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PROCEEDI NGS

(8:30 a.m)
CHAI RVAN  WALLI S: Good nor ni ng.
Anyt hi ng you say now will be on the record.

This is the second day of the neeting of
the Thermal Hydraulic Subconmmittee of the ACRS. W
are looking forward to presentations on research and
actual ly just seeing some figures and data points and
t hat kind of thing.

We're also happy to see Mark Cunni ngham
once agai n before us, but in anewrole, and I believe
you have a few words to say.

MR. CARUSO | have one thing to say.

W' ve got a speaker phone set up today because we
received a request from Research to set up a line in
case they have sone contractors at one of the great

national |aboratories who wants to chine in with a
pear| of w sdom

CHAI RVAN WALLIS: So this is connected to
a national lab right now Is that --

MR. CARUSO It's connected to a bridge
Iine, and whenever the national |abs wake up.

CHAI RVAN WALLIS: Wwell, if it's on the
West Coast, they nust be up pretty early.

Ckay, Mark. Go ahead.
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5
MR. CUNNI NGHAM  Good norning. M name is

Mar k Cunni ngham the Director of the Division of
Engi neeri ng Technology in the NRC s Ofice of Nuclear
Regul at ory Research

It's a pleasure to be here before the
committee in a capacity other than risk analysis or
security analysis, believe ne.

(Laughter.)

MR. CUNNI NGHAM  For the past severa
years, as you know very well, the ACRS has been
i nvol ved wi th discussions with the staff on a nunber
of issues related to formation of cheni cal byproducts,
and the adequacy of data for predicting head | oss due
to debris accurul ation in sonme screens.

I|'"'m comng into this late in the gane,
hopefully near the end of the staff's di scussions on
this issue, but we'll see.

The role of research in these is to
provide and support NRR with technical information
that allows themto make regul atory decisions. For
t he vast vari ety of decisions they have to make, we're
focusing on providing technical information on five
particular areas. One is chem cal byproduct
formation. One is the transport of insulation debris

and paint chips to the sunps. The third is the head
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| oss associ ated with sunp screen clogging. The fourth
is the correlations, nunerical correlations for
under standi ng head loss, and the fifth is related to
downstream effects, potential effects of debris
passi ng through the sunps into sone throttle val ves
and ot her equi prent downstream

Over the next two days you will have the
benefit of expertise froma nunber of different
organi zati ons that we have working in concert with the
staff. It includes the Center for Nuclear Waste
Regul at ory Anal ysis at Sout hwest Research Institute,
Argonne Nati onal Labor at ory, Paci fic Northwest
Nat i onal Laboratory, Los Al anbs National Laboratory,
and the Naval Surface Wapons Warfare Center, the
Carderock Division, |ocal here.

CHAI RVAN WALLI S:  What does that have to
do with the problenf

(Laughter.)

MR. CUNNI NGHAM  They're dealing with the
issue of paint chip transport and things. They're
good at understandi ng how things go through water.

| should note, and | think we'll touch on
this later, that with respect to the chem cal effects
part of this, recognizing the conplexity of it, we're

having a peer review perforned which Rob will touch
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on.

Qur research is again, as | noted,
i nt ended t o support NRR s maki ng regul at ory deci si ons.
In that context, we provide nore generic infornmation
so that it should be clear that the i nfornmati on you'l
hear over the next few days does not provide
sufficient information for any pl ant specific deci sion
that has to be nmde either by the staff or by
l'i censees.

And we look forward to a continuing
di al ogue with the commttee. These are very, very
conplicated i ssues, and we appreciate the insight the
comittee provides to us.

Wth that, 1'Il introduce Rob Tregoni ng.
Rob is kind of the technical ringmaster in all of
this. So he'll have an introduction, and he and
M chell e Evans over on the staff will be the kind of
co-| eaders throughout the discussion of the next
coupl e of days.

t hank you.

CHAI RVAN WALLI'S: As a ringnaster, what
ki nd of a show have you got today? Have you got |ion
tam ng?

MR TREGONING | don't know if that

characterization is accurate. | would say naybe wld
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bronco riding woul d be nore appropriate here.

Thanks, Mark.

|"mgoing to be followi ng up Mark with an
overvi ew of the research activities that we have
ongoing supporting the Generic Letter 200402
resol ution.

This presentation is merely just to set
t he stage for the good stuff that we have com ng over
the next day, day and a half. So ny goal and ny
objective is to be as brief as possible and turn it
over to what | think are the real stars of the next
day, day and a half that are going to be providing a
| ot of very good, detailed, technical information to
address sone really thorny issues that we' ve been
deal i ng with.

So the objective of the research
presentations that you' re going to hear over the next
day and a half. Each of the prograns will be
di scussing the notivation, objective and goal s for the
research initiatives. They' Il be providing overvi ews
and discuss interrelationshi ps anmong prograns where
it's appropriate. You'll see that we have severa
overlapping initiatives ongoing at different |abs. So
coordi nati on and cooperation has been a fundanental

consideration as we go through these research

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

activities.

I'"'m going to talk a little bit about
regul atory coordi nati on and peer review.

DR. BANERJEE: How many peopl e are worKki ng
on this?

MR. TREGONI NG How many peopl e or how
many | abs?

DR. BANERJEE: Peopl e, bodi es.

MR. TREGONING Ch, geez, that's al nost a
sem -rhetorical question. | would guess each of the
| abs probably has a staff of ten or so people that are
supporting this. W're doing work at five | abs.

DR. BANERJEE: Fifty?

MR. TREGONING That's a rough guess. |
nmean, we've got NRC-wi de just in research, we have a
team of about six people that work pretty close to
full time on this if not. So, yeah, we've got a
fairly large staff of expertise that we' ve assenbl ed
in arelatively quick manner, and we're trying to do
alot of things in parallel to support the resol ution
schedul e.

Ckay. Again, each of the research
prograns here in nunber four wll be, as | had
nmentioned, outlining for each specific program the

obj ective notivation and intended regul atory use of
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the information being devel oped as part of that
program They are also going to go, each of the | abs
and project nmanagers, will go into their technical
approach, but a primary focus is going to be to
sumarize inportant results, observati ons, and
anal ysis conducted to date.

These are status report presentations.
Not hi ng that you're going to hear over the next day
and a half is conpletely finished. The |ICET program
is probably the one that's the closest to being
finished at this point.

Al'l of the other prograns are in progress.
So, again, these will clearly be status reports and
not final findings and concl usi ons and anal yses w ||
be discussed. Sone prograns are nore nature than
others. So sone you m ght not hear any results. Sone
you'll hear quite significant volune of results.

And the other thing that each of the
proj ect nmanagers and presenters will do will be to
provi de the plan and schedul es for the remaini ng work
t hat needs to be conpl eted before we can wap up each
of these projects.

| wanted to provide a little bit of a
research phil osophy for howwe identified and sel ect ed

not only research topical areas but prograns to
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pursue. | think this is well recognized and certainly
ACRS has done a very good job at pointing us towards
sonme issues that we need to provide nore technica

i nsight and understanding. So it's certainly wdely
recogni ze that some research is necessary to address
some i nportant technical areas that we have within the
generic letter resol ution.

What we've tried to do is we've tried to
pick research topics to focus on technical areas
havi ng t he hi ghest uncertai nty, and how have we sought
out what that uncertainty is?

CHAI RMAN WALLIS: Those are better words
than reduce uncertainty because you night in your
experiments find that there's nore uncertainty than
you t hought.

MR. TREGONI NG That's certainly possible
That's certainly a possible outcone.

CHAI RMVAN WALLIS:  Your focusing on the
hi ghest uncertai nty nakes sense.

MR. TREGONING W're focusing --

CHAI RVAN WALLI'S: But promsing to reduce
uncertainty is something difficult to deliver.

MR TREGONING Did | say that on ny
slide?

CHAI RVAN WALLI S:  Yeah, it says to reduce
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uncertainty, yeah. You're going to nake the data cone
cl oser together, are you?

| understand what you're doing.

MR. TREGONING Well, we have the
potential to reduce uncertainty. You're right. W
could do --

CHAI RVMAN WALLI S:  You need to understand
t he uncertainty.

MR. TREGONING W need to understand it.
That's true.

CHAI RMAN WALLIS: Get a handl e, neasure
it, and so on.

MR. TREGONING That's entirely true

So how have we tried to determ ne which
techni cal areas have the greatest uncertainty? Well,
there's been a lot of interaction over the prior two
years bet ween not only ACRS comrents and
recommendations; also quite a bit of interaction with
staff, both Nuclear Regulatory, NRR staff and staff
within the Ofice of Research.

And we certainly discussed with industry
gquite a bit a lot of these thornier issues. So we've
searched out areas that have hi gh uncertainty, but the
ot her constraint that we have is we're trying to focus

on areas where we think generic evaluation wll
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provi de the nost inpact.

| think you heard a lot of the phrase
"plant specific" bandied about quite liberally
yesterday, and it's true. | think if you look at this
problemin total, there are very plant specific
attributes, and sonme technical areas can really only
be tackled froma plant specific perspective. W've
tried to focus on areas where we think generic
eval uation can provide sone insight into sonme of the
i ssues that we're dealing wth.

For the nost part the studies --

DR. BANERJEE: Like what? What generic
i ssues? Can you nanme a coupl e?

MR TREGONI NG Yeah. Chem cal effects,
head 1loss, <coatings transport, some downstream
cl ogging issues, and we used a surrogate throttle
val ve study. Al of the progranms that you hear will
be areas that we've identified that we think neets
this broad objective.

DR. BANERJEE: Yesterday though they
seened to feel that chemi cal effects were fairly plant
specific, right?

MR. TREGONING  Specific |oads and
products | would agree are plant specific in nature.

However, again, we still try to m ne as nuch as we can
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from general study. | think there's a value from
trying to wunderstand in a global sense what's
happeni ng, and then as best as you can apply it to
your plant specific.

CHAI RVAN WALLI'S: You nmight even have a
nodel for sonme of these effects, which could be
applied everywhere, and if you had a really good
under st andi ng of what's happening to the chem stry and
you have sone predictive tools, they could be used
ever ywher e.

MR TREGONING At |east one of our
prograns we've had an objective where we did somne
initial exploratory work to see how feasible that is,
and you're going to hear about that today. | don't
want to -- it's a difficult thing to nodel. | wll
say that, and wunderstanding your plant specific
environnment is crucial to the accuracy of any nodel
that you coul d possibly devel op.

So we have done sone exploratory work in
that area that you're going to hear about.

CHAI RMAN WALLIS: Well, everything is
difficult until it's easy.

(Laughter.)

MR. TREGONING Yes. No argunent there.

DR. BANERJEE: Are you going to tal k about
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nodel i ng efforts somewhere?

MR. TREGONING Yes, we're going to talk
about two sets of nodeling efforts. One is, again,
today we' Il tal k about cheni cal speci ation prediction,
which is an anal ytical nodeling study.

And then you're also going to hear today
work that we've done to do additional head |o0ss
correlation devel opnment. That so far has focused
primarily on particulate and fibrous debris. So at
least initial wirk wth the correlation node
devel opnent has not focused on debris sources such as
coatings and chenical effects.

But we feel |ike we need to wal k before we
can run in sone of this nodel devel opnment work. So we
want to see if we can handl e the standard source term
| oadings first and then nove to sone of the newer
consi derati ons.

DR. BANERJEE: Yesterday they said that it
was very difficult if you didn't knowthe structure of
the screens. These results have to, therefore, be
tested for each different screen, each different
manuf act ur er.

So what are you doing that's taking care
of that problenf.

MR. TREGONI NG Cbviously we can't test
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every potential hypothetical screen design that's out
there. A lot of that information is evolving. Wat
you'll see is in many of our prograns we' ve done at
| east paranetrically tried to evaluate if screen type
has effects on sonme of these phenonena.

So you'll see testing today that was
conducted on -- with a wi der nesh screen which, you
know, no one to ny know edge is planning to use that
sort of a screen in nodified sunp designs. However,
there's sone historical basis for the type of wire
mesh screen. There was a |ot of historical head |oss
data devel oped for the wire nmesh type of screen, and
historically, again, it's finding sone use wthin
pl ant s.

So there i s sone work | ooki ng at that, but
then we're al so doi ng sonme additional work using the
nore nodern perforated plate types of screens, and in
some cases we are definitively having tests which we
t hi nk or designing tests where the screen nmay have t he
bi ggest inpact to see what inpact that coul d possibly
have.

DR. BANERJEE: Yesterday we al so hear that
perhaps the tine of arrival of various conponents and
so on had an effect on the head | oss. How does the

correlation take that i nto account?
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MR. TREGONING Yeah, | don't want to

steal thunder fromthis afternoon.

DR. BANERJEE: Right, right, but just give
us a preview.

MR. TREGONING If | can give you a flavor
at the risk of being, you know, usurped by sonebody in
t he audience, what you try to do is or there's a
couple of different strategies that you can do.

One of the strategies that we're pursuing
that Bill Krotiuk is going to be discussing later is
| ooki ng at essentially sandwi ch nodel s where you can
consi der one layer within the debris bed to have a
certain concentration of particul ate and anot her area
within the debris bed to have possibly a separate
different concentration of particulate. To try to
address sone of these non-uniform | don't want to use
the word "think bed." W're trying to get away from
thin bed because we think it's a confusing term W
want to say bed saturation effect, and by that we nean
bed saturated with particulate either uniformy or
over a very thin |ayer.

Ei t her of those situations can be onerous
in terns of clogging. So those are both situations
that you want to wunderstand from a nodeling

perspective, and then from a plant perspective you
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likely want to avoid those types of situations if you
can or at |east design against it.

DR. BANERJEE: So you can predict when
this sandwich will fornf

MR. TREGONI NG No, no. Again, one of the
things you'll see, there's alot of infornmation being
presented later. | think you can identify certain
variables that mght pronote cake filtration or
sandwi ch formation or particul ate saturation. | think
there are certain variables that we can identify that
woul d get at this.

Saying that we can predict it though is
probably too strong a word. You're going to see that
the bed formation of the sunp screen is a very
stochastic process. | don't know how el se to describe
it.

DR. BANERJEE: What do you nean by
"stochastic"? |It's |like turbul ence?

MR. TREGONING No, there's a | ot of
variables that go into determning what's actually
going to arrive at the screen, howit's going to
arrive there, how the particulates are going to form
within the fibrous bed to |l ead the head | oss. There's
a nunber of very inportant variables that go into

t hat .
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Sotryingto predict whenrelatively small
changes in sonme variables could dramatically affect
your head |l oss, that's what | nean by --

DR. BANERJEE: You have a fluid dynamc
calculation going on, right, which delivers these
particles or fibers or whatever?

MR. TREGONI NG You have transport going
on, yes. | don't want to say --

DR. BANERJEE: But they are carried by
fluid, liquid, right?

MR, TREGONI NG  Sure

DR. BANERJEE: They don't arrive by
t hemsel ves. So --

MR. TREGONING That's right, unless they
wer e deposited directly on the sunp screen by the LOCA
itself. | mean, that's another possible transport
mechani sm

DR. BANERJEE: But now assum ng you're
doi ng these fluid cal cul ations, you should be able to
calculate at least the first approxinmation, what
deposit is out, what arrives, and you have to have
sort of a dynam c nodel of what's going on on the
screens, right? Wereas | see you just have static
correl ations.

MR. TREGONING Well, again, | don't want
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to get into too nuch of today. | nean, | think there
correlations are, you know, beyond just static
correlations and flow --

DR. BANERJEE: Not in the material you' ve
sent us.

MR. TREGONING Flow transport is just one
vari abl e here.

DR. BANERJEE: But |'m saying the
correlation itself. Now, you are giving us an
overview of what's going on. | don't see anything
tackling the dynam c nature of this, at least in the
mat eri al you' ve sent us.

MR. TREGONI NG And just so | understand,

when you say "dynam c nature,” what do you --

DR. BANERJEE: Build up of the bed. |
nmean there are whole lots of technology out there
today which handled this type of nodeling. | have
given a copy of the paper to --

CHAI RVAN WALLI' S:  Predicting how things
vary with tinme during an experi nment.

MR. CUNNI NGHAM Would it be okay if we
held this until the particul ar experts --

CHAl RVAN WALLIS: W're going to hear

about that. | do have another question. Are you

studyi ng back-flush? You said the difference between
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wire screens and perforated screen. | think wire
screens are particularly susceptible to having the
fiber sort of go through and get tangled up on the
screen, and they're harder to get away when you back-
flush.

So back-flushing is sonething that m ght
be interesting to plant, obviously the question of do
chem cal effects glue the stuff to the screen nore
effectively. |1'd suggest that you do sone sinple
back-flushing experinments if you haven't done so
al r eady.

MR. TREGONING Ckay. Certainly,
certainly.

CHAI RVAN WALLIS: | know there's a whol e
bur eaucracy that says what you can and cannot do.

MR TREGONING No, no, it's not
bur eaucr acy.

CHAI RVAN WALLI' S:  You actually can go out
and say, "Go and do it"? You don't have --

MR TREGONING We do that all the tine,
but again, we try to do things here that nake the nost
sense.

CHAI RVAN WALLIS: |I'mglad that you have
freedomto do what's sensi bl e i nstead of having to go

t hrough all the paper work.
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MR TREGONING | didn't say that.

(Laughter.)

MR. TREGONING W still have to go
through quite a bit of paper work.

MEMBER KRESS: Anot her question, Rob.
Since it's very difficult to predict the dynam cs of
how t he things woul d build up on a screen and i n what
order and how nuch, if you're given a given source of
materials, different types of debris and different
anounts of it, potential chemical fornms and so forth.
Have you t hought about | ooki ng at what conbi nati on of
those and in what order on the screen would give you
t he worst and maybe you coul d bound the problemwith

that sort of thing?

MR. TREGONI NG  When we set up our testing

matri x, quite often we're trying to, agai n,
paranmetrically search out what are benign versus
mal i gnant sort of conditions. So one of the things
we've clearly tried to do, and you're going to see
information |ater, we have tried to search out
conditions that might be particularly onerous.

Getting back to -- |I'mhappy that you | et
nme get to Slide 3 so quickly.

DR. BANERJEE: W still have not

under st ood how pieces fit together. You' re going to
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tell us that, right?

MR. TREGONING Yeah, a little bit, but |
t hi nk, you know, again, there's five broad technica
areas. You're going to see later there's sonme areas
that we have quite a |ot of overlap. There's other
areas where we have |l ess overlap. Certainly in the
area of chem cal effects, thereis a trenendous anmount
of overlap. Sone of the coatings transport work,
there's alnbst no overlap because that's really a
separate, stand al one project. So you're going to see
that in a second.

| think we've covered this. Mark covered
this. The goals, again, provide basic technica
knowl edge. There's only one programthat you're going
to hear that's non-confirmatory in nature, and that's
the integrated chemical effects testing program

This is a joint programthat we conducted
with industry to even determne if we had to worry
about chemical effects at all. So that was really the
basi ¢ objective of that program

Beyond that test program all the other
prograns that you're going to hear about over the next
day and a half are confirmatory in nature, and the
intent is to provide information for the staff's use

in conducting their review and assessnment of these
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generic letter eval uations.

Certainly while that's the goal, as we get
a report and report results, we have in many cases
already and will continue to strive to nmake results
publicly available so that they can informthe
i ndustry and ongoing activities with respect to this
resol ution.

So while these are confirmatory prograns
by their nature we are trying to be open and nake sure
that industry has the benefit of this know edge as
wel | as quickly as we can.

CHAI RVMAN WALLIS: | think it's w se that
you have several different labs at tinmes doing what
appears to be the sane experinment, especially when
t hose experinents have gi ven anomal ous results in one
| ab. You want to see can you get anomal ous results in
another lab or is it sonething to do with the way they
did the experinent, but they weren't aware of --

MR TREGONING | wouldn't categorize any
of these results as anomal ous that you're going to
hear in the next day and --

CHAI RVAN WALLI'S:  Well, |'ve seen the word
"anomal ous” in sonme of the results.

MR. TREGONI NG Ckay. Well, naybe | need

to go back and edit those reports a little bit nore
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careful ly.

(Laughter.)

DR. BANERJEE: Real ly? Meaning
politically correct or --

MR. TREGONI NG No, no. Anomal ous may not
be the correct word to use. | nean, | think we've
seen --

CHAl RVAN WALLIS: Well, there are other
words, but we wouldn't use them

MR TREGONING | think you're going to
see that a lot of the effects we are able --

CHAI RMAN WALLI'S: Interesting effects.

MR. TREGONING Interesting effects.
W're able to replicate them W may not fully
understand them you know. So it depends on how we're
usi ng the word "anomal ous" there.

| don't want to use it in the sense of
nmeani ng spor adi c.

CHAl RVAN WALLIS: Well, anonalous is
sonet hi ng that you expect it to behave this way and it
behaves sone ot her way, and you can't understand why.

MR. TREGONI NG Yeah.

CHAl RVAN  VWALLIS: Presunably that's
anomal ous.

MR. TREGONING There's one result that |
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woul d.

CHAIl RMAN WALLI'S: O you can get an
anonal ous presentati on soneti nes, and you probabl y get
anonal ous questi ons.

(Laughter.)

CHAI RVAN WALLI S: Let's nove on.

MR. TREGONING (kay. These are the
technical areas of study. | think alittle bit is
trying to get at your question of how do the pieces
fit together.

W' ve got four areas that we're | ooki ng at
that Mark nentioned, one in the area of chem cal
effects. The basic objective of that is to deterni ne
t he potential for chem cal byproduct formation within
cont ai nment pool environnents and characterize and
predi ct as best as we can the byproducts that form

These are the first two tal ks you' re goi ng
to hear today. The first one will be the ICET test
t hat was conducted at Los Al anps National Lab.

The second is the speciation prediction
wor k that was conducted by CNVRA.

One point | will nmake here with respect to
synergy. Even thought CNWRA is the lead in chemn cal
speci ation prediction, LANL in support of their own

experiments has done a |l ot of their own predictions on
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the side to try to develop baseline variable
conditions for the I CET test, determ ne how nuch

product that they need to mx in to get a certain pH
So, again, there's some synergy and overlap there in
ternms of some of the expertise that's being applied.

In the area of head | oss, we have two head
| oss prograns that are primarily, agai n, a
confirmatory research programto | ooking at head | oss
associated with PWR containnment materials both with
and wi thout chem cal effects.

You're going to hear about the chem cal
ef fects head | oss testing programat Argonne Nati onal
Lab, and then |ater today the particul ate head | oss
testing program And by "particulate" | really nmean
standard insulation debris. At least so far the
results you're going to hear will be nmainly fibrous
and Cal Sil type of particular testing, although there
is plans to nove on and | ook at sonme coati ng head | oss
testing at PNNL.

And then the nore stand al one prograns.
W have one programthat touches on the area of
downstream effects, one aspect of the downstream
anal ysis, and particularly it's |ooking at bl ockage.
"1l say flow bl ockage due to restricted pat hways.

Now, we've studied it here by using
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surrogate HPSI throttle valves, but | think you'll see
a lot of the findings have sonme nore generic
application as well.

MEMBER DENNING Rob, that is a very
limted objective as well.

MR, TREGONI NG  Yes.

MEMBER DENNING And from the things we
heard vyesterday there are broader areas of
uncertainty. Do you have plans to | ook at in-core
types of bl ockage?

MR. CUNNI NGHAM W have no plans for that
ri ght now.

DR. BANERJEE: O even transport to the
core. | nean, that was the issue. Were does it
deposit out or like that?

MR CUNNI NGHAM  Qur focus has been on
what woul d be happening in the -- we would expect to
be happening in the containnent. See, this is a
little step into that next regine, but it's the only
steps we're doing right now.

CHAI RVAN WALLIS: But if it doesn't block
the throttle valve, then it goes further. \Were does
it go?

DR. BANERJEE: How big is the throat of

the throttl e val ve?
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MR. TREGONING That varies. That is

truly a plant specific consideration. | think what
you'll see in the testing is we did some surveys to
try to wunderstand the range of throttle valve
settings, and we studied in this LANL work bl ockage
condi tions over those ranges of applicable settings.

There was sone --

DR. BANERJEE: Are they typically one
inch, five inch?

MR. TREGONING No, no, no. They're
typically less than the screen openings -- |'m
sorry -- slightly greater than the screen opening
size. So if the screen opening size is a quarter
inch, they m ght be around a quarter inch. If it's an
eighth inch, they m ght --

CHAI RVAN WALLIS: But when it's cl osed
it's got no area. the problemis when it doesn't
guite close because nmaybe it closes on a piece of
netal or sonmething. There's flow through it, but it's
a very snmall hole. Then you can bung (phonetic) it
up, and then when you try and start it up again,
that's the sort of situation where you really gather
debris. It's where it's not quite closed for sone
reason. It could be it just didn't close all the way.

MR TREGONING Right. |If you' ve got a

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

30

val ve --

CHAI RMAN WALLIS: If it's open, there's
probably no problemat all, but it's just when you
close it and then want to open it again. They may
find it's clogged up.

DR. BANERJEE: Cone agai n?

CHAI RMVAN WALLI S:  You cl ose the val ve; you

al nost close the valve. Then you've got a flow
through it, but you' ve got a restriction. You' ve got
a small area. So that's when you could lock it up
with debris.

So now you night have a pile of debris
goi ng back fromthe valve in the pipe that has built
up this stuff, which is nowready to |l ean on the wall
and so on, and actually create a --

DR BANERJEE: The valves are used to
control the flow

CHAI RVAN WALLI S:  Yeah, they can open and
close them and in fact, in events they sonetines
open. They do and close them don't they?

MR TREGONING Yes. At the risk of
overstating nmy knowl edge in the area, | nean, ny
understanding is they have set points and --

CHAI RMAN WALLIS: Especially when they

think they' ' re losing their net positive suction head.
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They may vary the throttle valves in it.

MR. TREGONING Yes, that's true. Ral ph,
did you want to enlighten us a bit?

MR ARCHI TZEL: Architzel from NRR staff.

Particularly like in the Wstinghouse
house, they flow balance ahead of time, the flow
t hrough the HPSI injection |lines, and so they have set
points. Like Rob is saying, those are fixed normally
and they stay and they're throttled down to achieve
bal anced flowin case a |line breaks. So those aren't
vari able types of situations. They're normally set,
that condition, during the accident.

DR. BANERJEE: The opening is pretty snmall
in each of these?

MR ARCHI TZEL: Yes, as Rob said, the
opening is small, and that's why we had things
reasonably asked to be | ooked i nto, but the val ves are
typically set in those conditions to achi eve bal anced
flow.

CHAI RVAN WALLIS: But they're instructed
tothrottle under certain conditions. Don't they have
sonme flexibility in where they actually end up in the
position in the valve?

MR ARCHI TZEL: But ahead of tinme these

are set before the accident.
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CHAl RMAN WALLI S: It's either all or

nothing then? 1It's either throttled or nothing or --

MR. ARCH TZEL: No, they're set to
specific conditions to balance the flow through
various |ines.

CHAI RVAN WALLI'S: So how do they contro
the flow?

MEMBER SHACK: | guess they don't.

CHAI RVAN WALLIS: They don't control the
fl ow?

MR. ARCHI TZEL: Once the accident starts,
it's bal anced. You expect --

CHAl RVAN WALLI'S: No, but they're tota
throttle, and when they think they're losing their
punps fromthe sunp, they're instructed to throttle.

MR ARCHI TZEL: Those are different
situations to throttle dowmn. Those weren't the valves
we were tal king about.

CHAI RMVAN WALLIS: Oh, it's different
valves which they use to control. Mybe you test
those, too. Ckay. Well, we'll get to that.

Thank you.

DR BANERJEE: So these are the nost
restrictive, these throttle valve.

MR. TREGONI NG | wouldn't use that word.
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Agai n, you'd need to | ook at a specific ECCS | ayout in
a given plant. There's certainly one potential or
likely mininmum gap area, you know, restricted area
flow.

DR. BANERJEE: The velocity is pretty high
t hrough t hem

MR TREGONING Yes, the velocities are
pretty high.

DR. BANERJEE: So if you had fine, they
woul d go t hrough

MR. TREGONING Potential, although
t hi nk, again, at the risk of stealing too nuch t hunder
from tonorrow, | think you'll see when we did this
programwe had basic questions i f we coul d under these
conditions with relatively high velocities, if we
could even get blockage at all, and we were able to
under certain conditions generate significant
neasur abl e bl ockage in these val ves.

So, you know, | think naybe at that point
let's defer to tonorrow because | think you' re going
to have a | ot of additional interesting questions that
we can tackle then.

DR. BANERJEE: But | guess it's the broad
i ssue of the arrangenent of this program In arriving

at these things, did you do sonething |like a PIRT and
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| ook at all of the downstreamthings and decide this
was t he nost i nportant conponent or that was? How did
you do this systematic? That's what I'mtrying to
under st and.

MR TREGONING Yeah, we didn't do an
of ficial PIRT, but I nean, certainly sone of those, we
had those discussions anong staff as well as wth
contractors. W had been trying to identify areas
like | mentioned that we thought particular
vul nerabilities existed and, again, where we thought
we coul d do generic research to deal with topics that
maybe hadn't previously been addressed.

Certainly punp wear and degradationif you
were doing a PIRT woul d be sonething that woul d be
relatively high. W --

DR. BANERJEE: O core bl ockage.

MR TREGONING O potentially core
bl ockage. Wth punp degradation, | nean, one of the
i ssues we've had with that, as Steve Uni kew cz
nmenti oned yesterday, there's been alot of work in the
area of wear and tri bol ogy that can be applied to punp
desi gn studies, and the other aspect that we' ve often
stunbl ed under is there's such a wi de variety of punps
that it has been difficult totry to craft any sort of

programin a generic sense that really captures the
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variability that's out there in the area of punps.

So when we' ve pi cked prograns, we've had
di scussi ons to try to identify specific
vulnerabilities, as well as, again, try to have an eye
toward what we think we can tackle in some sort of
generic sense.

CHAI RVAN WALLIS: It would seem you cannot
i gnore core bl ockage. W had di scussi ons yesterday --

MR, TREGONI NG  No.

CHAI RVAN WALLIS: -- and since we're
tal ki ng about rmuch | arger screens, it's quite possible
there will be screen bypass debris. W're talKking
about sel f-cl eaning screens which chop up debris and
debris goes through the screen. Were does it go?
It's hard to i magi ne why sonmeone i s not doing a
program on core bl ockage.

DR BANERJEE: Well, there was a PIRT done
inthe early days. |1've been |ooking through the old
docurnents. | thought there was sonething done, oh,
way back. Sonebody, Ral ph may know or somebody mi ght
know.

MR TREGONING Well, Bruce?

DR. BANERJEE: Wasn't there sonething like
this done back in the early '90s or sonething or '80s

or sonet hi ng?
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MR. LETELLI ER: Yes, you're right. GSI-

191 was initiated with a PIRT on both the large dry
and the ice condenser containnments, but at that tine
in the regulatory process, the GSI specifically
excl uded downstream effects. There was an interface
defined where that safety concern would be treated
separately.

So al though it may have been item zed, it
was not thoroughly investigated.

DR. BANERJEE: So this programthat's
com ng out, does it cone out of that PIRT, at |east
| eavi ng out the downstreameffects, or isit just sort
of reacting to concerns which are arising in a sort of
sem -random way? Maybe NRR concerns. | don't know
fromwhere they' re com ng.

MR. TREGONING Let nme follow up with what
Bruce said. There was an early PIRT that was done.
There has been a |l ot of research in this area over the
|ast ten, 11 years. So this is really just touching
on the research associated with the |ast year to six
nmonths of the program So there's been a | ot of
basel i ne information.

| wasn't involved in that. So let me
specul ate. M speculation is, and Bruce --

DR. BANERJEE: But sonebody was, right?
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So we can hear fromthe horse's nouth here.

MR. TREGONI NG M specul ati on woul d be
that a lot of that baseline research was a direct
result fromthe PIRT that was conducted. That's why
you do PI RTS obvi ously.

| nmean, Bruce, do you want to el aborate on

that? No?
DR. BANERJEE: Because there is usually --
MR. TREGONI NG  Thanks
DR. BANERJEE: -- systematic --
(Laughter.)
DR. BANERJEE: There is a systematic
procedure after a PIRT | evaluates whether the

experiments are applicable, they do a scaling study.
There's a whol e process there, whichis laid out, and
there doesn't seemto be an equival ent process being
t aken care of.

MR TREGONING Well, Bruce tal ked about
the PIRT, but there has been other generic studies
t hat have been done as well. | nean, back in, you
know, the latter part of the '90s or early 2000, there
was a very extensive know edge based study that was
done at Los Al anpbs National Laboratory, and part of
t hat know edge based study was to really | ay out what

we knew and what we didn't know.
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Now, that wasn't a formal PIRT, but in
some ways it had many of the same results as a PIRT
would in that it identified areas where we had
particul ar uncertainties, particular concerns.

DR BANERJEE: But it dealt with the whole
t hi ng, including downstream effects, everything.

MR TREGONING Well, refresh ne. Ws
downstream dealt with by the know edge based study?

MR. LETELLI ER: The purpose of the
know edge based report was to capture all of the work
t hat had been done to date, and to nmy know edge, this
work that you're going to hear about tonorrow is the
first of its kind regardi ng downstream bl ockage, and
nmy understanding of the history behind this is that
the throttle val ve was specifically exam ned because
it represents one of the small est gap openings in the
internal flow. [It's not the only area of concern, but
it is one of the smallest, and in proportion to the
debris sizes and the screen penetration, it was sinply
chosen for exam nation, as Mark said, for the first
step in | ooking at downstream concerns.

CHAI RVAN WALLIS:  Well, we probably have
to go on, but I think we |learn with this programthat
PIRT or not, you can discover things while you do

research which you didn't expect. Then you have to
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respond somehow.

MR. TREGONI NG Ckay. Here's the group of
research teamthat we fornulated to deal with these
i ssues. W have a very informal working group. The
working group -- and 1've identified Los Al anos,
Sout hwest, Argonne, and Pacific Northwest National
Laboratory -- they're primarily dealing with issues
and chem cal effects, and then debris head | oss.

The Carderock Division work is separate
from the working group. They're |ooking at the
coating transport issue. So the working group of the
four labs and the NRC, we were charged with test plan
devel opnent, test coordination and review of results.

So this is something that all the nenbers
do. W usually ask, you know, if we have results that
wer e devel oped at Argonne, we ask Los Al anbs or the
Center to at l|least be aware of and in some cases
review that work to nake sure that we're happy with
not only the quality of the work, but nore
inmportantly, to nmake sure that we understand it as
much as we can.

CHAI RMAN  WALLIS: That's a very
interesting plot because it shows that everybody
comuni cates with Los Al anps, but PNNL has nothing to

do wi th Sout hwest Research.
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MR. TREGONING That's true. That's true.

CHAI RVAN WALLIS:  That's true?

MR. TREGONI NG Because PNNL -- Sout hwest
is the group doing chem cal speciation work. PNNL is
not doi ng any chemical effects work.

CHAI RVAN WALLIS: | see. kay.

MR. TREGONING So that is a true plot.

CHAI RVAN WALLIS: It's true. [It's true.
kay.

MR TREGONING It's a true plot. Now,
we're certainly all together on a |lot of research
costs. So they are at |east, you know, indirectly
comuni cating with these guys, but there's no direct
col | abor ati on.

CHAI RVAN WALLIS: There's no direct -- a
conpl etely i ndependent phenonmenon we're | ooking at.

MR, TREGONI NG  Yes.

DR. BANERJEE: Do you have access to the
industry data or is it all proprietary and you can't
use it? For exanple, in nodel devel opnent and things
l'i ke that.

MR TREGONING W have sone access. W
certainly have access when industry submits that
information either formally or informally. Now, you

know, sonme of the Alion work, | nmean, | think you
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heard yesterday, | think, John Butler, maybe John
But |l er; sonebody characterized that they had done, you
know, 2,000 sone odd tests in the Alion test |oop. |
personal |y have not seen that work. That woul d be
very valuable data to add to the experiential
dat abase, to say the | east.

So, you know, I'dsay it's a bit sporadic.
W certainly see the things that they give us, but we
don't see everything.

DR. BANERJEE: Yeah, you'd al so probably
need quite a lot of details of the tests to see how
this stuff went there and how it deposited.

MR. TREGONI NG Yeah, raw data nay or nay
not be very useful certainly.

DR. BANERJEE: Now, the Carderock
Di vision, why did coatings beconme such an inportant
i ssue? What happened? | mssed that.

MR. TREGONI NG Coatings have al ways been
an i nmportant issue.

DR. BANERJEE: |Is it because they form
very fine particles or --

MR. TREGONI NG Coatings have al ways been
important, and | think you heard a presentation from
NRR yesterday to tal k about sone of the concerns. One

of the issues with coatings, because there was a | ack
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of knowl edge in terns of failure mechani sns and anount
of coating loading that you could get, the safety
eval uation, and the staff took a very conservative
position and essentially assumed that you had a | arge
amount of debris which forned.

So then the next questionis, well, if you
real ly have that rmuch debris forned, how rmuch of it do
you think will transport.

Now, the particulate is one thing, you
know. Anything within the ZO is assuned to be
particulate. One of the reasons it's assuned to be
particulate is that it's nore readily transportable.

But the bigger question and the bigger
| oading potentially is for coatings outside of the
ZO, which the particulate assunption is nmuch | ess
def endabl e in that case.

DR. BANERJEE: But yesterday we heard --
and maybe these tests will clarify this -- we heard
they did some autoclave tests for the region outside
the ZO, and these were on sanples that were sent. It
wasn't a very conprehensive program They only did
about 15 -- | don't renenber. It's a small nunber
anyway, but they didn't measure the particle sizes.

| f particle sizes are concerned, they only

sort of neasure how nuch of the coating spalled off or
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whatever it did, you know, in the steamspray system
So is your programtrying to fill those gaps or what
is the nmotivation?

MR TREGONING As nuch as we can. \Wat
you'll see, again, it's a paranetric study. W've
| ooked at transport of different sizes of chips and --

DR. BANERJEE: Oh, this is transport
rat her than actual formation

MR TREGONING This is transport. This
is not formation. The industry is dealing with the
formati on and the damage issues. W in this program
are looking at the transportability issues.

DR. BANERJEE: Because the programt hat
was di scussed yesterday doesn't give us any sense of
what the size of the flakes or particles are. There
seens sonme di sconnect between knowi ng 50 percent is
gone, but we don't knowin what formit is, and doing
all of this transport work because --

MR TREGONI NG W do have sone
i ndependent information beyond just what has been
nmeasur ed or not neasured i n some of these experinents.
There's certainly visual evidence within sone of the
pl ans of coatings under normal operating conditions
whi ch are not adhered anynore, and t hey' ve cone off in

chips and so we at |east have a crude sense in terms
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of what sizes we're seeing, you know, and we've used
that to try to guide the range of study within the
Car der ock Divi sion.

| mean, there's sone other evidence as
well that's been applied in setting up these
experi ments.

Move on?

CHAI RMAN WALLI S:  Yes. You' re way behi nd.

(Laughter.)

DR. BANERJEE: It's all his fault, right?

MR. TREGONING |'mnore than happy to go
right through these and get us back on schedul e.

CHAI RVAN WALLIS: Well, we can nove
t hrough the next slide pretty quickly.

MR. TREGONING Ckay. W tal ked about
regul atory coordination a little bit. W have staff
in both NRR and Research that we're coordi nati ng with.
W've got three levels of peer review, NRR and
Research review. W also, as | discussed a little
bit, we have peer review anong the research team
nmenbers.

And in the area of chem cal effects, we're
al so conducti ng an external peer review. W have five
nmenbers on the peer review group, and we've received

sorme prelimnary feedback. W're not going to touch
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on the peer revieweffort much today, but | know when
we cone back in June, if not before, we'll have a nore
extensive session concerned with some of the peer
revi ew conments.

| did want to indicate who the peer
reviewers were. W've tried to get a pretty diverse
group in terns of not only their affiliation, but
their areas of technical expertise.

