,
that they woul d not be subnerged.

CHAl RVAN WALLI S:  Yes.

MS. FULLERTON: These are sonme of the
tunbling velocity test results.

CHAI RVAN WALLI'S: They're picking up from
t he base?

M5. FULLERTON. Yes. This is when we put
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the chips on the bottom Now, this is not the

gui escent tank anynore. The qui escent tank was water
is not noving, it's a big vertical colum. This is a
long tank, so it's 30 feet long with a 3 foot by 3
f oot cross section.

And what we did was place a nunber of
chi ps on the bottomand a starting area, and then we'd
slowy increase the velocity of the water in the tank.

CHAI RMAN WALLIS: As feet per second?

M5. FULLERTON:. This is feet per second,
yes. Feet per second.

CHAI RVAN WALLI'S: So many of these chips
were never, if they were on their own, mght just lie

on the bottom of the sunp forever?

M5. FULLERTON: Right. Because sone of the

velocities are pretty high to pick those up

One of the things to observe is that shape
effects the tunbling velocity. The curled chips have
apretty lowtunbling velocity because they have t hose
edges sticking up, so it was a |ot easier for themto
get picked up at lower velocities.

For the large chips --

CHAI RMAN WALLI'S:  Now, |I'm |l ooking for
t hese very snall chips.

M5. FULLERTON. The very snall chips are
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the ones with the vertical lines. So the --

CHAI RVAN WALLI'S: Oh, they're the ones on
the -- they're the hardest to pick up, are they, is
that right? They're the hardest to pick up? The
smal | ones are nost difficult.

MS. FULLERTON: Sonetines. There are sone
differences. So for the zinc they were harder to pick
up. Now that's possibly because the zinc, like | said
before in the large chips, is curled because that's
the way it came. Wen you get small er pieces, they're
flatter.

CHAI RMVAN WALLIS: They lie in a boundary
| ayer on the bottom They're very hard to --

M5. FULLERTON:. Right. And they're the
hi ghest density so --

MR CGEIGER W tried to draw sone
correlations between the densities and shapes and
t hi ngs. But because we didn't have anyt hi ng consi st ent
that we could -- you know the test inputs were al
over so that we didn't have any consi stent paraneters
that we could conmpare over the range to come up with
a real, you know, trend.

MR. CGEICGER. There's a lot of things
changing at one tine. So if you look at the black

bars, those are the biggest chips. You can see there
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is an increase in tunbling velocity with density. So
the two, the higher densities are -- but then the E6
-- E6 has the nost |ayers. So E2 is a two coat epoxy,
E6 is a six coat epoxy. So it did take a higher
tunbling velocity to pick that up.

MR. CGEIGER. The E6 system and the E3C
system were actually the heavi est chi ps.

MS. FULLERTON: Right.

MR CEl GER.  Wien we | ooked at the density

times the thickness, they were pretty heavy.

M5. FULLERTON: Right.

CHAI RMAN WALLIS: This is just about
velocity of the water you're |ooking at --

MS5. FULLERTON: Both velocity of the
wat er, the average velocity over the cross section.

CHAI RVAN WALLI'S:  The turbul ence on the
bott om depends upon whether the water's com ng? |If
you had a bend, for instance, you would expect that
the secondary flows and things would probably stir
things up --

M5. FULLERTON: Sure. And you'd have
different.

CHAI RMAN WALLIS: -- in a different way
than in a straight flume?

MS. FULLERTON: Right.
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VR GEl GER  And these tests were

primarily to see what they would be in like a steady
stream And when it's applied to unique plant
condition layouts, then those would all have to be
eval uated. You know, sone plants you have a | arge
open area in front of the strainer area, so where the
approach velocity would be pretty uniform And then
you have other plants where the location of the
strainer is such where there would be a lot of
t urbul ence fromwater com ng out in the RCS and so on.
So there's no nmany different uni que applications that
it would be difficult to nodel themall in this test.

MS. FULLERTON: So then the last kind of
testing that we did in the long flunme was the
transport testing. W tested -- now here we didn't
have the chips on the bottom W introduced the chips
just wunder the surface and we did this for two
different velocities. One was the 0.2 feet per second-

CHAI RVAN WALLI' S:  They sank to the bottom
before they made it to the end of the flume, is that
it?

MS. FULLERTON: Sone did, sone didn't.
That was ki nd of what we were | ooking at.

CHAl RMAN WALLI'S: Sone of them did.

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

360
M5. FULLERTON: In the 0.2 feet per second

nost of themfell out. Mst of themfell out right
away. The al kyd, there was very few that nade it to
the end. This is actually for the one to two inch fl at
chips. And you can see two percent of the -- so
there's a bar for each type and you can see the colors
show you where they ended up. And | should just
define, there's the front section. That was within the
first three feet of where we introduced them

The middl e section, that's --

CHAI RVAN WALLI S:  What does the blue nean
in that?