DR. BANERJEE: So you have a chenica
i ndustry person. That's wonderful.

MR. TREGONING Yes, we do. So we have
five people fromboth national |abs, acadenia, and
i ndustry. W have filtration guys. W have
speci ati on nodeling guys. W have people that have
experience with nuclear waste, analytical chem stry,
experi ment al chenmi stry, el ectrochem stry, and
experinmental testing. So | think we've got a pretty
good group of external peer reviewers here.

DR. BANERJEE: And Digby is a very
t her nodynani ci st as wel | .

MR. TREGONI NG Yes, yes. Understanding
D gby has been ny personal chall enge.

DR BANERJEE: He's from New Zeal and.

MR TREGONING No, | don't nean that.

just nean technically.
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(Laughter.)

MR TREGONING It's not communication
It's level of understanding. He's up here; |'m down
here.

DR. BANERJEE: Well, that's a good team

MR. TREGONING So just briefly, we've
t ouched on nost of these, and Mark touched on these
nore thoroughly. | just wanted to outlines sone
i nportant messages that | think all of the talks are
going to touch on within the next couple of days.

W' ve desi gned t hese research prograns to
provi de sonme basic conceptual understanding. W've
tried to identify several inportant technical issues
whi ch i npact functionality of the ECCS system As we
nmenti oned several tines, our primary role --

CHAI RVAN WALLI'S: | think, Rob, one of
your jobs here is to avoid future surprises. You'd
better know now if something is going to happen.

MR. TREGONING Sure. W want to know.

CHAI RVAN WALLI S:  You recogni ze that when
you do an experinent and say, "Cee, whiz. That's
something new. W'd better pay attention to that,"
rather than saying, "Let's correlate it," or
somet hi ng.

Thank you.
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MR. TREGONI NG No, understanding if there
are features of this phenonena which m ght surprise us
in either a bad or a good way is really --

CHAI RVAN WALLIS: And then it mght be a
good way.

MR TREGONING It might be a good way,
and that has been really a fundanental consideration
in the research as well. Again, primarily we're
providing confirmatory information. You're going to
hear about a | ot of interesting findings over the next
day or so.

One point is, again, that these findings
are going to be generic in nature and are really
under st andi ng, and consi deri ng plant specific rel ated
i ssues, that's what's really needed in order to assess
t he i nportance of sone of these research findings for
a particular situation.

So that's where the plant specific part of
this really cones back into play. W night show sone
very onerous head loss results, but if they're not
representative of any particular plant conditions
they're not applicable to that particular plant.

CHAI RVAN WALLIS: It would be interesting
if at the end of the day you could give us a honmework

assi gnment whi ch says explain particular obligations
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in Experinent X-23 and you know.

MR. TREGONING You're offering that?

CHAI RVAN WALLIS:  well, | don't know It
may well be that we'll go away with sone assignnents
to think about.

MR. TREGONI NG  You know, we're always --
Research, given our limted constraints, we're always
| ooking for addi ti onal help and support in
under st andi ng phenonena. So if ACRS is offering that,
"Il certainly be nore than happy to accept.

CHAl RVAN WALLI'S: Sometinmes we can't
restrain ourselves.

DR BANERJEE: One nenber of ACRS.

(Laughter.)

MR. TREGONING | noticed you didn't make
t he same offer.

That's it.

DR. BANERJEE: | think before you take
that slide off, basically |I've understood the various
conmponents of the program but taking this fromthis
generic point to the point where it's useful on a
pl ant specific basis wusually needs some sort of
nodel ing glue, right, to do that transformation?

| nmean, there is understanding which is

the first thing, but then that has to be transl ated
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into sonething relatively quantitative so that people
can use it. Howis that going to happen?

MR. TREGONI NG You know, nodeling is one
approach. There's quite a lot of things that we're an
engi neering organi zation, and these are engi neering
probl ens that at the end of the day we're concerned
with nmaking sure that we have solutions to, and we
have a lot of things that we have engineering
solutions for that we're confident work wthout
necessarily having rigorous, robust nodels to
understand all of the details associ ated wi th what ever
phenonena are studied. So --

DR. BANERJEE: So then you have to put
live safety nodel s or sonething.

MR. TREGONING Potentially, potentially

not. It depends on how well you understand the
phenonena. So that's the challenge here. | nean,
nodeling is one avenue. | don't think it's

particularly --
DR. BANERJEE: It's conplenentary, right?
VR. TREGONING It's certainly
conpl ement ary. Certainly nodeling in the sense --
and that's what we're trying to do wth the
correlation work. Modeling, | think, isreally goodto

make sure that you' ve covered your bases, that you
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make sure that there's no phenonena on those
particular set of conditions that can get you into
troubl e.

But the nodel s t hensel ves, quite frankly,
traditionally have limtations as well, and | think we
need to keep in mnd sonme of the uncertainties in our
know edge base, and | think that needs to factor into
t he engineering solutions that we develop for this
probl em

So nodeling is inportant. Don't get ne
wrong, but | don't want to paint nodeling up as a
savior that if we understand everything well enough
we'll be able to get the best engineering design.

| think some of these situations can be
dealt with without nodeling at all, just by making
some prudent choices within, you know, potentially
how the plants are configured, how they're designing
agai nst these functionality issues.

DR. BANERJEE: So how will you, let's say,
predi ct or study, let's say, the probl emof downstream
effects without a nodel to | ook at where deposition
m ght occur? Are you going to take a full-scale
reactor and punp this stuff in if this would happen?

MR. TREGONING Well, you know, again, you

need to wal k before you can run. W need to see in
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t hese new screen designs. W need to understand what
types of things and the volume or the anmount of things
that are going to be i ngested beyond t he sunp strainer
screens.

That fundanental understanding is still
unknown to sonme extent because, again, we're still in
t he design nodification phase.

DR. BANERJEE: W know ri ght now t hat
t here are streamdesi gns where a significant anount of
stuff will pass downstream Yesterday we heard about
the active stream designs where 30 percent of stuff
goes through, and they go through as fine.

So this is a given.

So what happens after

t hat ?

MR TREGONI NG  Agai n,

stuff, but you still don't know.

30 percent of

It's a plant

specific determ nation of how rmuch that stuff is.

DR BANERJEE: Well, | know, but what |'m
saying is without a nodel what are you going to do?
There's going to be a very w de range of stuff,
whatever it is, going through. So if you can
characterize it by size distribution, by conposition
or whatever, to go from there to the anount of

bl ockage that you m ght experience or where it m ght

be, | just don't see you doing it w thout a nodel.
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| don't think any engi neering judgnent, at
| east not mne, is going to give you that.

MR. TREGONING Well, it depends on what
you nean by nodel, and you know, the Westinghouse
Owners G oup at | east has a net hodol ogy for what needs
to be considered in a downstreameffect anal ysis, and
again, that's where the details of the particul ar ECCS
systemdesign are very i nportant. Just because you' ve
i ngested debris, howmuch of that nakes it to the core
is still potentially highly variable, and we --

CHAI RVAN WALLIS:  Well, Rob, | think we're
going to have to stop your presentation because we
could talk to you all day.

MR. TREGONING Al right.

CHAI RVAN WALLI'S:  Now you've started with
the first slide again here.

(Laughter.)

CHAI RVAN WALLIS: |I'mgetting nervous.

DR BANERJEE: We'I| cone back to this.

CHAI RMAN WALLIS: You're going to be
around, aren't you? You're going to be around.

MR TREGONING |'mnore than happy to
defer at this point.

CHAI RVAN WALLI'S:  Yes, but you're going to

be around the rest of the day if we need to talk to
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you agai n.

MR TREGONING | think I'mgoing to be up
here poking slides the rest of the day. So I'll be
readily visible. [I'll be readily visible.

CHAl RMAN WALLI'S: So you can even get
involved in the conversation fromtime to tine.

MR TREGONING I'mgoing to try to avoid
it, but, yes, I will be here.

CHAI RMAN WALLI S:  Thank you. That was
very good, | think, but we do have to nove al ong.

B.P., are you going to start this one?

MR B.P. JAIN  Yes.

CHAI RVAN WALLIS: Ckay. So when you're
ready, please go ahead.

MR B.P. JAIN Good norning. | amB.P
Jain, the Ofice of Research, and with me is Bruce
Letellier from Los Al anps National Laboratory, and
together we will provide you a brief status of the
| CET program

The |1CET program was concluded | ast
August, and we have presented to the comrttee the
results of the first three tests from last July
neet i ng.

The research program was a cooperative

programwi th industry, and the industry had provided
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input to the test plan, the test matrix, and test
oper ati on, as wel | as t he characterization
requirenent. So it's a truly joint program and the
results of this program have been shared wth
i ndustries and they have been made available to the
public as well.

Next one pl ease.

CHAI RMVAN WALLIS: Can | ask you? The
overvi ew here and to go back to the concern that we've
had all the tine, we just hear it fromDr. Banerjee.

MR B.P. JAIN. Right.

CHAI RMVAN WALLIS: These tests, do they
result in some understanding which enables you to
predict things better or are you just finding out
things which mght be inportant? |s there sone
predictive capability that results fromall of this?

That's, | think, one of the key questions
that we're going to have for you

MR B.P. JAIN Well, the objective of
this programwas -- 1'll get to the next slide -- was
primarily to find out if --

CHAI RMAN WALLIS: Find out if things
happened because if you read your preanble to the
report, it sort of says, yeah, we found out sone

things, but it's going to be plant specific and,
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therefore, industry has to do all of that work to
study each pl ant.

MR B.P. JAIN. Right.

CHAI RVAN WALLIS: There's no nodel that
has come out of your work which will help shorten
their work in any way?

MR B.P. JAIN Not as a part of the | CET
program

MR. TREGONING The one thing I will say
is the results fromthat program have been used both
by us totry to calibrate sone of our nodels and t hen
al so industry as well. | think you heard about the
West i nghouse program where they tried to calibrate
their nodel with respect to the | CET program

CHAI RMVAN WALLIS: |'msure they' ve been
useful. It's a question of how far you have to go
before you can actually use it for plant predictions.

kay. I'msorry to --

MR B.P. JAIN. So basically would provide
this brief recap in this presentation, rehash our
objectives, the test plan and significant research
findings we provided |ast July. What we did not
provide last time was Test 4 and 5 because they were
bei ng planned or partially conplete. So we'll have

nore details of Test 4 and 5. And then where we go
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fromhere and where we get nore information

This is core data. Last time we presented
the test plan, the matrix, and the test |oop and
operation itself, nuch nore detail, and the results of
Test 1 through 3.

Now, Bruce is going to go over briefly on
this test plan, test operations, so will give you the
conpl et eness of the whol e presentation. But primarily
focus would be Test 4 and 5 results in this one.

Next one, pl ease.

Just to enphasize the objective of this
program we're to determine if the cantil (phonetic)
byproducts can be formed in the LOCA sunp pool
environnment, and if there could be sonme gel ati nous-
like material that could be forned. Those were the
primary two objectives, enphasi zi ng objective was not
to conduct a head | oss study under this program It
was j ust bei ng done separately at ANL, nechani cal head
| oss effects.

Some of the nmin, obviously the tests have
been conpl eted, and we have made an objection where
the test results did show that chenical products and
preci pitates can form and sone of these products are
anor phous in nature.

As we had shown last tinme, and we wll
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show sone of the slides today, when there's a change
in pool variables, for exanple, the pH the
tenperature, or the insulation can affect the type and
the qualities of the kind of products you get.

And obvi ously sone of the tests |ike, for
exanpl e, Test 3 showed t hat dependi ng on t he nature of
t he environnent, you can get products quickly or sone
time later as in Test 1. So those are the objectives.

Next one, pl ease.

The staff is using the results of the | CET
programin their evaluation for GRE clarit (phonetic)
2004-02, and factoring that in our head | oss testing
at ANL and the industry as well using those results.

Next one.

This will give you a brief overview. This
is atest matrix which we used to run this program
The five tests were planned. Each test ran for 30
days, and the primary difference anong the differing
tests was the buffering agent and the i nsul ati on type.

CHAI RMVAN WALLI'S:  You didn't run any tests
with no buffering agent? | mean, if a plant takes out
its TSP and has no buffering agent, what happens?

MR B.P. JAIN. Wll, that was not part of
the --

CHAI RVAN WALLI S:  Yeah, but you did not do
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any tests with no buffering.

MR B.P. JAIN W did not.

CHAI RVAN WALLIS: What is the pH of the
liquid which comes out of the reactor, the primary
cool ant | oop? What is the pH and the LOCA for the
nor mal boration?

MR B.P. JAIN. Paul.

MR KLEIN:  Paul Klein from NRR

It's one of the gquestions we asked the
Cal Sil TSP plants, would be the m ni num expected pH
before any TSP woul d di ssolve, and the answers were
typically around four and a half or so.

CHAI RVAN WALLI S:  Thank you.

So it mght be interesting to do an
experiment with four and a half pH wthout any
buffering. | don't know. The program rmay be over,
but, you know, when we get a question of a plant which
is going to take out its buffering agent, it would be
interesting to have sone idea of what m ght happen.

MR B.P. JAIN. In tests, there are three
types of buffering agents. |'msure by now we all
know that: sodium hydroxide, TSP, and sodi um
tetraborate. Tests 1, 2, and 5 consider 100 percent
fi berglass insulation, and Tests 3 and 4 have 80

percent Cal Sil mxture with 20 percent Nukon.
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Next one, pl ease.

Thi s gi ves you what we had shown | ast tine
just to give you a flavor of significant findings from
Test 1 through 3. Test 1 is a sodi um hydroxide and
Nukon conbi nation environment where we saw a white
preci pitant at roomtenperature, and on the ri ght side
of the figure shows insulation where you see the web
structures of chemcal products in the individual
fibers, a web-like material.

You see a simlar trend in Test 2 to a
| esser degree. The difference in Test 2 obviously is
the buffering agent is different. Insulation renains
t he sane 100 percent insul ation.

CHAl RVAN WALLIS: And so it's your
determ nation of what this web-like stuff is?

MR B.P. JAIN Well, on the precipitate
it's nore like alum num hydroxi de. That analysis
i ndi cated that.

CHAI RVAN WALLI S:  Ckay.

MR TREGONING Let nme clarify here a
little bit. W had a |ot of discussion about this
| ast July when we showed the first pictures of this.
Now, since that tinme LANL has gone back and done quite
a bit of characterization work.

Are you going to cover this or not?
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That's the only reason | was dealing --

MR B.P. JAIN Not today, | guess.

MR. LETELLI ER: W' re probably not going
to revisit the conposition of the Test 1 precipitates
and the coatings, filmcoatings. | did want to
nmenti on, however, though that sone of the phot ographs
that we showed in July of the film type of webbing
bet ween fibers may have exaggerated the concern.

After that briefing we actually went back
to the lab and reproduced that in an artificial manner
by dipping fiberglass into solutions of various
types.

So sonme of this is a surface tension
effect that occurred when we drained the tank. [|I'm
convi nced that some of the nore granul ar deposits were
formed in situ, but there's a visual nisperception
there that doesn't need to be exaggerat ed.

MR. TREGONI NG Yeah, we shared pictures
where it looked like film in July, and we truly
bel i eve as Bruce sai d, after sone additional work that
those are film filns that were brought about during
t he dryi ng process.

DR. BANERJEE: Do you think those little
powders on those stick-1like structures are just due to

dryi ng?
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MR. LETELLI ER: Sonme of the nore granul ar

appearing deposits | believe to have been forned in
situ because this type of structure appears on a | ot
of the solid surfaces.

DR. BANERJEE: Can you just point so |
wi || know which structures you' re nmeani ng?

MR. LETELLI ER: These nore granul ar
structures on individual fibers, they look Iike
bar nacl es perhaps, and this is not a particularly good
exanpl e, but in the |l ower frane t he webbi ng i n bet ween
fibers is nmuch thinner and that can be fornmed froma
surface tension effect like a silt bubble. W' ve
denonstrated that in an artificial environnment that
did not experience 30 days of exposure. W sinply
di pped the fiber and produced the sane structures.

DR. BANERJEE: (kay.

MR. TREGONING W don't have a picture of
the webbing in this presentation. W did in July, but
t he appearances are quite different.

MR B.P. JAIN. This is for the Test 3,
the gel-like materi al

CHAI RVAN WALLIS: Excuse ne. |s the flow
through this? There's no flow through this matri x.
So whatever gets in there is diffused in there

sonehow?
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MR LETELLI ER That's correct, except

for at the end of the test the water was drai ned away
fromthe sanple, and that is a directed flow. During
exposure we did expose fibers to various |ocalized
fl ow conditions, but in ny opinion, none of these bulk
sanpl es had a substantial flow through the nedi um

MR TREGONI NG But we did have additiona
sanpl es that we put by the drain colum and then a few
at later tests where we specifically put near the
inlet water jets to try to sinulate sone nore higher
fl ow conditions.

MR. LETELLI ER: But these sanples were
never exposed, for exanple, across a sump screen
environnment so that the bulk flow is drawn through
t hem

CHAl RVAN WALLIS: But there was sone
agitation in the tank. So it probably isn't just
diffusion. Diffusion is very slow.

DR. BANERJEE: So you did agitate the
t ank.

MR. LETELLI ER W'l get into the
physi cal attributes, but you'll see that where the
water was injected there's clearly structure in this
t ank.

MR. B.P. JAIN The next one, please.
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This is for Test 3, which is a TSP in

Cal Sil, which we've tal ked about quite a bit. It just
shows the picture of that gel-like --

CHAI RMAN WALLIS: Is this sonmething |ike
pi zza dough or sonething. Wat kind of --

MR B.P. JAIN Looks like, yes.

CHAI RVAN WALLIS: Is that the way it
feels? Is it gooey and tough?

MR B.P. JAIN It's a gooey stuff, yes,
and | think we have a little nore information |ater on
in this presentation on this Test 3 stuff.

CHAl RVAN WALLIS: It's stuff which would
be hard to wash off if you just put it under a faucet?

MR LETELLI ER It would be disbursed
under a faucet. It has a texture of face cream

CHAI RMVAN WVALLIS: Ch, so it's not quite as
gooey as sonething |ike pizza dough.

MR. LETELLI ER: It's not as sticky as it
m ght appear.

CHAI RVAN WALLIS: | don't even know what
face creamis

(Laughter.)

DR BANERJEE: It's an enul sion.

MR B.P. JAIN. Bruce will go over the

details, give you a brief overview of the test plan
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and the test operation and the results.

Br uce.

MR. LETELLI ER: FromB.P.'s talk you're
going to want to hold onto page nunber 6, the test
matrix, just to remnd yourselves of which pH

condi ti ons and whi ch conbi nati ons of debris that there

wer e.

I'"d Iike to begin by acknow edging the
ot her team nenbers at Los Alanpbs. |'mrepresenting
t he work of a group of very dedicated individuals. In

particul ar, our principal investigator, Jack Dall man,
who i s responsi bl e for daily operations for devel opi ng
a quality insurance plan and largely for docunenting
our results, and | think Jack is on the line this
norning to hel p ne answer questions.

| do want to offer the conmttee an
overview of the project because several of you were
not present in July, but this is reviewmterial. So
if we need to skip ahead, we can do so.

Page 10 shows the develop tine |ine.
Conceptual design started al nost two years ago now
when we first becanme serious about conmmtting
resources to chem cal test investigation. Structural
design occurred during the sunmer of '04, and our

first test began in | ate Novenber of 2004.
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As BP said, we had a series of five 30-day
tests that were run in sequence with approximately a
t hree-week delay tinme in between each one. The fifth
and final test was just conpleted in August the past
sunmmer .

Phot ographs on page 11 give you sone
i mpression of size and scale. The central piece of
apparatus is a tank of approximtely 250 gall ons of
reverse osnosis water. The principles of scaling
we're trying to preserve here are the proportionality
between the surface area of netals and the dilution
vol unme of the Iiquid.

So in essence, this is a mniature
contai nnent building. Although it does not preserve
the spatial scale of flow, it does preserve the
chenmical proportionality of corrosion and dil ution.

The sanples were introduced in racks as
shown in the lower frame. There are actually six of
t hese racks are suspended above the water in the head
space and one of these racks is submerged throughout
the duration of the 30 days.

So this volune does acconmodate the
proportionality of the entire contai nment buil ding.
W were concerned about exposure to sprays and wash-

down of corrosion products to the pool. Opinions vary
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about whether that was inportant in retrospect, but
all of the tests were executed in the sane way.

The wat er | evel inthis photograph extends
up to that, about one third of the tank to that | ower
flange. So there are observation ports that you can
see, one below the surface, one i medi ately above t he
surface, and then one on the covering of the lid.

This tank was wapped in thernal
i nsul ation throughout the test, which is not shown in
this picture.

The next frame --

DR. BANERJEE: Was the water agitated at
al | ?

MR. LETELLI ER: You can see -- let ne
point -- where the water was i ntroduced at this point
near the top of the water. There is a parallel
injection manifold on the opposite side, and this is
literally a distribution header that was neant to
inject the water uniforny across the cross-section of
the tank. That's the point of highest velocity and
hi ghest turbul ence.

DR. BANERJEE: And is this recircul ated,
t he water?

MR. LETELLI ER It is continuously

recirculated. The drain is at the bottom of the tank
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DR. BANERJEE: And so this was |like a

spaj a (phonetic), was it?

MR. LETELLI ER: Exactly. W did design
that header to try and mnimze, | guess, reduce the
maxi mumflow rate and try to avoid direct inpingenment
on the sanples. W wanted to have velocities that
were representative of conditions in the containnent
pool throughout the | ong period of exposure.

DR BANERJEE: And the drain was a nulti-
drain or just a single point?

MR. LETELLI ER No, the drain is a single
point at the bottom of the tank, which is not shown
here.

DR. BANERJEE: To get flow to the drain
t hen.

MR. LETELLI ER: O course. That's right.

DR. BANERJEE: So does that give a region
of high velocity at the bottonf

MR LETELLI ER It does, and as Rob
nmenti oned, we later introduced fiberglass sanples in
a collar around that drain area to try and increase
the velocities that we were exposing our material to.

CHAI RVAN WALLI'S:  You have a screen down
t here presumably, too, don't you?

MR. LETELLI ER: There was a screen just
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to protect the punp from the large quantities of
debris that were introduced. It was not intended as
a surrogate sunp screen design, but in fact, we took
good advant age of that localized flowarea to coll ect
our sanpl es.

DR. BANERJEE: But the sanples you show,
they're all consolidated. There's no debris there,
right? |If there's debris forned, it would be just
washed off there just in time or what?

MR. LETELLI ER: Oh, you're tal king about
deposits on the plates that are shown here?

DR. BANERJEE: Right. Those plates are
your various materials, aren't they?

MR. LETELLI ER: They do represent the
stainless steel, alum num copper, zinc, paint and
concrete that are present in containnent. |In addition
to this we introduced stainless steel bags, if you
will, of fiberglass and cal ciumsilicate.

DR BANERJEE: \Wiere are those?

MR. LETELLI ER There's actually a
phot ograph two slides down.

DR. BANERJEE: kay. | went back.

MR LETELLI ER And the one that B.P.
showed give you an inpression of.

CHAI RVAN WALLI'S:  But you didn't throw in
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zinc paint chips or anything. Al of the naterials
were in the formof these plates.

MR LETELLI ER Let's item ze the debris
types. There are actually stainless steel nesh bags
containing the Nukon fiberglass that were also
i mersed. There was a certain quantity of crushed
concrete that was m xed into the solution, as well as
dust and dirt, literally containment sweepings that
woul d represent |atent debris.

W did not specifically include degraded
coatings in any way.

DR. BANERJEE: And the fiberglass or the
i nsulation, did you chop these up or what did you do
with then?

MR. LETELLI ER: These were pre-shredded
and al so heat treated to sinmulate the service life of
the insulation. So we did a crude form of accel erated
aging on the insulation process.

CHAI RVAN WALLI S:  You took off the organic
coating fromthis fiberglass?

MR. LETELLI ER: That's part of the reason
for the heat treatnment. This was done dry on a hot
plate sinple to induce a thernmal gradient across the
bl anket. This was done before it was shredded to

simul ate the acci dent environnent.
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As it is inmersed in the hot solution, the
organic biter (phonetic) does degrade as well.

DR. BANERJEE: So when you say
accel erated, you heated it up above what it would be
expected to be heated at and | ooked at sone kinetic
| aw |i ke Arhennius' Law or sonething, right?

MR. LETELLI ER It was rather crude by
conmparison to your description. W did do roughly a
time-tenperature integral tosinulate the servicelife
of 20, 25 years of plant service.

DR. BANERJEE: So the reaction is roughly
doubl e every ten degrees. kay.

CHAI RVAN WALLI'S: Now, what is in plant
service? Does the organic coating evaporate off
because the stuff gets hot?

MR LETELLI ER Yes. Yes, it does.

CHAI RVAN WALLIS: So after a while it's
al | gone.

MR. TREGONING Well, again, a |lot of
it -- wewnt alittle bit above the reactor operating
tenperature, but not a substantial anount above, and
what you see, you know, they do t hese bake-offs in the
plant. Mbst of it has evolved very quickly, and when
they did the bake-off in the Nukon here, you could

snel | when the bake-of f was occurring certainly. So
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a simlar type of phenonenon.

CHAI RMAN WALLIS: Sniffing Nukon is
hazardous to your health.

MR. TREGONI NG Anong ot her things, yes.
Yes, it can be.

DR. BANERJEE: Now, you shredded it with
what, a | eaf shredder or a bl ender or what was it that
you used?

MR. LETELLI ER: The product that we
enersed in the tank was run through a | eaf shredder so
that the flocks are roughly one inch and snaller.
Now, that's the case when it comes out of the |eaf
shredder as it sits in the boxes and as we pack the
bl ankets, it does re-aggl onerate.

So these bags were necessary to control
the migration of fiber in the test, but people wll
argue about howrealistic this represents the exposure
environnent in the accident. W have conducted prior
testing in past years where we introduced debris into
a rmuch | arger contai nnent pool, a sinulated one-tenth
scal e environnment, and the debris has the |uxury of
oscillating and fluctuating with local flows. In this
case it did not. W were sinply trying to reproduce
t he exposure conditions so that the chenical |eaching

could occur in a proportional way.
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DR. BANERJEE: Do you think the size of
the shredded sanples -- | nean the particle size,
woul d that have any effect on what you see or it's
i ndependent of that?

MR. LETELLI ER: The degree of shreddi ng
was mnor conpared to the size of the fiberglass
strands. W did not chop or degrade this into an
appreciably larger surface area. W physically
separated it, and that's all.

CHAI RVAN WALLI'S:  The difference woul d be
if fiberglass when it's intact is |less reactive than
when it's broken. The ends presumably are fresh, and
they're sort of broken up nore. They m ght be nore
reactive than the --

DR. BANERJEE: It may affect the kinetics.

MR. TREGONI NG The separation of the
fiberglass | would argue is probably nore inportant
t hen.

DR. BANERJEE: Now, in the ZO do you form
fibers or do you formparticles/ Experinments, what do
t hey show?

MR. LETELLI ER: Wll, in past testing
t hat has been done with air jet surrogates | ooking at
debris generation, you formflocs. You form shreds of

the original insulation blanket.
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DR. BANERJEE: But in a steamwater jet,

which is com ng out of these enornous vel ocities what
happens?

MR LETELLI ER There is no direct
evi dence of two phased jet inpingenent on fiberglass.
However, | still think that the primary effect would
be to physically separate rather than to break the
fibers.

DR BANERJEE: There woul d be no erosion
to particles?

MR, LETELLI ER These are very | ow
density materials that wll accelerate quickly.
They're not held in place. |In conparison to the
calciumsilicate product, for exanple, which is bound
to the piping structures and physical ly experi ences an
erosi on phenonmenon, there is test data to support the
behavi or of that product.

DR. BANERJEE: (kay.

CHAl RMAN WALLIS: So that's an interesting
statenent. There's no direct evidence of two phased
jet inpingenent effects on fiberglass.

MR. LETELLI ER Not to ny know edge.
Now, there may be evolving evidence on the industry
side where they're beginning to commt resources to

t hat questi on.
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DR. BANERJEE: So what happens? Steam
generators have fiberglass insulation, don't they?

MR. LETELLI ER: There is a diversity of
i nsul ati on products throughout containnent.

DR. BANERJEE: But nmany of them do have
fibergl ass.

MR. LETELLI ER: Many of them do, yes.

DR. BANERJEE: So if you get a break near
that and you hit the steam generator with a jet, it
will be a two phased jet hitting this fibergl ass.

MR LETELLI ER That's correct.

CHAI RMAN WALLIS: It peels it off, |
t hi nk.

DR BANERJEE: God knows what it does.

MR LETELLI ER Qur estimtes of debris
generation are very large. You can easily estimte up
to 2,000 cubic feet of debris that m ght be stripped
froma steam generator conpartnent.

DR. BANERJEE: |If you hit nost of the
surface, right? Ten dianeters.

MR LETELLI ER Yes, ten dianeters is
probably an exaggeration for the equival ent vol une.

DR. BANERJEE: Wiy is that? A liquid two-
phased jet will penetrate pretty --

MR. LETELLI ER: It does extend --
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DR. BANERJEE: That seens actually smal

to ne.

MR. LETELLI ER It does extend to that
di stance. No question about that, and beyond.

DR BANERJEE: Have you ever seen a steam
water jet coming out? That water will nake a hol e
through it.

MR. LETELLI ER That's true. It extends
to 25 and 30 dianeters. The nethodol ogy at present is
to take that physical geonetry and convert it to a
spherically equival ent volume wherein the pressure
contours are capabl e of damagi ng the insul ation.

MR. CARUSC W were told yesterday that
t hat was not what they did, that they went out to the
di stance at which it was affected and then just took
a sphere of that dianeter.

MR. LETELLI ER: In the case of coatings,
you're exactly right. That assunption was nade
because no prior evidence existed for the danage
pressure associated with a paint coating, and so the
staff took a conservative position consistent wth
prior regulatory applications to sinply, as you
suggest, take a reasonable penetration distance and
revol ved that or rotate that into a conparabl e sphere.

MR. CARUSO But they did sonething
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differently for insulation.

MR, LETELLI ER That's correct. It was
a conservative position that was adopt ed before recent
evi dence of danmge pressures for coatings.

MR. ARCHI TZEL: Ral ph Architzel from NRR

| just wanted to make a conment, and Bruce
knows this. | just rem nd ACRS for the pressurized
wat er reactors, we did take a 40 percent reduction in
i nsul ati on damage conpared to the air jet test which
effectively tripled the volunme that was used for the
air jet testing for insulation nmaterials absent two
phased testing.

Soit wasn't the sane test vol une that was
used for BWRs or that were denonstrated by the air jet
testing. It was a triple volune basically. | didn't
want to really get into this too nuch, but there was
some recent testing. W have had sone fiberglass and
that coatings test. M understanding, it would sort
of confirmthat the destruction was simlar to what
was observed in air jet test, and it was floc. It
bl asted all over the place with fines as well. That
wasn't intended to be the target, but was over the
mat eri al .

MR. LETELLI ER: You' re speaki ng of recent

i ndustry testing?
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MR, ARCHI TZEL: Yes.

MR LETELLI ER Very recent testing.

MR ARCHI TZEL: It wasn't the intent to
test the fiberglass, but it did basically.

DR. BANERJEE: | nadvertently.

PARTI Cl PANT: Col | at eral damage.

MR. LETELLI ER: That is a topic in and of
itself that we could devote a significant anmount of
time to. 1'Il just nention that nore of the physical
attributes are item zed on page 12. W don't need to
go through them except to nention that the flowrate,
pH, and tenperature were controlled through an
automati c data acquisition system

So this needed to sit unattended for 30
days with daily sanples extracted for the purpose of
noni t ori ng concentrations.

MR. CARUSO. You used RO water. You
didn't use tap water. Wiy didn't you use tap water?
Everyone el se seens to be using tap water. |Is there
a difference?

MR. LETELLI ER Well, the tap water is
adopt ed for conveni ence in cases where you' re | ooki ng
at the fluid dynam cs of head loss. W're trying to
have a nmuch nore controlled environnent where we're

| ooking at chemical effects. W did not take the
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extra step of going to reagent grade purity water, but
we felt that RO water was easy enough to do, and it
was appropriate for this test.

DR BANERJEE: But it was deionized,
right? There were no ions.

MR, LETELLI ER There are subtle
di fferences between reverse osnosis process and
dei oni zati on, and we had an ROunit physically on site
to generate our make-up water. | apologize | can't
expl ain the differences.

MEMBER SHACK: Do you know what your
resistivity was conmi ng out?

MR LETELLI ER: W do. |I'mnot sure that
| can quote that.

Jack, are you on |ine?

MR, DALLMAN:.  Yes, | am

MR. LETELLI ER Can you help? Bill Shack
i s asking about the resistivity fromour RO unit.

MR. DALLMAN. | don't recall right now,
Br uce.

MR. LETELLI ER: That was nonitored just
to |l ook at the cleanliest | evel just to nake sure that
the unit was operating within its specifications.

So let's nove on to page 13 to talk a

little bit nore about the daily tank operations. The
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upper frame shows |oading the racks into place to
initialize the test. The upper right-hand panel shows
you how congested the space is to physically fit al

of the coupons.

There are 374, 375 plates in each of the
tests, which were all identical. The lower |eft panel
shows you what the water condition |ooks |ike just
before initiation of the test. It is very nurky as we
throwin the dust and dirt, and the | ower right-hand
panel illustrates our |limted visual perspective
during the test. W could basically see the edges of
the plates, and at some perspective you could | ook
across the depth of the tank to judge the clarity.

Daily water sanples were extracted from
the associated plunbing. The tenperatures were
noni t ored and hel d const ant t hroughout t he durati on of
the test at 60 degrees Cel si us.

Page nunber 14 lists, inthe first bullet,
lists sone of the conmon test paranmeters with one
exception which I'I|l note at the bottom You see that
various types of netals were used, including concrete
and zinc coated paint. The tenperature was held
constant. These are all anbient pressure tests.

Actually the staff used sonme of the CNVWRA

nodeling results of a year and a half ago to make

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

80

j udgnment s about the pins (phonetic) of corrosion on
pressures and tenperatures. W were basically naking
a tradeoff between the very early phase of high
tenperature LOCA sequence conpared to the 1long
duration of noderate tenperature exposure, and we
opted on the size of a conservatively high, long-term
exposure and sinply ignoring the very short duration
of high tenperature.

The recircul ation fl owt hroughout the tank
is 25 gallons per mnute out of --

DR. BANERJEE: Did you do any sort of
scoping test to look at this brief duration, high
tenperature on a smaller scale or anything?

MR. LETELLI ER: W actually did the
nodel i ng sinulations to hel p nake that judgnment, and
usi ng published literature values for corrosion rates
as a function of tenperature. There were no bench
scal e experinents done to make that determ nation

That was one of the first commtnments we
made before designing and building the facility,
whether it needed to be pressurized to sustain a
hi gher tenperature or not.

DR. BANERJEE: Well, this facility clearly
is too large, but | wondered if you had done sone

smaller tests in that little autoclave or sonething,
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but anyway, you haven't.

MR. TREGONING No, but a lot of the basic
corrosion information for nost of these netallic and
nonnetal lic species is pretty well known. So we've
relied on literature for those paraneters.

DR. BANERJEE: But this has got boric acid
and stuff init, right?

MR. LETELLI ER That's what we were | ess
certain about, was t he dependence of chenical reaction
rates on pressure and tenperature. That's what we
t ook advantage of the nodeling efforts to hel p nmake
j udgnent s.

The | ast three bullets which cite the --

MR. VIJAY JAIN. Vijay Jain, Center for
Nucl ear Waste.

W di d do sone studies with respect to the
i ndi vidual materials. W |ooked at the corrosion
rates from60 degrees to 110 degrees Centigrade, and
you are right. As the tenperature increases. Your
corrosion rate increases by a factor of two or three.
You go from 60 degrees to 110 degrees.

But if you will do the same study with a
function of tinme as Bruce said, you can basically
replicate that increased corrosion rate can be

accomodat ed as a function of time running for 15 days
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instead of half an hour.

Thank you.

MR. TREGONI NG Thanks for clarifying

MR LETELLI ER You did it with boric
acid and things.

MR VIJAY JAIN Yes. W used the sane
conditions that were used in | CET test for Test No. 1
and Test No. 3.

MR. TREGONI NG Thank you for clarifying
t hat .

MR LETELLI ER The last three bullets in
the first topic of common paraneters, those were held
constant for Tests 1 through 4, but in Test No. 5 when
we introduced the sodium tetraborate pH control
system the boron concentrations in hydrochloric acid
were nodified as appropriate for that test.

Tests No. 1 and 4 wused the sodium
hydr oxi de as a pH control systemwith a target of ten.
Test No. 2 and 3 used the trisodi um phosphate, the
TSP, with a target pH of seven

And test --

CHAl RVAN WALLIS: Doesn't the sodi um
hydroxi de eat up the HCs pretty well? You put in
this HJ and then you eat it up with sodi umhydroxi de?

MR. LETELLI ER: That's true. The purpose
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of the HCO was to represent chlorides that m ght be
present from pol yvinyl cable degradation due to the
thermal environnent. So it does not really
participate in the pH system |It's sinply there for
t he chl ori des.

Next slide.

W took full advantage of our sinmulated
cont ai nment environnent to collect sanples on al nost
everything that we could see. Because chem cal
speciation is very difficult in a conplex systemlike
this, we made the judgnment to treat physical sanples
as bei ng uni que t hrough our anal ysis and i nvesti gati on
process. W tried very hard not to presunme that two
t hi ngs are equal, and until we had sonme chemni cal assay
to help us confirmthat.

So we have a proliferation of sanple
types. The primary fiberglass bl ankets you' ve been
able to see, but in addition to that there were
smal l er sacrificial sanples of about three to four
inch square which we could extract at various tinme
points during the test. Those were exposed in high
flow and | ow fl ow regi ons of the tank.

W col | ected dai | y wat er sanpl es obvi ously
which were sent for off-site chemical analysis. W

conducted during our daily sanples, we conducted --
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well, we collected both a raw, unfiltered sanple, and
also afiltered sanple, filtered out the tap, so that
we could differentiate between suspended solids.

W noted any visible precipitates and
collected sanples. At the end of the test we
coll ected floor sedinent which was conposed of the
initial particul ate debris, which was introduced. 1In
addi tion, any sort of chem cal products which happened
to formand settle.

The nmetal coupons were exanined for
corrosion, corrosive attack. |In one case, in test
nunber one, we collected significant quantities of
precipitate, this sludge material which was produced
after cooling the test solution.

W al so exam ned t he tank and pi pe resi due
during our cleaning process and in Test No. 3 noted
significant build-up of material internal to the
circulation system

DR. BANERJEE: Build up in what sense?
WAs it --

MR LETELLI ER It was a surface coating.
W do have a back-up slide to that denonstrating that.

DR. BANERJEE: It was adherent?

MR. LETELLI ER: It was adherent, | oosely

adherent. It was easy to renove by mld agitation

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

85

but, infact, it built a substantially uniformcoating
on the walls of the pipe, on the struts of the flow
net er, and i ncluding fouling the turbine at one point.

DR BANERJEE: What was it?

MR. LETELLI ER Test No. 3, if you'l
remenber from the matrix, was our first experience
with calciumsilicate in conmbination with trisodium
phosphate. That test was uni que as we explained in
July in that we observed a chenical flocculent within
30 minutes of the test. It was visibly suspended in
the tank. W' re speculating that that was a cal ci um
phosphat e product, and in fact, the conpositions of
the deposits on the walls are consistent with that
assunpti on.

|"mhesitating to say that's exactly what
it was because it is a very conplex chem cal reactor,
if you will.

The EDS analysis that we did showed
cal cium phosphorus and oxygen in the proper
proportions for cal ci um phosphat e.

DR. BANERJEE: Was it in suspension then,
this floc?

MR. LETELLI ER: Visibly so.

DR. BANERJEE: Do you think that's what

happened?
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MR. LETELLI ER: Very early in Test No. 3

it was visibly apparent swirling in the circul ation
flow, and we can exam ne the turbidity to show how
quickly it settled, over what rates the water
clarified, and at the end of Test No. 3, as B.P.
showed in his figure, substantial quantities of this
mat eri al on every surface.

DR BANERJEE: Wuld it also be on the
reactor core surfaces?

MR. LETELLI ER: It very likely would be.
That's one of our principal findings fromTest No. 3.

DR BANERJEE: How thick was it there?

MR. LETELLI ER: On the walls of the pipe
or inthe tank itself?

DR BANERJEE: \Wherever.

MR B.J. JAIN. The tank was about an inch

and a half or so.

DR. BANERJEE: and the walls of the pipe?

MR. LETELLI ER: One-eighth i nch noni nal .

DR BANERJEE: O that order.

MR LETELLI ER O that order.

CHAI RVAN WALLI'S: | thought it was thinner
than that. It was actually an eighth of an inch on

t he pi pe?

MR. LETELLI ER: There's actually a back-
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up slide that you can flip to.

DR. BANERJEE: And it's friable, very
friable.

MR LETELLI ER No, it's -- |I'd have to
describe it as a finely divided particulate. It is
not brittle in any way. It could be scraped or
removed with mld agitation, but in fact, it was
surprisingly adherent under fl ow.

DR. BANERJEE: So it's a bit like fouling
of sone sort.

MR, LETELLI ER Yes.

PARTI Cl PANT: Yeah, you have to page
through or try and blow it up.

MR LETELLI ER Yeah, | think it is the
very last slide in your package.

DR. BANERJEE: That certainly is an
i nteresting finding.

MR. LETELLI ER: It is. The upper right-
hand panel shows the whitish-yell ow deposit with a
scraped section that shows a fingernail or sone sort
of cleaning that was attenpted. This material built
up on the streets of the flow nmeter on the |eft-hand
panel .

DR. BANERJEE: And it was only observed in

Test No. 3 or in all the tests?
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MR. LETELLI ER: Primarily Test No. 3.

MEMBER SHACK: Well, you've | abel ed them
here as Cal Sil rather than cal ci um phosphat e.

MR. LETELLI ER | apol ogize for that. As
| said, we were trying not to presune what the actua
chemi cal conposition was. Because this test was our
first experience with calciumsilicate as a debris
type, in very high concentrations, that's certainly
one of the constituents.

It is noteworthy, however, that the other
| abs who have -- and actually Los Al anbs has conduct ed
head | oss testing with calciumsilicate. W've never
experienced the sane type of accumul ation, and | don't
think that Argonne or PNNL has experienced that
either, at least not with tap water and nomn nal
t enperature conditions.

Soit's not unreasonableto attributethis
to a chemical product formation. |It's something
uni que.

DR. BANERJEE: You didn't see any deposit
in any of the other tests?

MR. LETELLI ER Not on the internal --
well, that's not true. Jack, if you' d like to make a
comment on our cleaning process for the other tests.

MR. DALLMAN.  Well, we cl eaned the piping
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and the tank thoroughly between tests, and | recal
that after Test 3 that was certainly the hardest test
to get it cleaned up.

W did see sone of this what's called
deposits on the other tests, but not nearly to the
extent of this one.

DR. BANERJEE: Wat was not nearly? It
was much thi nner than one-eighth inch or did you find
any deposit at all?

MR. DALLMAN: On the other tests?

DR. BANERJEE: Yeah.

MR DALLMAN: Yes, we did. | nean, it was
very fine, and | would not say that this was one-
eighth of an inch thick by any neans.

MR LETELLI ER Not as thick as that.

MR KLEIN: This is Paul Klein from NRR

If I could junp in for a second, Bruce, ny
recollection at the end of ICET 3 was that the
deposition on the side of the tank was probably |ess
than a sixteenth. It certainly wasn't an eighth inch
thick deposit that | recall.

MR LETELLI ER Not in the tank. | was
basing that on ny just visual assessnment of these
turbine struts in the panel, which are very, very thin

to begin with and they've formed an accumnul ation
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Maybe Jack woul d descri be the deposits in other tests
as a residue that was actually flushed during our
cl eanl i ness procedure.

Test No. 3 took a fair amount of effort to
cl ean the pipes to our tol erance.

DR BANERJEE: So where did this fine
stuff come fron? | mean, what do you specul ate the
origin was?

MR LETELLI ER The calciumsilicate
debris was precrushed and contains a |large, |arge
guantity of fine particulate by itself. Wat was nost
interesting about Test No. 3 is the formation of a
chemi cal product that's also extrenely fine. | would
like to say that it's a crystalline product in the
case of cal ci um phosphate, very small particul ate.

MEMBER SHACK: | nean, you had vast
anounts of CalSil in Test 4, again, and you' re not
seeing a deposit.

MR. LETELLI ER: That's right. That's why
" m saying that the chem cal reaction behaved in a
uni que manner. It's not sinply the calciumsilicate
by itself. W sinply don't see accunul ati on on
internal piping fromCalSil in exclusion

DR. BANERJEE: It's very interesting.

MR. LETELLI ER: Junp back to page --
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CHAl RVAN WALLIS: B.P. said sonething

about an inch thick tank wall. Did | mshear that?

MR LETELLI ER In the bottom

PARTI Cl PANT:  Sedi nent .

CHAI RVAN WALLI'S: I n the bottom

MR. LETELLI ER: Settling on the bottom
That was in the introductory slide. It showed a very
good phot ograph of that material.

DR. BANERJEE: Slide No. 8.

To return now - -

CHAI RVAN WALLIS: W're going to have to
speed up, | think. Maybe when we get to the figures
we can pick out the ones which are nost interesting.

MR, LETELLI ER Sur e.

CHAI RVAN WALLIS: O are they all backups?

MR. LETELLI ER: I"d |like to present sone
of the trends actually.

Page nunber 16 is just a laundry |ist of
the diagnostics and supporting analyses that we
brought to bear. | will, however, note that chem ca
speciation is a very difficult task. W were
noder at el y successful inthe case of precipitates from
Test No. 1 at conducti ng nucl ear magneti c resonance to
actually | ook at the chem cal bonds in the precipitate

and confirmthat at sone phase of al um num hydroxi de.
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Beyond that, elenmental conpositions in
proportionality is the nost accessi bl e di agnosti c t hat
we have.

So noving into a survey of results, we'll
focus on Test 4 and 5 because the conmttee has not
seen this information before.

CHAI RVAN WALLIS: But Test 3 is also the
interesting one, isn't it?

MR, LETELLI ER Test 3 is --

CHAI RVAN WALLI'S:  You might want to say a
bit about that.

MR LETELLI ER: It is also included as
backup slides, and we're free to | ook at that as well.

In Test No. 4, just to rem nd everyone,
this was a sodi um hydr oxi de pH systemw th 80 percent
calciumsilicate, 20 percent fiber. M sort of bird's
eye view of this is it was one of the nore benign
tests as far as chem cal product formation goes. So
there's not a great deal to say in the
observati ons. MEMBER SHACK: You've actually found a
beneficial effect of cal cium

MR. LETELLI ER: That's perhaps true. In
Test No. 4, although we had a high pH, we had very
l[ittle alumi numcorrosion, and it may well be due to

a surface passivation by the presence of the cal ci um
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One of the few good things that | could
say about it.

MR. TREGONING Let ne just elaborate a

little bit. Test 4 was nomnally simlar -- | don't
want to say identical -- to Test No. 1 with the sole
exception being the i ncorporation of Cal Sil in Test 4,

t he same buffering agent, and in | ess amounts of Nukon
in Test 4, and in Test 1 we saw relatively copious
anounts of precipitate at |east at roomtenperature.
We didn't see that at all in Test 4.

So there's an indication of at |east one
single variable change having a relatively |arge
effect.

MR. CARUSC All of the netallic sanples
were electrically isolated fromone another, correct?
So there was no galvanic -- opportunity for any
gal vanic results.

MR. LETELLI ER: The coupon racks that
were shown in the previous figures were nade of
chlorinated polyvinyl <chloride. They're plastic
pi pes, and they are sinply physically restrained in
the slots. They are not physically touching in any
way.

W did perhaps observe sone evidence of

el ectroplating transfer between copper and al um num
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plates in one very localized case. There was no
evidence of pitting or aggressive electrocheni cal
behavi or.

So | think that our coupon racks were
reasonably successful in that regard. They served a
conveni ent way to | oad and to nanage a | arge vol une of
sanpl es.

CHAl RVAN WALLIS: Wl |, presumably soneone
has done this. | Mean, the difference between one and
four is sone sort of effective calciumpreventing
al umi num comng into solution. You could do that in
a benchtop test, couldn't you?

MR. LETELLI ER | ndeed, we've tried to
reproduce sone of that. It's a plausible explanation
for the suppressed al um num concentrati on.

CHAI RVAN WALLIS:  Yes, but it would be
useful to have some check that it wasn't sone
peculiarity of a particular experinment if you could
duplicate it in sonme other way.

MR. LETELLI ER: As we get into sone of
t he trends and concentrations, you'll see that there's
a very large reservoir of calcium |[|'ve tried to
remenber. Do we have 50 pounds?

PARTI Cl PANT: Fifty-five pounds.

MR. LETELLI ER: Fifty-five of crushed
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calcium silicate, which basically alnmost fills the
| oner one-third, | guess one-fourth of the tank. Up
to the level of the bottom of the coupon rock is
conpletely full of this sludge naterial. Not all that
isinmmediately avail able to dilution, but nonet hel ess,

there's a very large inventory.

CHAI RMAN WALLIS: It's a huge anount.

MR, LETELLI ER Yes.

CHAI RVAN WALLIS: That's not typical of a
pl ant t hough.

MR. LETELLI ER: No, it is actually.

CHAl RVAN WALLIS: It is?

MR LETELLI ER The vol une, the anounts
were scaled in proportion to our estinate of debris
generation. Wat is obviously not preserved here is
the spatial scaling of the containnent versus the
tank. This is a nmuch nore congested environnment, and,
in fact, were it not for the fact that our calcium
concentrations are very high and remai ned noticeably
hi gh, you m ght suspect that we were isolating this
material in sone artificial way.

W talked about mxing this tank or
repeating this in sone other manner, but the fact is
you have nore than enough Cal Sil participating here.

Thi s dom nates the chem cal system
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DR. BANERJEE: So the volune or the mass

of various conponents to the water is preserved in
conparison to the real system right?

MR. LETELLI ER To our best avail able
esti mates, yes.

DR. BANERJEE: Yes, it is estimated.

MR. TREGONING Let ne clarify Bruce's
Cal Sil statement. This CalSil |load was | don't want
to use the word "representative." It was certainly
chosen to be nore of a conservative type of estinate.
It was based on the assunption that you had a break
near a steam generator that had Cal Sil insulation.

PARTI Cl PANT: And it took 5,000 cubic

feet.

MR TREGONI NG Yeah, it took 5,000 cubic
feet of CalSil off. Mbst plants do not have -- in
fact, 1I'm not aware of any plant that has that

concentration of 80 percent Cal Sil conpared to 25
Nukon. Most of the plants are down around 20 percent
Cal Sil, and many have as they're repl aci ng steam
generators and doing other plant nodifications,
removing all of the Cal Sil that they can.

So even at this point intine, that Cal Si
| oading represents a bounding condition that |

woul dn't expect in any of the plants as they're
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currently configured.

DR. BANERJEE: So what woul d happen at a
| ower Cal Sil rate?

MR. TREGONING Well, that's a very good
guestion, and that's one of the questions that this
testing has raised, especially with this passivation
phenonena. How nuch do you need to enjoy the benefits
of passivation in this one instance?

MR. LETELLI ER: But nonet hel ess, Argonne
has showed that the dilution rates of calcium are
very, very rapid. So it doesn't take a | arge physi cal
guantity to domnate and saturate the chenica
inventory of calciumin the system W could argue

about how nuch physi cal product, but nonethel ess, it's
avai l abl e, readily avail abl e.

So let's nove on to the phot ograph on page
19.

CHAI RVAN WALLIS: |'m puzzl ed by that
because | thought you crushed the Cal Sil, but it | ooks
i ke rocks down there.

MR LETELLI ER We tried our best to
reproduce a size distribution at --

CHAI RMVAN WALLIS: It looks |ike big rocks.

MR. LETELLI ER: | ndeed, a | arge portion

of the volume is in physical sizes three inches
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nom nal di aneter.

CHAI RMVAN WALLIS: Didn't crush it very
well then. | mean it's pretty friable stuff.

VR. LETELLI ER: That represents
approximately 40 percent of the inventory. Sixty
percent was crushed to fines.

CHAI RVAN WALLI'S:  Wiich is probably on the
bot t onf®?

MR. TREGONING If you see the sedinent to
the left, a lot of that is mxed particulate Cal Si
with -- infact, inthat test it's largely particulate
Cal Si l.

CHAI RVAN WALLI'S:  -- enough anyway whet her
it's crushed or not.

MR. LETELLI ER Yes, and it's a very
por ous nedi um nonet hel ess.

This photograph is markable by its
conparison to Slide No. 6 in the introduction. This
is acalciumsilicate test, but you see only m nor
residue on the piping. You don't see the |arge
vol unes of secondary product.

MR. TREGONING And the residue is the
white scale. It's nomnally gray CPVC. So sone of
the white scale you see there.

DR. BANERJEE: So this is after the test?
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MR. LETELLI ER: Yes. This is after 30

days when the water has been drained.

DR. BANERJEE: So how did you get sedi nent
to go on one side?

MR LETELLI ER It's alittle bit
deceiving. This bag of CalSil is actually placed in
| ast.

DR. BANERJEE: Onh, | see.

MR. LETELLI ER: It's on the top.

Test No. 5, general observations. This
test was unique in that we were i nvestigating a sodi um
tetraborate system which is utilized for ice
condenser plants. The sodiumtetraborate is frozen
into the ice colum, and it is released gradually
during the ice nelt.

W nmade every effort withinthe limts of
our experinental apparatus to reproduce the tinme
hi story of the chem cal introduction. For exanple,
sodi umhydr oxi de sprays, we tried to match t he maxi num
initial pHand to introduce it over a tine period so
as not to exceed our expectations for the actual plant
condi ti ons.

And simlarly, for the sodiumtetraborate
we introduce a portion of that inventory before the

sprays and a portion during the sprays in order to
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mat ch nost cl osely our understandi ng of the accident
rates.

The turbidity of the tank was very smal |
.7 NTU before latent debris and the concrete dust,
about 14 NTU after the latent debris. Just alittle
bit of intuition about these wunfamliar units.
Nephel onetric turbidity units are alittle bit arcane
to my experience. As you would visually | ook through
t he wi ndows of the tank, a |l evel of one NTU represents
visual clarity through the depth of this tank. Above
that there's a noticeable | evel of suspension.

MR. TREGONING And tap water is about .5.
So just for frame of reference there.

MR. LETELLI ER: This test seened to
remain turbid. It was cloudy nuch |onger -- well,
relatively |l onger than the other tests, and we'll | ook
at the trend in a later slide.

For exanple, we could not see through the
depth of the tank until after day si x.

CHAI RVAN WALLI' S: Even though this stuff

is -- well, it is being stirred. So | guess this is
all in suspension around the whole loop with this
stuff.

MR. LETELLI ER: It is never mechanically

stirred. It's only agitated by the --
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CHAI RMAN WALLIS: -- stay in suspension.

MR. LETELLI ER That's correct. The
other tests would clarify and settle relatively
qui ckly, within two to three days' tinme frane.

The hydrogen generation, we're going to
look at a slide. It remained very |ow through the
first half of the test, and it was basically
nondet ect abl e t hereaft er, whi ch hydrogen generationis
an indicator of corrosive behavior which was clearly
evident in Test No. 1. It was al nbst nonexi stent
her e.

I will qualify and say that our
nmeasurenents of hydrogen were executed to serve a
safety function. W were concerned about flanmability
limts. It was a rather crude field survey instrunent
and was not collected to be quantitated. However, |
believe that it's very useful as an indicator of
reactivity in the tank.

CHAI RMAN WALLIS: Well, those hydrogen
bubbl es m ght affect what happens in the sunp if they
were to be forned there.

MR. LETELLI ER: It's interesting to note
-- we'll look at the slides |l ater -- that even in Test
1 where the hydrogen generation was clearly evident,

the turbidity remains very |ow and so --
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CHAI RVAN WALLI S:  Yeah, but hydrogen in

conmbination with particulate natter.

MR. LETELLI ER: There's a large quantity
of particul ate present, but the turbidity renains | ow,
which indicates to ne it's not agitated to the point
of mechani cal resuspension, and there's no significant
buoyancy change as wel | .

MR TREGONING W did see in Test 1 some
bubbl e formation on the surface of especially the
al um num speci nens, right?

MR LETELLI ER Yes, yes.

MR. TREGONING But at the risk of being

overly sinplistic, it was -- you know, there was a
relatively periodic sort of -- it wasn't like it was
deluged with hydrogen initially. It was relatively

consi stent at |east over the first ten days or so of
the test. |Is that an accurate characterization?

MR. LETELLI ER: |"d have to defer to
someone who had daily visual experience, but the
traces of hydrogen generation for Test 1 showa fairly
constant level of activity, and yes, there are mcro
bubbl es present on the surfaces. It --

CHAI RVMAN WALLIS: O the al um nunf

MR. LETELLI ER: O the al um num

primarily.
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W' ve conducted various exposure tests
| ooking at hydrogen generation all the way from
reagent grade al um num powder that's held in inert
environnents. That literally fizzes like Al ka Sel zer
as it corrodes very rapidly conpared to an i ndustri al
grade sanpl e whi ch has a wel |l established oxi de | ayer,
which is passivated to these exposure conditions.

PARTI Cl PANT: Thanks for clarify that.

MR. LETELLI ER: Conti nui ng on page 21
with general observations, renenber now this is
simlar in pHto the sodi umhydroxi de conditions. W
did observe visible precipitates in the daily water
sanpl es after they had cool ed to roomtenperature.
Renenber we're extracting 100 mlliliter sanples and
archiving them sending them for analysis.

And also Test No. 5, we had | earned
enough, anti ci pated enough about our concerns that we
were able to do a rudinentary heat exchanger test
where we t ook sonme of the raw solution from60 degrees
and rapidly cooled it over a period of about ten
m nutes, and we were able to visibly see formati on of
preci pitates.

It was a rather qualitative test at that
time, but we were able to coll ect sone direct evidence

of head | oss behavior, which will be presented in the
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future.

No apparent trend in the Kkinematic
viscosities. Relatively little discoloration and nmass
|l oss in the netal plates by conparison to other tests.

CHAI RMAN WALLI'S: | think you' re neasuring
dynam c viscosity. W had this little -- kinematic is
Nu over Rho, isn't it?

MR. LETELLI ER Yes, and these are al
presented in nmeters squared per second. These are
ki nemati c.

CHAI RVAN WALLIS: So they are Nu over Rho.

MR. LETELLI ER Yes. Sone clarification
to the very last bullet. The fiberglass condition,
shoul d have just rewitten this. It was relatively
cl ean conpared to other test, but there were nnor
fl oc deposits on the interior and the exterior, but
only m nor particul ate deposits on the exterior of the
fi bergl ass sanpl es.

The remaining slides are probably best
presented on the floor of your living room wth
everything out in front on the table. This is the
first opportunity we've had to | ook at the trends over
the full 30 days for all five tests in conbination

Pages 22 and 23, you can conpare those two

side by side. It represents the kinematic viscosity
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at roomtenperature conpared to the sanme viscosity at
the test tenperature of 60 degrees.

Test No. 1 shows a clear departure as
visible precipitates were being formed nore and nore
rapidly during the course of the test at room
tenperature, but at 60 degrees there was never any
vi si bl e precipitate forned.

There are sone reference points noted
there in the text box, what pure water, the behavior
of pure water would be at the sane tenperatures, and
in all cases, you can convince yourself that this was
at the neasurenment accuracy or slightly above the
behavi or of water within the limts of the
neasur enent .

There is a slight bunp in the test
tenperature for viscosity for Test No. 1 which
represents a procedural change. These tests were
conf ounded - -

PARTI Cl PANT:  You nean at 60 C.

MR LETELLI ER: Yes, at 60 C. | can point
to it on the viewgraph at approxi mately day nunber 13
or 14. W had to nodify our procedures to account for
t he unexpected presence of chem cal precipitate.

DR. BANERJEE: So the increase at 23

degrees Celsius for the Test 1 you attribute to the

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

106

formati on of the suspension due to precipitates.

MR. LETELLI ER: Clearly so. This was a
visible quantity of material. 1In fact, we had
difficulty executing the procedure as we extracted it
from the tank and noved it to a water bath. The
solution would floc in real tine, visibly so.

DR. BANERJEE: And it would stay

suspended. It wouldn't settle out.

MR. LETELLI ER It did settle over the
course of -- | don't know -- a few hours, tens of
mnutes to an hour. 1In fact, at the end of the test

it's useful to look at our archive bottles and just
sinply look at the depth, increasing depth of the
precipitate over tine.

DR BANERJEE: So these measurenents were
made al nost i medi ately after extraction, and so they
were still suspended.

MR LETELLI ER That's correct.

DR BANERJEE: So there's sort of a stock
(unintelligible) effect.

MR. LETELLI ER: That's right. So there's
a clear perturbation of the particulate to the
vi scosity neasurenent.

MR TREGONING | think these were nade

within ten mnutes of extraction. Even the room
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tenperature results, the higher tenperature of
Vi scosity nmeasur enent s wer e made i mredi ately
obvi ousl y.

MR LETELLI ER We corrected our
procedure in md-course to introduce a water bath so
that they could be inmersed i mediately, you know,
wi thin seconds. So until the apparatus was properly
prepared to avoid tenperature fluctuation.

MR. CARUSO Wiy didn't you see this
effect in | CET 3?

MR, LETELLI ER That's a very good
guesti on.

MR TREGONI NG Do you nmean | CET 3 or 4?
ICET 3 if you' ve got your matrix is a TSP buffered
environnment. |ICET 1 is a sodium hydroxi de buffered
envi ronment .

MR CARUSO Wiich was the one that
produced the | arge anounts of precipitant?

MR, TREGONING | CET 3

MR. LETELLI ER | understand your
guestion. | think if we |look at the turbidity, you'l
see that although this precipitate was forned very
quickly, it also settled. So it was not present in
solution as a solid.

MR, CARUSG So these were neasurenents of
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t he solution without the precipitant in I CET 3, but in
| CET 1 the precipitant was still there, and it had an
ef fect.

MR. LETELLI ER: At the test tenperature
in Test No. 1, there was never any Vvisible
precipitate, but when we extracted a raw sanple, it
woul d i mredi ately flocculate. So there's a very high
concentration near a saturation or aggloneration
poi nt .

DR. BANERJEE: So due to the cooling,
right?

MR LETELLI ER: Yes. It was a
tenperature effect.

MR. TREGONING It becones visible upon
cooling. | think that's an inportant observation.

MR. CARUSOG Does that inply that if you
had changed those I CET 1 conditions slightly, you may
have seen a |lot of precipitant fornf®

MR LETELLI ER There has been that
specul ation, that if the test had been executed at a
| oner tenperature, in effect, we would have reached a
saturation point.

MR. CARUSC | nean not just tenperature,
but | nmean if you had changed the -- let's see. That

was sodi um hydr oxi de?
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MR, LETELLI ER Yes.

MR. CARUSO |If you had changed the sodi um
hydroxi de slightly, if you had changed the boron
concentration slightly, if you had changed sonet hi ng
else slightly, you my have seen a |ot nore
preci pitant?

MR. LETELLI ER: It is possible. | would
be nost suspicious of the tenperature. That's why |'m
enphasi zing the fact that it precipitated upon cooling
because our tests were isothermal in nature, but the
power plant is not. There are clearly heat exchangers
and ot her tenperature vari ations.

MEMBER SHACK: But since we have to try to
replicate this stuff without going through this thing,
what we do find is, of course, it is a tricky bal ance
bet ween tenperature, pH and concentration. It's not
surprising because if you were at a different pH, you
woul d get to a different concentration, and obvi ously.
So the concentration and the pH are not independent
vari abl es, you know. You have to kind of couple them
together. So to say what woul d happen at a different
pHis alittle tricky to answer because you don't know
what the correspondi ng concentration. |If you kept
this concentration and | owered the pH, yeah, you're

going to drop stuff like a rock.
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MR, CARUSO |I'mjust saying there are
| ots of degrees of freedom here, and you know, you
found t hat when you | owered t he t enperature, but nmaybe
sonmet hing el se mght have precipitated it.

MR. LETELLI ER There are. As we
struggle with the i ssue of chem cal speciation, trying
to determ ne exactly what chemical form these
mat eri al s have, you begin to understand t hat the phase
of the associ ati on between these materials affects its
physical solubility. It affects the saturation
levels. It affects the physical formation of colloids
and | arger aggl oner at es.

DR. BANERJEE: So why did you neasure
ki nematic viscosity? Because it seens to ne that it's
a function of tine after you do this cooling or
what ever, you know. So it's not a robust measure.
It's an indicator of maybe a suspension, if nothing
el se.

MR. LETELLI ER: | ndeed, that's very true,
and we nodi fied our procedure to accommobdate the tinme
dependence. So we've proceduralized the cooling tines
and the neasurenent tines in order to have a conmon
basi s for conparison

But, in effect, this was exploratory in

nature. W knew that turbidity could be a sensitive
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i ndi cator of the presence of products, and i ndeed, we

f ound sone.

MEMBER SHACK: It's still interesting
t hough. | nmean, you know, we've had di scussions
before whether there's a trend. | think you really
have to agree there's still an upward increase in

viscosity there fromDay 15 on where the concentrati on
i s constant.

DR. BANERJEE: So you've got nore stuff
suspended.

MEMBER SHACK: No, no. If he shows his
al um num concentrati on.

MR. LETELLI ER That's right. If we

could flip back, we'll see that. The al um num
concentration has apparently flat lined. It has
reached some equilibriumlevel. | won't say that it

is saturated because | don't understand the physi cal
chem stry, but nonetheless it has stabilized, and Dr.
Shack is right. The roomtenperature viscosity
continues to increase.

As | describe it, these sanmples would
precipitate faster and in larger quantities as the
t est progressed.

CHAI RMAN WALLI' S: There's an anomal ous dip

at three weeks. | don't think we need to spend too
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long on this slide, do we?

MR, LETELLI ER No. Let's nobve on.

CHAI RVAN WALLIS: [I'mnot sure this is
going to affect the sunps very much

MR LETELLI ER These slides will evoke
many questions --

CHAI RVMAN WALLIS: | bet they will.

MR. LETELLI ER: -- that I'mnot prepared
to answer. There are many open questions here,
al t hough there are coherent pictures. Explanations of
the trends and the behavior of our chenical systens
are starting to nake sense. They're starting to
ener ge.

| will note a couple of --

DR. BANERJEE: So this is the supernatant
solution you're taking off.

MR LETELLI ER That's correct.

CHAl RVAN WALLI S:  Yes.

MR. LETELLI ER: Page nunber 24 sinply
illustrates that the pH is relatively stable
t hroughout the test. They were initialized as cl ose
as possible to atarget |level, and they did not drift.

You should understand that we nade no
attenpt to control the pH The test was initialized

and obser ved.
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Slide nunmber 25 is one of the obviously
nore i nteresting and sonewhat erratic plots. However,
the quantity of suspended solids is al so an inportant
i ndi cator of --

CHAI RMAN WALLIS: To see the yell ow one
you have to sort wiggle this thing around.

DR BANERJEE: You can't see it here.

MR. LETELLI ER: It is very difficult on
t he photograph. |If you look at the figure on the

wal | - -

CHAl RMAN WALLI'S: You don't see it at all?

It doesn't appear at all on the black and white ones.

MR. LETELLI ER: If you | ook at the
screen, you can probably trace it. You can make out
between the dots what the trends are. That is for
Test No. 3 in yellow

CHAl RVAN WALLIS: Well, the other one is
somet hi ng remar kabl e on Day 24.

MR TREGONI NG That mneasurenent.

MR. LETELLI ER: It may very well be an
anonal ous neasurenent on day 24.

(Laughter.)

MR, LETELLI ER For Test 3.

MR. TREGONI NG Not using that word,

r emenber ?
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DR. BANERJEE: How do you do these
suspended solids?

MR. LETELLI ER: This is actually
neasurenents that's made by our water quality
| aboratory off site, and ny understanding is they do
an wultra filtration basically to look at the
conpari son of suspended --

CHAI RMAN WALLI'S: These are mlligrams per
liter. Al you need is one little grain, which is
big, and it warps everything.

MR LETELLI ER: That's true, but if we
| ook at the next fewslides on turbidity, you will see
that the supernatant is very clear. |It's very clean
except for the finely divided materi al .

MR. CARUSO \What sort of error bars
shoul d appear on these data points?

MR. LETELLI ER: That's a fair question
that's i nmediately begged by a plot of this |evel of
variability. The nmeasurenents at the | ab were taken
within quality assurance standard to the limts of
accuracy, and their nethods were repeatable. Those
errors vary according to the concentrations that were
neasured and we can | ook that up for you.

What | would like to say is that the

measurenent errors were small conpared to the
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variability between the sanples, and that's what we're
seei ng evi dence of here.

CHAI RVAN WALLI'S:  Now, the |ines you show
here through the dots, those are the theoretical
predi ctions?

MR. LETELLI ER No. No, sir. They're
sinply spline threads to guide the eye.

MR. CARUSC | nean, what would you
estimate that they are? On the order of a few units
or tens of units or a fraction of a unit?

MR. DALLMAN. Bruce, are we tal king about
TSS?

MR, LETELLI ER Yes, we are.

MR. DALLMAN: Those were not sent to the
| ab. That was just the difference in weight of our
filter paper.

MR. LETELLI ER That explains a | ot of
the variability. These are very small quantities.
Jack, this is the conparison between the raw water
sanple and the filtered sanple; is that correct?

MR. DALLMAN: I'msorry. |'"mhaving a
hard ti me hearing you, but | just realized what you're
tal king about. The total suspended solids we
determ ned just by wei ghing the clean filter paper and

then the filter paper after we had run solution
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through it. And so there is a fair amobunt of -- as
you said, there's not nmuch difference in weight. So
there could be a |l ot of uncertainty here.

MR. LETELLI ER: But the accuracy of the
mass neasurenent is wthin one-hundredth of a
mlligram

MR. DALLMAN: That's correct.

VR. LETELLI ER: Typically. The
volunetric neasurenents are nore uncertain

DR BANERJEE: So let's understand the
protocol here. You take the sanple out, and then you
let it settle for a period of time. So you take out
the larger things?

MR LETELLI ER No, as Jack --

DR. BANERJEE: How do you do these
experi ment s?

MR LETELLI ER: As Jack rem nded ne,
there is a sanple tap on the primary plunbing. So
when we extract the water, it cones directly out of
the flow, and we are able to neasure the nmass of a
filter paper and attach it to a cassette and draw of f
a neasured volunme of water. And by drying the filter
and conparing the weights, we have evidence of tota
suspended sol i d.

DR. BANERJEE: So this is recircul ating
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water. You're drawing it off as you go al ong.

MR. LETELLI ER: Yes, that's right, and
these do have a limt of filtration efficiency. These
are, | believe, Jack, .45 micron filters.

MR, DALLMAN:  Yes, yes.

CHAI RVAN WALLIS: How big is the sanple in
liters that you draw off?

MR TREGONING About 100 milliliters?

MR. LETELLI ER: These were al so the 100

milliliter sanples, Jack?

MR. DALLMAN. | believe so, yes.

CHAI RVAN WALLIS: A hundred mlliliters.
So you're tal king about mlligranms per liter. You're

tal ki ng about measuring pretty accurately.

MR. LETELLI ER: Aver aged over a vol une of
100 milliliters. Now, we also extracted higher vol une
sanpl es periodically, but not daily.

CHAI RMVAN WALLI'S: The one speck of dust
woul d nmake a difference here.

MR, LETELLI ER: It would. That
substantiates ny comrent that the variability in the
sanpl es i s driving the behavi or here, not the accuracy
of the measurenent.

Now, the filtration efficiency is

i nportant because we have evi dence that there are very
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large inventories of alum num perhaps bound in
colloidal formations that would happily go through
this filter. So although they're present in the
liquid, there's a fine |line between suspended solid
and col | oi dal suspensi on.

DR. BANERJEE: Did you do any I|ight
scattering?

MR. LETELLI ER W did, not as a daily
exercise and to sonme limted success for particle
si zi ng.

DR BANERJEE: These are colloidal. Do
you think these are coll oids?

MR LETELLI ER W do. In fact, there
will be later presentations in the sumrer that show
some of our particle sizing |looking at the al um num
hydr oxi de suspensi ons.

CHAl RVAN WALLI' S:  These are all the tests.

MR. LETELLI ER We can quickly flash
through the turbidity, Slides 26 and 27. |It's
inmportant to note that nobst of the tests quickly
clarify at the test tenperature they' re substantially
clear within three to four days, and test nunber two
seened to take slightly |onger by conpari son.

At roomtenperature, theturbidity foll ows

the viscosity trend for Test No. 1, and there is a
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t ypographical error on Slide 27. This is turbidity
neasured at 23 degrees C., the sane as the viscosity.

DR. BANERJEE: |Is it possible to get a
volunme fraction of suspended solids from the
turbidity?

MR. LETELLI ER: W have attenpted in the
past to do sone controlled calibration where we
i ntroduce a known nass of material into a suspension
and try to calibrate the units. The turbidity neter,
turbidimeter is an optical neasurenent, and |
apol ogi ze. | don't know enough about the theory to
specul ate on the success of that conversion factor.
It's primarily a physical di mension and has nothing to
do with the mass of the material.

DR. BANERJEE: If you filtered this in the
way you did before, there was no trend, if | renmenber,
to the mass for ICET 1. There was just --

CHAI RVAN WALLIS: Well, he's specul ating
that the colloids go right through the filter.

DR BANERJEE: Onh, | see.

CHAl RVAN WALLIS: But the affect the
turbidity now.

DR. BANERJEE: Yes.

MR TREGONING At the risk of over

generalizing, | think nost of the neasurenents that we
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conducted in all of these tests, there was not a
significant difference betweenfiltered and unfiltered
results in general.

MR LETELLI ER That's correct.

| just noticed sonething. Ralph had a
guestion about the presence of the precipitate and
test nunber. No, I'msorry. Test No. 2 -- |'m going
to retract that statenent.

MR TREGONING You didn't make it.

MR LETELLI ER Just in tinme. Let's nove
on to Slide 28, the hydrogen generation. Test No. 1
obvi ously shows the nost activity as far as our sem --

CHAI RVAN WALLI'S:  What is the unit on
t his?

MR LETELLI ER: These are percent
conposi tion.

CHAI RMAN WALLIS: O the gas.

MR, LETELLI ER Yes.

CHAI RMAN WALLIS: So it doesn't tell you
about the rate of evol ution.

MR. LETELLI ER That's right. It does
not. There is sonme qualitative information. For
exanple, in the curve for Test No. 2, which is the
solid dianmnond, there is a nodest increase at Day 11

Just as an exercise, we cl osed the passive ventilation
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lines to let this accurul ate and so the sl ope of that
curve does tell you sonething about the rate of
evol ution, but keep in mnd these gas sanples were
taken fromthe head space, and it is not designed as
an airtight system The neasurenents were done from
the point of view of safety consideration, but
nonet hel ess the trends here are evident.

In Test No. 1, there were several days,
several tines where we would renove the cover for
vari ous reasons, the equi pnment hatch, and conpletely
evacuate the head space through passive ventilation.
that' s evi denced here through these dips in the trend.

DR. BANERJEE: So the highest one is Test

MR LETELLI ER Test 1, yes.

CHAI RVAN WALLI'S: That's the al um num
yeah.

MR. LETELLI ER: And now we're getting
into pages 29 and 30. W're beginning to |look at the
trends in el emental concentrations. Test No. 1 showed
t he highest levels of aluminumin the solution, and
here's where you can see that there nay have been
evi dence of sone plateau in effect.

It's very tenpting to say that this is

di ssolved material, but there are very fine
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definitions between suspended and dissolved ions in
solution. Because we speculate that there's a | arge
inventory of colloids, |I would not describe this as
t he di ssolved al um numinventory.

There's clearly a bad data point on Day 16
that's suspicious, but thetrendis there nonethel ess.

Test No. 5 also showed a nmneasurable
al um num concentration. None of the other tests
really appear on this scale, and in many cases they
were not reported, period.

What is notable for Test No. 1, which
we'll see later, is the silica concentrations were
surprisingly low. W had some evidence from beaker
tests and sinulation studies that the fiberglass
should be |eaching substantial quantities, and in
fact, --

CHAI RMAN WALLI'S: This is what you found
in the tests you did before this.

MR. LETELLI ER Yes, in the bench scale.

CHAI RMAN WALLIS: It was a big discovery,
as | remenber. There was a lot of silica.

MR. LETELLI ER The silica concentration
is shown on page 32, and for Test No. 1it's extrenely
low. That surprising effect led us to investigate

nore, looking at the interactions between the silica
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and the al umi num phases and how t hey affect the joint
solubility.

So in Test No. 1 we speculate that the
evolution of silica was suppressed by the high
concentration of alum num and conversely, in Test No.
4, we had a suppressed al um num concentration with a
hi gh i nventory of silica, which came fromthe cal ci um
cal ciumsilicate.

So there's sort of a converse rel ationship
here where they're interacting in a dom nant fashion,
but on opposite ends of the concentration spectrum

Cal ci um concentrations on page 30 --

CHAI RVAN WALLI S:  How do | convert this to
what's in the sunmp? 1've got milligranms per liter.
So howmany liters are there in the typical sunmp? |'m
trying to get sonme idea of how much stuff there is in
a typical sunp.

MR LETELLI ER Fi ve hundred thousand
gal l ons or | ess.

CHAI RMVAN WALLIS: Could you do the
arithnetic?

PARTI CI PANT: Two million liters.

CHAI RVAN WALLI'S: Roughly two mllion
liters?

MR. LETELLI ER: O slightly |ess.
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CHAl RMAN WALLIS: If | rmultiply mlligrans
by two mllion or at least a mllion, so | get
ki | ograns.

DR BANERJEE: And this is all sort of --

CHAI RVAN WALLIS: So | get sonething |ike
hundr eds of kil ograrnmns.

DR. BANERJEE: dCear |iquid.

CHAI RVAN WALLI S:  That nekes it sound nore
dramatic than mlligranms per liter.

MR LETELLI ER I ndeed. And sone of the
smal | scale chemstry work that was done indicated
that, for exanple, solubility saturation limts would
be reached within a few kilograns of corroded
material, 23 kilograns of alumnumin a mllion
gallons of water, for exanple, represented the
saturation point for -- Mark will correct ne -- for a
crystalline form a solid phase of al um num

Now, we're seeing nmuch hi gher inventories
of alum num than the solid phase woul d suggest, but
much | ower | evel s of al um numthan t he anor phous phase
would permt. And so we're stuck sonewhere in the
mddle, andit's a very conplicated systembetween the
alum num and the silica that are in the solution

CHAI RVAN WALLI'S:  When all of this is

done, is soneone going to tell us what this nmeans for
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t he sunp progranf

MR, LETELLI ER W are --

CHAI RMAN WALLIS: It's fascinating.

PARTI Cl PANT: Dr. Shack.

CHAI RVAN WALLIS: Dr. Shack wll.

MR. LETELLI ER: We are presently worKking
to analyze this information and put it in context. |
suspect we wll fall short of inplications. |It's
probably LANL's job and responsibility to expl ai n what
we' ve seen. Extrapolating that to the plant condition
is another level of effort we'll tal k about.