M5. FULLERTON. The blue? Well, 1'Il get
to that.

So there's the front section whichis the
light blue or it's the one on the bottom

CHAI RMAN WALLI'S: The light blue -- in
ot her words, the end section is the ones where you got
zero?

M5. FULLERTON: Right. The end section is
the zero, so there's none of that color. So the
there's the three sections of the tank and then we
actually had a filter systemat the end of the tank.
So there was the bottomof the filter, the m ddle of

the filter and the top of the filter.
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CHAl RMAN WALLIS: This tank i s not

prototypi cal of any of any particular plant?

M5. FULLERTON: No. This is a very generic
long rectangle and a filter at the end, yes.

MR. CGEIGER The was 30 feet |long and the
particles, the chips were introduced 8 feet into the
tank. And then there was --

CHAI RMVAN WALLIS: Thirty by what ot her
di nensi ons?

M5. FULLERTON: Three foot by three foot
was the cross section.

CHAI RVAN WALLI'S: Because sone of these
changes that the industry is using have a much -- or
a different aspect ratio. They're not very |ong,
they're not very long flunes, right? They have sort
of a big room and they toss stuff in and then they
have a filter, a screen.

M5. FULLERTON: Right.

CHAI RVAN WALLI' S:  They do not have a | ong
flume like this.

M5. FULLERTON: No. This was actually --
we had the acrylic flune built to those di nensi ons and
suspended it anot her circul ati ng wat er channel that we
had so that we could contain the chi ps.

So, yes, only about 2 percent of the al kyd
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chips got to the end. Nothing else did. Mst of the

stuff fell out inthe mddle sectionwithalittle bit
of it falling out pretty nmuch right away as soon as it
was i ntroduced.

Yes. This is the same type of chart for
the smaller debris, the 64th of an inch to 32nd of an
inch. And it's very simlar. The other sizes were al so
very simlar. Basically all you're seeing is that it
fell out in the mddle section and didn't transport
very far.

MEMBER S| EBER: Are the tank velocities
typical in and around the sunp in about --

M5. FULLERTON. The 2 feet per second was
what the NRC had advised us to use for the --

MR. GEI GER Most of the testing that was
done was at .1 feet per second, | think, which is
probably the nore typical of approached velocity.

MR. YODER: Matt Yoder from NRR agai n.

These tests were around .2 and what you
see the replacenent strandis they're goingin, you' re
nore like .02 -- .002 to nuch |ower velocity at the
strainer surface itself. So there will be areas
wi thin containment that are higher flow, channeling
fl ow and what not, but --

MEMBER S| EBER: But the closer you get to
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the sunp --

MR. YODER -- the closer you get to the
sunp, you're tal king about rmuch | ower vel ocities than
t hese.

MR. TREGONING For unbl ocked screen
there's velocities --

MEMBER SIEBER: It sounds |ike you could

al nost - -

CHAl RVAN WALLIS: Wll, you got to be
careful because sone of these screens -- what's the
vel ocity based on? | nean, you get these screens

which are sort of rmultiple things. The velocity is
often based on the area of the screen, but there's
sort of the superficial area of the flow com ng
towards the screen is nuch less. So it's a real
guestion of what you use for a velocity.

MR CEIGER | think what the plants woul d
have to do is they have to look at it go a certain
di stance beyond the screen and take the area across
the fl ow area and | ook at what velocity is there and
not necessarily behind the screens.

CHAI RVAN WALLIS:  But | think some of the
vendors are | ooki ng at usi ng CFD, | think what happens
there. | think the Swiss people in their

present ati ons.

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

364
MEMBER MAYNARD: Well, | think it'll vary

gquite a bit fromplant-to-plant. Because | think
you're going to find sone where the basenent area is
really going to be quite I arge conpared to what the
overall screen surface area is. So the velocity

t hroughout nost of the room would be very low. You
m ght find sone others, though, to where the screen
si ze dom nates the space.

CHAI RVAN WALLI S: Sone these designs, the
screens fills alnost every avail abl e space.

MEMBER S| EBER: But they've said the
velocity will still be | ow

MEMBER MAYNARD: Yes. | think it will be
low, but it will vary I think. But | think for all of
themit's going to be a very velocity.

MR. GEIGER  That's how we thought the .2
feet per second would be sonething that would --

MEMBER SI EBER Bound it?

MR CGEIGER -- would be --

CHAI RVAN WALLI'S:  You see we don't know
what criteria NRRis going to allow, whether or not
you have to consi der coatings --

MR. YODER: Matt Yoder again.

| can say that from sone of the vendor

testing that we've seen even if you get coatings that
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approach the screen and actually inpact the screen,
often these flows are so | owthat these coatings just
fall right tothe floor when they're in the chip form
So a licensee fromNRR s perspective may be able to
take credit for |ack of transport of coatings if they
can prove that those coatings fail in achip form Now
that's yet to be seen. They'll have to provide data
to show that.

MS. FULLERTON: So then we also tested the
debris --

CHAI RVAN WALLI S:  Excuse ne.

M5. FULLERTON:. That's all right.

CHAI RMAN WALLIS: So if you are saying if
the coatings were fractured to mcron size and so is
chips, then they mght well go to the screen? And
there's sonething in between --

MR. YODER: Then | think they woul d behave
just like Cal Sil debris or any other particul ate
debris. W woul d assune that they would transport and
t hen --

CHAI RVAN WALLIS: Right. Al right.

M5. FULLERTON. COkay. So we tested al so
inadditionto the 0.2 feet per second at the tunbling
velocity that was determned from the previous

testing.
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CHAI RMAN WALLI'S:  This is much higher?

M5. FULLERTON. Much higher. And it's
different for each coating and size. So if you | ook
al ong where we have the type listed in parenthesis
there's the tunbling velocity of that particular --

CHAI RVAN WALLIS: 1.4 feet a second then?

M5. FULLERTON: Right, 1.4 and down to the
ALK, which was 0.5. So still kind of low So the
al kyd, nost of the ALK debris and the 2 coat epoxy E2
transported to the end of the flume and wound up in
the bottom of the filter at the end. Mst of the 3
coat epoxy fell out in the mddle section. And nost of
the E6 fell out of suspension at the end of the tank
before reaching the filter.

MEMBER S| EBER. They were the heavy ones
or not?

MS5. FULLERTON: The E6 was the heavy. Yes,
that's the 6 coat epoxy ones, the very heavy.

DR. SHACK: The alkyd nade it all the way
to the top of the filter?

M5. FULLERTON. Sone of it did, yes

MR. CGEl GER. The 15 percent made it to the
top 3 inches of the filter.

M5. FULLERTON: Most of it wound up in the

bottom and that was the only one that ended up in
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either the two top sections of the filter.

DR. SHACK: And you had nothing in the
m ddl e?

MS. FULLERTON: That was the 2 inch. This
is the 64th of an inch to a 32nd of an inch debris.
It's the same type of plot.

Agai n, you have the coatings is in the
par ent hesi s, the actual tunbling velocity of that size
and coating. Mst of the ALK and over 50 percent of
the E2 and the zinc transported to the end of the
flume.

CHAI RVAN WALLIS: W have the sane
guestion for you we've had for everybody el se. And
this | ooks very fascinating, very picturesque, what's
going to be used for making any sort of a prediction?

M5. FULLERTON: Well, | think the nost
inmportant thing that we learned from this was that
not hi ng transported at the 0.2 feet per second.

CHAI RVAN WALLIS: But if you can sort of
say something is zero, that's a useful concl usion

M5. FULLERTON: Sonething is zero.

CHAI RVAN WALLI'S:  But nothing gets to the
screen. And so dismiss it, say you don't have enough
velocity for anything to get to the screen. But when

you start to saying well how nmuch gets there, then we
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don't know how to rmake t he prediction, do we? W just
know that for your particular flume and your
particul ar stuff, you know 54 percent went sonmewhere.

MS. FULLERTON: Yes. |'mnot sure that we
saw - -

CHAI RMVAN WALLIS: There's no equation
there's nothing that --

MS. FULLERTON: |I'mnot sure that we saw
a trend. W looked at the different trends with
respect to size and shape --

CHAI RVAN  WALLIS: But there's no
predictive tool of any sort being tested or validated
her e?

M5. FULLERTON:. No. In this experinent.

CHAI RMAN WALLIS: So all qualitative sort
of interns --

M5. FULLERTON. That's right.

CHAI RMAN WALLIS: -- of howit applies to
a real plant?

M5. FULLERTON: Right.

MEMBER MAYNARD: Well, | think it does
establish sone velocities that may not be the exact
one, but that if you blowthat you probably don't have

an issue, but if you' re above that, then you have to
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CHAI RVAN WALLI'S: W might establish sone

zeros for you.

MEMBER MAYNARD: Ri ght.

M5. FULLERTON: Right.

MR. TREGONING And in terns of coatings,
that's a very -- it's very inportant to establish
those netrics. Because sone plants are | ooking at a
potentially incredibly |arge debris of coatings that
t hey have to consider. So these netrics would be --

CHAI RMAN WALLI'S: Square feet?

MR. TREGONING Yes. These netrics would
be quite valuable in terns of helping refine what
really they realistically have to deal with.