DR. BANERJEE: But this is all relatively
cl ear 1iquid.

MR. LETELLI ER: Yes, visibly clear.

DR. BANERJEE: Visibly clear liquid, and
these are, let's say, theunfiltered calcium 1Is this
also in colloidal formyou think or let's say you're
trying to explain this stuff, right? O is it in
sol uti on?

MR LETELLI ER | have | ess information
avai | abl e about t he physical formof the calcium For
exanpl e, Test No. 3, which obviously was introduced
through the calcium silicate as a dom nant source
term sone of this material is suspended as a physi cal

parti cul at e.
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Bill would you Iike to comment on the true
di ssol uti on of cal ciun?

That's al so very high as a constituent.

MEMBER SHACK: The Cal Sil fines wll
remai n suspended for a long tine. So that you wll
get sonme contribution there, but you also get
substantial dissolution of the CalSil. So you
probably have a conbination of both.

DR BANERJEE: So this curve there is a
conbi nati on of suspended --

MR. LETELLI ER: And it's really a
guestion of which dom nates. | would suspect that
this is nore soluble than suspended based on --

DR. BANERJEE: How did you determine this
curve?

MR. LETELLI ER This is done by ICP
analysis. This is part of our daily water sanple
that's sent off site. So there's actually a spectral
signature of concentration

DR. BANERJEE: but will that give you the
suspended concentration as well?

MR. LETELLI ER No, it gives you the
t ot al

MR TREGONING It can't differentiate

what the formis. The only way to do that, if you
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filter something out, if it's physically | arge enough
to be filtered out, you can get sone inference that
way, but if it's not physically |large enough,
di stingui shing whether it's dissolved or coll oidal
this diagnostic is not applicable for that.

DR. BANERJEE: Yeah, I'mtrying to
understand this deposit that you form there. So
you're circul ating the stuff around, and when you dr aw
it out, it looks clear. But there is sone anount of
this which is obviously com ng out over a period of
time on the five quals, right?

MR. LETELLI ER Yes. Jack, could you
remnd ne at what point the flow neter was foul ed by
deposits in Test 3?

MR. DALLMAN. Day eight.

MR, LETELLI ER Day No. 87

MR. DALLMAN:.  Correct.

MR. LETELLI ER: So the large inventory of
precipitates was fornmed within 30 m nutes, very short
term and the tank clarified within a few days. So
it's very reasonable to assune that those deposits
occurred relatively early in the test.

MR. TREGONING And just go be clear,
"clear" is arelative term It didn't |ook -- nost of

the tine the water at a mni numwas di scol ored, quite
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often either yellow sh in appearance or rosy in
appear ance, dependi ng on t he exact conposition of the
initial make-up of the tank.

So | nmean, there was discoloration
observed in all of these tests, at least in the water
sanple. So, yes, it's clear in a turbidity sense, but
you know, there's certainly evidence that there are
addi tional constituents within this water than would
be apparent in either --

DR BANERJEE: But it could be in
sol uti on.

MR LETELLI ER It could be in solution,
certainly.

MEMBER SHACK: Right, and one of the other
things he's not show ng is phosphate | evels here.
But, in fact, his phosphate |evels have dropped
substantially through the tests. So basically he's
got enough calciumhere to take all of the phosphate
out, and then the Cal Sil still keeps dissolving, and
there's no nore phosphate to take it out. So it
bui | ds up.

So it's all, you know, a consistent
pi cture.

MR. LETELLI ER: Day three in Test No. 3

i s when t he phosphat e becane depl eted at | east by Test

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

129

3. It's interesting that you see a little dip there
in the cal ciumconcentrati on about day one, and then
it elevates pretty quickly by Test 3 and then the
trend is nore gradual, but still accunmul ating.

That initial trending my be related to
t hi s phosphorus depl etion.

CHAI RVAN WALLIS: Tell us what CalSil is
and what is its chenmical constituents? W always cal
it CalSil, but in what formis the calciun? Is it a
silicate or a carbon? It's not a carbon?

MR VIJAY JAIN. It cones fromsilicate

CHAI RVAN WALLI'S:  |Is the cal ci um al um num
silicates, no alumnumsilicates? Isn't it made from
di at onaceous earth or somet hi ng?

MR, LETELLI ER | ndeed.

CHAI RVAN WALLI S:  So that has all sorts of
stuff init.

MR, LETELLI ER Yes.

MR. CARUSC  But dependi ng on the source
it could potentially, yes.

CHAI RVAN WALLIS: But it's nostly cal cium
silicate. |Is that what it is?

MR. VIJAY JAIN. This is Vijay Jain from
the Center for Nuclear Waste.

The majority of it is calcium silicate,
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but it has about ten percent sodiumsilicate which is
used as a binder to put it together, and it has
al um num and sone other inpurities that go along with
it, including potassium nmagnesium and so on.

CHAI RVAN WALLI'S: It probably has al um num
silicate, doesn't it? These things have that.

MR. VIJAY JAIN. Conpared to cal cium the
aluminumis very, very small fraction

CHAI RVAN WALLIS:  Very smal |, okay.

MR LETELLI ER: The di atomaceous earth is
a biological product, and you wouldn't necessarily
expect the alum num silicates to be concentrated in
t hat manner .

CHAI RVAN WALLIS: Al right.

MR. LETELLI ER: But we tal ked yest erday
about the diversity of the insulation product. In
some respects CalSil is nmuch like concrete. It
depends on where you take the raw materials and how
you thermally conmbine it, the history.

CHAl RMAN WALLI'S: So that's sonething that
has to be taken into account then. That's why
everything is plant specific, is it?

MR. TREGONING That's another factor for
consideration. How inportant it is, | think, remains

specifically on what portion of the problemyou're
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really | ooking at.

MR. CARUSC. Do any of the chem cal
speci es you saw have reverse solubilities?

MR. LETELLI ER | ndeed, they do. The
cal ciumis one.

MR. CARUSO. So what happens to all of
that cal ciumwhen it gets in the core?

MR. LETELLI ER It may precipitate
dependi ng on where its point of origin, if you wll,
in ternms of dissolution occurs. If it's principally
di ssolved in the contai nnment pool, eventually it wll
experience both higher and | ower tenperature regi nes
in the RCS

CHAI RVAN WALLIS: Well, it goes through
t he RHR heat exchanger.

MR. TREGONI NG Right.

CHAI RMVAN WALLIS: Isn't that the place
where it gets col d?

MR. LETELLI ER Yes. And it al so goes
t hrough the core.

CHAI RVAN WALLIS:  Well, it doesn't get so
cold in the core, does it?

MR. LETELLI ER | imagine it would
experience both extremes conpared to the pool. That's

right.
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DR. BANERJEE: but all of your deposition

you'd think occurred in the early part of this.

MR LETELLI ER: For Test No. 3
specifically that --

DR. BANERJEE: Yes, specifically.

MR. LETELLI ER: -- that's right.

DR BANERJEE: And the other stuff was
slowy growing over a period of time or what? You
never neasured. You didn't have a coupon or sormething
that you were nmeasuring deposition with over tine.

MR. LETELLI ER: Except for our
sacrificial fiberglass sanples which were pulled out
periodically, that's basically our only evidence of
surface phenonena. Post test we were able to break
open the lines and inspect the surfaces.

CHAI RVAN WALLI'S:  You are about ready to
wi nd up, | think.

MR LETELLI ER | think we are. Sone of
t he nost coherent expl anations are associated with t he
silica and the alum numtrends in Test No. 1 and al so
t he cal ci umand phosphate i nteractions for Test No. 3.

If we junp to the very end of the package,
page nunmber 35, 1'Il just rem nd you that the | CET
program has been very prolific as far as generating

i nformation and docunenting sharing this evidence. So
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there's a library of test reports for your reading
pl easur e.

DR BANERJEE: Is it on the Wb site?

MR. LETELLI ER Yes.

MR. CARUSO You have all of this stuff
that's on the CD

DR BANERJEE: It's on the Wb site, too.

MR. TREGONI NG Theoretically, yes

CHAI RVAN WALLI S:  But the striking thing,
as | say, back the beginning when you read your
sumary in the report, you sort of indicate we found
all of sorts of interesting stuff, but each plant is
different. Therefore, everything has to be done on a
pl ant specific basis, and we don't have any sort of
general concl usions or nodels or something which you
can take and apply right away.

MR. LETELLI ER But by its nature the
| CET test was a very sparse sanpling of the paraneter
space.

CHAl RVAN WALLI'S:  Sure.

MR. LETELLI ER: And yesterday | forget
who presented the matching of how many plants nost
closely associate with each test. | think that the
| CET series represents a very good starting point. W

now have benchmar ks on which to stand and | ook for the
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nore subtle variations between plants, if you will.

CHAl RMAN WALLIS: W have a starting
point, and the question is when do we get to the
finish line or how do we get to the finish line.d

DR BANERJEE: Mar at hon.

MR. LETELLI ER: Many of the questions
associated with the resolutioninvolve rates, rates of
production, rates of accumulation. |CET test was not
specifically instrunented to study that |[|evel of
detail .

There are proposals and a lot of
di scussi on about what we would do next if given the
opportunity, but right now we're very busy digesting
the informati on we have.

DR. BANERJEE: Did you nmeasure the total
anount of precipitates and reaction? You talked a | ot
about this clear liquid, but there was the reactions
produced, precipitate that stayed in the tank, and so
on. So what happened there?

MR. LETELLI ER: You' re basically asking
whet her we were able to do a mass bal ance on the whol e
system and --

DR. BANERJEE: And conpositional bal ance.

MR LETELLI ER: | cannot claimthat we

wer e successful in conpositional bal ance, and even t he
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mass bal ance was rat her crude because of the
difficulties of reclaimng the material fromthe tank
and the fact that we have evaporation and water
repl acenent during the course of the test.

It's physically dispersed. While we m ght
start with a handful of crushed concrete at the
begi nning, it now appears as residue on every single
surface. So it's quite problematic to |ook at that.

In the global perspective, tests |like
nunber three, as Dr. Shack nentioned, we can | ook at
the stoichionmetry of available calcium versus
avai |l abl e phosphate, and we can argue that that
reaction went to conpletion essentially, and because
we know the concentrations of phosphate in the
chemi cal buffering system we can speculate on the
guantities, actually reasonably good estimtes of
total quantity that would be forned over tine.

Again, it's the rate. |If it's all
produced in 30 mnutes or if it takes substantially
| onger in the plant environnent.

DR. BANERJEE: So let me ask this.
Suppose you took what was there after the event and
you mixed it all up, and now you did a chemn cal
analysis to find out what the species were and how

much there was in a sanple of this awful m xed goo
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Did you do sonething like that or this is obviously a
very unrealistic experinent, but nonetheless is there
a way to say what happened | ooki ng at the residues?

MR. LETELLI ER: |'"'mafraid that the
physi cal heterogeneity of this goo, this residue woul d
preclude that effort. W did recover sedinment
sanpl es, and under SEM anal ysis you see granul es of
sand. You see broken fibers. You see chem cal
products. It's very diverse.

In addition to that, on a | arger physi cal
scal e, you see shreds of original insulation materi al
an even larger than that, you see the netal plates.

The question of what sanpl e size woul d you
choose to honobgenize is very difficult.

DR. BANERJEE: So the clear sanples
provide two types of -- nmybe nore -- types of
information. One is it indicates what reactions have
occurred potentially and what have gone to conpl etion
or not. It gives you sone indicator of that.

Second, it tells you, | suppose what
mat eri al s m ght be transported past the filters and so
on because it's basically clear liquid or naybe
turbid, but very fine. So it has inplications on
downst r eam deposi tion

VR. LETELLI ER: From a cheni ca
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perspective, yes, that's right.

DR. BANERJEE: From a chemi ca
perspective, right?

MR. LETELLI ER Un- huh.

DR. BANERJEE: But the third thing, |
suppose, is that it mght clarify the deposition that
you're getting on the walls. | don't see that
connection havi ng been nade.

CHAl RMVAN WALLIS: Did you scrape this
stuff off the walls and then take it away and anal yze
it?

MR. LETELLI ER: W did, but you need to
remenber that we recovered those sanples after the
t ank was drai ned and substantially cooler. So whether
or not that's present in situ --

CHAI RVAN WALLIS:  Well, | think in the
pi pes it probably was present because it's unlikely to
have that much liquid in the pipe to throw out the
stuff on the wall after it has cool ed.

MR, LETELLI ER: For Test No. 3, that's
obvi ously true. For the other tests, we're talking
about white residue.

CHAI RVAN WALLI'S:  Very snal |

MR, LETELLI ER Yes.

CHAI RVAN WALLI'S: You said eighth of an
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inch. | think it isn't an eighth of an inch, is it?
It's nore |ike --

MR. TREGONI NG Maybe thunbnail, smaller
t han that.

DR. BANERJEE: Thirty-second of an inch,
but still --

MR. LETELLI ER Agai n, that may be too
gui ck of a judgment based on the thickness of those
veins and the flow nmeter, which they're actually a
fl ow perturbation which tends to have an inpaction
perhaps larger than the walls and accumrul ate ruch
t hi cker than the walls.

DR. BANERJEE: There's a | ot of
information left over in the non-supernatant |iquid,
right? So what did you learn fromthat? Wat stuff
is left in the tanks?

MR. LETELLI ER: Wel |, again, recovery of
t hose sanpl es was conplicated by the | ocation and t he
m xture. In cases |like Test No. 3 where there was
sinply such a large inventory of chenical product, we
were reasonably successful at recovering a sanple
whi ch we thought represented the nore pure form and
so we were able to put nore credibility in the
el enental proportions of that sanple.

In Test No. 1, whi ch showed i ndi cati ons of
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precipitate upon cooling, it was nore difficult to
isolate that material in the sedinment of the tank.
Where we di scovered | arge volunmes is in the inventory
of the bulk water in the storage containers. After it
was cool ed, it suddenly precipitated and forned 15 or
20 gallons of sem -solid sludge.

That material was also examned for its
chem cal conposition

CHAI RVAN WALLIS: Well, really what the
bi g messages are, that with NaCH and no Cal Sil, you
get a fair anount of alum num dissolved, and if you
put in CalSil and this TSP, then you get cal cium
phosphate in fairly large quantities. Those are the
two bi g nessages, aren't they?

MR LETELLI ER Yes. And the other tests
actually substantiate those observations in a nore
subtl e way.

CHAI RVAN WALLIS: Are we ready to take a
break do you think?

You' ve done very well. Thank you. A very
ni ce, cl ear presentati on, very responsive to
guestions, and we're going to see you agai n today or,
no, we don't?

MR, LETELLI ER Tonor r ow.

CHAl RMAN WALLI S: Tonorrow, tonorrow.
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Cee, whiz. Twenty-five after can we get back? Do you
remenber that we're going to be back here at 25 past
11?7 We'll take a break.

(Wher eupon, the foregoing matter went off

the record at 11:11 a.m and went back on

the record at 11:25 a.m)

CHAI RVAN WALLI'S: Pl ease cone back into
session where we wi || hear the next presentation about
chenmi cal speciation prediction. And maybe we'l|l nake
it to lunch at a reasonable tine.

Pl ease go ahead.

DR. BANERJEE: You're in an advant ageous
position right now.

MR B.P. JAINN W're here to tal k about
t he chem cal speciation predictions. To ny right is
Vijay Jain. He's fromthe Center for Nuclear Waste
Regul atory Analysis, part of Southwest Research
Institute, and they have done a lot of work in this
ar ea.

Next one, pl ease.

And this presentation wll cover the
objective of this program the notivations, a
t echni cal approach, sonme of the prelimnary findings,
and any ot her useful information which can be used for

ongoi ng wor K.
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Next one.

This program was initiated, the |1CET
program with the objectives of clearly to have a sort
of analytical tool whereby we can predict chem cal
byproducts in any given sunp environnent.

I n doing that, obviously it al so included
a survey of all readily avail abl e comrerci al prograns,
conmputer codes, and then also ask the center to
recommend a suitable code where we could use
predi ction of these chem cal byproducts.

CHAI RVAN WALLIS: These are equilibrium
predictions or are they kinetic?

VR. B. P. JAIN. They are nostly
equi li brium predictions.

Like any other code, we were also
interested in knowing what the limtations of these
codes were and what the code can and cannot do. So
those were the primary objectives of this study.

Next one, pl ease.

And t he program right away, obviously we
tested only five environnents in the | CET program and
the results as presented today, they showed that a
change in insulation or buffering agent, tenperature
can greatly affect the type of chem cal product or the

concentration you could get.
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So, again, the notivation was to be able
to predict, if we could, what these potential products
were in a given environment. The bottomline, as we
go over the details, but the bottomline is that
conmput er codes can predict better if those nodels are
properly benchnmarked and calculated with the test
results fromthe data observed in the tests. That's
basically the bottom i ne.

Vijay will go over sone of the program
di rections and techni cal approaches.

MR. VIJAY JAIN. Good norning. Thanks,
B. P.

W adopted a phased approach in |ooking
into the speciation nodeling. W started our work by
| ooki ng at the thernmodynam ¢ nodel s using the inputs
that were based on the values that we obtained from
the literature, especially for corrosion, and we used
the exposed surface area in containnent water
conposition fromthe | CET test plan.

Again, the literature was very sparse in
t he actual corrosion data for the specific contai nnment
envi ronnent, specifically | ooking at 2,800 ppm boron.
So we started with a review of what's in the
literature, and then we followed the pre-test, pre-

| CET nodeling that was based upon the input values
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that were tabulated based upon the experinmental
results. W conducted i ndependent standardized tests
to get the corrosion rates for nmetals, for insulation,
and concrete.

W also did some experinents, a
standardi zed test using alum num and Nukon because
sone of the literature indicates that alum numhas a
strong suppressive effect on Nukon rel ease rates.

So we conbi ned those experinental data,
devel oped a new set of input values, and did our
si mul ati ons, and finally, we benchmarked the
si mul ati on based upon the observations we saw from
that | CET test.

So inthis particular representation 'l
focus on the pre-1CET and the post | CET t her nodynam c
simul ations. There are lots of comrercial codes in
the market. Some of themare listed here, such as
EQ3/ 6, geocheni stry workbench, PHREEQC. These three
codes are typically used in geochem cal, geochem stry
i ndustry where they | ook at the weat heri ng phenonena,
rock interactions with streans and so on.

The <codes like Stream Analyzer and
envi ronnment al sinul ati on prograns, they are devel oped
by OLI systenms and they are nore geared toward the

chenmi cal process industry.
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Inthis particular anal ysis, we adopted to
use the Stream Anal yzer for our anal ysis because the
reality is it's nore of a chemi cal process that the
water, steam cones in, interacts with different
conmponent s, and produces the byproducts.

Furthernore, Stream Analyzer is a very
powerful simulation tool. It covers a w de range of
pressure and pressure conditions. It can handle
concentrat ed sol utions, andits thernodynam c dat abase
is 250 solid species, along with nmany of the organic
speci es we need to nodel the organic phases.

Vell, there's sonme assunptions that went
into doing this type of nodeling. As you know, the
t hernodynanmi ¢ sinulations are basically equilibrium
simul ati ons. W assume all reactions achieve
equilibrium extently (phonetic). W exclude any
consi deration of reaction kinetics, but in our case,
some of the reaction kinetics was partly included by
the user of experinmental corrosion rates. So at
different times we used the corrosion rates to
calculate the anobunt of Dbyproducts that were
generated, and we used those as input values for
si mul ati ons.

Again, the reactive materials as far as

those limted to I CET sinmulations or |ICET tests and
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excl uded paints and organics, and we al so excl uded
upt ake of (unintelligible) CO in this particular set
of slides that I'mgoing to show, but we do have a

future plan to |l ook at CO, uptake into the sol ution.

Vell, the way we do this sinmulationis we
sel ect the contai nment water conposition which has
2,800 ppm boric acid concentration or boron
concentration. W select a buffering agent, and then
we calculate the corrosion amount as a function of
time based wupon corrosion rate of different
conponent s.

| have about ten backup slides that
provide the pictures of the sanples we use for
testing. It also provides the corrosion rate
nmeasurenents of different debris, nmetals, insulation.
Basically we used corrosion rates for zinc, copper,
al um num and carbon steel.

Dependi ng upon what type of sinmulation we
wer e doi ng, we either chose Nukon or we used a m xture
of Nukon and calciumsilicate, and we incl uded
concr et e.

DR. BANERJEE: These corrosion rates that
you estinmated, were they corrosion rates change with
velocities and all of these types of things? How did

you choose these rates to use?
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MR. VIJAY JAIN. We didn't really include

any effect of velocity. These corrosion rates were
usi ng el ectrochem cal techniques, |inear polarization,
and potential dynamic polarization nethods, and
therefore fairly conservative rates.

DR. BANERJEE: They'll be high enough or
would they be too low if you expose. For exanple,
you've got this jet sitting places, right, and
di ssolving stuff, that sort of thing happening. Now,
how do you take that into account here? You' ve got
wat er, steamwater jet sitting in various components,
right?

MR. VIJAY JAIN. One of the ways that is
accounted for is exposed surface area. Corrosion
rates are mlligrans per neter squared per power R
(phonetic). So if the inpingenment of the jet produces
debris of a certain specific area, you include that
specific area and on your specific area you will have
-- the corroded amount will be higher.

DR. BANERJEE: So there is no flow induced
ef fect, corrosion or alum nunf

MR. TREGONI NG There was no account of
any erosion of netallic or nonnetallic conponents due
to the inpingenment of the LOCA jet.

DR. BANERJEE: No, that cane off as
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erosion. They produced fines, right?

MR. TREGONING Yeah, that wasn't
considered. | nmean, that certain is source term
al t hough you have to renenber that's a relatively
| ocalized event conpared to the rest of the
containment nmaterials which are either exposed to
either submerged within the containment pool or
located in regions which are affected by the
cont ai nment spray.

So we didn't specifically look at the
erosi on of, again, anything which m ght be in the way
of the jet.

MEMBER KRESS: Well, | suspect what you
have is liquid flowing by the surfaces , and the
corrosionrate is the function of mass transfer in the
liquid phase plus sone sort of reaction going on near
the surface with the conpeting novenent of material s,
corrosi on products.

So what | think | hear you saying it's the
chemical corrosion rate itself that controls this and
not the mass transfer in the water so that you have
some sort of a way of having neasured these corrosion
rates where the flow of the water just didn't matter.

DR. BANERJEE: If the assunption is that

it is reaction controlled --
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MEMBER KRESS: Reacti on control |l ed.

That's what |'minterpreting.

DR. BANERJEE: \Whether it's true or not is
anot her issue.

MEMBER KRESS: That's true, yeah.

MEMBER DENNING Well, there are two
different things. | nean, right now we're just
| ooking at I CET and the ability to predict ICET. The
second question is given that you have validated this
ki nd of methodol ogy, how do you apply it to the real
syst enf

MR. VIJAY JAIN. The corrosion for Nukon
and calciumsilicate, we opted to select the forward
reaction rate, and these forward reaction rates are
way conservative, as you know. As a function of tineg,
the insul ation materi al becomes passive and formation
of second (unintelligible) phases, the rate tends to
decrease with tine.

For nodeling purposes we assune the
forward reaction rate which is the initial portion of
the corrosion rate neasurenents for insulation
materials and al so for concrete.

So the next few slides provide the
assimlation results using neasured corrosion rate.

This slide shows the amount of predicted
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solid phases at 60 degrees, at 90 degrees, and at 110
degrees. Sixty degrees and 90 degrees, the

si mul ati ons wer e conduct ed at one at nospheri c pressure
and 110 degree Centigrade, it was conducted at three
at nospheri c pressure.

What you see here is the solid phases are
dom nated by the solid circles which  represents sodi um
al umi numsilicate and solid triangl es which represents
calcium silicate, calcium and magnesium silicate.
These constituents, alnost 99 percent of the solid
phases that are formed in the systemcontaining and a
simul ati on that contains insulation, all the netals,
and concrete.

DR. BANERJEE: |s there a tine associated
with this?

MR. VIJAY JAIN. These were all done for
hal f an hour.

| show here the conclusion fromthis were
greater amounts of various silicates were predictedto
formw th i ncreasing tenperature action here, but not
significantly, not even a factor of two. Cal pression
(phonetic) indicate that 99 percent of the solid
phases predicted in pressurized system would be
simlar to the phases predicted in nonpressurized

system at | ower tenperature.
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Finally, the <corrosion products from
i nsul ation and al umi numare the major contributor to
t he secondary solid phases. The contribution from
zinc and iron were very limted, and it doesn't even
account for one percent of the solid phases that were
formed in the system

DR. BANERJEE: So what is corroding here?

MR. VIJAY JAIN. In this case you are
corroding Nukon fiber, and you are corroding
significant anount of alumnum which is formng
sodi um al um num silicate. Calcium magnesi um cones
fromboth fiber and some from concrete.

DR. BANERJEE: So copper is conming from
wher e?

MR. VIJAY JAIN. Copper is one of the
i nputs conmng fromthe heat exchanger pipes and sone
wiring, | presune.

MR TREGONING | think cooler fan bl ades
is the predom nant contributor. Maybe John G sgl om
(phonetic) would want to conmenter on that.

MR G SAOM John G sglom EPRI.

It's the basic material --

PARTI Cl PANT: John, | think you have to
get up to the m crophone.

MR. G SGOM The copper that we accounted
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for in ICET was the copper mainly in the heat
exchanger tubes and fins for the containnent fan
cool er units.

DR. BANERJEE: Thank you.

And t he cal ci um magnesi um silicate?

MR VIJAY JAIN. Cal cium coul d cone either
fromconcrete or come from Nukon fi ber.

CHAI RVAN WALLI S:  Excuse ne. This cooper,
the fan cooler units are not subnerged in the sunp.
So why do they cone into this? | nean, maybe there's
an atnosphere of steam up there, but that's not the
same as having themin the sunp itself, is it?

MR. TREGONING John can el aborate, |
t hi nk.

MR G SGOM They woul d be exposed to
contai nnment spray for the initial period, and there
are also a very minor anount of copper that woul d be
in the sunp itself, and that's reflected in the | CET
series where there was significantly nore copper in
t he nonsubnmerged region than in subnerged region.
There's a snmal|l heat exchanger near the bottomof the
sunp, and that's what's refl ected.

PARTI Cl PANT: Ckay. Thank you.

DR. BANERJEE: | have a test plan here

that tal ks about 25 percent submerged copper and 75
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percent nonsubnerged and instrument air |lines were
al so part of that copper.

So to go back, the calcium nagnesium
silicate is the concrete and what el se?

MR, VIJAY JAIN. And insul ation, Nukon
i nsul ati on.

DR. BANERJEE: Nukon, and just the nmain
other constituent that dissolved was the sodium
al umi num that dissolved was the sodium alum num
silicate, and where did that cone fronf®

MR VIJAY JAIN. Al um num cones from
al umi num netal scaffol ding present inthe containment
bui l di ng, and silica cones basically fromNukon fi ber
di ssol ution, and t hey conbi ned to formsodi umal um num
silicates.

The next slide shows the predicted anpbunt
of solid phases as a function of tine at 60 degrees
Centi grade, and what you see here is, again, you see
the same results. You see the solid phases are
dom nated by sodium alum num silicate and cal cium
alum numsilicate, but at longer tinme to start seeing
participation of silica because silicatends to exceed
its solubility limt, and also sone formation of
calciumsilicate.

Again, these are originating from the
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byproducts of Nukon insulation, concrete, and
al um num

DR. BANERJEE: So what tenperature this
is?

MR. VIJAY JAIN. These are at 60 degrees
Centigrade in a pH 10 environnent, which will flex the
| CET Test No. 1.

DR BANERJEE: So the first set of results
are essentially the 60 degrees i n your previous slide.

MR. VIJAY JAIN. Qur previous slide was --

DR. BANERJEE: Half an hour you said.

MR VIJAY JAIN -- half an hour for 60
degrees, 90 degrees, and 110 degrees.

DR. BANERJEE: Al right, but if you take
that 60 degree vertical set of data there, that is
your first set on the left.

MR VIJAY JAIN. Yeah, sure.

DR. BANERJEE: And this is what is comng
t oget her.

MR. VIJAY JAIN. Com ng together, yes.

MR. TREGONING |'m going to suggest just
for point of clarification all of these first sets of
results are pre-ICET sinulations. So they don't
i ncl ude benchmarki ng with respect to the observations

that we're seeing in the ICET test. So |I'd suggest
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that we nove relatively quickly through these and get
to the ones that we feel are nore pertinent with
respect to the I CET test.

Sonme of these silicates, while they were
predicted initially in the speciation nodeling, were
not observes in the ICET tank. So no point in
necessarily fixating on them

CHAI RVMAN WALLI'S: Mpst of these |ines have

a sl ope of one?

MR VIJAY JAIN. I'mnot too sure if --

CHAl RVAN WALLIS: | think it looks like it
anyway.

MR. VIJAY JAIN. These are on the | og
scal es of --

CHAI RVAN WALLI S:  Yeah, but if you do, it
| ooks like a slope of one if you take the | og scale.
So it's a uniformrate of dissolution.

MR VIJAY JAIN. For nmetals we assune,
yes, it is because the user forward the action rate
for insulation.

MR TREGONI NG Yeah, that's an
assunption, a nodeling assunption.

MR VIJAY JAIN. So those are the results
we obtai ned before we had I CET test results, and we

went and examined |ICET test results. W basically
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found that silicate phases were not observed in | CET
envi ronments.

Many precipitation and di ssol ution
reactions are kineticly controlled at pressure
tenperature and tine conditions of the [|CET
experinments, and sone of themare very sluggish.

Silicates are the nost thernodynam cally,
nost stabl e phases, but kineticly they are very
sl uggi sh. Some of the silicate phases only forned the
type of pressure and nay take several years to form
Sone of the glassly pressure (phonetic) indicates that
some of the silicate phases dependi ng upon the gl ass
conposition can form at 95 degrees Centigrade or a
period of one to two nonths.

So in the future sinulations, what we did
is we suppressed the formation of silicates fromthe
renodel i ng based on the observati ons we had from| CET
test.

MEMBER KRESS: How did you do that
physically with the nodel? Do you give it a different
G Bs (phonetic) per energy or sonething?

MR VIJAY JAIN. No. What we do is
basically the i nput asks you what phases you wanted to
put your input values to.

MEMBER KRESS: | see. You just said it
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wasn't there

MR. VIJAY JAIN. Yeah, basically it says
if it doesn't exist. The first test we did, we didn't
take off anything because we just liked to get
observations that we would observe fromthe nost
st abl e phases.

The second thing that we observed or | ast
observed was al um num hydr oxi de phase, which is Al OH,
was not observed to formin | CET environnents.

Rat her, al um num oxyhydroxi de, which is A OOH, was
observed.

So we suppressed the formati on of al um num
hydroxi de while allowing the formation of alum num
oxyhydr oxi de phase.

MEMBER KRESS: Now, you had to do that in
a different way, that suppression.

MR VIJAY JAIN No, the sane thing.
There are ten alum num phases. | say don't
equi librate ny i nputs with al um numhydr oxi des, but do
it for the rest of the things.

MEMBER KRESS: You can just tell the code.

MR VIJAY JAIN.  Good.

DR. BANERJEE: So there is no way to dial
in a kinetic --

MR. VIJAY JAIN. The only way the kinetic
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information is built inis through the reaction rates
of the different conponents.

MR TREGONING In these codes

DR BANERJEE: |In these codes there's no
way to dial it in though.

MR VIJAY JAIN. There is one code called
EQ@ equal s six where you can do sone kinetic studies,
but we didn't use that code to start wth.

MEMBER KRESS: The Canadi ans have a code
called FAST, F-A-S-T, the conmttee, but it's not in
the liquid phase. |It's in the gas phase.

MR VIJAY JAIN. Well, again, when you
start going into kinetic phases, you have to | ook at
formation of flocculent, gel formation. Everything
needs to be incorporated, and | presune to do all of
those things will require so many exenptions that you
won't have credibility of that data comng out from
kinetic analysis. Extrenely difficult to do kinetic
nodel i ng for these types of environnents.

MR. TREGONING Unless potentially you
build your own nodel from --

MR. VIJAY JAIN. Even then you have to
make assunptions at what rate the colloids are forned
and gel formation takes place and how t hey grow, how

they precipitate out.
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As Bruce indicated, there were five | CET
tests, and in this particular presentation, |'mgoing
to focus on the results fromthe | CET test nunber one,
and have provided the results to ICET test nunber
three as the back-up slides. |If we have tine, we can
go back and | ook at the back-up slides.

Basically we did sinulations for all five
tests in this particular study.

Thi s slide shows the first | CET simnulation
result based upon |ICET test conditions, which also
i ncl udes the phases that we observed not to formin
| CET environments. The slide shows the rel ease of
silica into the solution, silica, alumnum and
calcium These are three key elenents that are forned
that were observed in the | CET conditions.

The slide al so shows the pH dependence as
a function of tine. 1t shows the anount of silica
rel eased as a function of tinme, up to 30 days, cal ci um
and al um num

You'll see here for up to 15 days the
prediction for cal ciumand al um numare right on mark
G ven the conpl exity of the systens and the simul ation
assunptions, it shows extrenely good correlation for
cal cium and al um num for 360 days or 15 days.

W see a high release of silica in our
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simul ati on, and that's because we assune all of the
| atent debris, whichis concrete order to be dissol ved
at time zero, which is a fairly conservative
assunption, which provides additional source of
silica, and you see a high amount of silica in our
predi cted val ues.

W believe that the higher predicted
values for alum num and calcium are related to the
fact that as a function of tine the surfaces my
becone passive, may becone |ess reactive, which is,
again, a kinetic form a kinetic issue which is not
i ncorporated in our nodels.

It shows a fairly good prediction for pH
and this slide basically summari zes what | just said.
The nodel predicts high silica concentration because
concrete particles were assuned to di ssolve instantly.

Silica concentration was well below the
saturation concentration in pH 10 of the pH 10
contai nment water, and that because alum numclearly
inhibits the release of silicon into the solution

CHAI RMAN WALLI S:  These are dissolved into
the water? | thought the alumi numwas in particulate
form sone of it, colloidal

MR B.P. JAIN. It could be. Sonme of it

coul d be.
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MR VIJAY JAIN. Could be colloidal, but

it still --
CHAI RVAN WALLI S: Coul d be col | oi dal
DR. BANERJEE: It could be still present

in the solution. Again, that test assunption we are

assumng that it could be colloidal. It has not been
proven it's colloidal. It could be just an ionic
form

MR. CARUSO Were all of the netal sanples
pure netal or were they alloys?

MR VIJAY JAIN.  Well, | think |I received
t hese sanples fromthe ICET test. So whatever they
used, | think copper was cooper netal. Al um num had
-- | think John can answer that question better than
ne.

MR. TREGONING It depended. | nean,
there were steel sanples. There were copper sanples.
| think Bruce is right, industrial nmetals. So even
t he copper and al um numsanpl es had sonme i npurities in

them At |east the copper and al um num were nomnally

pur e.
John, do you want to el aborate?
MR G SGLOM They were industrial netals.
The copper was copper. It wasn't 90-10 or sonething
like that. It was --
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MR. CARUSO. But | nean, alum num you
have silica alum num | nmean you go buy al um num
alloys to use, and it's usually sone silica al um num
all oys. Does that have any effect?

MR. TREGONING These weren't al um num
alloys, right? | nean, this was, again, industrial
grade, pure --

MR G SEOM It was basically industrial
grade alumnum It wasn't --

VR. TREGONI NG There's inpurities
certainly.

MR G SGOM There certainly are sone
m nor ampunts of inpurities in the netal, but it
wasn't pure alum num It was alum num basically
i ndustrial grade all oy.

MR. VIJAY JAIN. Continuing, the node
predi cts high concentration for alum num and cal ci um
at 20 days or 720 hours, and we believe it is
attributed to the reduced reactivity of the surfaces
with tinme. It could be for formation of passive foam
or secondary phases that formon the surface that are
rel eased into the solution

The nodel al so predicts formation of solid
phases. W see formation of ferrous hydroxi de at 148

hours, and we see the formation of zinc hydroxide at
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32 hours. Again, these are fairly small quantities
t hat were observed in the sinmulations.

MEMBER DENNI NG And is there any way to
conpare those against solid phases suspended in the
tests?

MR. VIJAY JAIN. | presune these phases
may be nostly adhering to the nmetal surfaces, and |
haven't seen any information fromthe | CET test that
i ndi cates sone. There were sone coating on the netal
surfaces in ICET tests. |I'mnot too sure it has been
characterized yet or not.

MR. TREGONING |If there's coatings, and
again, at the risk of overstepping, Bruce m ght
correct me here, but | believe in sonme cases in the
sedi ment you could identify or isolate particulate
that may have been either zinc or iron in nature, but
again, it was within the sedi nent which we've al ready
di scussed was a very heterogeneous m X.

Certainly if we observed it, it was a
relatively or very snmall percentage of the sedinent.
So, Bruce, if you want to el aborate.

MR. LETELLI ER: W did attenpt to exam ne
the surface products that were forned, but we didn't
have easy access to a shal | ow angl e EDS equi pnent t hat

woul d be needed to separate the substrate from the
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surface deposits.

So while we could visually examne a
surface for what appeared to be clean netal versus
corroded netal, it was difficult to separate themfor
guantitative assessment.

| do agree with Vijay that a | ot of those
forms are deposited on the surface rather than
suspended or precipitated out of solution.

MEMBER KRESS: On your previous slide, you
speculate that the silicon prediction was higher
because you let the concrete particles dissolve
instantly. Wiy wouldn't that give you the sanme effect
on the cal ciun®

MR VIJAY JAIN Well, it should, but
agai n, the anount of silica that you' re seeing is ten
ppmconpared to cal ciumthat increases on five ppmfor
silica and about ten to 20 ppm for cal ci um

MEMBER KRESS: Not a |ot.

MR. VIJAY JAIN. Maybe sonme of that effect
m ght have been | ost in the increased concentration of
cal ci umbecause cal ci umcones fromot her sources al so.

MEMBER KRESS: Yes. That nmay be it.

MR. VIJAY JAIN. This provides a sunmary
of our sinmulation results. For ICET No. 1, we saw a

good correlation with major elements in solutionupto
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ten in 60 hours. Sinulation predicts high
concentration 1in solution at 722 hours, as |
i ndi cated, could be attributed to the passivation of
t he surfaces.

| CET No. 2, we saw a good correlationwth
maj or el ement except calcium up to 360 hours.
Simulation predicts calcium to be precipitated as
phosphate simlar to the one that Bruce tal ked about
for ICET Test 3, but in |CET Test 2 where there was a
limted observation of calcium phosphate on the
fibers.

In Test No. 3, we saw a good correlation
with major el enents. Again, we didn't accept cal cium
up to 360 hours. Assimlation predicts high
concentration of calciumin solution after 96 hours,
and it was significantly higher conpared to what was
observed in | CET Test No. 3.

For Test No. 4, prediction did not
correlate with ICET results because the simnulation
i nputs were based on separate corrosion experinents
for CalSil, insulation, and alum num As Bruce
indicated, there was a strong synergetic effect
between Cal Sil and al umi num In our standardi zed test
that we did in the lab, we did a conbinati on of Nukon

and al um numtoget her, but we did not doit for Cal Sil
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and al um num

So partly our results don't predict |CET
No. 4 environnent i s because we have assuned very hi gh
rates for Cal Sil and al um num wi t hout any synergetic
effects.

A prediction for I CET Test No. 4 did not
correlate for I CET results because simulation inputs
were based upon either corrosion nmeasurenent at pH
seven or ten, and we had no corrosion measurements
done i ndependently for pH of 8. 2.

And we know that at pH of ten, |east from
Nukon and suppressed al umi num but pH seven there is
no alum numrel eased. It's al nost passive, but Nukon
rel eases at a very fast rate.