CHAI RVAN WALLI'S:  And the size of these
coatings --

MEMBER KRESS: Yes. It puts a |lot of
i nportance on the generation size that you have to--

MR. YODER As | said, you know, the
characteristics of the coating debris is the nost
critical thing here.

MEMBER KRESS: Yes.

MR YODER | think what this shows us is
if you can prove that it failed these chips, you know
it's not transporting it at .2, it certainly will not

transport at .02 feet per second or point .002 feet

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

370

per second as we're seeing froma | ot of these vendors
and a lot of the licensees.

CHAI RVAN WALLIS: But if you can get a
zero, that's useful. Right.

MR. YODER: Correct. But as | said, stil
sonme testing remains to be done by the industry to
prove that your coatings will actually fail in this
size range, in this chip range. Now it may be that
some percentage fails |i ke this and anot her percent age
fails as fine particul ate.

CHAI RVAN WALLIS: So you're quite sure it
m ght well be, you know, you're pretty darn sure that
below a certain or above a certain size and for
certain kinds of coatings and certain velocities
not hing gets to the screen? But apart fromthat, you
probably have to assunme that everything el se does.

MR. YODER: That has been our stance that
unl ess sonmebody cones inwith testing that shows t hat,
let's say zinc because it's a very dense particul ate
does not transport, then that m ght be an exception.
But other than that, we would assunme that the
particul ate coating debris makes it to the sunmp and
that it's considered for head | oss inplications and
downstream i npli cati ons.

CHAI RVAN WALLI S:  Good.
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MS. FULLERTON: So in conclusion for the

gui escent tests, the ALK debris of all sizes remain on
the surface indefinitely and have the | owest term nal
velocity. So when we dropped it on the surface, it
never sank and it also had the [owest term nal
velocity. And again, the density was very close to
t hat of water.

Term nal velocities increased with chip
size and chip weight per unit area.

In the transport testing the shape
affected the tunbling velocity. The curled chips had
the lower tunbling velocity because they had nore
surface area to get picked up wth the |ower
vel ocities.

At the bul k tunbling velocity, nost of the
ALK debris transported to the end of the flune.

When the 2 inch chips were in the bottom
section of the filter, then the snmaller chips were
nostly collected in the center section of the filter.

At the bulk tunbling velocity with the
exception of ALK of E2 about 30 to 100 percent of the
debri s dependi ng on the type did not reach the filter.
So it was only ALK and E2 that had the higher
per cent ages of debris reaching the end of the flune.

At .2 feet per second there was only a
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very snmal | percentage of ALK and E2 that travel ed t he
length of the tank. Mst of the debris did not
transport.

And so for the range of the coating
systens and the debris size tested in this experinent,
the velocity of .2 feet per second seens to be a good
threshold for debris transport, so things aren't
transporting at .2 feet per second.

| think that's all we have. Have any
guestions?

CHAI RVAN WALLI'S:  Any questions fromthe
Subconmmittee? |If not, then you' ve hel ped us to gain
a bit of time. W get back to where we shoul d be.
And if the wap up in terms of concluding remarks is
short, we'll be right on tine.

MS. FULLERTON: No pressure.

CHAI RVAN WALLI'S:  Remar ks?

M5. EVANS: Yes, | have 30 seconds, okay.

CHAI RVAN WALLIS: Well, you can take as
| ong as you need.

M5. EVANS: | wanted to thank the
Subconmmi ttee again for the opportunity to cone here
today to rmake our presentations.

The focus today has been on the research

and results that we've seen since our |ast neeting in
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February. As we nentioned in here, the Staff and our
contractors are going to be focused over the next
sever al months in conpleting the review and
docunentation of the test results that we have.

W expect that that docunentation woul d be
conpl eted by Novenber, which would be in time for the
next Subconmittee neeting. So | woul d expect that nost
to all of the reports would be avail abl e at that point
in final form

W recogni ze that there may be a need to
do additional research, okay. Tonorrow | think you' re
going to hear a little bit about some work that's
bei ng pursued since our last neeting in February in
the area of downstreameffects. Today we heard about
numer ous questions and concerns that have arisen as a
result of the research that we've done. The
i nportance of many of those remaining issue is very
pl ant specific. It's a function of the plant specific
par amet er s, ECCS design nmargins and also the
mtigation strategies that the industry uses.

At this time we don't view that pursuing
research for any of these concerns is the imediate
actiontotake. Qur focus is on conpleting the review
of the results and docunenting those results at this

point in tine.
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The industry's got the lead and the
responsibility to address t he outstandi ng i ssues that
are applicable to their plant specific design. Ckay.
And we've got, | guess, the NRCs got the lead to
verify that the resolution strategies address the
appl i cabl e out standi ng concerns.

So as we go forward and nove through the
resol ution process, you know, the Ofice of Research
and NRR, we'll continue to evaluate the need for
addi tional testing.

CHAI RVAN WALLI S:  Thank you.

M5. EVANS: Yes.

MEMBER DENNING It is tine for us nowto
have di scussi on?

CHAI RVAN WALLIS:  Yes, | think we ought to
have a di scussion on what we heard today. And then
we'll have another one tomobrrow on what we hear
tomorrow. Because it's very different.

MEMBER DENNING. | think particularly with
t he research here.

CHAI RMVAN WALLIS: Because it's very
different in nature of what we're going to hear
t onor r ow.

MEMBER DENNI NG  Ri ght.

CHAI RVAN WALLI'S:  What |'m wondering is
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really whether this naterial is mature enough for it
to be evaluated by the full Commttee or whether what
we need to do is sinply nake a sort of Subcommittee
report. A lot of this -- we had a letter. W've had
a couple of letters onthis stuff. The letter we wote

last time | don't think has change in ny mnd by what

| saw today.

MEMBER DENNI NG Well, since I'ma short
tinmer --

CHAI RVAN WALLI S: Yes, why don't you go
ahead.

MEMBER DENNING |'Il say that | can wite
the letter.

No, | think that the reason that there

m ght be sonme urgency to have the full Comrittee hear
this and to wite a letter is that | think that the
approach the industry is going down has sone
substantial risk associated with it that when NRR
really gets into the evaluation, there are going to be
i ssues that are going to be raised that can't be
addressed well because we just don't have a
sufficiently good fundanment al understandi ng of what's
happeni ng.

What |'ve seen over the past couple of

years here is that | think Research has done a
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terrific job and certainly the highest praise to Rob

for his presentations and what -- and then what al
his contractors have done. But | see us still on a
fairly steep learning curve. And you know, | keep

heari ng advances and understanding and | think that if
Research continues to work aggressively on resol ving
these issues and developing a better fundanental
understanding in sonme areas |i ke clearly we don't have
a very good understanding of how this gelatinous
debris really behaves, that it decreases the risk that
down t he road here when the tests are really perforned
by the vendors that we'll get into a box where the NRC
just can't approve the results because of |ack of
under st andi ng.

So | woul d certainly encourage a conti nued
aggressive -- obviously inportant to docunent these
results. But | would encourage continuous aggressive
research in a couple of these areas to hel p our
nodel ing capability. And perhaps also to do sone
experiments that would potentially chall enge the way
that industry will doits large integral experinents,
not froma point of view of showi ng themup, but just
making sure that we really do wunderstand how
appropriate the assunptions are that they'll be

maki ng.
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So that's kind of ny feeling. That it's
too soon to stop the research and that the risk of
failure at the end of this is increased by limting

the research now.

CHAl RMVAN WALLIS: Bill, you can't say
anyt hi ng.

Mari o, do you have some conments.

MEMBER BONACA: Well | agree with what
Richard is saying. It seenms to ne that the biggest

i ssue i s how does all these things cone together. And
when you put them altogether does it really provide
you the answer that you want or does it cover all the
bases. And then that's really where it's hard to do.
| think that probably we need to see what
the i ndustry is doi ng, however, because they may have
a plan to do that. And maybe this information is
sufficient for the NRC to provide sone judgnment on
what is being presented. So | cannot prejudge what
the industry is going to submt to us and is going to
do, you know. But | guess what strikes nme is there a
| ot of good information here. But | think about how
we put it all together to address the issue, the
probl em that we have, | don't know how you woul d do
it. There are so many uncertainties there and so many

unknowns.
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CHAI RVAN WALLI S:  Jack?

MEMBER S| EBER My turn?

CHAl RVAN WALLI S:  Yes.

MEMBER S| EBER: The first question you
asked was should there be a full Conmittee neeting
based on what we have heard today and probably w Il
hear tonorrow. In ny opinion | don't think we're far
enough along right now for that. But | think a
Subconmmittee report would be inportant, one that's
perhaps a little nore detailed than the standard
Subconmmittee report. Put alittle nore detail into
t hat .

| think overall the Research Staff andits
contractors have done a pretty good job except there
is not alot of testing that will really define what
t he anal ytical nodels should | ook |ike. And of course
there's tine constraints, there's budget constraints
and they all enter into that. And so one has to ask
the question will NRR and NRC nanagenent know enough
fromthe tests that they have to be able to say that
a licensee's proposition is good or not good --
sonetimes they vary nore than one paranmeter at a tinme
and sonetines it wasn't clear which variation was
causing -- and they have that ambiguity involved and

not deeply involved in all these things, but that
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anbiguity isinvolvedit seens tone nore difficult to
accurately nodel what's going on. And that's one of
the problens that | saw that woul d be satisfied by
additional research to separate the variables and on
the other hand, the Generic Letter is already out
there. Designs are occurring. There's a bal ance that
has to be achi eved.

| don't think we need a full Conmttee
letter.l think the Staff's done a good job for the
time and the noney that they have. The question is
how | ong do you drag it out and do you have enough
where you can reach sone reasonabl e.