DR. BANERJEE: Let ne understand these a
little bit. These are the results of your sinulations
done with the code using sone corrosion rate.

MR. VIJAY JAIN. Measured corrosion.

DR. BANERJEE: Measured corrosion rates,
and those were nmeasured in your |ab.

MR VIJAY JAIN  Yes.

DR. BANERJEE: Ckay, and how were those
corrosion rates? They were just coupons exposed?

MR. VIJAY JAIN. Yeah, they basically used

-- these are slides. The first backup slide shows the
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si ze of equi pment we used.

DR. BANERJEE: kay

MR VIJAY JAIN: And for Nukon we used the
sane ratio of volune to nass that was used in |CET.
W preserved the surface area to what's in issue.

DR. BANERJEE: You're trying to bridge
your coupon experiments to the | CET experinents using
your code as a bridging tool somehow. | nean, one can
| ook at the small scale experinents that were done,
and you're trying to say sonething about the |arge
scal e.

MR VIJAY JAIN. Yeah, those were used to
get the corrosion rates that were input to the
simul ations, and the output for the sinulations were
then conpared with the I CET results.

MEMBER KRESS: How do you i ncorporate
t hose corrosion rates? Do you take the corrosion rate
and predict at a given tine how nuch woul d have been

MR VIJAY JAIN. Exactly.

MEMBER KRESS: And then you input that as
an equilibriumanount at that tine.

MR VIJAY JAIN. Exactly.

MEMBER KRESS: (kay.

MR VIJAY JAIN:. There is a slide which |
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woul d |ike to show you, a backup slide, Slide No. --
here. Let nme see which slide it is -- 29. This slide
basically provides --

MR B.P. JAIN. Twenty-nine?

MR VIJAY JAIN. Yeah, 29 shows how wel |
our lab results conpare with the I CET results, which
provi des confidence. No, this is not the one.

MR B.P. JAIN. That's 29.

MR VIJAY JAIN. That's the one, Slide No.
26. Sorry about that.

This slide shows the key el enent, silica
al um numand cal cium what we sawin our |ab tests and
t he anmounts of these el enents observed in | CET tests.
These | ab experinents correl ate, given the conplexity
of the systenms, given that |ICET had so nany ot her
things. These experinents show how well the little
| ab experinments correlate with the observed behavi or
in ICET for silica, alum num and cal ci um

So this provided nme confidence that the
nunbers that |' musi ng which drive corrosionrates are
very well represented of what was observed in |CET
tests.

DR BANERJEE: Now, the difference between
Slide 26 and 14 is due to what? These on 26 are j ust

your coupons. It doesn't have any --
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MR VIJAY JAIN Sinulation results. | t

doesn't have any sinmulation results.

DR BANERJEE: No sinulation results.

MR VIJAY JAIN. Slide 14 has ICET results
and sinulation results.

DR BANERJEE: But those sinulation
results in 14 were not informed with your corrosion
rate data fromyour lab? |'mtrying to understand the
di fference between --

MR VIJAY JAIN. There are three sets of
data. It has the observed corrosion behavior in the
lab test, predicted simulation results, and |CET
results, and all three indicate a very good
correlation with each other.

CHAI RVAN WALLIS: Well, 14 is conparison
with theory, | understand. Twenty-six is conparison
bet ween two experinents, isn't it?

MR. VIJAY JAIN. Well, one experinent is
t he | ab.

CHAI RVAN WALLI'S:  Yeah, one is the Uricks
(phonetic) test and the other is the I CET test.

MR VIJAY JAIN.  Yeah, and ny | ab
experiments only had Nukon and alum num It didn't
have anything el se.

CHAI RMAN WALLIS: So 26 is experinment
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ver sus experinent, and 14 i s theory versus experi nment.

DR. BANERJEE: But was 14 inforned with
corrosion rate data or not?

MR. VIJAY JAIN. Yeah, the corrosion rate
dat a was obt ai ned, what you see in slide 26, based on
that, and transl ated as an i nput val ue for sinul ations
to predict what are the solid phases that will form

So the | ab experinents cannot give you a
predi ction of the solid phases of byproducts that are
going to form You have to sinulate and indicate what
are the solid phases you're going to see as a function
of time.

MEMBER KRESS: You could interpret the

results on 26 as being the change in the nass of your

coupons.
MR VIJAY JAIN.  Yeah.
MEMBER KRESS: So, you know, you say
that's all in there sonmewhere. You don't know what

formit's in.

MR VIJAY JAIN. But, for exanple,
al umi num The anmpbunt of al um num we neasured in the
solution correlates very well with the anount of
weight loss, indicating there is no alumnum
precipitation at 60 degrees Centigrade, and that's why

we say that there's no --
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MEMBER KRESS: But that may be a
di fference between the two slides.

DR. BANERJEE: So if you take, say, the
alum numin Slide 26, which is a measurenent --

MR VIJAY JAIN.  Yeah.

DR. BANERJEE: -- and you take the
alum numin Slide 14, which is a simulation, but to
drive that simulation you took the corrosion rate data
fromSlide 26, right? That's what |I'm confused about.

When you say that you obtain --

MR. VIJAY JAIN. But there are two things.
We did two neasurenents. W neasured all the netals
using electrochemcal netals. W neasured the
sol ution chem stry wi th Nukon i nsul ation and al um num
together. The corrosion rates that were used for
si mul ati on were based upon el ectrochem cal netals. So
it was not based upon --

DR. BANERJEE: On these coupon tests.

MR VIJAY JAIN. -- the conbination of
insulation and alumnum together, but the two
correlate very well. If | plot the alum numrel eased
into the solution and based upon the corrosion rate
they predict alnost simlar --

DR. BANERJEE: So if | understand it, you

have two sets of corrosionrate data. One is the data
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you're showi ng on Slide 26

MR VIJAY JAIN  Yes.

DR. BANERJEE: Another set goes into the
cal cul ati ons you show on Slide 14.

MR VIJAY JAIN. That's true.

DR BANERJEE: \Where is that corrosion
rate data that goes into Slide 147

MR VIJAY JAIN. That's shown on Slide --
it's in the backup slide -- Slide No. 24, which should
be easy to get fromhere. So you see here these are
el ectrochem cal tests. It gives you the corrosion
rate of alum numat 60 degrees, at 90 degrees, and at
110 degrees.

So basical ly you take this corrosionrate,
which is given in grams per neter square per hour and
just put the exposed surface area and tine you're
going to sinulate and give you total anount that
you're playing with in that sinulation.

MEMBER KRESS: Now, this | understand is
the initial slope in --

MR VIJAY JAIN. For electrochemstry
there's only one. Wat you do is basically you do a
linear localization where you put a snall voltage
across the sanple and see the current density, and

fromcurrent density you use the failures |law to get
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the corrosion rate.

MR. TREGONI NG But, again, you apply the
constant corrosion rate, and there's a difference as
well, within the sinmulations, and if you | ook at the
experinmental data, corrosion is certainly evolving as
a function of tinmne.

MR. VIJAY JAIN. Yeah, and again, these
simul ations don't take i nto account any passivity that
happens as a function of time, whichis, | presune, a
ki netic issue which needs to be incorporated.

MEMBER KRESS: | guess what Sanj oy,

t hink, was getting at -- at least | would have got it
-- was you're not using sort of data to predict the
theory which is then used to predict the data. It
| ooks |i ke that.

MR TREGONING It's not circular like
t hat .

CHAI RMVAN WALLIS: No, it's not quite as
circular. 1t's an independent mneasurenent of
corrosion rates.

MR. VIJAY JAIN. Right. |ndependent and
initial measurenent.

CHAl RMAN WALLIS: Right, but it's a
different kind of neasurenent, which is useful.

VR. VIJAY JAIN: These are all
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standardi zed tests for netals and for Nukon fiber we
have to tweak it alittle bit, but it's a standardi zed
test used for glasses which | adopted for fibers.

CHAI RMVAN WALLI'S: So now you can predict
what happens in a sunp.

(Laughter.)

DR. BANERJEE: Wth a little coupon,
right?

MEMBER DENNI NG Now, one thing | don't
understand though is, of course, what you' ve done is
you' ve focused on what's in solution, and | realize
one has to start there, but as far as us under st andi ng
what's happening in the sunp, we have to know what
cones out of sol ution.

MR VIJAY JAIN. And that's what was shown
on Slide 15, where | showed that the nodel solution
predi cts hydroxides of iron and zinc, and if you | ook
at the call for alumnum you see a linear change
indicating that 100 percent is in solution till 15
days. So there was no solid precipitation occurring
for alumnumin the solution.

So | have to get back to Slide 15, |
guess, where | was.

MEMBER DENNI NG But we don't have nuch in

the way of validation of that. | nean, that's really
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the hard part of the problem

MR VIJAY JAIN. You nean the validation
of the solid phases?

MEMBER DENNI NG The validation of solid
phases, right, and part of it isit's not part of this
equi li brium process.

MR. VIJAY JAIN. Well, | guess | think --

MEMBER DENNING | nean, it is someplace
You know, sone place it's a solid, but we don't know
whet her it's suspended or whether it's on the surface.

MR VIJAY JAIN. That's true.

DR.  BANERJEE: But in your coupon
experinments, you could | ook at -- | nean, you coul d do
those littl e coupon experinents and see what the solid
phases were, too, right?

MR VIJAY JAIN. Yeah, | could have done
it, hindsight, yes, but of course, | did it when we
didit.

MEMBER DENNI NG Al'l right, but you could
have done it at sone point.

MR. VIJAY JAIN. Yes, it could have given
at | east sonme insights to it,b ut that was done mnuch
before we had | CET results.

MR. TREGONING | think the inportant

point to make is that, you know, the best sinmulations
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were ones that were informed in an educated way with
respect to experinmental observations that were made in
the I CET tank, and that's a very inportant point.

MEMBER DENNI NG I n fact, it was necessary
if you were going to use equilibriumthernmdynam cs.

MR. TREGONI NG That was a necessary step.
That's certainly true.

DR. BANERJEE: So you coul dn't have taken
your coupon tests and found out the same thing.

MR TREGONING \Well, the pre-ICET
simul ati ons was the cl osest to doing exactly that, and
you saw what the results were.

DR. BANERJEE: Yeah, but they were using
el ect rochem cal dat a.

MR. TREGONING It wouldn't have mattered.
| nmean, what you saw there was the species that were
predi cted. You m ght have gotten different anmounts
with different corrosion rates, but those species
woul d have -- and, Vijay, correct me -- at |least still
dom nat ed.

MR. VIJAY JAIN. Because silicates are the
nost stabl e phases. Any time you run a thernodynam c
code, if you have silica alum num and sodium and
calcium it will predict silicate --

DR. BANERJEE: Al I'msaying is that if
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you wanted to study kinetics, you could study the
kinetics on a small scale and find out the sane thing,
that silicates performslowy.

MR. VIJAY JAIN. Yeah, and in fact, ny
background is in glass science, and |'ve studied --

DR BANERJEE: You don't have to do these
huge tests.

MR. VIJAY JAIN. M background is in glass
science, and |'ve studied to corrosion of glasses for
the last 20 years, and if you ook at it, you do form
silicates, but not in ICET conditions. It takes high
tenperatures and |longer tines to formthose silicate
phases of the surface of gl asses.

MR. TREGONING The val ue of the |CET,
there have been a nunber and even predecessors to
| CET, a nunber of separate effects types of tests
| ooki ng at single or maybe even dual effects, but this
is really unique in the sense that it was the first
time that we tried to put all of these things that may
have i nteraction and synergi stic effects together, and
one of the things we've noticed in ICET certainly is
that in many cases the synergistic effects can be
i nportant.

DR BANERJEE: Li ke which ones?

MR. TREGONI NG You have passivation
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i ssues, effect of alumnum Even the effect of

al um numon silicate dissolution from Nukon, | mean,
that was something that initially we had predictions
that we expected about an order of nagnitude nore
silicon than we actually observed in the |ICET tank,
and that was sonmething we really had to go back
scratch our head a bit to try to figure it out.

Some good characterization work at LANL
had i ndi cated sonme of the forns are potential reasons
for that, and the Vijay went off in his |lab and just
di d sone snal |l scal e experinments when he tried to | ook
at dissolution of Nukon in the presence of al um num

That sinple synergistic effect has a huge
effect on the types of products, the anount of silicon
that we sawin the test, and that's just one exanpl e.

MR. VIJAY JAIN. It shows right here in
this slide two types of tests, Nukon fiberglass inthe
cont ai nnment sol uti on and Nukon fi berglass i n al um num
but pH seven as a function of time, you don't see any
di fference, any at all of alum numin the corrosion of
Nukon. In fact, the mass rel eased from Nukon nass
gets dissol ved.

But at pH ten, what you see here is the
Nukon glass shows a fairly high release rate, but

after you all aluminumto it the dissolution of fiber
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goes down by an order of nagnitude.

CHAI RMAN WALLIS: I'mtrying to translate
this into amount of silicon in the sunp. You' ve got
t hese strange units. | understand what they are, but
how do they relate to what's happeni ng?

MR VIJAY JAIN. This is mlligrans of
Nukon fiber released by neter surface.

CHAI RMVAN WALLIS: So neter squared of
sur f ace.

MR VIJAY JAIN. Surface area of the
fiber.

CHAI RVMAN WALLIS: Right. How do |
translate that into --

MR. VIJAY JAIN. The ICET test gives how
much surface area of Nukon is there. You can multiply
it and it will give you --

CHAI RVAN WALLIS: | know I can, but you
can't tell me right away.

MR TREGONING | think Bruce is going to
| ook at the silicon floc, but I think in ICET 1 we
were on the order of ten to 15 mlligrans per liter.
So that's roughly --

CHAI RVAN WALLIS:  Silicon in solution?

MR. TREGONI NG Yeah, ten kil ograns or so.

And we were predicting fromthis on the order of 80 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

179

100 mlligrans per liter. So again, about an order of
magni t ude hi gher.

CHAI RVAN WALLI'S: So how nuch on the sunp?

MR. TREGONI NG Yeah.

CHAI RVAN WALLI'S:  How many kil ograns in
t he sunp?

MR. TREGONI NG  Sonewher e between nmaybe
ten in actuality kilograns versus 100 predicted. |
think 1'm-- am| close there?

MR. LETELLI ER: Those | evel s are right.

MR. TREGONI NG Ckay. Thank you.

MR. VIJAY JAIN. So these are the things
that we have to be very careful in assessing the
specific effect in one. Sonme of the synergetic
effects that happen especially wth alumnum on
i nsul ati ons.

MEMBER KRESS: So now we have to throw in
pai nt chi ps and coati ngs.

MR TREGONING This is a relatively
sinple one. It's just two input materials.

CHAI RVAN WALLI'S: There's nothing that's
likely to act as a catalyst for any of these reactions
that's hanging around in the containnment?

MR VIJAY JAIN. Well, at least if you

ook at ICET 1 environnent, the large studies that
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wer e done wi t h al um numand Nukon basically represents
what you observed in I CET, |arge scal e test which had
everything else in it, indicating that other
conmponents are not really playing any catalytic role
i n enhancing or --

CHAI RMAN WALLIS: |If anything, they
inhibit. They don't catalyze. They inhibit the
reaction, but there's nothing to pronote the reaction.

MR. TREGONING Yeah, at the risk of
spi nning off here, we've asked all of these very sane
guestions to our peer reviewers, and we've had a | ot
of initial discussions. W've done a |ot of
brainstormng just within the group, but then also
with the peer reviewers to try to determ ne.

You know, |CET was unique. W tried to
account for a lot of things within the ICET test. W
obvi ously didn't account for everything, nor could we
ever account for everything. So we're trying to
identify possible contributions to either things that
we didn't study or the effect of relatively snall
anounts of materials |ike organics and things Iike
that, how they mght have resulted in different
observati ons.

So these are all incredibly wvalid

guestions that we're certainly pursuing at least in a
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brainstormng sense, but it does take a bit of
di scussion and a bit of analysis just to try to get
your arms around.

CHAI RVAN WALLI S:  But there doesn't seem
to be any basis for assunm ng that there's sone sort of
a catal yst which pronptes reactions.

MEMBER KRESS: Now, how about educating
me? | was under the inpression that catalysis was a
ki netic condition and you woul d not see catalysis with
an equilibrium code.

MR. VIJAY JAIN. That's right. The codes
woul dn't predicted it.

MEMBER KRESS: Wbuldn't predict it. |
mean, woul dn't see anyt hi ng.

CHAI RVAN WALLI'S: The codes woul dn't
predict it.

MEMBER KRESS: No.

MR. TREGONI NG The thernodynam c

CHAI RVAN WALLI'S: So you have to do the
test, right?.

MEMBER KRESS: O do a kinetics code.

CHAl RVAN WALLIS: So what's the bottom
line of all of this?

MR VIJAY JAIN Well, there was a

guestion asked on the Nukon fi ber. Just make sure
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t hat the CM photograph of the Nukon fi ber.

These are about seven to ten microns in
di ameter, and each of these fibers is about a
centineter totwo centinmetersinlength. So these are
fairly snmall pieces that are bonded together with t he
organi ¢ polyner, and during inpingenent, these are
very high strength fibers, I nmean, small. You can't
really break that easily. So you m ght not see too
much of fragmentation of the fiber size itself.

Vell, in summary, the chem cal evolution
of the sunmp environnent was the aggregate assunption
of tenperature, pressure, and tine. The cal culation
i ndi cated that the phases predicted in a pressurized
systemwoul d be simlar to the failures predicted in
t he nonpressurized systemat a | ower tenperature.

It also indicate that in solution and
al umi num are the major contributors to the corrosion
products.

Ve benchmar ked t he t her nodynani ¢
simulation to I CET. The | CET data indicated |ack of
formati on of silicates and al um num hydroxi de in the
containnment water in a 20-day test at 60 degrees
centigrade. W revised our thernodynan c simulations
and indicated that provided a good correlation with

Test No. 1, 2, and 3 up to 360 hours.
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Model ing results. The calculations tend
to diverge after 360 hours, and | attribute it to
selection of initial dissolution rate, which m ght
decrease as a function of time and reduction in the
surface reactivity with time due to the formation of
passive |ayers or second phases on the surfaces.

Experinmental data indicates a strong
synergetic effects between in solution and al um num
A combination of -- this is the bottom line -- of
| CET, lab tests, and sinulation provided sites into

reactor specific chemcal effects. By itself one

cannot really do the job. |If you look in what we are
doing together, it could provide sone specific
i nsi ghts.

Vell, the plan for the upcom ng program

W will continue the nodel i ng based upon | CET resul ts.
W woul d |'i ke our future programto i nclude the effect
of CQ, which mght additionally formsone cal ci um
car bonat e.

W will again examne the | CET results and
try to incorporate them Simlarly, the gradua
evolution of |CET containment chem stry instead of
having discrete tinmes, we'll try to have a conti nuous
ti me dependence and see what type of information we

get, and who would like to use PHREEQC for future
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i nvestigation.

PHREEQC is a jucanental (phonetic) code
that can incorporate the effect of CO and other
gases. So it mght benchmark that particular effect,
and the argunent is to devel op a generalized nodeling
approach for other reactor specific conditions. So
hopefully a conbi nation of the work that's going on.

CHAI RMAN WALLIS: Can you give us sone
blind predictions of what's being done sonewhere at
Argonne or somewhere? You nake a prediction ahead of
tinme and see if it works out?

MR. VIJAY JAIN. The pre-ICET was a blind
predi ction.

MR. TREGONING And we did exactly that.

DR. BANERJEE: And you al so can get, of
course, what's happening in the solid phase, the
preci pitates.

MR VIJAY JAIN. That's right, from
simul ati ons, again, that need to be sonehow ratified.

DR. BANERJEE: Yes, but it's not easy to
verify those in the | CET test because there was such
a multiplicity of stuff, but maybe in smaller or
different tests you coul d validate that at some point.

CHAI RVAN WALLI'S:  Well, industry is doing

all sorts of small scale tests, aren't they?

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

185
DR BANERJEE: R ght.

CHAI RMVAN  WALLIS: You have great
opportunity to.

DR. BANERJEE: Do you have access to that
that they tal ked about yesterday?

MR. VIJAY JAIN. | got the presentation
| didn't get a chance really.

MR TREGONING W haven't seen the test
report. W had access to the test plan prior to
testing, and we observed that. This was discussed
yesterday. W observed sone of the testing. W
expect, | think, you know, nmaybe any week now t hat at
| east for informational purposes we'll get an advanced
| ook at the --

CHAI RVAN WALLI S:  Yeah, | would think they
woul d consult with you because these tools night be
useful to them

DR. BANERJEE: So your initial approach,
anyway, is to |look at the equilibriumthernodynam cs
usi ng nmeasured corrosion rates to the use of kinetic
ef fect.

MR. VIJAY JAIN. That's right.

DR. BANERJEE: Now, when you do | ook at
sonme of these, is it possible then to use kinetics to

alimted extent to do nore ab initiothings than this
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stuff? | mean use sone conbination of kinetics codes
in a careful manner so that you don't need so many
constants. Conbine it with sone dynam cs codes.

MR VIJAY JAIN. And sone of these
ki netics codes will also require input of sone rate of
corrosion so that the rates of corrosion have to be
devel oped.

DR. BANERJEE: But to sort of try to get
this on a sound, scientific basis to mnimze the
anount of stuff you have to do.

MEMBER KRESS: Well, | think you m ght use
t he ki netics code to check your assunption of how f ast
you reach equilibriumand then that would validate
your use of the equilibriumcode. You're still going
to have the dissolution rates in, either one.

MEMBER DENNING Dr. Shack, could you

corment? | saw you dying to do that, and | know you

MEMBER SHACK: No, |'mnot going to say

anyt hi ng.

MR VIJAY JAIN  You can tell us
privately.

MEMBER SHACK: Well, | nean, you just need
the kinetics data. I1t's not as though the kinetics

code is sitting out there waiting for you to use it.
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MEMBER KRESS: You don't have reaction

rate coefficients.

MR VIJAY JAIN. Yeah, we don't have that
i nformation.

MEMBER KRESS: And you may have to put in
about 100 reactions or nore.

DR. BANERJEE: Ch, that nany?

MEMBER KRESS: Yeah, with this nmany.

DR BANERJEE: It |ooks |Iike conbustion
t hen

MR TREGONING So,magain, it's a
pl ausi bl e path forward, but again, it's certainly non-
trivial, to say the |east.

DR BANERJEE: But even conbustion, |
nmean, you can usually take these 80 or 90 reactions
and boil them down to eight or nine.

MR VIJAY JAIN. Yeah. |If you really
| ook, | mean, what's boiling down here is the effect
of alum numand insulation. To nme if | have to really
go and do a plant specific, | would | ook at those two
paranmeters very closely. | know that based upon
corrosion rates of cooper, zinc, and carbon steel,
they are very low in amount and doesn't seemto have
any significant effect on what's observed in | CET test

and | ab studi es and si nul ati ons.
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DR. BANERJEE: So you're saying there are

only a few reactions.

MR VIJAY JAIN. Yeah, it could limt down
to a few reactions that contribute. You see, we're
making a risk inforned judgnment. You will say that
al umi num and solution are the key players in the
evol ution of the contai nment water and t he byproducts
in the system

And the final slideis some information we
published NUREG 6873 that has basically nine
predi ctions which are probably not valid after |CET
information cane in.

MR. TREGONING That's the pre-ICET work

MR. VIJAY JAIN. Pre-ICET work.

CHAI RMAN WALLIS: So this actually is
fairly encouragi ng, that you can actually make these
predictions and with sone further work you m ght be
able to make sone nore, and they mght actually be
useful to industry and the NRC

MR. TREGONING Potentially, although
again, I"'ma bit of a cynic here. | don't want to be
overly optimstic that we're going to be able to
devel op sone nodel that's going to be able to predict
all of the various effects that we're really concerned

about .
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WIIl we possibly have a tool that wll
provi de sone additional insights, as Dr. Banerjee has
been --

CHAI RMAN WALLIS: It's encouraging. |
mean, he has had sonme successes. It hasn't been
invalidated and all of that, and --

DR BANERJEE: And what mnakes it credible
is had sone failures. Failures are very good. Wen
t hi ngs work, you al ways worry about it, that sonmebody
is fitting the data with sonet hing.

CHAI RVAN WALLI S: That's why you ask sone
of your questions.

Are we ready to take a break now for
[ unch?

MR VIJAY JAIN. |'m done.

CHAI RVAN WALLI S:  Thank you very much

MR. VIJAY JAIN. Thank you.

CHAI RVAN WALLIS: W'l l take a break. The
easi est thing to renenber would be 1:30. Shall we go
to 1: 30 then?

We'll go to 1:30.

(Wher eupon, at 12:25 a.m, the neeting was
recessed for lunch, to reconvene at 1:30 p.m, the

same day.)
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AAF-T-EERNOON S-ESSI-ON
(1:30 p.m)
13. CHEM CAL EFFECTS HEAD LOSS TESTI NG
OVERVI EW TECHNI CAL PROGRAM AND RESULTS
CHAI RVAN WALLI'S:  This is another one of
t hose presentati ons we have been | ooking forward to:
chenical effects head | oss testing at Argonne Nati onal
Lab. Wwo is going to start? Bill, are you going to
open up for us?
M5. TORRES: |I'mgoing to start.
CHAI RVAN WALLI S: Pl ease go ahead.
M5. TORRES: Good afternoon. M/ nane is
Paul ette Torres. And | represent the Ofice of
Nucl ear Regul atory Research Division of Engi neering.
| amthe project nanager of the chem cal effect head
| oss testing. And this is ny first time addressing
the CRS. Right next to ne is Dr. Shack, who
represents Argonne National Lab. And he will be
presenting right after ne.
The chemi cal effects head | oss testing is
a conpl ementary research activity designed to eval uate
head | oss associated with chem cal byproducts which
form integrated chem cal effect test environnents,
also referred as | CET.

The reason for this project is that we
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have little information on head | oss associated with
chem cal byproducts and that we need to under st and how
cheni cal bypr oduct s f or med in pl ant - specific
environments can affect head | oss formation.

The NRC and t he nucl ear i ndustry devel oped
the ICET program The | CET program simul ated the
chemical environnent present inside a containnment
wat er cooler after a |l oss of cool ant accident.

Chem cal byproducts were formed in the
envi ronment tested. However, the head | oss associ ated
wi t h chem cal byproducts was not evaluated in the | CET
program This testing program at Argonne Nati onal
Laboratory is investigating the head | oss associ at ed
with chem cal effects products.

From a regulatory perspective, t he
research underway at Argonne National Lab is assigned
to help resolve general safety issue 191 resolution
To support this gaol, the work conducted at Argonne
provides information to help the staff review their
chemical effects part, licensee submttals, in
response to general letter 2004-02 and to informthe
audi ti ng process.

CHAI RMAN WALLIS: The treatise?

M5. TORRES: The what?

CHAl RMAN WALLI S: | don't understand this.
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Something is wong with this sentence. Did Bill Shack
wite that sentence?
(Laughter.)

M5. TORRES: No.

MR. TREGONING | don't think we can
finger Bill for that one. Treatnent, don't you think?
CHAI RVAN VWALLIS: Well, I'mtrying to

figure out what it is trying to say.

MR, TREGONI NG  Treat nent.

CHAI RVAN WALLI'S:  This neans treatnment is
where it should be? kay.

MR. TREGONING See, Bill, | told you.

MS. TORRES: Qur chem cal effect head |oss
testing programinvestigated the potential head | oss
associ ated with chem cal byproducts of
tri sodi unphosphat e i n envi ronnent s contai ni ng t he soft
cal cul ati on.

We al so did dissolution and saline tests.
The dissolution tests were intended to identify the
di ssol ved cal ci umconcentrati ons produced i n si nul at ed
cont ai nment pool conditions. And the settling tests
were perfornmed to assess the settling tests of cal ci um
phosphat e precipitate.

CHAI RVAN WALLIS: The last sentence is

wonder ful, too, "Measure the expected settling rate.”
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| nmean, Bill, you' re doing very well here.

M5. TORRES: Benchmark testing w thout
chemical products is currently ongoing at Argonne.
And it's scheduled to be conpleted in February. The
result of this benchmark testing will be used to
ensure consistency in testing methods anong the
research | abs.

Tests to examine the head |oss from
chemi cal byproducts in sodium hydroxide buffered
envi ronments and sodium tetraborate environnents are
schedul ed to commence i mredi ately after the benchmark
tests. Al testing in Argonne is scheduled to be
conpl eted by April 2006.

MEMBER DENNI NG  Can | ask the function of
-- you said used to -- | can't renenber the exact
words, but there's something |ike consistency anong
the different |aboratories. Wat were your words
there? | didn't quite understand.

MEMBER KRESS: They're just seeing if Bil
Shack knows how to nake measurenents.

M5. TORRES: The best way to say it is
Argonne al ong with Pacific National Laboratory. They
are doing al so benchmark testing.

MEMBER DENNING Yes, but there is a

net hodol ogy that is supposed to give consistency

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

194

treatment of the calculation of --

M5. TORRES: There is a procedure
est abl i shed between the two | abs and t he NRC

MR. TREGONING In anomaly, the test
prograns are different in that the Argonne work is
eval uating primarily chem cal effects contributionsto
head I oss wall. The PNNL work is |ooking at standard
i nsul ation materi al s.

However, we have a certain nunber of
replicate tests that are anomal y-identical that wll
be performed at both |aboratories. These will be
cases with standard insulation to bring no chem cal
effect.

The purpose of those tests is to do dual
benchmarki ng to nake sure that the nmeasurenents that
we get are not | oop-specific for the nost part or if
they are, we want to understand possibly sone of the
ei ther operator variabilities or things that may occur
that could lead to differences. So it's just a way
for us to try to assess sone of the independent ways
of running these tests, some of the variability that
m ght result fromthat.

MEMBER DENNI NG  Woul d you be devel opi ng
correlations that woul d be used to cal cul ate head

| 0ss?
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MR. TREGONI NG One of the objectives of

the PNNL work is to supply data to devel op
correlations. You're going to hear about that this
afternoon. Initially the Argonne objective is not to
devel op data to be used for correlations. However,
it's certainly available if and when we reach that
state where we're ready to try to develop sone
correl ati ons based on certain chem cal products.

CHAI RMAN WALLIS:  This is one of ny gripes
al ways, that when you do research, you should really
make a prediction of what you expect to find before
you do the test. Then you |earn nore.

| f you just stack up all kinds of data and
then a year | ater sonmeone tries to explainit, that's
a very ineffective way to proceed. You should
actual Iy devel op your understanding in terns of theory
whil e you exam ne the data as soon as you can. Then
you make rmuch nore progress.

MR. TREGONI NG Right.

CHAI RVAN WALLI S:  Then you can sort of see
anonmal ous things, you know, unexpected things and al
of that.

MR. TREGONING At the risk of stealing
t oo much thunder fromthis afternoon, | nmean, the 6224

correl ati ons and sone of the insights that we gave for
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t hose were applied and devel oped as --

CHAI RVAN WALLI'S:  Yes, they were. That's
right. That nakes sense.

MR. TREGONING Certainly agree with your
poi nt there.

M5. TORRES: | amturning over the
di scussion to Dr. Shack, who will be discussing test
results.

CHAI RVAN WALLI S:  Thank you.

MEMBER SHACK: And, again, | wll be
presenting work that's really done by ny col | eagues at
Argonne. The principal investigator who designed the
| oop facility and was | eadi ng our effort was John Oras
until he broke his leg in tw places or broke two
bones in his | eg.

Ken Kasza is now followi ng up on the
thermal hydraulics work. And John Hee Park and Ken
Nat esan are real |l y handl i ng the chem stry studi es t hat
support the work that we're doing here.

The nmeasurenments we're naking are done in
a fairly conventional test |oop. W, you know, build
up a bed on a horizontal screen. And, again, this is
not really neant to replicate a situation in a plant.
It's meant to neasure the head | oss associated with a

bed of certain characteristics so that one should
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recogni ze that this is really the devel opnent of a
head | oss characterization, rather than trying to
represent what really happens in a sunp screen design.

CHAI RVAN WALLI S:  How do you put the stuff
in?

MEMBER SHACK: W put the stuff in
basically here. W just open this up and pour it in.

CHAI RMAN WALLI'S: So you open the top?

MEMBER SHACK: W open at the top and pour
it in.

CHAI RVAN WALLIS: While the stuff is
fl ow ng around or what ?

MEMBER SHACK: Wile the stuff is flow ng
around. Wen | discuss the actual tests, we'll talk
a little bit nore about how we treat the material
before we put it in.

CHAI RVAN WALLIS: It seenms to nmake a
di fference how you put the stuff in, the sunp tests.

MEMBER SHACK: Yes. It can. One of the
things | should point out, again, the tests that we
have done to date have been with the perforated pl ate,
rather than a screen.

The perforated plate that we have been
usi ng has staggered 3/ 16t h-i nch hol es and a 51 percent

flowarea. The sunp screens or the perforated pl ates
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t hat people seemto be using for fabricating the new
strainers, have sonmewhat smaller holes, one-eighth
inch, and somewhat smaller flow area. And we're
switching to that perforated plate for our further
testing. And we're using that for our benchmark
testing.

As nentioned, the tests to date have been
done with a horizontal screen, but we can also run
with a vertical screen if that were desirable.

The | oop can operate up to 180 degrees F.
when we're running with a LEXAN test section, which we
can do with sone chem stries. For other chem stries,
we have to use a clear PVC test section. |In that
case, we're limted to 140 degrees F.

CHAI RVMAN WALLI'S:  What is the size of the
piping in the rest of the loop? It's six inches in

the test section. Wlat is it when you get down to the

MEMBER SHACK: It goes down to two inches
so that we can essentially reduce the possibility that
we're going to have debris --

CHAI RMAN WALLIS: So the velocity there is
about one foot a second, right?

MEMBER SHACK: |t goes up.

CHAI RVAN WALLI'S: So why does it take so
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long to go around the | oop?

MEMBER SHACK: It's a big | oop.

CHAI RMAN WALLIS: It nust be.

MEMBER SHACK: Well, wait until you see
t he PNNL | oop.

(Laughter.)

MEMBER SHACK: They've got a taller
buil ding than we do. You know, when we are doing
these things, there is always this question of how
much do we put in.

CHAI RVMAN WALLIS: But if it's a big |oop,
what sort of typical dinensions? Is it for five feet
tall or sonething?

MEMBER SHACK: Ch, no, no, no. Twenty
feet tall.

CHAI RVAN WALLIS: This is 20 feet tall,
this thing?

MEMBER SHACK:  Yes.

CHAI RVAN WALLIS: COh, great gods.

MEMBER KRESS: Are we | ooking at --

CHAI RVAN WALLIS: Wiy is it so huge? Your
test section is just a small part of it, then.

MEMBER SHACK: Well, there was a great
desire since sonme concerns have been rai sed about

earlier loop testing that there wasn't enough space
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after the el bows to develop a fully devel oped fl ow.
And so the tendency was to essentially nake the | oop
bi gger, have nore L/Ds before you got to the test
section.

CHAI RVAN  WALLI'S: Wi ch neans that
anyt hing that gets through the screen has to take al
of these four minutes before it cones around again.

MEMBER SHACK: Cones around agai n.

CHAI RVAN WALLI S:  Ckay.

MEMBER KRESS: Are we | ooking at top down
or the side in this?

MEMBER SHACK: This is the side. You
know, it's a vertical test |oop at the nonent.

MEMBER KRESS: So when you want to do
hori zontal tests, you put an elbowin there and --

MEMBER SHACK: W put a hair pin. You
take this section out. And you put a hair pin in that
goes over here, cones down and around. And then you
put your test section in up here.

CHAI RVAN WALLI S: Because you want to keep
t hi ngs | ong.

MEMBER SHACK: W want to keep things
long. W keep things |ong.

DR. BANERJEE: What is the total |ength

agai n?
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MEMBER SHACK: | actually don't know. |'m

guessing 20 feet by 20 feet, but | mght -- you know,
it's sonething on that order/

DR. BANERJEE: So it's trying to switch
right there.

MEMBER SHACK: Ri ght.

CHAI RVAN WALLIS: At one foot a second.

MEMBER SHACK: Those are rough figures.
Don't hold me to it.

CHAl RMVAN WALLIS: To get a four-mnute
time, you're going to have an awful |ong pipe.

MEMBER SHACK: It's three and a half
m nutes, to be precise, but | rounded it off to four
for the presentation.

CHAl RVAN WALLIS: Ckay. Wwell --

DR. BANERJEE: One foot per second
roughly, right?

MEMBER SHACK:  Yes.

DR. BANERJEE: Except in narrow bits?

MEMBER SHACK: Ri ght.

CHAI RVAN WALLI S: Except in the fat bits.

MEMBER SHACK: Now, again, com ng back
agai n, one of the decisions we nake i s what we put in
the | oop and how nmuch that we've put into the | oop

W have tried to essentially say that the head | oss,
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what ever is going on is going to be characterized by
t he massi ve chem cal products and debris per unit area
of the screen.

So if you' re naking conparisons between
our | oop and the Los Al anps | oop and the PNNL | oop, in
our | oop, one gramof debris is really 47.6 grans per
nmeter of debris.

DR BANERJEE: \What is the difference
conpared to the Los Al anbs, original Los A anpos?

MEMBER SHACK: It is taller. W can also
control tenperature. You know, our tests are
basically plus or mnus a tenth of a degree typically
when we're running the tests. | believe they have no
real tenperature control there. So that they had punp
heat and sone variability.

W al so, again, have nore L/D. You know,
theirs was a nuch smaller | oop, alarger dianeter. So
their L/Ds were quite different.

CHAI RVAN WALLIS:  Well, just to go back to
this, if you have a loop which is so long and has a
velocity of one foot a second, then you' re making
these precipitates in a long reactor before they cone
around to the --

MEMBER SHACK: Qur precipitates formvery

qui ckly. Yes. Let nme discuss exactly how the
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precipitates cone in and arrive at the screen in a
little bit because that is a variable that we are
interested in. That becones an inportant variable
that is really very different fromthe three m nutes
in our loop. |It's not a characteristic tine that we
want to | ook at.

Much of our testing today just focused on
the ICET-3 test conditions. And the bullet says it's
pl ants which use sodium tri phosphate for pH contro
after an accident. Well, the other inportant el enment
is that they have cal-sil insulation.

And the ICET-3 test we found -- and,
again, the | CET-3 was actual ly one you coul d probably
predict without the integral test. You know, cal-sil,
calciumsilicate, will dissolve when you put it in hot
water. And you conbine cal ciumw th phosphate, and
you will get a cal ci um phosphate precipitate.

CHAI RMAN WALLIS: So it is really STP, not

TSP that you keep tal king about in all these slides.

It's STP.

MEMBER SHACK: Yes, sodiumtriphosphate.

CHAI RVAN WALLIS: It's not trisodium
phosphat e.

MEMBER SHACK: Trisodi um phosphate. |'m
sorry.
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CHAl RMAN WALLIS: WwWell, which one is it?

MEMBER SHACK:  Tri sodi um

CHAI RVAN WALLIS: Ch, okay. Oh, okay.
The di ssol ved cal ci um again, we focus on cal -sil, but
you could get calcium from other sources, even from
the NUKON, from concrete. Again, when you have the
cal -sil, you have an overwhel m ng source of cal cium
It's a plentiful supply. The critical paranmeter for
the production of the precipitate is the nassive
cal -sil per unit volune of sunp fluid.

Plants are now estimated to be somewhere
around 1.5 grans per liter if you | ook at the anpunt
of cal-sil that ends up in the sunp and the vol une of
t he sunp.

The | CET-3 | oadi ng was 19 grans per liter,
whi ch | ooks |i ke a trenmendous di fference, but you have
to recogni ze that for cal-sil |oadings greater than 2
grans per liter, you basically run out of phosphate.
So that the anmount of phosphate, the calcium
phosphat e, they generated in | CET-3 was not as
un-prototypical as it seens when you | ook at t he sheer
mass of cal-sil that was present.