So that would be ny conclusion. Mybe
after tonorrow s --

MEMBER BONACA: It seens to ne, | nean
that again, | mean the biggest questions | have is
regarding on how does all this come together in a
convincing way that it works.

MEMBER S| EBER  Yes.

MEMBER BONACA: And | think until | have
some applicant that cones in with an approach and
proposes something, it's hard for ne to say what
addi tional research the NRC needs to do. Because |
think probably that first attenpt to |license an

approach will raise a nunber of questions that says,
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you know, you shoul d know nore about this and this and
that. And, you know, maybe then that's why | stil
have questions in ny mnd about what additional
research should we recomend at this stage when we
know that the industry is comng in wth some
proposal s there that will then test our questions of
what research

MEMBER SIEBER:. Well, the interesting
thing is that the Staff is not designing the drains.

MEMBER BONACA: That's right.

MEMBER SIEBER: They're resolving the
pr obl em So what they're doing is gathering
i nformati on about areas that they need to know nore
about .

MEMBER BONACA: Right.

MEMBER S| EBER: While the |icensees are
out running around trying to analyze the probl em and
design the screens to the proposal. Assum ng that
that occurs and these proposals conme in for that,
maybe this body of know edge will help the staff to
understand well enough what the issues are and
understand the licensee's approach to tell whether
it's a good approach or a bad approach.

CHAI RVAN WALLIS:  Well, | think tonorrow

we have to ask NRR, and now they've all gone hone,
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what they have learned from this research, whether
it's enough. If it's enabled themto establish any
sort of criteria or process or sonething that i s going
to help them eval uate what industry submts.

MEMBER SIEBER: | think that's a good--

CHAI RVAN WALLIS: And if they think this
is a conplete set of work for that purpose, why is it
conplete. And ny suspicion is that they're going to
forget it all and they're going to sinply have sone
gualitative idea of the questions to ask, and then
they' re going to do everything based on what industry
subm ts.

MEMBER SIEBER: Well the difficulty with
that approach is that the process is going to really
-- because the structure isn't there. And I guess
t hat can happen, but | --

MEMBER MAYNARD: | think it would be
difficult to cover this subject at a full Conmmittee
neeting in the current state of things in the tine
frame that would be allowed. | think a Subcommttee
report would be beneficial, but I'm not sure what
mat eri al you woul d choose to present and not present.
And | also think there's still some valuable
information to conme from sonme later efforts finding

out what the industry is proposing and what they're
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doing | think is inportant.

| do believe some additional research is
going to be needed. I|I'mnot sure that at this point
wi t hout knowi ng what the industry is going to propose
and w thout even eval uating what they've got right
now, whether just continuing the sane research is the
right thing to do or whether it needs to set back,
regroup and take a look at what the industry's
proposi ng to see where the focus the future research
effort.

MEMBER DENNI NG  You know | think there,
| mean | think I know what industry is proposing. And
| could be wong, and | heard a little bit today that
was different about a version that's a little nore
analytical. But |I think we clearly know that the
i ndustry is headed towards integral teststo fill this
gap of the proof test.

MEMBER MAYNARD: Yes. And | think that -
well, 1'lIl get back to where | really think the
research probably needs to focus in the future in just
a mnute here.

| do think that a | ot of information has
been gained. And | think that fromwhat's been done,
the Staff may have enough to devel op sone criteria to

at | east screen out and determ ne that there's going
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to be sone plants and some groupi ngs that's okay, sone
that definitely have a problem And there's stil

going to be sone inthe mddlel think that's going to
be difficult wi thout sone additional research there.

From ny own perspective | think this
gelatinous material 1is the one that is nost
bot hersome. And | think where the research needs to
focus on that in that area, a decision needs to be
made that we really try to understand it and it's
effects or that we really try to understand what it
takes to make sure that we don't get that.

And that's really what |I'mtal ki ng about,
focusi ng where we go with the research as to how nuch
you try to understand what it may or nmay not do versus
you really focus on what you need to do to nake sure
that you don't get that. And so | think that's sone
of the decisions to be made. | do think it's going to
t ake sone nore research, though, to be able to conme to
a conclusion for all the plants, but there nay be a
popul ation of the plants to where there's enough
information now | don't know.

MEMBER KRESS: Well, on the need for a
full Committee, let's make it unaninous, let's do a
report. | think it's called for.

| know - -
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CHAI RVAN WALLIS: | thought we were

standing with not in favor of --

MEMBER KRESS: Well, | don't know. Maybe
it's not unani nous.

MEMBER MAYNARD: Try to keep pressure on.

MEMBER KRESS: The plurality.

But I knowit's not NRC s goal or at | east
t hey' ve expressed such to have a fully predictive
nodel. But | think we're getting close. For a |long
time | thought that woul d never be possible, but now
| think we have sonme real hope. And the reason | say
that is let's ook at the issue of typical effects. |
think it's a delta function. | think you can negl ect
it upto acertain level of anbunt in there, and then
it goes up. So Research out to focus on where is that
poi nt and where you have to worry where it has to go
infinite or wherever it goes. And you can rule -- see
it's better or not.

| really felt the nodeling that we heard
on the NUKON and the Cal Sil with the various |ayers
showed a | ot of promise. And | think continuing al ong
those lines you either have the gel in there or you
don't and then you could fall back on this porous
| ayer of nodeling,

Wth the transport, | think the need there
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is for better information on the generation size, and
| think there's a need for sone actual nodeling there,
some physical nodeling of how it transports and gets
there rather than just it's either going there or not.
| think there's a need for some nodeling there. And
| think you can put all that together then and have a
finally definitive nodel that you can judge what the
industry cones in wth. And | would actually
encourage the staff to think along those |ines.

One last item | thought the PIRT was a
good nove, but if it were me, | would definitely try
to some sort of argunment to argue away the radiolytic
effects. Because you're going to get tangled up in a
real nmess there. But, you know, that's just my own
opi ni on.

MEMBER DENNI NG  Usually you do a PIRT
when you're going to do sone research

MEMBER KRESS: Yes. So basically that's
all | have to say.

CHAI RVAN WALLIS: Wwell, I was |ooking at
what | what | |earned today. W had, first of all, a
presentation on the alum num chem stry and what |
| earned from that is that it is possible to make
surrogates that | ooks sonething |like the | CET and

probably atypical of what m ght be found in a plant.
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But | also heard that it's al so possible to screw up
It didn't seemto be really definite criteria about
how you do it right. So I was |eft uncertain there.
|'d say yes we know that there's hope that these
surrogates really will be good, but I wouldn't hear
enough about -- | was told that it was possible to
make themin sone other way which was not suitable,
and | didn't really know how one woul d judge whet her
or not industry had made themin a suitable way. |
have sort of a box into which they had to fit. So |
didn't have criteria there for evaluating, sol wasn't
sure how NRR woul d eval uate when --

ANNOUNCER VO CE: This conference is
showing no activity. |If you would |ike to continue
t he conference, please star 1 now.

CHAI RVAN WALLI'S:  No, we don't want to
conti nue the conference.

MEMBER DENNING Is that a criticism of
t he Chairman?

CHAI RVAN WALLIS: Yes. It's a voice from
sonewher e.

MEMBER KRESS: | didn't hear anyt hing.

CHAI RVAN WALLI'S:  Bill Shack showed that
it's possible to get leaps in pressure drop like

formng gels. And he showed that if you didn't 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

387

enough al um num it was nore difficult you had to wait

| onger and so on. Again, this didn't lead to any ki nd
of predictive tool for what's the pressure drop when
you do get a gel or when does this |leap occur. So,
again, it was a bit like showing yes there is an
ef fect that needs to be thought about, but | didn't
know how | was going to eval uate an i ndustry subnitta
on this kind of thing.

MEMBER KRESS:. | thought you needed to
know when the | eap occurr ed.

CHAI RVAN WALLIS:  Right, you need to know
when it occurs and why and to how much tine does it
t ake and --

MEMBER KRESS:. Yes, forget the pressure
dr op.

CHAI RVAN WALLI'S:  -- how nuch al um num do
you have and so on. So, yes, we had sone idea of the
ki nd of thing that happens, but not rmuch of an i dea of
how to predict it.

And the peer review | don't really have
any conments on until | see the peer review. | think
that we need to see what these peopl e think about the
work, and we didn't really see that.

Gravity driven, well again this seened to

be work in progress. It's an interesting sinple
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experiment, but we didn't see conclusions drawn from
the results there.

Bill Krotiuk has nade sone progress in
this region nodel. The thing that | m ssed was how it
ties in with sort of this factor of two orders of
magni t ude when he's shown a factor of one order of
magni tude. And | felt that, yes, they had a | ot of
prom se but it order for it to be validated for use it
had to be based on a broader range of experinents.
It's got alot of promse, but it wasn't sonmething |'d
go out and use to predict.

MEMBER DENNI NG  Could | inject a coment
t here, G ahan®?

CHAl RVAN WALLI S:  Yes.