The one thing that will go on is we wll
get precipitate fornmation here that will proceed until

either we use all the phosphate or we use up all the
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calcium The kinetics of the process will depend on
the chemi stry, particularly on the rate of the TSP
addi ti on.

Most of the time in the plants will be
essentially calciumlimted. That is, there is an
anpl e supply of phosphates around, but the anmount of
di ssolved calcium that you have is limted by the
anount of calciumsilicate that you have.

Qur initial head loss test was |ust
essentially to replicate the conditions in |CET-3.
Then we did a second test that was nore paranetric to
| ook at a range of chem cal product | oadings.

Again, the baseline environnent here
al ways is 2,800 ppm of boron as boric acid, lithium
hydroxi de. Typically there are about four grans per
liter of the phosphate material. And the tenperature
was 54 degrees C.

The screen | oading, again, if | put inthe
55 pounds of cal-sil scaled to ny test |oop size that
they use in ICET-3, | wouldn't have to | ook for
chenmi cal effects because not hing woul d nove.

So we have picked | oadi ngs per unit area
that seemrelatively representative of what we m ght
expect to find in plants. That is, these | oadings

range up and down from plant to plant and from
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scenario to scenario in the plant, but we're sonewhere
in a reasonabl e range.

This particular one uses 15 grams of
cal -sil and 15 grans of NUKON. W build the bed at .1
feet per second. And the intent in the test is
typically to build a bed at .1 feet per second. And
then we'll get a stable bed. And at that point, we'll
do sone velocity cycling, typically down.

Qur understanding is that the .1 feet per
second is sort of an upward bound for the actual
velocities that we mght be interested in. So we
typically are interested in |looking at |ower
velocities

CHAl RMVAN WALLIS: Can you build a bed
which is made of NUKON, then after --

MEMBER SHACK: That varies fromtest to
test. In nost of the tests, we m xed the NUKON and
the cal-sil together. And | should nention that our
NUKON i s preprocessed.

You know, we start out wth the |eaf
shredder kind of NUKON. Then that's processed in a
bl ender. And our blender cones from Wl -Mart. And we
use the ice crush setting for 30 seconds. The PNNL
peopl e have --

MEMBER DENNI NG Pr ebaked?
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MEMBER SHACK: Prebaked. The PNNL peopl e

have worked out a test to sort of characterize to sone
extent the processing that goes on at the NUKON. They
| ook at sort of the retained water that conmes out of
the NUKON. And they have sort of systematically

| ooked at that.

W get a bed that is reasonably uniform
And so we have stuck with this one preparation
procedure. Again, it comes out with a fairly finely
di sbursed anobunt of NUKON. The cal-sil we again -- we
crush the cal-sil, the nortar and pestle, to a fairly
fine grade.

What we do in nost of our tests is then
presoak the cal-sil/NUKON m xture for 30 mnutes.
This sort of represents what happens in your waiting
in areactor for a certain anmount of tinme before you
start recirculation. So before this stuff arrives at
the screen, it has had a certain anpbunt of tine to
dissolve. And I'll talk about that --

CHAI RMVAN WALLI'S: So you have got this 15
grans of one and 15 granms of the other. You just pour
it ontop of the pipe. And then it sonmehow finds its
way to the screen?

MEMBER SHACK: Yes. W mx themtogether.

W make a slurry of 15 grans of cal-sil and 15 grans

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

208

of --

CHAI RVAN WALLI' S: Then you establish the
bed for a long tinme, don't you?

MEMBER SHACK: It depends. The fiber beds
-- well, it also depends on what you nmean by
"establish."

CHAI RMVAN WALLI'S:  You say "establish.™

MEMBER SHACK:  Yes.

CHAI RVAN WALLI'S: We want to know what you
mean.

MEMBER SHACK: My standards aren't as high
as PNNL's. So for a NUKON bed, | can establish the
bed with a fairly few recircs. And our benchmark
tests we're running for 20 --

CHAI RMVAN WALLI'S:  PNNL, one of you guys
t akes hours to recirc.

MEMBER SHACK: Yes. In fact, if you |ook
at the cal-sil beds, it takes a long tinme to get an
establ i shed cal -sil bed.

CHAI RVAN WALLIS: It's a nystery, isn't

MEMBER SHACK: No. It's just the
filtrati on keeps increasing. And you keep taking out
finer and finer anounts of cal-sil.

CHAI RMVAN WALLIS: There's al ways the
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debate about whether that is what is happening or
somet hi ng el se because fromthe turbidity neasurenents

they did at Los Alanps, you conclude that all the

cal -sil is taken out pretty early on.
MEMBER SHACK: No. | nean, you can see
the cal-sil in the loop for along tine. It renmains

m | ky, yes. The NUKON di sappears to the eye very

qgui ckly. You can argue over how long it takes to get
the last few percent of it out, but the cal-sil was
there for a long tine.

CHAI RVAN WALLI'S:  So how can you correl ate
anything if you don't know how nmuch cal-sil there is
in the bed?

MEMBER SHACK: W know how nuch we're
adding and how much the potential is. In this
particular first test, the way we did the test, we
wanted to essentially look at the I CET-3 condition,
where when they did I CET-3, they added the cal-sil
And they waited for four hours before they added the
TSP.

CHAI RVAN WALLI' S:  Now, you have | CET-3, 4.
Is it I CET-3 point what when you say "first test"?

MEMBER SHACK: | CET- 3-1.

CHAl RVAN WALLI'S:  3-17?

VMEMBER SHACK: Because | don't think --
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CHAI RVAN WALLIS: It doesn't appear in the

gui ck |1 ook report.

MEMBER SHACK: No. That's in the first
gui ck |1 ook report.

CHAI RVAN WALLIS: Ckay. This other one,
the one fromlast year.

MEMBER SHACK: The one fromlast year. So
inthis test, we established the bed. Then we added
calciumchloride to give us the amount of dissolved
cal ciumthat we estinmated was in | CET-3.

CHAI RVAN WALLIS: Along with establishing
the bed, you didn't take very long to make this bed
conmpend wi th PNNL?

MEMBER SHACK: Mostly because we sort of
t hought when we added the cal ci um phosphate, that it
was goi ng to overwhel meverything and we woul dn't be
worri ed about snmall changes.

DR. BANERJEE: So you establish the bed
first and then --

MEMBER SHACK: First. Then we added the
calciumas calciumchloride. W had TSP in the | oop
And so we imedi ately perforned a precipitate, which
built up on the bed. And we had a very high head | oss
essentially. The first recirculation, we essentially

took the loop to its capability, about five or six

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

211
psi .

VR. TREGONI NG Just a point of
clarification. The establishnment of the debris bed
initially and then addi ng cal ciumchloride was really
limted to these first two tests here and then a few
tests later on. But there are really a multitude of
ways in which the bed was established with different
anounts of particulate cal-sil, NUKQN, and cal cium
phosphat e.

CHAI RMVAN WALLIS: So you did various
things, it seens to ne.

MR, TREGONI NG  Yes.

CHAI RVAN WALLI'S:  You run it for about
t hree-quarters of an hour. And then you increased the
velocity if I"mlooking at the right -- are you going
to show us these traces?

MEMBER SHACK: Well, we will when we get
to the test. You know, replicating | CET-3 was one,
the first test. You know, when we get to the tests
that we think are nore representative, we will | ook at
those traces in a little nore detail.

The next test that we ran again had the
same kind of prebuilt bed, a mxture of NUKON and
cal-sil. But, instead of adding the 200 ppm of

cal cium dissol ved cal cium that we expected fromthe
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| CET-3 test, we started out adding 10, 25, and 50 ppm
of dissolved cal-sil or dissolved calcium which,
again, fornmed a cal ci um phosphate precipitate.

And, agai n, we had neasurabl e i ncreases in
head loss with as Ilittle as ten ppm calcium
Twenty-five ppmgave us nuch | arger ones. And, again,
50 and above gave us very |l arge head | osses with t hese
debris beds.

Again, the results from these initial
tests, we had increased head loss for all the
di ssol ved cal ciumconcentrati ons down to ten ppm W
did see in one test an interesting phenonenon where
t he cal ci umphosphat e aggl onerated. And it cones down
as a white mlKky substance.

At a very, very lowvelocity, the particle
sort of agglonerated into rather | arge snowfl ake ki nds
of things. So, instead of a fine ml|ky precipitate,
we had sort of isolated large snowflakes in a
relatively clear solution

DR. BANERJEE: Wiy did that happen? Any
cl ues?

MEMBER SHACK: No because we don't seemto
be able to reproduce that. W don't call it an
anonmal ous result, but we expected that to happen every

time. Because it happened when we had a very | ow
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velocity, we expected to find that happen every tine
we dealt with a very low velocity thing. And it
doesn't seemto. | don't know. It seenms to happen
sonmetimes and it doesn't happen other tines.

CHAI RVAN WALLIS: It nay depend on what is
happening in the rest of the | oop.

MEMBER SHACK: It is not clear | guess is
the only thing I can say.

DR. BANERJEE: Has it happened nore than
once?

MEMBER SHACK: It was nost dramatic in
this one test. And we again see a tendency towards
aggl oneration in the slower velocities but nothing as
dramatic as it was in the first test, where we again
-- | think there's a photo in the quick | ook report.
| mean, it really is very large snowlakes in what
| ooks like to be a fairly clear solution; whereas, in
alnost all the other cases, there's a real mlKkiness
to the solution

MEMBER DENNING Are they truly
aggl onerated or are they growi ng crystalline?

MEMBER SHACK: It is hard to say. They
|l ook to me |ike agglonerates, but it's hard to say.

MR. TREGONI NG There were sone uni que

t hi ngs about that test, though, that we haven't tried
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to denonstrate. | mean, we had deposited and filtered
out a significant percentage of product on the bed.

And, really, we didn't drop back to | ower
velocities in that test until we had reached a point
where we were starting to ingest air into the punp.
So then the flow rate was cut back. So it's hard to
even ascertain how nuch product was really in the
| oop. And the product could have had very different
parti cul at e si zes t han standard cal ci umphosphat e t hat
hadn't been prefiltered in any way.

So t here were sone uni que things. |'mnot
using the word "anonal ous.” There were some unique
t hi ngs about that test that may partially explain sone
of the --

CHAI RVAN WALLI S:  There seens to be a snow
of precipitate, both in test 1 and test 2.

MEMBER SHACK: Well, yes. The snow in
test 1 is conpletely, you know - -

CHAI RVAN WALLIS: It looks nore like a
pil e of down or sonething.

MEMBER SHACK: Right, yes. You know, the
200 ppm just gives you an enornous anount of cal cium
phosphat e, but that --

CHAI RVAN WALLIS:  So the snow here you are

tal king about is in test 27?
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MEMBER SHACK: ls test 2. Now, the

interesting --

CHAI RVAN WALLIS: Figure 9 is the snow,
isn't it, flocculent precipitates?

MEMBER SHACK: | don't know the figure
nunmbers, |'m afraid.

DR. BANERJEE: Figure 9 has the floccul ent
preci pitates.

MEMBER SHACK: Okay. The inportant thing
is that when we go off and we | ook at dissolution
tests with -- and, again, it's at that tine we were
| ooking at fairly higher |oads of calciumsilicate, 6
to 25 grans per liter. W can formthe 220 ppmfairly
qui ckly, 30 minutes inan initial acidic environnent.
And, again, we expect the calciumto keep dissolving
until we -- to continue.

Now, we wanted to go on to |ook at
addi tional head | oss tests for the | CET-3 environnent.

CHAI RVAN WALLIS:  Are you going to show us
any data?

MEMBER SHACK:  Yes.

CHAI RVAN WALLIS: Al these words --

MEMBER SHACK: It's conming. [It's com ng.

DR. BANERJEE: Most of the precipitate,

the floc seens to be formng in the region away from
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the bed itself.

MEMBER SHACK: It is form ng, you know,
essentially as rapidly as we are addi ng themt hrough.

DR. BANERJEE: Right.

MEMBER SHACK: | nean, the reaction tine
for cal ciumand phosphate is instantaneous. So it's
form ng essentially as soon as we add it to the | oop.
And then it's just carried on down to the bed.

CHAI RVAN WALLIS: Well, | guess you are
going to get to the data. W're going to tal k about
it --

MEMBER SHACK: Yes, we are going to get to
t he dat a.

CHAI RMVAN WALLI'S: So we can anticipate it.
You put it in in pieces in test two. You put in a
little bit and then sone nore and then sone nore.

MEMBER SHACK: Yes. That was just so we
could get one test to cover a range of calcium
additions. You know, you can argue whether that is a
realistic way to doit, but we were just trying to get
sone sort of feel for what kind of |evels of calcium
it was needed to get, you know, a neasurabl e chem cal
ef fect.

Wien we started to do a little bit nore

systematic |l ook at this, you know, there are a nunber
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of inmportant variables here. And one of themis the
degree of calycle dissolutionthat occurs prior tothe
debris bed fornmation.

If we get dissolution before the debris
bed forms, then we have a debris bed that fornms from
NUKON, from calcium silicate, and cal ci um phosphate
all m xed together.

If, in fact, we form the bed before we
have nuch di ssolution. Then the transformation to the
cal cium phosphate occurs within the bed. And you
could argue --

CHAI RVAN WALLIS: This is where it makes
a difference what is in the rest of the | oop because
if you put the stuff in just above the bed, then it
will go through and doesn't cone up short until it
goes all the way around the | oop and cones back. By
that tine, it has probably mde sone calcium
phosphat e.

DR. BANERJEE: No. He is saying the
reaction is instantaneous.

MEMBER SHACK: Yes, once you get to the
solution. You're limted by the dissolution rate of
the calciumsilicate, not the formation rate of the
cal ci um phosphat e.

CHAI RVAN WALLI'S:  You think if you put it
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in your plans, by the tine it gets to the bed, it's
al ready precipitated?

MEMBER SHACK: Ch, yes. It is calcium
phosphate |l ong before it ever gets to the bed if
there's this flow of calcium The calciumsilicate
arrives at the bed and then proceeds to dissol ve.

CHAI RVAN WALLI'S: So why does it keep on
building up for mnutes after that, then?

MEMBER SHACK: Because we don't have al
the calciumsilicate dissolved when we add it to the
bed. W are adding a m xture of calciumsilicate and
partially dissolved cal ciumsilicate.

CHAI RVAN WALLI'S:  So when it says "10 ppm
calcium" that neans calciumin what fornf

MEMBER SHACK: Yes. In that particular
test, we were adding dissolved calcium So we were
controlling that in the test.

CHAI RVAN WALLI'S: It still keeps building
up over time after that. It doesn't instantly --

MEMBER SHACK: Because we are going to
di ssol ve calciumsilicate.

DR BANERJEE: So if | understand the
nodel, it is like, or at least your thinking, it is
that as you precipitate calcium phosphate, nornal

calciumsilicate dissolves and if you have an excess
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of --

MEMBER SHACK: Phosphat e.

DR. BANERJEE: -- phosphate, it wll
continue to --

CHAI RVAN WALLIS:  Okay. Well, 1 guess we
have to | ook at your data --

MEMBER SHACK:  Yes.

CHAl RVAN WALLI'S: -- because it | ooks as
i f nothing nmuch happens for 20 m nutes, although you
have added cal-sil, until you suddenly put in this
di ssolved stuff. And then it really goes off.

MEMBER SHACK: Hopefully we'll get to
t hat .

MR. TREGONING It depends dramatically on
the test --

MEMBER SHACK: Test, yes.

MR. TREGONING ~-- and the way in which
t he debris was prepared.

MEMBER SHACK: But the inportant thing
here is we want to | ook at the degree of dissolution
t hat occurs to the --

MR TREGONI NG  \Wich we think we
understand pretty well. Sorry. | didn't mean to
| eave you hangi ng.

MEMBER SHACK: And this degree will depend
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on howlong it basically takes to get to the bed. So
you've got the tine to start recirculation, which is
typically 30 m nutes.

You've got a transport time, which wll
depend -- you know, it's variable depending on where
t he acci dent occurs and how things are noving within
t he bed, and the rate of TSP dissolution. That is, we
can alter that or at least it certainly seens
concei vabl e that that would have an effect.

DR.  BANERJEE: But you are addi ng
di ssol ved TSP or TSP --

MEMBER SHACK: W are addi ng dissol ved
TSP, but we are sinmulating essentially how | ong the
TSP takes to --

DR BANERJEE: Cones from that basket.

MEMBER SHACK: Comes fromthe basket. So
that's a variable for us, is that rate that we're
addi ng the TSP.

CHAI RVAN WALLIS:  So you are adding TSP at
sonme steady rate as well. And it doesn't say on the
graph when the TSP gets in there.

MEMBER SHACK: Because on sone tests, it's
i nstantaneous. Let ne go through it test by test, and
"1l try to --

CHAI RVAN WALLI'S: Ckay. You explain it.
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Ckay. It's just |'ve got nore data than you are going
to show.

MEMBER SHACK: Well, | amgoing to show
enough data that we ought to keep us busy. O course,
the NUKON and the cal-sil screen loading is another
critical factor.

CHAI RMAN WALLIS: So you're not to explain
test 27

MEMBER SHACK: | want to go on to rea
tests. Tests 1 and 2 were --

CHAI RVAN WALLI' S:  Just too --

MEMBER SHACK: Those were scoping tests to
gi ve us an i dea.

CHAl RMAN  WALLIS: It gives very
interesting results.

DR. BANERJEE: Wat was wrong with thenf

CHAI RVAN WALLIS: Wat was wwong with
them right? 1t couldn't be expl ai ned.

MR. TREGONI NG Not hing was wong with

t hem

MEMBER SHACK: Nothing was wong with
t hem

DR. BANERJEE: They | ook val uabl e.

CHAI RMAN WALLI' S:  They | ook very val uabl e,
yes.
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MEMBER SHACK: They were valuable in
indicating that you could get large head loss with
smal | anmounts of dissolved cal ci um

CHAI RVAN WALLIS: But it also showed the
way things build up with tine after you do sonet hi ng,
which is very interesting.

MEMBER SHACK: We can cone back to those
tests. | think the other tests are nore interesting
if I could get to them

DR. BANERJEE: Wiy are they interesting?

MEMBER SHACK: | will explain that when I
get to themif | ever get to them

Now, just to | ook over our test procedure,
what we have done is to conduct baseline tests with no
TSP to assess the effect. Again, we get head | oss.
with cal-sil and NUKON. That happens.

So we get that anount of head | oss. W
want to see the change in head | oss that occurs when
we have the chem cal effect, which in | CET-3 requires
the TSP. So we do the baseline test w thout the TSP
and then the test with the TSP added in sone way.

As | have nentioned, we typically presoak
the cal-sil in NUKON flurries at tenperature for 30
mnutes to sinmulate the time prior to recircul ation.

| would argue that this is really a m ni mumresidence
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time for dissolution. That is, in the real situation,
the cal-sil will be in the | oop for sonething greater

than 20 mnutes before it actually arrives to the

screen. So it's sort of a mininumtine.

W have also essentially used calcium
chloride additions to represent the sort of limting
case of conplete. You know, rather than wait for the
calciumsilicate to dissolve, we have just taken the
equi val ent anmount of di ssol ved cal ci umand added it by
getting cal cium chlori de.

So when we do the test with the NUKON bed
and the calcium chloride, we're looking at a test
where you have a very long residence tinme in the sunp
before you build the bed. And that's a limting case
for us.

DR. BANERJEE: So you have a nice table in
your report --

MEMBER SHACK: Ri ght.

DR BANERJEE: -- which sunmarizes all of
t hese things?

MEMBER SHACK: Right, which tries to put
those together. Again, we have | ooked at various
additions of the TSP to represent. Because that is
anot her uncertainty, we don't have a good grasp of

exactly howrapidly the TSP gets added. W wanted to
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see how |l arge that effect was.

Okay. Now we're off to data. The rest
set of data we wanted to | ook at, the very faint onis
nmy baseline test here, which is really |ICET-3-11
It's this nunmber 11 test.

So this is 15 granms of cal-sil, 15 grans
of NUKON, no TSP. And I'Il get this again. It takes
me roughly at least an hour to get to sone sort of
steady state condition or pseudo steady state
condition for the bed as it builds up. | get a
pressure | oss of about a psi.

CHAI RVAN WALLI'S: Now, in the tests at
LANL, sonetines it took along tine to equilibrate and
the pressure drop was building up wth tinme.
Sonmetines it didn't.

MEMBER SHACK: Well, the NUKON tests build
up very rapidly. Wth the cal-sil, it's nuch sl ower.

CHAI RVMAN WALLI S:  The NUKON, | think we
under stand t hat.

MEMBER SHACK: Ri ght.

CHAl RVAN WALLIS: But with cal-sil, it
seens to take different amounts of tine to conme to
equilibriumif it ever cones to equilibrium

MEMBER SHACK: Well, in our experience

with our cal-sil tests, we have never found one that
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came rapidly up

CHAI RMAN WALLIS: No. [It's a question of
isit 10 mnutes to a 50 or a 1007

MEMBER SHACK: No. It's nore like is it
60 m nutes --

CHAI RVAN WALLI'S: Ri ght.

MEMBER SHACK: -- or is it 200 m nutes?

MR. TREGONING That is not quite true.
The initial m xtures of debris, weinitially | ooked at
di fferent concentrations of debris. The first test in
there in the report had seven grams of NUKON and 25
grans of cal-sil. |If you |ook at those, there is sone
very rapid head | oss that occurs in those tests.

Now, did it equilibrate? | would argue
probably not. But | think those results are sonewhat
anal ogous to what we have seen in prior LANL studies
as well as subsequent PNNL studies as well.

DR. BANERJEE: This is ICET-3-25 you're
tal ki ng about, baseline?

MR. TREGONING This woul d have been --

DR BANERJEE: Seven, 25 cal-sil, 25?

MEMBER SHACK: W will cone back to the 7
and 25. | wanted to go --

MR TREGONI NG  Sorry.

MEMBER SHACK: There the head | oss with
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the 25 grans of cal-sil was so large we couldn't
really discern a chenmical effect. W were already --
we died fromthe physical debris. | wanted to go to
a test condition, at least initially, where we could
see a dramatic effect of the chem cal effect.

DR. BANERJEE: So you're showi ng a presoak
ef fect versus a no presoak?

MEMBER SHACK: No, no. Again, test 11 is
a no chem cal effect. This is purely physical debris.
It's just cal-sil and a NUKON, no TSP. | don't form
any cal ci um phosphate. | get one psi pressure drop.

If | take essentially the sane conditions,
t he physi cal debris | oading, sane pretreatnent of the
cal -sil and NUKON except that now | have added TSP and
| add the TSP, | put half of the TSP in during the
presoak of 30 m nutes and | add the renai nder of the
TSP over the 30 mnutes after the presoak is added to
the | oop, | guess, of course, now a nuch, nuch | arger
head | oss.

CHAI RMVAN WALLIS: So it goes up in steps
if it has something to do with the residence tine in
the loop? |Is that what is going on there?

MEMBER SHACK: Well, | suspect that it is
building up as | take recirculations around the bed

and I'mfilteringand |'"mfiltering and I|'mfiltering.
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DR. BANERJEE: Typical recirculation tine

is what?

MEMBER SHACK: Three and a half to four
m nut es.

MEMBER DENNING. So it is consistent with
the steps, --

CHAl RMAN WALLIS: So it is reasonably
consistent with the steps, right.

MEMBER DENNI NG -- although it could be

MEMBER SHACK: This is a test where | have
added the TSP during the presoak.

CHAI RVAN WALLIS: Which is that test?

MEMBER SHACK: That's test 10.

DR. BANERJEE: Half during presoak, half

MEMBER SHACK: Hal f.

DR BANERJEE: -- netered in after?

MEMBER SHACK: Now, you know, the half
presoak, half afterwards, | could have forgotten the
hal f afterwards because | had all the phosphate |
needed to do the job already, but, you know, we're
just sort of -- it sort of l|ooks nice to be
sem - prot ot ypi cal -1 ooki ng.

DR. BANERJEE: But nore conplex to
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The next interesting test

nunber 6, where we have

essentially added -- again, here is ny baseline test
with no TSP. And, again, it's the sane baseline test
that | had up here. But in this test, |I didn't add

the TSP to the presoak.

CHAI RVAN WALLI S:

DR. BANERJEE

MEMBER SHACK

DR. BANERJEE:
initially.

MEMBER SHACK:

to the presoak. Now --

CHAI RVAN WALLI S:

MEMBER SHACK

CHAI RVAN WALLI S:

When did you add it?
Whi ch nunber is that?
Test 6.

| thought you added 18
That's to the | oop, but not
So there is TSP in this?
There is TSP.

Wiy is there no effect

until 35 m nutes?

MEMBER SHACK: 1'Il explain that. One of
the things that's, again, unprototypical about our
situation is that -- and we'll discuss this when we

cone to the dissolution test

slows the dissolution

concentrations of cal -si

rate if you

-- typically adding TSP
have got | ow

because, again, the cal-si

di ssolves nore rapidly in an acidic environnent.
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| f you have the cal-sil and you add the
TSP, you get a nore neutral environnent. You slow the
di ssolution of the cal-sil. That's not true in
concentrated cal -sil sol utions because what happens in
t hose cases, you add the cal-sil. It begins to
di ssolve. And you essentially now saturate the
solution with dissolved cal ci um

You cone to an equilibration of the
calciumcalcium silicate dissolution at t hat
condition. You can increase the dissolved calciumin
that test by adding TSP. So you take the cal ci um out
of solution, and you allow nore cal ciumto dissolve.

DR. BANERJEE: In this test 6, you had a
presoak, right?

MEMBER SHACK: W had a presoak, but we
didn't add any TSP, which nmeans that --

DR. BANERJEE: During the presoak?

MEMBER SHACK: During the presoak.

DR. BANERJEE: Right.

MEMBER SHACK: So in the presoak, we got
up to 200 ppm dissolved «cal-sil because the
concentration in our presoak happens to be just about
what it isinICET-3. That's an accident. And so you
get the 200 ppm So when we dilute that into the

| oop, we're only addi ng four ppmof dissolved cal ci um
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at that point. And you see very little effect.

Now, what happens is that as you're in
this | oop, calciumcontinues to dissolve. Mst of the
cal -sil or much of the cal-sil has been trapped in the
bed. Oher of it is circulating around. But it is
dissolving. 1It's conmbining with the cal cium
phosphat e.

CHAl RVAN WALLIS: TSP cane in at the
begi nni ng?

MEMBER SHACK: TSP cane in at the
begi nning, but if there's no dissolved calcium it
doesn't --

CHAI RMVAN WALLIS: It doesn't say so. It
would be wuseful if it said "TSP" at that arrow or
sonmet hing so that we can --

MEMBER SHACK: Ckay. | can --

DR. BANERJEE: TSP is there.

One-si xteenth of the --

MEMBER SHACK: One-eighth

DR. BANERJEE: One-eighth, yes, is already
t here.

MEMBER SHACK: But, again, since | have
very little dissolved calcium it doesn't nake any
difference. But, again, as | begin to dissolve the

calcium | build up my head loss. And essentially |
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get up eventually to a very high head |oss, again
gi ven enough ti ne.

MR. CARUSC Let ne just say this again.
We add all the TSP and one shot at tines zero.

MEMBER SHACK: No, no, no. | had
one-eighth --

MR. CARUSC  You had one-eighth there.

MEMBER SHACK: -- in there. And then |
added the rest of it over tine.

DR. BANERJEE: Over how | ong? Over how
| ong?

MEMBER SHACK: Essentially a half an hour

CHAI RVAN WALLI'S:  When did you stop?

MEMBER SHACK: Wien | ran out of TSP.

CHAI RVAN WALLI'S:  So that should be shown
on graph 2 or sonething --

MEMBER SHACK: Yes, yes.

CHAl RVAN WALLIS: -- so we can tell what's
goi ng on.

M5. TORRES: | think it was in test 6.
Wasn't it netered into seven-ei ghths over an hour?

MEMBER SHACK: It may have been over an
hour. Again, since you're calciumlimted here, it
al nrost doesn't matter which rate you add the -- |

coul d have dunped all the phosphate in at T equals
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zero and it wouldn't have nade a dine's worth of
difference to what is going on here. | have to wait

until the cal ci um di ssol ves.

DR. BANERJEE: | amtrying to understand
the nechanism | guess G ahamis, too. So let's go
over it step by step. |If you presoak the stuff

wi t hout TSP, sone of the cal ciumand the cal-sil goes
into solution at that point.

MEMBER SHACK: At 200 ppm roughly.

DR. BANERJEE: Two hundred ppm But since

there is no TSP there, it has nothing to react
agai nst .

MEMBER SHACK: Ri ght.

DR. BANERJEE: So no precipitators form
not hi ng.

MEMBER SHACK: Not hi ng. The dissol ution
st ops.

DR. BANERJEE: At that point, it stops.

MEMBER SHACK: It stops.

DR. BANERJEE: Now you start addi ng TSP.

MEMBER SHACK: | know. Now I pour this
into the | oop.

DR. BANERJEE: The | oop. And you add TSP.

MEMBER SHACK: Addi ng TSP.

DR. BANERJEE: So forget the one-eighth
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t hat you added.

MEMBER SHACK: Ri ght.

DR. BANERJEE: So as you do that, you
start to precipitate our --

MEMBER SHACK: | start to dissolve
cal ci um

DR. BANERJEE: But you nust make room for
it soit's reacting, right?

MEMBER SHACK: Right. Well, ny dissolved
calcium level once |'ve poured the presoak into the
loop is four ppm It's going to start dissolving and
i medi ately react with the phosphate.

DR. BANERJEE: (kay. Because you're
diluting it?

MEMBER SHACK: Because |I'mdiluting it.

DR. BANERJEE: So it starts to dissol ve,

MEMBER SHACK: Ri ght.

DR BANERJEE: -- starts to react with the
phosphat e.

MEMBER SHACK: And eventually | see a
buil dup in the pressure.

DR. BANERJEE: So does it get to sort of
the equilibriumlevel of around 200, the cal cium or

what happens to the cal cium | evel s?
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VMEMBER SHACK: No. The cal cium all

di sappears because there's nore than enough phosphate
to take out all the cal cium

DR BANERJEE: It eats it?

MEMBER SHACK: The phosphate just eats it
al |l up.

DR. BANERJEE: So the rate-determ ning
step becones the dissolution of the cal-sil.

MEMBER SHACK: Di ssolution of the cal-sil.

MR. CARUSO Until the phosphate is
exhaust ed?

MEMBER SHACK: Well, in the real world, it
appears that you're alnost always calciumlimnted,
rat her than phosphate-linmted. |In ICET-3, you were
phosphate-1imted.

DR. BANERJEE: So it is not a very conpl ex
mechani sm

MEMBER SHACK: The inportant thing here is
how fast it can all happen. You know, people talk
about having margins for head loss. It's one thing if
you' re buil ding up chem cal effects over 30 days. You
know, we're tal king about chem cal effects that occur
over an hour, you know, 30 m nutes.

DR. BANERJEE: So it's basically dictated

by di ssol ution kinetics.

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

235
VMEMBER SHACK: Di ssol uti on ki netics.

DR. BANERJEE: Wi ch depends on the fluid
nmechani cs probably of the dissolution, right?

MEMBER SHACK: Well, | would argue, you
know, you're in a fairly quiescent pool.

DR. BANERJEE: This thing is in this
basket with flows going through it.

MEMBER SHACK: Right. Now, the TSP --

DR. BANERJEE: It has a plunme behind it or
somet hi ng?

MR. CARUSO Are you really in a quiescent
pool? | nean, it's raining throughout.

MEMBER SHACK: Well, it is raining
t hroughout, yes.

MR. CARUSC Raining pretty healthfully,
t 0o.

MEMBER SHACK: Whether it is raining or
it's quiescent, it doesn't make nuch -- you know,
whether it gets you in 20 m nutes or 45 mnutes, you
know, I'mnot going to argue over that. The answer is
it happens fairly quickly. | think that's the
i nportant point here. You know, I'mnot going to
argue over prototypically exactly what tine it is, but
it's not 30 days.

DR. BANERJEE: So you're saying it's
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phosphate-limted, this whole thing?

MEMBER SHACK: It is calciumlimted.

DR BANERJEE: Isn't there a |ot of
cal ci um around?

MEMBER SHACK: No, no, no. The cal cium
primarily cones fromthe cal-sil insulation. Now, we
coul d argue how nuch calciumis in the concrete, how
much you could get out of the NUKON itself, but the
cal-sil is the primary source of the calcium So it
isreally cal-sil-limted

DR BANERJEE: So there is excess
tri phosphat e.

MEMBER SHACK: Excess tri phosphate.

CHAI RMVAN WALLIS: So this cal-sil is
nostly trapped in the bed, isn't it? So the reaction
is taking place in the bed?

MEMBER SHACK: Well, there are cal -si
fines that are recirculating. There is cal-si
trapped in the bed. Exactly what fraction is in the
bed and what fraction is recircul ating, which portion
is dissolving is not clear.

DR. BANERJEE: You didn't take any sanples
and do this sort of thing that these guys did?

MEMBER SHACK: No. W probably should

have been doing that, but we didn't.
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Just to conme on again, we did sone
replicate tests. And, again, this is a replicate test
now of the one with the TSP addition, where we're
adding the half TSP to the presoak. And so we get,
you know, a little difference, but we get high head
| osses of about the sane nagnitude in each case. And,

you know, it happens fairly quickly, a little nore

qui ckly.

CHAI RVAN WALLI'S:  Now, this argunent that
the buildup with tinme is all due to continually
filtering out nore cal-sil | think needs to be sorted

out, whether that's true or whether it's due to the
changes in the structure of the bed, which is another
expl anati on, which seens to be consistent with sone of
t he observations from previous tests.

MEMBER SHACK: | nean, if you |l ook visibly
at the turbidity, it's decreasing as the test --

CHAI RVAN WALLI'S:  Well, one way you could
do it easily -- well, I don't knowif you could do it
easily -- is to sinply take out the fluid and put in
cl ean fluid.

MR. TREGONI NG The PNNL peopl e are going
to be doing things |ike that.

CHAI RVAN WALLIS: Doing that kind of

thing. Ckay.

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

238
MR TREGONING Well, | think the PNNL

results wll show you sonme differences between
continual filtering due to accumul ati on of debris --

CHAl RVAN WALLI'S: See, this continual
filtering, why is it in this bottomtest, junp up in
steps like that? If you | ook at what happened after
you i ncrease the flow, it goes up in another step |ike
t hat .

MEMBER SHACK: Ckay. You know, just to
replicate this test, we're conm ng down here to the no
TSP test. So this is a pure physical debris test.
Again, | would argue that as | decrease velocity,
these beds remain fairly stable. That is, you know,
t her e are undoubt edl y changes. And we neasure changes
in the bed depth as we decrease the velocity, the
pressure drop decreases, and there is a kind of an
el asti c expansi on of the bed.

When you i ncrease the velocity, you get a
sort of a non-linear effect. And so you conpress the
bed. It now becomes a nore effective filtration
mechanism And so you trap nore. And you're trapping
nore within the bed.

So you not only get the i nmedi ate junp-up
of the elastic or of the conpression, you get a

continual buildup due to the nore effective filtering
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you get of the cal-sil that's still in the --

DR. BANERJEE: But the bed perneability
doesn't go linearally within Darcy's |aw.

MEMBER SHACK:  No.

DR BANERJEE: So, in fact, that's what
you're seeing that effect, that even though the
porosity nentioned and t he perneability won't. That's
why | think you get the higher pressure drop.

MEMBER SHACK: So you get this buil dup
here that's continuing on. Now, again, so we have
shown, at |east under some conditions, you get a very
dramatic contribution of the cal ciumphosphate to the
head |l oss. That is, you're getting a rmuch hi gher head
| oss --

CHAI RVAN WALLIS: Bill, now, | have found

this now To go back to the figure 13 you showed us,

which is --

MEMBER SHACK: Wi ch slide?

CHAI RVAN WALLI'S:  The one on the bottom
there. In your report, you have a corresponding

figure, which shows the trajectory of pressure drop
and vel ocity go up.

MEMBER SHACK:  Yes.

CHAl RVAN WALLIS: And then when you

decrease the velocity at around 210, right, you
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decrease the velocity, what you showin your figureis
that you go to decrease the velocity from.1 to .09,
.09 sonething, you hardly decrease it at all and the
pressure drop goes down by about 60 percent, which
seens very strange. It doesn't show on this figure
because you haven't got the --

DR BANERJEE: What is the nunber?

CHAI RMAN WALLIS: This is figure 14.
nmean, usually you expect it to go back the way it came
up nore or | ess.

DR. BANERJEE: It's a hysteresis effect.

CHAI RVAN WALLIS: Well, yes, but the
hysteresis effect is usually the other way around.

DR. BANERJEE: Right.

CHAI RMAN WALLIS: Usually it stays up
rat her than | eaping dowmn? There's sonething strange
about that. If it's --

MEMBER SHACK: Partly that could be just
the way that we're sanpling the data when we nake a
rapi d change here.

CHAI RMAN WALLIS: If it's a correct plot.
Maybe the plot is msleading in some way.

DR. BANERJEE: Well, the top branch has
the hysteresis effect that you expect.

CHAI RVAN WALLI S: That you expect, right.
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And the bottom one is odd, unusual. Mybe it's an
artefact of the way you're sanpling or sonething
You're going to sort that one out.

MEMBER SHACK: We will sort that one out.

CHAI RVAN WALLIS: And then there is
something odd, too, in that if you look at the
trajectory, after about, you know, we get to 0.14 feet
a second or sonething, it seenms to be going up very
steeply. Presumably if you kept on that trajectory,
it would go up to an even rnuch hi gher val ue.

So there are a whol e | ot of questions you
get from-- I'msure you asked yoursel f these things,
too. The nore you |ook at the details, the nore you
want to do another test.

I'"'m sorry. The audi ence doesn't
understand it because |I'm | ooking at another figure,
but if you |l ook at the other figure of howvelocity is
changed and pressure drops, there are sone anomal ous
things or sone odd things about that, the way it
wor ks.

DR. BANERJEE: But you al so show us tests
1 and 2 because they have a very interesting --

CHAI RVAN WALLIS: He doesn't want to do
t hat, though

MEMBER SHACK: We don't want to do that.
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Let's go through all the tests | want to show you
first. And then we can cone back to those if we have
tinme.

DR BANERJEE: You should not send us the
gui ck |1 ook reports.

MEMBER SHACK: W di d.

DR BANERJEE: You shoul d not.

MEMBER SHACK: And, again, what we're
| ooking at here are rests where we have had now the
same 15 granms of NUKON, but we changed the cal -si
from5 grans to 10 grans, 15 grans.

CHAI RVAN WALLI'S: O course, your nunbers
of granms don't correlate with the Los Al anbs tests
precisely, do they?

MEMBER SHACK: No. We have different --

CHAI RVMAN WALLI'S: Ri ght.

MEMBER SHACK: What you need to conpare
are screen |oadings because we have different
di aneters.

CHAI RVAN WALLIS:  You have the sane
di aneter, don't you, alnobst essentially the sane
di ameter?

MEMBER SHACK: No. Theirs is alnost a
f oot .

CHAI RMAN WALLIS: Is there a big
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di fference there?

MEMBER SHACK: Ch, yes. This is a very
significant --

CHAI RVAN WALLI'S: | thought we had a
si x-inch one, too.

MEMBER SHACK: No, no.

CHAI RVAN WALLIS: It was PNNL that has the
Si x?

MEMBER SHACK: PNNL. We're close.

There's a big difference between ours and the --

CHAl RVAN WALLIS: | was confused, then
Ckay.

MEMBER SHACK: Again, with these | oadings,
we see a relatively -- you know, al nbst no neasurabl e
effect of --

CHAI RVAN WALLIS: But you don't have a
pl ot showing how your data conpare with sonmebody
el se's?