MEMBER DENNI NG You know even though it
| ooked like -- | think there's sonme unexpl ai ned reason
as to why there's such a di screpancy between that and
the old NUREG It really was only a factor of 2 in
pressure drop. And | think --

CHAI RVAN WALLI S:  That was for the NUKON
al one.

MEMBER DENNI NG Yes, that was for the
NUKON. Right. Right.But if we could get a factor of
two, | would be happy.

CHAI RVAN WALLI' S:  But you know t here was

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

389

this blue square point which --

MEMBER DENNI NG  Yes, | know. Yes.

CHAl RMVAN WALLI'S: -- causes the -- he
didn't actually explain that.

MEMBER KRESS: Well, he did nmention that
he thought it was a conpletely blocked filter.

CHAI RVAN WALLIS:  So | think what we said
in our last letter still applies. | nean are there
guestions that Research has nade a | ot of progress,
but it isn't all buttoned up to the point where you
can predict stuff. It seens to ne it's exactly the
sane state of affairs as we had in our last letter.
| don't really see that we want to have a presentation
which leads to the same letter we were at |ast tine.
|'d be happy with a Subcommittee report.

MEMBER DENNING As long as we get a
| etter back --

CHAI RVAN WALLI'S: | thought we m ght be
further along. | think we mght well now send the
reply to the EDOthat was hel d up by the suggestion of
a Committee nenber |ast tine.

| think by Novenmber when we get all these
reports we do owe a letter evaluating what's been
learned fromit all. And it may well be that when we

hear fromNRR t onorrow we may hear enough that we w ||
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want to hear thempresent to the Comrittee. What is it
they've learned fromall this research, how are they
going to evaluate the industrial work and so on. W
haven't heard that yet. And | assunme we're going to
hear sonething about that tonmorrow, but |I'mnot sure
what we're going to hear.

MEMBER KRESS: That was a good wrap up.

CHAI RVAN WALLIS: So that's the way it is.
| feel like Walter Cronkite or sonebody.

| think we may want to think about this a
bit nore, overnight and so on.

MEMBER KRESS: Well, we have the
presentation tonorrow anyway.

CHAI RVAN WALLI'S:  We anot her presentation
tomorrow, too. Right.

MEMBER SIEBER. W nmay change our mnd
after tonorrow s --

CHAI RVAN WALLI'S: W may change our mnd
tomorrow. But if the Comm ssion is hoping that we are
going to wite a strong letter saying as a result of
what we heard today we've changed our mnd and
everything is fine and they're on a course to great
success, |'m not sure that's what they're going to
get. It's going to be the sane letter as last tine.

There's been a | ot of progress, alot of good work and
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we don't know how it all comes together.

MEMBER MAYNARD: Again, I'll be interested
in what they say tonorrow because that's where the
real key is is how do they intend to use this
information to then determ ne what criteria they're
going to use to accept or deny --

CHAI RMAN WALLIS: | think it's a bit naive
to assume that industry is going to raise all the
guestions. It seens to nme that the key advances in
under st andi ng or awar eness of phenonmena whi ch needed
to be considered has not conme fromindustry. |It's
come fromResearch and fromACRS. |I'ma little weary
of waiting for industry to determ ne all the phenonena
t hat need to be consi dered.

MEMBER BONACA:  You know, | mnade a conment
regarding -- | wasn't suggested that, but | was
suggesting that that at their first attenpt of putting
all these pieces together, | think sone of the
weaknesses will show up and will point for additional
work to be done in Research. And |' mnot sure, |I' mnot
here long enough, this is the first Commttee |
attend, but I"mnot sure that all the basis are fully
understood to nmake the judgnent now.

CHAI RVAN WALLI'S:  Well we don't know.

W' ve got what? Five or six vendors who present
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stuff.

MEMBER BONACA: That's right.

CHAI RVAN WVALLIS: It may well be that they
will present results which are inconpatible.

MEMBER BONACA: And they understand that
are sone WCAPs which have not reviewed yet, so we
don't know what's in there.

MEMBER KRESS: We still have to hear about
t he downstream effects al so.

MEMBER BONACA:  Yes.

CHAI RVAN WALLIS: And when we do get al
this stuff witten up, we do get all the WCAPs and we
get all the reports fromall this research and we get
submttals from vendors, |'m al armed about what it
woul d take to really review it thoroughly.

MEMBER KRESS: A good predictive nodel.

CHAI RVAN WALLIS: | nean, it mght be a
full time job for sonebody.

Anyway - -

MEMBER DENNING It's not your job

CHAl RMAN WALLI S: Let us stop at 6:00 or
before 6:00. Then we can tal k about what we're going
to do after that.

So we'll close for today.

(Wher eupon, at 5:59 p.m the Subconmittee
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