MEMBER SHACK: We're running the benchmark
tests now. We were supposed to run the benchmark
tests along tine ago. W ran the first |CET-3 test.
It turns out the results were so interesting everybody
want ed t o keep testing chemi cal effects. And we never
got around to the benchmark testing for a while.

DR. BANERJEE: So 3-11 does not qualify as
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a benchmark, then?

MEMBER SHACK: Well, | should say that if
we go back and we | ook at our pure no TSP test and to
the velocities -- we have built better, conparable
ones with PNNL. W actually conpare pretty well.

You know, we didn't run those as benchmark
tests. You know, they build their bed. And then they
go off and do their velocity cycling. And we go off
and add our chem cals. But if you just |ooked at the
initial portions where we could conpare them | would
say that we are conparing fairly well.

So | think that the benchmark tests wl|
denonstrate that we get conparable results, but that
at the nonment we have no systematic conparison of
t hose.

DR. BANERJEE: Did you do a prem xed --

MEMBER SHACK: Yes. Again, you know, if
we' re conparing prem xed with prem xed, obviously if
we conpare different addition histories, you'll get
different results. But, again, when we're actually
trying to match tests where the conditions are
expected to give us the same results, we get it.

Again, nmy point here only is that our
relative contribution of the cal ci umphosphat e depends

strongly on the debris |loading. These are the tests
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t hat --

CHAI RVAN WALLI S: Al t hough on the bottom
figure there, you haven't really reached an
equi li brium because your velocity is continuing to
decrease, | understand.

MEMBER SHACK: Yes. Well, we can't --

CHAI RMVAN WALLIS: Vel ocity nunber 10 is
drifting down. |If you kept it constant, one mn ght
hypot hesi ze that the red curve woul d keep on goi ng up.

MEMBER SHACK: Right. But when we --

CHAI RVAN WALLI'S:  Punp nore than five psi?
Is that it?

MEMBER SHACK: Right. You know, we're
pushing the loop to its --

DR BANERJEE: It's acanthotic.

CHAl RVAN WALLIS:  But it hasn't reached an
equilibrium essentially. It's still drifting down.

MEMBER SHACK: Yes. |If we push the
vel ocity back up and if we pressurize the |oop and
push the velocity back up, we would get nore head
| oss. But that wasn't what we were really trying to
denonstrate there. Al we wanted to do was
denonstrate that the cal ci umphosphate was gi ving you
a greater increase to the velocity.

CHAl RMAN WALLI S: But if soneone were
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looking at this and saying they have reached
equilibrium that would not be a right conclusion.

MEMBER SHACK:  No, that's not. That's not
the correct conclusion because we can't maintain
velocity in the | oop.

DR. BANERJEE: Are there still fines being
generated at that point, do you think, or are you just
taking out entrained fines or is it bed relocation
occurring?

MEMBER SHACK: Well, all sorts of things
are happening at that point. | nean, the pressure is
going up. The bed is conpressing. The cal-sil is
continuing to dissolve.

You know, in these chem cal tests, al nost
there's nothing that really is a steady state because
the cal-sil is continuing to dissolve in all of this.
You know, if we kept running this test for days on
end, we would probably still get different results.

DR. BANERJEE: But your phosphate is al

used up.

MEMBER SHACK: No, no, no, no. | have
pl enty of phosphate. | always have plenty of
phosphat e.

CHAl RMVAN WALLIS: Eventually if you
di ssolved all the cal-sil, you m ght have sone --
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MEMBER SHACK: Yes. Eventually it
di ssol ves all the cal-sil.

CHAI RMAN WALLIS: It's quite different
t hen.

MEMBER SHACK: We can't run the test that
long or we haven't run the -- or let's say if you're
dead, it doesn't matter what happens after the cal -sil
di ssolves. |If the head loss is already so high --

CHAI RVAN WALLIS: If it dissolves, then
your bed no longer has cal-sil init. So somnething
el se is going on. \What happens to --

MEMBER SHACK: Well, you've got cal cium
phosphat e.

CHAI RVAN WALLI S: What happens to the sil
pod of the cal-sil? The cal goes into the phosphate.
What happens to the sil pod?

MEMBER SHACK: You're getting the silica
| evel s.

CHAI RMAN WALLIS: Isn't silica built up in
t he bed, then?

MEMBER SHACK: No. Most of that stays as
a sol ubl e.

CHAI RMAN WALLI S: Stays as a sol uble.

MEMBER SHACK: Yes. You know, we have

nmeasurenents essentially of the silica in the |oop.
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And it is going up as the test continues. If we now
come to the, again, 7-gram NUKON, 25-gram cal-sil,
agai n, here we added these in steps, which is why you
see the debris | oad.

Again, the debris |oad went up so fast
that it's difficult to tell whether there is a
chemical effect or not. The debris itself was enough
to essentially give you a head | oss that essentially
exhausted the capability of our | oop.

CHAI RVAN WALLI'S:  When does it conme down
agai n?

MEMBER SHACK: Because we | owered the
vel ocity.

CHAI RVAN WALLIS: Yes, but you didn't
lower it that rmnuch

MR TREGONING W |lowered it from.1 to
about . 5.

CHAI RVAN WALLI S:  Yes, but -- well, maybe
that's enough to doit. Maybe that's enough to do it,

MEMBER SHACK: Now, what we did, again --

CHAI RVAN WALLIS: -- although before you
had it down to even | ower velocity. And the head was

MEMBER SHACK: It was sort of going up.
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CHAI RMAN WALLI'S: So there's sonething odd

t here.

MEMBER SHACK: Well, yes. | can't
remenber. We may have perforated the bed under the
pressure load. All sorts of things begin to happen
when you get up to very high pressure loads. And so
you blow through, and the pressure drops. | don't
remenber exactly what happened in that test.

If we run the test w thout any NUKON at
all, just the 25 granms of cal-sil on the perforated
plate, again, we don't get conplete coverage. It
doesn't really bridge it effectively. You know, it
seens that it takes a certain anmount of fiber to get
-- so we get sone elevation in head | oss, but we have
enough essentially flow through to keep the head
| osses fairly | ow

CHAI RVAN WALLIS: Wth a little nore
cal-sil, you mght --

MEMBER SHACK: Wth a little nore cal-si
or just alittle bit of NUKON, yes, things would
probably go up much nore dramatically.

CHAI RMAN WALLI'S: Now, this is still going
up after four hours? Slightly.

MEMBER SHACK:  Yes.

CHAI RVAN WALLI'S: Not nuch.
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MEMBER SHACK: Not much. GCkay. This is

a test now where we kept the cal-sil --

CHAI RVAN  WALLIS: Let's take the
perforated bed, where it would be rather difficult to
reproduce. You m ght do another experinment and be
sonewhat different.

MEMBER SHACK: It nmay well cone out, too.
If we take the -- now, a test where we have 10 grans
of cal-sil and 5 grans of NUKQN, you renenber the 15
grans of NUKON and 10 grans of cal-sil gave us
virtually no chemcal effect. And we've got a
relatively | ow head | oss.

Again, here it is with the 15/10. The
5/ 10 now gi ves us the very high head | oss. Again, the
saturated head, this bed is only three miIlineters
thick. This is an 11-mllineter bed. But the head
loss is far greater in the thin bed.

So, again, for a given cal-sil |oading, we
get a hi ghly non-linear, non-nmonotonic function of the
fiber loading. That is, if we have no fibers at all,
we get a relatively | ow head | oss.

Wth a little bit of fiber, we junp the
head | oss up. Wth additional fiber, it can come back
down again. And if we keep adding fiber, of course,

it wll continue to go on back up. So it's, again --
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DR. BANERJEE: Why did it stop sort of |

or is that an optical illusion? Look at the other
line.

MEMBER SHACK: This one? Do you mean this
one?

DR. BANERJEE: | may be m xing up the
vel ocity --

MEMBER SHACK: | think you' re mxing the
vel ocity and the --

DR. BANERJEE: Yes. So the velocity is
goi ng down.

MEMBER SHACK: Yes. This one we just
couldn't keep the velocity up. It was junping up so
fast the velocity -- we lost control of the | oop. The
head | oss had just gone up.

DR. BANERJEE: That was 3-18.

MEMBER SHACK: Ri ght.

DR BANERJEE: But that's not in our table
here. Wat happened to that or is it?

MEMBER SHACK: Well, that was in the quick
| ook report. W're on fromthe quick |ook report.

DR. BANERJEE: ©Oh, we are beyond the quick

MEMBER SHACK: W are beyond the quick

| ook report.
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DR. BANERJEE: That's why we don't have

MEMBER SHACK: W keep testing, right.
DR BANERJEE: So that --

MEMBER SHACK: The qui ck | ook report was

| at e Decenber.

DR. BANERJEE: kay. So 3-18 now. You

have five grans NUKON, ten granms --

bed.

m nut es.

phosphat e?

phosphat e.

essentially,

MEMBER SHACK: Cal -sil.
DR. BANERJEE: -- cal-sil.

MEMBER SHACK: We have a three-mllineter

DR. BANERJEE: And it a presoaked for 30

MEMBER SHACK: Presoaked, sane treatnment.

DR. BANERIJEE: And is there trisodium

MEMBER SHACK: There is trisodium

DR. BANERJEE: Added during the presoak?
MEMBER SHACK:  Presoak.

DR. BANERJEE: (kay.

MEMBER SHACK: So it's a conpl enent,

of the previous test, where you had the

15 grams of NUKON and 10 grans of cal-sil. Again, by

(202) 234-4433
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reduci ng t he NUKON, we have junped the pressure |oss
fromhere to here.

CHAI RMAN WALLIS: And, again, if we junp
t he pressure drop, then the velocities cone way down.

MEMBER SHACK: | woul d suggest if | could
mai ntain the velocity, it would be even nore dramati c.

CHAI RVAN WALLIS: But the pressure drop
per unit velocity is enornmously --

MEMBER SHACK:  Yes.

CHAI RVAN WALLIS: What is that curve to
the right? That is an interesting one. |Is that for
t he sane cal -sil proportions?

MEMBER KRESS: He described it.

MEMBER SHACK: That is just a schematic.

CHAI RVAN WALLI S: A schenatic.

MEMBER SHACK: No data, just a picture of
what happens here. The fact that if you have a given
amount of cal-sil --

CHAI RVAN WALLIS: A given anmount of
cal -sil?

MEMBER SHACK: A given anount of cal-sil.

CHAI RVAN WALLI S: Because it says you were
given -- okay. Gkay. Now I understand.

MEMBER SHACK: Cal -sil loading. It can be

a highly non-1linear, non-nonotonic function. So with
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no fibers, it's equivalent to what we saw before. W
couldn't forma continuous bed. W would get a very
| ow head | oss.

We had a snmall amount of fiber. W're in
this sort of a test, where we get a very high head
loss. W add nore fiber. W're back to this
situation. The head |loss drops. O course, if we
keep building up the fiber, we're going to keep
bui | di ng up head | oss.

DR. BANERJEE: |Is that partially a
function of the rapidity with which cal-sil dissolves
so you're not nmking that gooey stuff to --

MEMBER SHACK:  No.

MR TREGONING You see a simlar
phenonenon even wi t hout chem cal products.

MEMBER SHACK: You know, the chem ca
products will eventually shift the curve around and
change t hi ngs around.

CHAI RMAN WALLIS: It nust depend on how
you put it in because you could have gotten to the
peak and then put sonme nore fibers in. It wouldn't
make any difference.

MEMBER SHACK: You woul d get a different
curve dependi ng on how you put themin. You know, our

tests have all been done so far for honbgeneous
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addi tions.

CHAI RVAN WALLIS: Well, they put themin
at the sanme tine to get that

MEMBER SHACK: Right. And we're stil
getting that now.

CHAI RVAN WALLI'S: But if you could make a
sandwi ch, you could get all kinds of --

MEMBER SHACK: |If you nmake a sandw ch, you
can get different ones.

DR. BANERJEE: So the hypot hesis would be
that with this thin bed you are likely to jamup al
t he pores.

CHAI RMVAN WALLIS: Exactly. If you have
the right proportions of stuff, you can jamup the
por es.

DR. BANERJEE: Pores, right.

MR. TREGONI NG And, again, essentially
t he sanme nechani sms we saw in LANL experinments two,
three years ago at this point.

CHAI RMAN WALLIS: Except for theirs
someti mes woul d suddenly happen, rather than --

MEMBER SHACK: | nean, the difficult thing
is it's hard to know when you' re being conservative
here. |If you overestinmate your debris |oading, you' re

not necessarily being conservative. And that nakes
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life difficult when we don't know that we can --

CHAI RVAN WALLI S:  You don't know where the
real pickiest peak is.

MEMBER SHACK: Right. Now, this was again
an attenpt to look at sort of the -- you know, we
| ooked at one boundi ng thing where we had very little
di ssol ution of the cal-sil before we forned the bed.
And we found that we eventually built up to the
pressure loss. It took us tine to do that.

What |'ve got here nowis a boundi ng case
where, instead of adding cal-sil, |I'm adding cal cium
chloride. So | get a dissolved calciumlevel that is
equi valent to full dissolution of the cal-sil.

So this is the other boundi ng case where
| go a very long tinme in the pool, high dissolution
before | formthe bed, in which case, again, | get an
even nore rapid buildup than | do in the case where --

DR. BANERJEE: That neans you have got
your 200 ppm or whatever is that solubility.

CHAI RMVAN WALLIS:  This is all the constant
vel ocity?

MEMBER SHACK: This is all the constant,
yes. W would like to do the velocity cycling tests
except when the pressure drop gets so large we can't

control the |oop anynore and do those tests.
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But, again, what | would argue is that the
real behavior is sonewhere between these two. This is
sort of, at |least fromny engi neering judgnent, in our
di ssolution data sort of the m ni mum anount of
di ssolution, | would think, would take place before
you forned the bed. This is clearly a boundi ng anount
of dissolution before you formthe bed.

And so, at least for this particular
| oadi ng, you have this range of possible behaviors,
somewhere in between, depending on, again, the exact
details of the --

CHAI RVAN WALLI S: Maybe give the sane --

MEMBER SHACK: Eventually you'll get
there. And, again --

CHAI RVAN WALLI'S:  What is the blue dot
t hi ng?

MEMBER SHACK: The blue dot thing is just
-- again, thisis --

CHAI RVAN WALLI'S:  You waited all the tinme

before you --

MEMBER SHACK: |'m just addi ng nine ppm of
calcium [|'madding a small anount of calcium But,
again, thisis adding the -- | build the five of those

first.

CHAI RVAN WALLI S:  When you eventual |y put
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it in, it leaps up to join the other curves.

MEMBER SHACK: Yes. And | get there with
only essentially 27 ppmof calcium [|'mall the way
up here. But, again, |'ve now added this calciumin
a sonmewhat perhaps non-prototypical manner because
|"ve built the bed. And then |'ve precipitated the
cal ci um phosphate on top of it.

So this you might argue is kind of an
arrival tinme kind of phenonmenon.

CHAI RVAN WALLIS: There are sone tests
where you essentially plug the thing up conpletely,
the velocity goes to zero. Aren't there sone tests
i ke that?

MEMBER SHACK: Ch, yes. Yes. | nmean
nost of our tests or nore of our tests than we pl anned
on seemto end up that way.

CHAI RVAN WALLIS:  Actually, | don't know
if we show them here, but in your reports, there are
some places where the velocity seens to go to zero
al nost .

MR. TREGONI NG Just a point of reference,
| nean, we are talking about 220 ppm of dissolved
cal cium but the 15 grans of cal-sil given the vol une
at a | oop equates stoichionmetrically to about 45 ppm

of equi val ent di ssol ved cal cium so not at the 200 ppm
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| evel, where you can get, again, fairly significant
head | osses.

DR. BANERJEE: One of the things |I notice
is that in your previous slide, you had 15 grans of
NUKON and 10 of calciumsilicate for 3-16; 3-18, you
had 5 and 10; but now if you go to 15 and 15, as you
have in | CET-3-10, your pressure drop goes way back
up. So if you keep the NUKON constantly by 15 and you
just increase your calcium --

MEMBER SHACK: It depends on how you want
to -- you know, if you want to keep t he NUKON const ant
and vary the cal-sil or you want to keep the cal -si
constant and vary the NUKON, --

DR. BANERJEE: Right.

MEMBER SHACK: -- you get to the sane
pl ace.

DR. BANERJEE: Yes. But, you know, if you
keep the NUKON constant --

MEMBER SHACK: It's the NUKON: cal -si
ratio.

DR. BANERJEE: You can get a very high
pressure drop, 15.

MEMBER SHACK:  Yes.

DR. BANERJEE: So that | oading, fiber

| oadi ng, which is going down with cal-sil constant,
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all you have to do is increase the cal-sil constant
and you just shift the --

MEMBER SHACK: Yes, yes.

DR. BANERJEE: Right? Conpletely.

CHAI RMAN WALLIS: | amlooking at all of
these very interesting results. And |I'm wonderi ng how
many nore tests you would need in order to really
understand what is going on to the point where you
coul d predict sonething.

"' mwondering. | don't know if you want
to even hazard an answer to that one.

MEMBER SHACK: | think we understand a
great deal fromthese tests already.

CHAI RVAN WALLI'S:  You have | earned a | ot.

MEMBER SHACK:  Yes.

CHAI RVAN WALLI'S:  You have not shown us
any predictions of anything.

MEMBER SHACK: No, no.

MR. TREGONING | think we have a pretty
good conceptual nodel of what is happening in these
environnments. Actually, naking predictions, again --
and | touched on this earlier. Gven some of the
non-linearities of the behavior, that's a nmuch nore
difficult proposition. There's no doubt about it.

CHAl RMAN WALLI'S: And sone of the | ack of
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repeatabilities, if it turns out that it rmakes a big
di ff erence how you put something in or sonmething, then
you have to --

MR TREGONING Yes. | wouldn't call that
lack of repeatability. That's just a lack in
different --

CHAI RVAN WALLIS: Wwell, lengthy. [If you
haven't controlled sonething --

MR TREGONING It's an initial value
problem So you've changed the initial val ue.

CHAI RVAN WALLIS: Well, maybe the way
sonmeone put stuff in is different. | mean, did you
shake the ingredients in rapidly or it nmay be just an
uncontrol |l ed --

MR. TREGONING No. Certainly, again, |
think I mght have said it earlier there are sone --

CHAI RMVAN WALLI'S: So you have | earned a
great deal. You have |learned a great deal. But you
are still sonme way from having a conplete set, which
enabl es you to with confidence predict things.

MR TREGONING Well, | don't want to
mnimze the problem This is one particul ar chem cal
interaction we sawin the TSP environnment. There are
other chemical interactions that are potentially

important as well that we don't have as conplete --
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CHAI RVAN WALLI'S: But if you were given a

m ssion to by X date have a prediction tool for this
probl em how many nore experinents woul d you need?
And what woul d you do with thenf

MR. TREGONING Are you allocating
unlimted resources as well or --

CHAl RVAN WALLI'S:  No.

MR. TREGONING -- as well as stipulating
the --

CHAI RVAN WALLIS: Make an assessnent of
what it would take to get to the point where you had
a predictive tool. And then we'll figure out what it
costs.

MEMBER DENNI NG Rel ative to what you have
spent at Argonne al ready.

CHAI RVAN WALLI'S:  Wbul d you need ten tines
as many tests or just twice as nany or 100 tinmes as
many?

MR. TREGONING The nunber of tests is
just one consideration. | think the initial
consideration is trying to evaluate, you know, what
sort of capabilities are out there analytically that
m ght be even applicable totry to apply these to this
probl em

W have done sone initial |ooking, but
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it'"s in a very rudinmentary stage at this point. So,
you know, step one is understand what is occurring,
devel op conceptual nodels, provide information that
can be used in an engi neering sense, which | think we
have been able to denonstrate that we can do that with
the type of testing that has been done, not only in
Argonne but | think in PNNL and LANL as wel|.

So actually building a nodel is certainly
a separate step. How much that is needed for the
engi neering resolution of this problem is still
unknown to ne at this point.

MEMBER DENNI NG Wl l, you know, | would
like tosay that | think it's critical. Wat we heard
yesterday from NRR, which is really a reflection of
what the industry plans to do, is an approach that, at
least in this head |oss area, is very enpirical and
done in a plant-by-plant basis but very enpirical.

Wthout Research's ability to interpret
what t hese various processes are, | just don't see how
you're going to be able to cone to regulatory
decisions with a technical basis.

Questions are going to be raised that are
not going to be answerable by the very enpirical way
that the industry plans to go about this particular

pi ece of the process. And if you guys can't provide
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sonme nodel that enables one to interpret and say what
the effects are, | don't think you're going to be --
| don't think that NRR s decisions will be defendabl e.

MR. TREGONING Right. But, again, there
is conceptual understanding. And there is actually
predictive nodeling. And those two can be quite a bit
different in terms of the level of effort that is
necessary to achi eve one versus the other.

| would argue that if you did rely on
enpirical evidence to denonstrate the sufficiency of
your nodification, if it could be argued on a
technical basis that you have done so in a
sem -enpirical determ nistic, yet conservative way,
that potentially |I could see as a way forward.

Now, | amnot trying to mnimze that.
That is not an easy thing to do. And the
justification of conservativisns, again, it's an
ongoi ng di scussion that the staff has been having with
the industry to nmke sure that, at |east in our
opinion, we feel like they are appropriately
addr essi ng sonme of these issues.

CHAI RVAN  WALLIS: Your conceptua
understanding isn't really conplete until you have
started to nodel it in sone way because it may be that

what you think is happening in words, when you try to
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describe it in terns of nunbers, it turns out not to
work very well.

MR. TREGONI NG But, again, nodels by
their very nature have limtations as well. So what
we understand in a nodel may or nmay not be physical
reality versus the limtation nodel

CHAl RVAN WALLIS: Various scientists
through the ages have said until you can start
predicting things with nunbers, you don't really
under st and t hi ngs.

MR TREGONING W have done a | ot of
things in an engineering sense wthout having
predi ctive nodel s.

DR. BANERJEE: Yes, but | keep hearing
this engineering sense all the time. Wat does that
real ly nean?

MR. TREGONI NG  Catch word.

DR. BANERJEE: Through these ad hoc
experiments, you get some nunbers, you stick it in,
and you hope for the best. But | think that sonme tine
| ater, sonebody actually understands it and says,
"Look, these nunbers are conpl etely wong because the
small, little factor here conpletely changes that
answer . "

So the nodel gives you a framework to
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phrase your understanding of the physical world.
O herwi se you're just talking.

MR. TREGONING | agree, but the nodel is
only as good as it's able to actively represent the --

DR. BANERJEE: Yes, can be inproved.

CHAI RVAN WALLI S:  What you should say is
yes.

MR, TREGONI NG  Yes.

MEMBER DENNI NG Wl |, he says yes. And
t hen he has got to follow up.

DR BANERJEE: | don't understand a
credible design not to put it in some sort of a
framewor k of a nodel. Everybody says you should do
it.

CHAI RVAN WALLI S:  But then you night have
to confront a real reality.

DR. BANERJEE: A real reality.

CHAI RMAN WALLI'S: O herwi se you mght talk
about it forever.

MR LU This is Shanlai Lu.

| think right at the begi nning when we
talked to the Research to establish the testing
program it wasn't intended to conduct confirmatory
anal ysi s.

CHAl RMAN WALLIS: To confirmwhat? You
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don't have a nodel. How can they confirnf

MR LU Right. To identify nmjor issues;
for exanple, the chemcal. This was actually, the TSP
i ssues of it were anong the issues surprising us. And
so the overall testing program from our perspective,
we want to have our own as a confirmatory.

And the real burden should be the burden
of proof should be on the industry to prove they can
handl e all kinds of environnents. So that is the
thing we are | ooking for.

So we want to use these test results as
our | everage or position to launch our questions so
that we can ask a fair question to i ndustry other than
relying on NRC s resources to resolve and devel op an
entire theory and know edge fromour own limted
budget .

CHAI RVAN WALLI'S:  Well, | think that this
is the case where the word "confirmatory” is really
i nappropriate. These guys are doing investigative
research. They're finding out new things. They're
not confirm ng anything yet. And that is what you are
up against. And it nay be it can't be used for
confirmng anything because there is nothing to
confirm

| f you have a theory or correlation or
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sonmething you're going to use, you're going to say,

"Well, we'll confirmit against this,"” but you can't
just confirm based on a lot of qualitative
under st andi ng of what has happened.

MEMBER SHACK: Can | show you sone nore
interesting enpirical --

CHAI RMAN WALLI'S: Yes, please do. That
woul d be good.

MEMBER SHACK: -- of f-the-wall
experinmental results.

CHAI RVAN WALLI'S:  You're going to confirm
sonmet hing for us here?

MEMBER SHACK: Okay. The next environnent
we want to look at is the ICET-1 environnent, which
seens quite interesting. In the I CET environnment, we
were able to do the test directly. That is, we didn't
have to sinul ate t he product, although we did with the
calcium chloride. 1In fact, it's arelatively easy
chemi cal product to sinmulate.

CHAI RVAN WALLIS: This is one we don't
have any quick | ook reports for or sonething?

MEMBER SHACK: You don't have any quick
| ook reports for this.

CHAI RVAN WALLI S:  Thank you.

MEMBER SHACK: The I CET-1 environnent is
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really much nore conplex. | nean, Bruce didn't go
into the full description of just howconplex it isto
sort of understand sonething that isn't quite crystal
and it isn't quite anorphous and we don't really
understand the structure very well because, you know,
it's the Hei senberg thing. Every tinme we |ook at it,
we're disturbing it. So we really don't know what it
is that was there before we went off and we poked it
to look at it.

And so we're trying to essentially
simulate that. Let nme just sort of go on to our first
attenpts to do that and sone of the practical problens
that we had in doing it.

So, again, these alum num hydroxide
enul si ons, colloids seemto be the principal chenm cal
product that cause head loss from the I1CET-1
environnment. We didn't want to take 30 days to
di ssolve alum numplates in the solutions. So we got
to those concentrations by essentially tryingtodoit
wi th al um numnitrate additions but nmai ntainingthe pH
and tenperature conditions of |CET-1.

So what we were matching was the pH, the
concentration, the tenperature, and nost of the
chemcal environment; that 1is, the borate and

conpl exing. W did essentially add things that

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

270

weren't in the ICET-1, the nitrate. But, you know,

there's a feeling that that is not likely to lead to
conpl exing that will rmuck things up, but, again, that
is sonething that we were | ooking at.

W t hought we were fairly successful when
we did this on a lab scale, when we m xed things up in
a beaker, and we sort of let themprecipitate out. W
get products that ook like the ICET-1. W sort of
get qualitative behavior that seens | i ke | CET-1. Wen
we neasure kinematic viscosity, we get Kkinematic
viscosity that resenbles ICET-1. So we were ready to
do a | oop test.

Now, our |oop test turned out to be
conprom sed by non-prototypical behavior. Wen we
tried to make our al um numadditions on this |oop size
scale, we didn't get the nice, clear solution that we
were supposed to get wuntil we cooled down in
tenperature. W sort of produced the snowfall.

And the snowfall sort of occurred. You
know, we were hitting the average concentrations
right. Cbviously we had high |ocal concentrations.
Perhaps we lowered the local pH with the nitrate
addition so that we were getting too high a
concentration, too lowa pHIlocally. And we ended up

with our snowfall. And, again, you can see the
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initial snowfall.

Now, that's the bad news.

CHAI RVAN WALLIS: It |ooks like the sanme
one you got in --

MEMBER SHACK: Yes. Well, all snow | ooks
alike in your |oop test.

| f we stay at 160 degrees and we just wait
a few mnutes, the snow redi ssolves. And we're back
to the clear solution. So, although we had the sort
of non-prototypical behavior to begin with, we did
seem to end up with a solution at 160 F. that was
clear. It did have 375 ppmof aluminum So to that
extent, it was like the ICET-1 solution.

As we began to cool down, we would get
increasing turbidity, again, sort of |looking Iike the
|CET-1. And | don't have a picture as we went all the
way down to roomtenperature, but we ended up with a
-- you know, it looked like a very large |ayer of
vanilla ice creamon top of the bed when we were all
done. So, you know, we got a |arge anmount of
precipitate as we cool ed down to roomtenperature.

The interesting thing was that if you're
| ooki ng at the way we got head | oss, we started goi ng
up in head | oss even before we began cool i ng down t he

tenperature. And you'll notice that we didn't wait
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until steady state. And let ne just sort of tell you
t he reason we did that was the dil ute was cracki ng up.

So we were running the test here to conpl etion before
the | oop suddenly split and fell apart.

CHAI RVAN WALLI'S:  You were cracking the
pl astic?

MEMBER SHACK: W were cracking the
plastic. So we --

CHAI RVAN WALLI' S: Wi ch is sonething that
you under st and.

MEMBER SHACK: Well, it was --

CHAI RVAN WALLI'S:  You understand crack
propagation very well, | understand.

MEMBER SHACK: It was sort of a controlled
ganble. We knew that the LEXAN did not take well to
t he sodi um hydr oxi de environnents, but we thought we
were going to do this for a relatively short term

CHAI RVAN WALLIS: Did you get any crazing
of it --

MEMBER SHACK: No, we didn't get crazing.

CHAI RMVAN WALLIS: You get crazing of
pl exi gl ass.

MEMBER SHACK: W got cracks inches |ong
is what we got when we finally ended up --

VEMBER KRESS: Did it |leak before it
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br oke?

(Laughter.)

MEMBER SHACK: We cl osed the system down
successfully, a little water on the floor. So the
test was sort of conplete. | nmean, in ICET-1, they
have a LEXAN or a pol ycarbonate wi ndow that held up
fine.

W think essentially the formng of the
t ube has residual stresses that they don't have in the
wi ndowtype shape. So with the residual stresses and
t he environment, we had real problens.

But, at any rate, you can see that even
bef ore we begin to cool down, before there is anything
vi si bl e going on here, we're getting very substanti al
i ncreases in head | oss.

So, again, this correlate -- and, again,
it doesn't seemto correspond with what we see in the
changes in the kinematic viscosity. You know, Bruce
showed sone data where he doubled the kinematic
viscosity. Wen we do the nmeasurenents, we double the
ki nematic viscosity. But we're seeing, really, much
| arger --

CHAI RMAN WALLI'S: Is this the NUKON on the
screen here?

MEMBER SHACK: Yes, the NUKON is on the
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screen.

CHAI RMAN WALLIS: It's already been laid
down?

MEMBER SHACK: Yes. W can see if we | ook
over here to the tenperature thing, what we did was,
you know, at roomtenperature, we introduced the
NUKON. That essentially junps up the head | oss.

CHAI RVAN WALLI S:  Ckay.

MEMBER SHACK: Now we begin to heap the
| oop up. And, again, this is all pure water at this
point. The viscosity is dropping. And so we get to
160 degrees in pure water.

You know, we have decreased the head | oss
because we have decreased the viscosity of the pure
water. We now add our alum num solution. And we're
staying at 160 F. And there's no visible precipitate.
But the head loss is going up quite dramatically.

And as we begin to cool down, again, the
head | oss just keeps going up as we cool down, as we
cool down.

CHAI RVAN WALLIS: Wiy is it not in phase?
It looks as if the junps in pressure are not quite in
phase with the --

MEMBER SHACK: There is a kind of a lag in

the system
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CHAI RMAN WALLIS: There's a | ag of

somet hi ng.

MEMBER SHACK: There is a lag in the
systemthat it somehow - -

CHAI RVAN WALLI'S: Goes all the way around
before it cones back?

MEMBER SHACK: Well, no. | don't think
it"'s that. | think it's a chem cal equilibrium you
know, that the material is changing, you know, it's
agglonerating. |It's doing sonething that we don't
gui t e under st and.

DR. BANERJEE: Perhaps even just --

MEMBER SHACK: Well, | have to go back to
the I ab notes as to exactly when we coul d begin to see
visible signs. Again, at 160, we're seeing these
junps with nothing visible in the way of precipitate

CHAI RVAN WALLIS: W're tal king about in
the -- pressure goes in steps, although the
tenperature --

DR. BANERJEE: |If they are in the
nanomet er range, you won't be able to see them

MEMBER SHACK: No. W do see this
mur ki ness as we cone dowmn. By the tine we get to 110,

you can definitely see a difference. And, as | say,
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when you get even cool er, you know, you begin to pick
up a large visible anmount of precipitate, sonewhat
akin to what Bruce showed fromthe | CET 1.

DR BANERJEE: You shoul d be able to see
| ight scattering or sonething.

MEMBER SHACK: Yes. Let ne show you sone
things that will be coming upin just alittle bit on
that, at |east sonme of the particles. Again, the
LEXAN conponents were severely damaged. W had
numerous axi al and circunferential cracks. In fact,
we had a 360-degree crack underneath the screen by the
time the weekend was over.

The future testing -- andthisis goingto
require a PVCtest section, which, unfortunately, wll
only get to 140 F. But we al so have to rethink our
way of doing the alum numadditions. W're |ooking at
usi ng sodi um alum nate, which will let us not change
the pH as we add it. And we will have a better
di stribution header. But, again, those tests are
comng up. W're still --

CHAI RMVAN WALLIS: You're sort of using
pol ycar bonat es.

MEMBER SHACK: Well, LEXAN.

CHAl RVAN WALLI'S:  LEXAN.

MEMBER SHACK: Yes. Yes. W wanted
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something clear. And the two clear plastics that are
out there really are clear PVC, which is
tenperature-limted; and the LEXAN, which gets up to
nice high tenperatures but just doesn't like the
sodi um hydroxide in --

DR BANERJEE: You have to do what we do
in thermal hydraulics. Use a sapphire w ndow.

MEMBER SHACK: We | ooked at using Pyrex.
And, again, it's nuch heavier, nuch nore awkward. It
makes life a lot nore difficult. W're going to try
to live with the PVC section

But , agai n, although the test was
conpromi sed, as | said, | think the results really
indicate that if you have those kind of dissolved
al umi num |l evels that they sawin |ICET-1, you can get
things that can strongly affect head | oss.

Vell, hopefully it comes out better in
your handouts than it does on the screen.

CHAI RVAN WALLIS: It comes out the sane.

MEMBER SHACK: Onh, it does? Ckay.

MR. CARUSO It |looks like you have a
novi e attached to that.

MEMBER SHACK: No. Wiat | have is a .tif
that shows you a time tenperature history for a

four-loop plant. So you have nonOi sot hernmal histories
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CHAI RVAN WALLI S:  Ch, okay.

MEMBER SHACK: -- for four and three and
i ce condenser plants because what | wanted to do was
to go off and conpute dissolution now for a nore
typi cal history than an i sothermal one. And what this
shows is that if you | ook at the anpunt of alum num
that's dissolved per unit area over the 30 days, you
can see that if you consider the actual histories and
the I CET-1 because, as Bruce said, they did these
cal cul ati ons when t hey picked the | CET-1 environnent,
the ICET-1 isothermal sort of gives you the right
average val ue, typically speaking, for the 30 days.

W also wanted to | ook at the anmount of
al um num that di ssolved during the spray tinme, that
first period of tinme when you're doing the spray
because you're at high tenperatures.

And in a real plant, the anount of
aluminum that's exposed to the spray can be very
different fromthe anmount of alum numthat's exposed
or that's actually submerged for the 30 days. And so
you wanted to | ook at both of those.

| f you go through the | CET test plan, you
get a survey of plants where you get sone information

on the amount of alum numin various plants. and we
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have plant R here, which | call the six sigm plant.
It's got an enornous anount of alum num And, you
know, we'll just forget about it. It's got its own
set of problens.

But if you look at the other plants --
and, again, | don't know how representative this
survey is, but it would indicate that typically these
pl ants, you know, are relatively low in anount of
di ssol ved al um num conpared to I CET-1

This is one test where the attenpt to sort
of namke the average gave you a rather distorted
pi cture of the population. And so we'll be | ooking at
replicating the ICET-1 | evel s but will al so be | ooki ng
at considerably | ower anounts of dissolved al um num
and see what that effect is.

Agai n, in sone cases, it may be al nost --
you know, the one-day total is alnost |ike the 30-day
total because the difference you have i n the anount of
alumi numthat's exposed during the spray phase is so
much larger than it is during the subnerged phase t hat
you pick up al nost as rmuch alum numin the one day as
you do in the 30 days. And, again, you have much | ess
margi n typically at one day than you do 30 days. But,
again, the overall amounts of alum num are |arge.

And, again, when | do these cal cul ati ons,
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there's a nunber of assunptions that go in. |
probably ought to just review those. | assune that
there's no passidation of the al um num surfaces.

CHAI RVAN WALLI'S: This alumnumin Ris
scaffolding or sonething. It's not part of the
essential --

MEMBER SHACK: Yes. It is scaffolding or
somet hi ng.

CHAl RVAN WALLIS: So it could be renoved?

MEMBER SHACK: Yes. And |I'massuning it
actual ly has been renoved, but | have no idea.

CHAI RVAN WALLI'S: Ri ght.

MR. CARUSO. Don't the ice condenser
pl ants have al umi nun?? | thought all the baskets were
al um num

CHAl RVAN WALLI'S:  No.

MR. CARUSC They're stainless? Ckay.

MEMBER SHACK: Again, to go back, in
| CET-1, what 1've done here is taken the initia
corrosion rate data; that is, the high rate data
initially, and just assumed that that is always
applicable. You know in ICET-1 that you passi dated
when you got about this much al um num | oss per unit
neter.

Now, again, because we don't exactly
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under st and t he condi ti ons under whi ch t hat passi dati on
woul d occur, | didn't want to credit any passidation
in the calculation here. But, even w thout that, |
still end up with | ower al um num | evels.

DR. BANERJEE: 1Is there any al um num ot her
t han t he scaffol ding and | adders and things? |s there
any other --

MR. CARUSCG G adi ngs.

DR. BANERJEE: Gradi ngs?

MR. CARUSG Gradi ngs naybe.

MEMBER SHACK: Yes. Al | know is what |
read in the ICET-1 test plan, which canme from the
pl ant survey. Again, because the spray corrosions
typically take place at a higher pH than normal sunp,
the actual corrosionrate is higher. So that there is
a bunmp up for the sprays that |'ve put in here.

For sone reason, that doesn't seem to
happen in ICET-1 where | actually have to -- if I'm
goi ng to make t he nodel predict the results, | have to
sort of scale down the ICET-1 results. But |'ve just
sort of kept this here for conservati smand not done
t hi s.

So the nodel is benchmarked only agai nst
the ICET-3 results and the | abs tests for corrosion.

It's conservative for |CET-1.
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MR. TREGONI NG You assune that all the

spray stuff ends up in solution, where in ICET-1 it
doesn't necessarily.

MEMBER SHACK: It's a solution

MR. TREGONI NG  You could dissolve it on
the plate, but then it could reformas an oxide.

MEMBER SHACK: Oxi de, right.

MR. TREGONI NG That m ght be one --

MEMBER SHACK: That might be. So there is
a conservatismthere.

What | wanted to talk a little bit about,
again, were cal-sil dissolution tests. One of the
things that we are concerned about is the anopunt of
cal cium dissolution that can actually occur. What
|'"ve nentioned is that we have tried to match the
screen | oading of cal-sil for the debris |oading and
t he anount of chem cal products. That changes the
anount of cal-sil per unit volune, which | woul d argue
could affect the dissolution rates; that is, because
we don't scale exactly like a sunp in a containment.

If we're going to mamintain roughly the
anount of chem cal | oadi ng, we typically have somewhat
nore dilute solutions. And so we could get nore
di ssol ution perhaps, nore rapid dissolution.

W al so wanted to | ook at the effect of pH
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on the dissolution rate. And, again, one of the
things that sort of sinplifies this problemis that if
you have concentrated solutions, as soon as you add
the cal-sil to this thing, you bunp up the pH because
the sodiumsilicate which is in there just raises the
pH

So, even without a TSP addition, unless
you use hydrochloric -- you know, unl ess you have sone
ot her way of controlling the pH as soon as you add
the cal-sil, you're going to raise the pH to sone
| evel, and the TSP only essentially does that.

Qur initial dissolution tests were at
relatively high concentrations. W went back and did
some that are nore representative concentrations, 0.5
and 1.5.

W | ooked at three different histories for
the TSP, one where we add the TSP before we add the
cal-sil. So that's essentially an instantaneous TSP
dissolution. And that's certainly the nost
conservative

The TSP over four hours essentially is the
tech spec requirenent. And review ng the plant
subnmittals, the nominal case seenms to be that you
typically have the TSP kind of dissolve over roughly

a one-hour period, sonething |like that.
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Now, what |I'm showing here is the
normal i zed calciumlevel. That is, | sort of have
done ny -- so |l could plot all of the data fromthe .5

and the 1.5 on the sane graph, what | have done is
nornmal i zed the cal ciumconcentration to the amount of
calcium | would get if that were fully dissolved,
agai n, according to the thing.

So, you know, these should end up as one.
What you see, the -- let's | ook perhaps at the square
figures. This filled-in square is the 1.5 gram per
liter. And the hollow square is the .5 gram per
l[iter. And in nost cases, the --

CHAI RVAN WALLIS: That plots start off
hi gh at one hour and then come down?

MEMBER SHACK: Well, there are sone uni que
test results, shall we say. W never have anonali es.
W just have uni que results.

CHAI RVAN WALLI'S:  Unique is even nore of
a -- that clains there's nothing like it at all.

MR TREGONING | think that is an
artefact of how they're determning the dissolved
calcium levels in those tests. It's nuch |ess
accurate early on in the test the way they're
inferring what the dissolved cal ciumlevels are.

MEMBER SHACK: We can't directly neasure
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t he cal ci um because we get confounded by the cal -si
that's present. Wen we do the ICP, it measures
everyt hing, whether it's dissolved cal ciumor cal -si
particulate. So we neasure the phosphate. And the
m ssing phosphate is assuned to be taken out as
cal ciumphosphate. And it's really the calciumlevel.

What we see here, at least for the one
hour and the four-hour additions, there are sort of
relatively small differences between the .5 and the
1.5. So the fact that we don't replicate the
concentration in the volune doesn't seemto affect the
relative concentration rate very nuch. And, again,
those two are the sane.

Now, if we go with the instantaneous TSP
solution, which is the blue stuff, you see it does
nmake a difference. But, again, that's a fairly
non-realistic TSP addition rate. And, even in that
case, if you go out an hour or so, you'll find that if
you have .5 grans per liter cal-sil, you're going to
be off to the 75 ppmin a few hours.

So the conclusion that we're naking here
is that, whatever the TSP addition rate, which we
don't wunderstand all that well, and whatever the
concentration, the variability 1is the cal-si

concentration, which could be sonething or other, you
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can certainly use this data to esti mate when you m ght

get the cal-sil concentrations that are interesting.

And you'll renmenber back we had sone
cases. |If you're adding the cal-sil properly, even
for 27 ppmcal-sil, you were getting |large pressure

drops if you had built the bed first and added it on.

So, again, this all conmes back to the
notion that this is a short-termproblem This is not
a chemcal effect Iike the alum num case, which, you
know, could take days to happen. |t can happen
qui ckly.

kay.

DR. BANERJEE: Are you going to tell us
how t o neasure particl es?

MEMBER SHACK: Yes. | guess | keep
hitting the END button, instead of the NEXT button.

In our tests, of course, all the chemi cal
product ends up on the screen. You know, the loop is
designed that way. Wll, the amobunts of cal-sil and
NUKON that we're putting on cone fromessentially the
transport cal culations that the |icensees have done,
but we assune all the chem cal product is transported
t here.

Sorme of that will settle out. W did sone

initial prelimnary settling tests just to get some
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i dea of how fast this could conme out of solution.

And, again, thisisafairly sinple-mnded
test. W have a settling tower. W mx up a
solution. W get a uniformmxture at T equals zero.
And then we just let it all settle out.

CHAI RVAN WALLIS: If you | ook at the front
at the top, there is also a front noving up fromthe
bot t om

MEMBER SHACK: Yes, but we are nostly
interested in the one up at the top.

CHAI RVAN WALLIS: If you can do that, then
you get a better idea of what is happening. And you
can predict it maybe better.

MEMBER SHACK: Well, | just want to --

CHAI RVAN WALLI'S:  Think about it. It's
just like a glass of beer upside down, right?

MEMBER SHACK: W tried first with 300 ppm
di ssol ved cal cium so we could get lots of stuff and
see it. W were trying to nake it visible for
our sel ves.

CHAI RVAN WALLIS: There's sort of a
settling front there, isn't there?

MEMBER SHACK: Yes. Well, in the rea
world, it's easier to see.

CHAI RVAN WALLIS: Clearer. kay.
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MEMBER SHACK: You know, there's clearly

a settling front there.

CHAI RVAN WALLI' S: There are probably sone
fines that hang around above it.

MEMBER SHACK: Well, about half of it is
taken out by the front. Half of it renmains behind.
Yes. W decided that in a -- okay. W did the
settling front measurenments. And we got essentially
a velocity for the settling front that's |ike four
centineters a mnute.

Ve deci ded at nor e realistic
concentrations, we went back to 75 ppm of cal cium
There was really no settling front. This one |ooked
much nmore like a uniform mxture that just slowy
cl eared, which, again, in a sinple-mnded case gives
you a kind of an exponential settling nodel.

CHAI RVAN WALLI' S: There's no way.

MEMBER SHACK: And if | took only two data
points, it would fit the exponential perfectly.

CHAI RVAN WALLIS: Fit a line, too.

MEMBER SHACK: Unfortunately, | took three
data points. And so it isn't perfect, but, you know,
| estinate a settling rate out of that.

DR. BANERJEE: What happens if you take

f our ?
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MEMBER SHACK: Well, we did test four

where we took five data points, again another big
m stake. And we got four of themto go exponential.
And we sort of threw out the one.

CHAI RMAN WALLI'S: Usually these things
settle faster when there is | ess concentration. You
seemto get it settling faster when --

MEMBER SHACK: | think we get an
aggl oneration in the high concentration. You know,
you couldn't see it there, but those are snowfl akes
that are kind of snmashing together in the high
concentrati ons.

CHAI RVAN WALLI S: They don't smash.

MEMBER SHACK: So, again, the two tests,
| get sonething like .8 centinmeters for mnute for a
settling velocity out of that, again, as a crude
estimate of a first estimate of how this m ght do.

One of the other things if oneis actually
going to do a nodel of this that you would like to
know is the --

CHAI RMAN WALLIS: There is a very
interesting one here where it actually goes the other
way and it actually leaps up and then cones down
agai n.

MEMBER SHACK: Yes. Well, yes, right.
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DR. BANERJEE: Well, is it conpletely

gui escent or there are nore --

MEMBER SHACK: Yes. The settling tower is
pretty quiet, yes.

DR BANERJEE: No thermal convention?

MEMBER SHACK: There may be sone thernal.
You know, we see particles going up and down. And
that's presunmably sonme sort of thermal thing that
hel ps keep it m xed. But, again, that was only neant
to get a rough idea of what the settling m ght | ook
like for this.

The other thing that is interestingisto
| ook back at some of t he particle si ze
characterization. And, again, Bruce didn't go in
this. At LANL, they did some things. And | think
they got like, as | recall, a three-step thing.

W see sonething |like the three-step when
we do this without defl occulating with the ultrasound.
W get an order of nagnitude change as we
defl occul ate. And what we're sort of concerned about
here is that, although we haven't really done the TEM
we really think that we have sort of |ike the
nano-si zed particles they see at Los Alanps. And
they're floccul at ed toget her.

| don't know how nuch defl occulation is
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appropriate to use. You know, so exactly saying what

the particle sizeis | think alittle bit difficult to

say.
DR. BANERJEE: Are these size particles or
MEMBER SHACK: No. This is in solution,
yes.
DR. BANERJEE: (kay.
CHAl RMAN WALLIS: Flocculation is very
dependent upon ot her cheni cal s, isn't it?

Fl occul ation is very dependent upon other chenmicals in
solutions, right?

MR, LETELLIER. | amnot sure if | can
answer your question, Dr. Wallis, but | did want to
interject that we took solutions directly from | CET
tank 1. And our particle sizes were trinodal in the
range of a few nanoneters to tens of nanonmeters. And
t hat' s what gave us evi dence of colloid formation that

DR. BANERJEE: How could you find few
nanoneters? Wat is the technique you use?

MR, LETELLIER | amnot famliar with it
personally. | think it's a laser interferonetry test
to actually | ook for the scattering interference from

very snmall objects.

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

292
CHAI RVAN WALLI'S: Can you see that with a

| aser?

DR. BANERJEE: The problemis the
wavel ength is so nuch | onger than --

MR. LETELLIER. No, not for the particle
sizing. Mark showed the trinmodal distributions. Let
nme look in our July presentation, where we actually
presented that infornmation.

DR. BANERJEE: Well, you can use
interference nethod, but | would be surprised if you
can get down to small colloid size.

MEMBER SHACK: Well, we get nuch | arger
aggl onerations in our tests. And, again --

MR, LETELLIER: It is a surrogate. That's

MEMBER SHACK: Yes, it is a surrogate.
But it nmay al so depend on how you essentially treat
the stuff when you do it. | nean, with our
ul trasound, we changed it by an order of nagnitude.
My guess is if we did sonme nore to it, we could change
it around sone nore.

The ni ce t hi ng about t he cal ci umphosphat e
was that we changed it by |ess than a factor of two.
And soit's really a particle that kind of sits there.

And you can have a little better feel for what its
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si ze was.

| thinkinthecolloidtotreat it, you're
much | ess certain as to what the actual effective size
is, probably because it's just difficult to
characteri ze.

kay. In sunmary, then, head | osses with
the chem cal products can be greater than with an
equi val ent anmount of cal-sil. And, again, that can be
dependent on the new ki nd of cal-sil ratio that you're
deal i ng with.

W get |large head | osses. | wouldn't say
there's no difference, but since we couldn't really
nmeasur e the maxi mum head | oss, we ran out of capacity
of the loop. It would be a little unfair to say.

W get | arge head | osses, whether we get
significant dissolution prior to the formation of the
bed or we get dissolution after the formation of the
bed. W can still end up with arge head | osses. You
know, the time scal es change a bit to get theml arge.
And, again, the relative contribution does depend
strongly on the degree |oading and, again, can be
hi ghly non-Iinear, non-nonotonic.

The cal-sil dissolution rate is not
strongly dependent on the TSP dissolution rate or

cal -sil concentrations. And so the inportant thing
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here is that if you have the cal-sil, you can probably
get enough dissolutionrelatively quickly, but thisis
an early tinme kind of a problem And, again, you can
be 75 ppmfor down to 0.5 GPL

And that's it.

MEMBER DENNI NG  Has anybody | ooked at a
pure flocculent bed? And is that a degree bed that
one can anal yze? The size, fromwhat |'mhearing, is
-- well, I"'mnot sure what the characteristic sizeis,
whether it's in the few mcron size versus in the
nanoneter size, where one is looking at the flow
t hrough that pure floccul ent bed. Has anybody | ooked
at that to see what correlations would tell you?

| nmean, it's areginme that's getting into
one that's dom nated, | guess, by capillary actions.
Have you | ooked at anything |ike that?

CHAI RMAN WALLIS: | think you get al
kinds of strange things. You get under nanoneter
Si zes.

MEMBER DENNI NG  Well, if you get it under
nanonet er - -

MEMBER SHACK: For the calcium we're at
the mcron size.

MEMBER DENNI NG Yes.

MEMBER SHACK: It would seemlike if you

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

295

truly had a cake of this stuff, that, you know, the
ki nd of nodel s t hat peopl e use for cake filtration for
kaolin would ook a lot like this.

CHAI RVAN WALLI'S: | would worry about its
conpressibility, too. | nmean, if it's very fluffy and
calculated and then you start to put sonething on
there but it conpresses it, thenit's going to get --

MEMBER DENNI NG Wl |, ny question is, you
know, we're looking at, how do you solve this very
difficult problen? Well, perhaps one has to | ook at
one |imt, which is this problem of just the
flocculent itself, and worry about conpressibility and
all of that good stuff.

CHAI RVAN WALLIS: Wwell, if you floccul ate
suspensi ons, you just settle themout. You get a very
hi gh void fraction. You get a very | ow concentration
of the stuff in the sedinent until it conpresses or
you squash it or sonet hing.

DR. BANERJEE: | think the real problemis
not fluid dynam cs but the squashi ng because we have
done experinments on nanoscal es, and Newtonian fluid
mechani cs hol ds.

So | don't think that there's anything
really strange because at this |evel, unless you're

| ooking at charges and stuff like this, which m ght
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have -- it's all wet. So we're presuning this is
saturated forced nedia. So tension in that sense
doesn't cone in.

There's a conpressibility which is going
to be really hard for this program 1 think

MR. LETELLIER: Sone of these products are
actually hydrated gels, which may not conpress but
actually deformso that the shear stresses can
actually cause themto extrude into the interstitial
gaps. At least that is some prelimnary thinking that
we have for tackling that problem

CHAI RVAN WALLIS: That's not nice, is it?
Now, we don't --

MR. LETELLIER  That woul d conplicate
life, yes.

DR. BANERJEE: And they probably have
non- Newt oni an behavi ors, right?

MR. LETELLI ER: Perhaps or we have thought
about treating this as an effective viscosity effect
term where we nodified the flows, some of it.

CHAI RVAN WALLI'S: None of it is actually
filling the pores by extruding. Well, this is very
interesting. W have to --

MEMBER SHACK: | think that is very -- you

know, what you ki nd of have to decide is howrealistic

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

297

these estimates, I t hi nk, of the al um num
concentration are. You know, if you can denonstrate
you're down here, you're in a different regine than
you are in ICET-1 at 375

CHAI RVAN WALLI'S: What are you going to
take for a plant, though? | nean, if there m ght or
m ght not be scaffolding in there, you have to
probably | egislate that no scaffolding will be left in
t he contai nnent or --

MEMBER DENNI NG  That could very well be
yes.

DR BANERJEE: O not al um num

MR TREGONI NG  Sone of that is taken into
account with these, the plant survey infornation.

MEMBER SHACK: The plant is certainly
going to have to denonstrate, | think, that they are
going to end up less than -- even based on our one
flawed test, it doesn't look promising if you are at
t hese ki nds of I evels of alum num How | ow you can go
i s sonething we have to exam ne yet, but --

DR. BANERJEE: |Is the 30-day nunber a
realistic nunber or -- | mean, there is only one thing
that is a big, 5 000. So those are nuch |ower than --

MEMBER SHACK: That is not a realistic

nunber. That is the only nunber |I'msure that is not
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realistic.
CHAl RMAN WALLI S: | amsure it is no
| onger true, yes.

DR. BANERJEE: But the 375 is quite a bit

CHAI RMAN WALLIS: That is not a plant,
t hough. That is not a reactor.

MEMBER SHACK: That is not an | CET-1.

DR. BANERJEE: That is why | am asking.
I's that a realistic nunber?

MEMBER DENNI NG  Well, | think that what
Bill is saying is if you can denonstrate that is not
a realistic nunber, that the realistic nunbers are
substantially smaller, then you could very well be in
a different regine.

MEMBER SHACK: Ri ght.

MEMBER DENNI NG  And then the question is,
how cl early can you, then, take it into account?

DR BANERJEE: You still have this
col | oi dal - -

CHAI RVAN WALLI'S: | think we should stop
by 3:30 so we can have a few nopre questions,
di scussion. This is very interesting, but the agency
has to decide how rmuch -- we asked you before -- of

this kind of stuff do you need to do before you have
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enough evi dence to make decisions? This research is
broadeni ng all the questions, it seenms to ne. They're
resol ving sone and maybe rai sing sonme other ones.

MEMBER DENNI NG Let ne nodify that to say
techni cal | y def ensi bl e deci si ons because | think that
this agency can make decisions. The problemis we
want to nake sure that they are technically defensible
positions, right.

CHAI RVAN WALLIS:  Well, not just to defend
against critics but to defend agai nst nature because
if you put in too big a screen and then sonething
happens, you know, there is a consequence.

DR. BANERJEE: You m ght get the problem
solved at one end and clog the other end in the
react or.

CHAl RVAN WALLIS: Are there any ot her
comments besides praise for the quality of the
presentation we need to have at this tinme? Does NRR
want to say anything or keep quiet for the nonment?

(No response.)

CHAI RVAN WALLI'S:  In that case, we wil|l
take a break until a quarter to whatever the next hour
is, a quarter to 4:00.

(Wher eupon, the foregoing matter went off

the record at 3:28 p.m and went back on the record at
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3:46 p.m)

CHAI RVAN WALLI S: Pl ease cone back to the
session. W're looking forward to hearing about tests
t hat are bei ng done at another | atitude and | ongit ude,
PNNL and | think we're going to be quite interested in
these results. |I'mwaiting to hear, please go ahead.

MR. KROTIUK: Just to introduce nyself, |
am Bill Krotiuk. And I'mwth the Ofice of
Regul at ory Research. |'m breaking this presentation
down into two parts. The first part | will tal k about
the testing that is being done and then we will have
PNNL cone in and discuss their testing facilities and
data a little bit nore. And then after that | wll
come back and I will talk about nodeling efforts.

kay, theinitial effort of this -- of the
-- let's talk about the testing first. The initial
purpose of this was really to do the confirmatory
testing with respect to previous testing that was
done. The objectives it that -- we have sone expanded
objectives in the sense that we want to characteri ze
the head | oss across a nodel sunp screen to standard
insulation debris. So I'mreally, at this point,
tal king specifically about Nukon and Cal Sil. But we
also want to look at sensitivity to debris rated

conposition, to distribute of the debris in the bed,
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tenperature and flow conditions. So get a little bit
nore information. The facility --

CHAI RVAN WALLI S:  How about tine? Sone of
t hese things seemto be tine dependent?

MR KROTI UK:  Yeah, we will address tine
al so, yes.

CHAI RVAN  WALLIS: Sone of these
experiments have been run for quite a long tine.

MR. KROTI UK:  Yes, they have, yes. The
facility itself with PNNL can expand on a little bit,
has t enper at ure nmeasurenment and control abilities and
the ability to nmeasure the thickness of the bed during
the testing itself and post testing, the nmast of the
actual constituents in the bed, for instance Nukon and
Cal Sil itself.

CHAl RVAN WALLIS: We've had a |l ot of
di scussion in the past about sort of the structure of
t he bed and whet her there were sandw ches and whet her
as the Nukon and Cal Sil went round and round, did it
end up on top or on the bottomor sonething. |Is there
some way that you can take slices of these sandw ches
or sonething and find out just where the stuff is?

MR KROTI UK: W have denonstrated that
capability and | do not have those results yet. W're

in the process of |ooking at those beds.
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CHAI RVAN WALLIS: Well, you'd think that

you coul d take these Iittle whatever you want to cal
t hem pancakes.

MR, KROTIUK: Right, right.

CHAI RMVAN WALLIS: You make pancakes,
right? Cut them and then you could | ook at them and
see where the Calsil is in there and so on.

MR. KROTI UK: Yeah, we intend to do that,

yes.
CHAI RVAN WALLI S:  Ckay.
MR. KROTI UK: But we have not conpl eted
that yet, so you're only going to see some -- we'll

tal k about just some quick sanples of that. W don't
have real data on that yet.

MR. TREGONING | think we have sone
pi ctures of what those cross-sections |ook |ike inthe
PNNL presentation. So at |east conceptually, you'l
get an idea.

MR. KROTI UK:  We want to extend this also
in the long-termto coatings, head | oss across
coatings. So the intent is, is that we will have sone
coatings testing planned in the future, and
ultimately, want to use the data to cone up with a
cal culation and nodel. And as | indicated before,

Paci fic Northwest National Laboratories is primarily
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doi ng the testing.

The primary notivation to do this is the
fact that the past testing has had questi ons regarding
the head loss effects of particulates which is the
Calsil, calciumsilicate itself, in the presence of
t he Nukon fi bers and we wanted t o address t he concerns
expressed by the ACRS nenbers regarding the forns of
equation -- I'msorry, regarding the testing, the way
the testing was previously performed and we'll have
sonme information on that.

The activity itself supports t he
resolution of G. 2004-02 and we ultimately want to
supply the NRCwi th additional head | oss data and sone
i nsi ghts about variation, exactly what you're tal king
about, the variations within the bed, howthat effects
head | oss. So we have divided up testing, at least in
termse of the insulation testing into two series.
There's a Series 1 and a Series 2. The Series 1
testing has conpleted already and the intent of that
testing was nerely -- was primarily to duplicate
previous testing and do sonme confirmation of
neasur enent s.

This testing used a nmetal screen and in
this testing the Nukon and Cal Sil debris was added

simultaneously to the loop and we'll go over that a
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little bit nore but that mmcs the testing that was
done in the past.

| also did sone -- had sonme testing done
on the Series 1 where | had an unbl ocked screen just
to get a baseline for a non -- for a screen w thout
any debris on it. On the Series 2 test, we will do
testing with a perforated plate to reflect, you know,
proposed new desi gns.

CHAI RMVAN WALLIS: Have you tried to do
tests with Nukon and Cal Sil are added at different
times? It says sinmultaneously here.

MR KROTI UK: Right.

CHAI RVAN WALLI S: But have you done tests
where they're added -- | think you' ve done tests,
haven't you --

MR KROTI UK: Yes, we have and we'll --

CHAI RVAN WALLIS:  You will tell us about
t hose, today?

MR KROTIUK: -- we will tell you about
t hose, yes.

The matrix that |'ve devel oped really, and
"1l just briefly describe it. In the past, it
appeared that nost of the tests with the CalSil and
t he Nukon beds were done at a mass ratio of CalSil to

Nukon of about a half with sone done at .1 -- |I'm
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sorry, 1 and 2, and what | plan, nmy matrix will try to
get nore points between there to get the effect of
di ffering conbinations of Calsil and Nukon.

And one of the key things that I'mtrying
to identify in the test itself is what |I'm defining
now as a particul ate saturation condition and | think
Rob nentioned this earlier. |It's basically the
condition whereby the Nukon becone saturated wth
particul ates such as CalSil and basically becones
cl ogged and you get an i ncrease in pressure drop. And
we believe that this is what was terned the thin bed
effect but could actually happen in beds of any
t hi ckness.

As you said, a sandw ch, you coul d have a
sandwi ch focally or it could be honbgenous.

MR. TREGONING This could be uniform
saturation wi thin a Nukon bed or very | ocal saturation
over a thin |ayer potentially.

MR. KROTI UK: Yeah, that's what | nean by
honmogenous, right. And as indicated before, we wll
address -- we did sone sensitivity testing that
addressed variations of the CalSil itself or within
t he Nukon bed.

CHAl RVAN WALLIS: | presune that this

saturation depends on how nmuch t he Nukon i s squashed.
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Maybe it's in these tests. 1In sone of the tests,
you've got a fairly high conpression of the Nukon.

MR, KROTI UK:  Uh- huh.

CHAI RVAN WALLI'S:  And so presumably the
pore size available for the CalSil is now smaller.

MR. KROTI UK:  Yeah, yeah, nmy matrix will
hopefully help nme identify that but | don't have the
information to address that, really. And as you
nmenti oned earlier, one of the inportant things, we
have seen that the concentration variation can vary by
the timng of the addition of Nukon and Cal Sil.

Currently, the status is that the testing
is ongoing right now W hope to have the insul ation
testing conpleted by April and we'll do the coating
testing after that. | nmean, that's sort of depending
upon the tinme availability and funding availability.
The NUREG wi || be -- we'll have a draft NUREG in June
and a final NUREG conpl eted in Septenber. That's what
our plan is at this point.

And at that, | wll turn over the
presentation to Carl Enderlin from PNNL

MR TREGONING So this is a different
packet now.

CHAl RVAN WALLI S:  Yes.

MR. KROTIUK: And he will address the
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specifics regarding the testing.

MR. ENDERLIN: |1'ma Mac user, so it may
take me a second here to -- okay, just to briefly go
over the outline, we're going to tal k about test |oop
capabilities and neasurenents. |If you have questions
onthis, as | gothroughit, |I have a schematic of the
| oop at the end, so if we nay possibly try to catch
your questions while we're tal king about that | oop.
| think pretty nmuch of that wll be pretty
straightforward. Wen we get to debris bed
paraneters, |'msure that's a place where we'll start
to have a | ot nore questions and begins to naybe
i ntroduce nore material .

Pretest evaluation testing, what that's
referring to is what we thought are things we needed
to learn before we could run the test. 1'Il talk
briefly about the bench mark tests that are going to
be run between ANL and PNNL's | oops and t he benchmark
cases. Then on the exanples of test
procedures/results, what I'mgoing to showis an
exanple of the Series 1 test results and tal k t hrough
how we' ve done the testing for there. And again, keep
in mnd when we're going through this that our Series
1l tests were to mimc the target values. You'll hear

nme do conparisons of the test. That's what went into
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the loop and that's how we conpare those.

On the Series 1 --

CHAI RVAN WALLI' S: Do you have some backup
slides for the other tests which you don't have here?

MR ENDERLIN: Excuse ne?

CHAI RVAN WALLI' S: Do you have some backup
slides? | notice you --

MR. ENDERLIN: | have a significant nunber
of backup sli des.

CHAI RVAN WALLI S:  You have 6G here but you
don't have 61 and 6H

MR. ENDERLIN: No, my understandi ng was
that you had the Quick Look Reports.

CHAI RVAN WALLIS:  We did, but they --

MR ENDERLIN. And | have sone additional
backup slides, but --

CHAI RVAN WALLIS: So we would be able, if
we wi shed to, to discuss those other tests.

MR. ENDERLI N:  Yes.

CHAI RVAN WALLI S:  Ckay.

MR. ENDERLIN: Again, the Series 1 test,
"1l show exanpl es of data and then fromthose field
your questions, and we can tal k about the ot her ones.
Wen we talk about the Series 1 test, this

presentation is not conpletely put in a chronol ogi cal
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order. After doing the Series 1 test, we're smarter
and we' ve gone back to do sone nore pretest eval uation
testing. Wat's inportant to understand is, we didn't
use all of our loop capabilities to do the Series 1

test, as we attenpted to follow the LANL test

procedure and for the Series 2, well, we'll wuse
perforated screen and sonme things will be different.
W'l also change the test procedure sone and | will

try to explain that as we go through before that.

On post-test measurenent eval uation, those
are things after we retrieve the bed, are things that
we do to analyze and those wll include the
sectioning. | can show you an exanple of that, somne
trying to assess what the conposition was in the bed,
taki ng di nensions of the bed. And I'lIl talk a little
bit nore as we go through there, but that post-
nmeasur enent, some of the things you may be asking to
anal yze the bed, |'ve kind of saved for the end just
totry to show what we do after we retrieve the bed.
And then | ast, we have a few slides just to tal k about
issues or things that need to be cited, finalized
before we finalize the Series 2 test matri x.

Ckay, test loop capabilities, we have --
we consi der ourselves to have two | oops. W have a

bench top | oop which actually consists of a nunber of
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| oops. One main |loop that we take data in that we'll
talk about. The other |oops were there to help us
design the large scale loop, including one of the
i nportant things that we had was to do a nass bal ance.
What went into the | oop, what's on the screen and what
we retrieve. W were trying to also take care of
issues to make sure that one test does not effect
downstream tests by having nmaterial deposited within
t he | oop.

This bench top | ook provides rapid nmeans
of investigation, so we can get answers qui cker than
we can | ook at trends, but especially sone of the
first data there, I'm not going to consider it as
pedi greed. As we've gone on, all that instrunmentation
has been calibrated, so you' re going to see sone plots
up here which I'm going to show you relative trends
but I've taken the values off, just so we don't
confuse actual magnitude of value versus that that's
been determned in the | arge scal e.

| will say that as the test program has
gone on, we've gotten pretty good conparison but we
have not yet done a true bench marking of bench scale
to large scale. Again, it was used to assess how we
are going to prepare the material and introduce it,

repeatability issues, design questions to build a
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|arge scale loop, in handling the material and
retrieving it. And again, we |ook at sone trends as
they cone up, just do to the fact we can do it

qgui cker .

Limtations, the pressure ports in the
bench top are not inideal locations. Limted ability
to degas the water. So as we get up to higher
pressure drops, no matter what we've done | can't put
an over-pressurization on the loop to drive the gas
into solution and | don't have any tenperature control
ot her than running a tube through sone cool water and
putting a fan on it, so the tenperature rise in the
| oop is greater.

The | arge scale loop is a 6-inch dianeter

test section. It has a uniformcross section and the
screen extends into the pipe wall just slightly. 1've
gotten an exanple of a screen assenbly and |I'l| pass

this around. Wat we've done here is to nmake sure we
have no bowi ng or stretching of the screen. W've put
it in a wlded collar and that wel ded col |l ar mat ches
up to the wall of the pipe so if you look in there,
there's a little bit of debris that can get into the
seam The gaskets are customcut and |I'Il tal k about
that |later but throughout the loop to try to keep any

hang- up.
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What we've also done is we pre-test the
screens by putting a uniforml oad across them because
inour first tests we've run up to 700 i nches and we
want to nake sure we pre-stretch the screen and we
then characterize after we pre-stretch it again to
determ ne what kind of deflection we may be getting
just due to the | oading on the screen, so we'rereally
maki ng bed hei ght measurenments and not bow ng the
screen.

This it the perforated plate they' re going
to and it will be put in a screen assenbly. | don't
have one just because they were just fabricating the
parts, but | brought this to show you the difference
in the flow areas and the shape of it. 1'll pass
t hose around.

CHAI RMVAN WALLI S:  So you can get somet hi ng
like 30 psi or nore across this screen?

MR. ENDERLIN. | could actually get
greater.

CHAI RVAN WALLI'S:  Your capabilities are
consi derabl y hi gher than Argon?

DR. CHAMBERS: Yeah, | have a range of
pressure transmitters and | have a high one that | can
rerange.

CHAl RMAN WALLIS: So this is one reason
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t hat you' re measuring hi gher values than LANL i s that
you coul d.

MR ENDERLIN: Yeah, there's a |lot of
di fferences between those tests, but, yes.

CHAI RVAN WALLI'S: They had to stop when
they got up to a certain val ue.

MR ENDERLIN: |I'mnot sure if LANL ever
reached their hi ghest pressure capability. The screen
is fixed in transparent polycarbonate section which
"1l show a photo of here. The screen assenbly is,
again, as |'ve explained, there to reduce defl ection
and bowi ng. And our straight section of piping
upstream is 20 L/D and we're in excess of 10 L/D
downstream and that's to allow us to take pressure
nmeasurenents, the sane as we would for any conponent
testing and have fully devel oped fl ow as we approach
t he screen.

Again, before | go on with this, we've
been tasked and our understanding is the task is to
obtain data for doing the correlation. So while we're
trying to bound our test within what mght exist in
utilities, we're trying to nake sure that we're in a
very well controlled environment and not necessary
mmc a LOCA.

This is pictures of the transparent test
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section. The collar is exactly where the screen
rests, is in the same ID as the schedul e 40 pipe, so
there is no transition other than what little seam
exi sts between the gasket and the pipe wall, both at
t he screen assenbly and where this transparent section
interfaces with the -- with the actual flange pipe.

So the screen sits in the mddle of this
and what it allows us to do is to retrieve our test
section and take it for post analysis wthout
di sturbing the bed. W have shown when we pull it out
of here in sone of the manual hei ght neasurenents that
no matter what, you'll create just a little it of
unroundness or effect the sides of this just because
t he stuff has been conpressed agai nst the walls of the
pipe. So as we pull this out, we can take fromthe
top detail ed bed neasurenents of basically the bed in
a dry state and 1'Il show you sone additional nethods
we take in situ,.

MR. CARUSO. Do both of these units have
t he sane nom nal opening size?

MR. ENDERLIN: They're exactly -- they've
been machi ned - -

MR. CARUSO. These two units.

MR. ENDERLIN: Onh, they have the sane

nom nal OD but that's because the collar -- we're
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going to put the other --

MR. CARUSO. No, I'mtalking about the
whol e si ze.

MR. ENDERLIN. No, | can tell you exactly.
The one you're holding in your -- the perforated
plate, is 40 percent flurry and | believe the other
oneis alittle bit over 50. | have that data and can
answer it if you --

MR CARUSO Is there a hole size
associ ated with these?

MR. ENDERLIN.  Wth which?

MR. CARUSO Both of them Is it the sanme
nom nal hol e size?

MR. ENDERLIN:  No, oh, no.

MR. CARUSO No.

MR. KROTIUK: The perf plate is a eighth
of an inch.

MR. CARUSC Eighth of an inch, and this

MR. ENDERLIN:. It's five nesh screens, so
every five mesh wires is one inch. Go fromcenter to
center five, so it's about a fifth of an inch from
center to center on the wire. 1'd have to | ook to
tell you exactly what the gauge of the wireis. |It's

been awhile since | --

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

316
MR CARUSO  Cxay.

MR. ENDERLIN:. That's been detail ed.

MR KROTIUK:  Yeah, we have that
information, but not offhand.

MR. ENDERLIN: Ckay, this is just show ng
you an exanple which |I've passed around just because
everybody else in the audience wasn't going to have
ahol d of those. Large scale |oop capabilities, again,
|"mnot going to explain themall and the way we take
all the nmeasurenents. Briefly, we're recording
everything onto a personal conputer using Daisy Lab.
And we're -- the one thing | don't think I nmentioned
in the overheads now is we take our velocity using
mass flow rates, using Coriolis neters. So we're
taki ng i nto account the density and mass fl ow and t hat
allows us in our bench top to keep track of when we
start to see any change due to gas com ng out of
sol uti on.

For our pressure drop measurenents, we
have an array. The idea is when we're bel ow 150,
we' ve al ways got at | east two pressure transnmitters on
and it helps us watch if we're getting any difficulty.
The zero to 2770, | mean, that's 100 psi. W've
scal ed that right nowto 0750, so when you were aski ng

what our total capability is, we can rearrange those.
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The zero to five is mainly used for the screen and nmay
be used if we go to even |less material.

Mul tiple pressure ports, t he
speci fications or function requirenents when we built
the loop were quite different than what we're seeing
intesting now So we have these two-inch increnents
t hat --

CHAI RVAN WALLIS: Let nme ask you, either
you or Argonne or both of you had consideration
fluctuations on flow rate or in pressure drop or
something at this -- although things were supposed to
be steady, there were fluctuations. Wy is that?

MR. ENDERLIN. Ckay, one reason is --
several reasons you may see that. |f someone does not
have where you get fully devel oped flow -- these are
things |'ve |l earned fromreadi ng your books as we say
-- S0 but as you go downstream 10 L/Ds that's -- ASME
standard is 2 L/ Ds upstream 10 L/Ds for doing val ve
and conponent. That's to allowthe flowto fully
devel op. Ckay, there will be sone transition zone as
the fl ow begins to devel op | eaving the bed. So as you
change vel ocities, you can get that transition zone to
change, that's one thing.

The second thing it will create is if you

calcul ate the Reynold' s nunber which sone of these

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

318

tests are being done, if you're in the range of
transition flow, then you know, just any slight
vibration in the building, the heating system going
on, soneone | eaning on the pipe, you can begin to see
high variations. W have not seen that high a
variation in nost of our tests in a large scale.

Downstairs we'll start to see it as we
start to get some gas accunulation at the higher
vel ocities and hi gher pressure drops and we begin to
see sonme sheddi ng of air bubbles or build-up on the
debris bed. So there are a nunber of things that can
expl ain based on fluid dynam cs for that variability
ot her than just the instrunentation.

CHAI RVAN WALLI'S:  Well, | don't know, |
don't have it right here, but there seens to be in
sonme tests, quite a considerable fluctuation on flow
rate. | think it was your tests.

MR. ENDERLIN: Yeah, | don't know if we
reported any of those.

CHAI RVAN WALLI' S:  Just go on. W'l take
that up later.

MR. ENDERLIN: Ckay.

MR. TREGONI NG Were these non-pl anned
fl uctuations?

CHAI RVAN WALLI'S:  No, they were supposed
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to be steady flow and the flow was fluctuating. It
was either Argonne or yours but | don't have the right
pi ece of paper here, so | can't tell you.

MR. ENDERLIN: If you find that and just
reference the Quick Look Report.

CHAI RVAN WALLIS: Right, that's right.

MR. ENDERLIN. Okay, in situ debris height
nmeasur enent s, we have a nethod now, opti cal
triangul ation that was not in place for nost of the
Series 1 test. We have vi sual observations of test
section walls, so those are in situ and we refer to
t he vi sual as manual mneasurenents just for referencing
them So you've got optical triangulation, which Il
explain later but basically we take a photo and do
post - processing. Visual observations are | ooking
basically at the effects of thewall. W really can't
see the center of the bed with any accuracy.

And then we take manual measurenents;
whileit's still inthe test section, we take detail ed
post - bed neasurenents. And |I'Il say right nowas |I'm
going to conpare that you are going to see sone
significant differences between optical triangulation
whi ch you can do the center of the bed, and t he nanual
nmeasurenents. Okay, this is just to enphasize our

operating conditions. W can pressurize the loop to
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150 psi. W don't need that. That's just standard
code for building, for nost of the piping systens.
It's 150, 250 and you nobve up, so we're at 150 and
we're able -- we use a Argonne cover gas with an
expansion tank that all ows us to pressurize the system
after we formthe bed to put the stuff -- the gas into
solution, anything that nmay come out as we go to
hi gher pressure drops. The cover gas system using
Argonne was just to help after we degas water to help
reduce additional gas absorption.

Tenperature control is 60 to 185 degrees
F. The 185-degree limt is basically our
pol ycarbonate test section. W've put it under
testing but just -- it really begins to creep as you
begin to go up to 200. And the main reason for the
tenperature control is we can alter the fluid
properties, density and viscosity. Velocity range is
.02 to two feet per second with the current punp. W
can go |lower but we have to put in a different mass
flownmeter and a different punp to get control on the
flow. The velocity is controlled mainly using a VFDon
t he punp but we do have a pinch val ve that we have to
throttle and we use just a neoprene pinch valve so
there's nothing to hold up and catch material .

Filtration systemwas added. It will be
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nor e apparent when | show sone of the flow history of
why we have it, but a big question we had when we
started this test is when | take a data point being
able to report to the NRC what the nmass was on the
screen at that tine, whichis one way to do it, versus
wanting to |look at accunulation of the masses. W
i ncrease the velocity.

So what the filtration systemall ows us to
do when its full capabilities are there, is that we
can run -- say the bed is conpletely -- this is al
the material we want retained onit, and at that point
we can then filter out anything that's in solution.
Then we can start running back to an open | ook system
with no filtration or we have the ability to nowgo to
a second set of filters that says, "Ckay, let's begin
to capture naterial that may be | eaving the bed", and
then through that we can begin to characterize for
exanple, if we got to Cal Sil saturation or sonething,
that as you go up in velocity, is the bed | osi ng nmass.

So as we | ook at these ranp ups and ranp
downs ot her than bed hei ghts which we're now show ng
are changi ng, how do we know exactly what the mass is
there? And again, that's mainly for the purpose of
trying to create ideal conditions for doing the

correlation. And again, | believe you nentioned about
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reduci ng uncertainty. This is a way that we'd talk
about reducing uncertainty, is that there's nore
par anmet ers you can control or if you know, uncertainty
inthe mass initially is what | dunped in and what |
retrieved, | have an uncertainty that it's anywhere in
bet ween some m ni mum bed height to higher. 1f | can
begin to know exactly what's on the bed, it's a way of
reduci ng uncertainty.

CHAI RVAN WALLI'S: Do you, in your backup
slides, have a plot of the output of the pressure
t ransducer ?

MR. ENDERLIN: No, not with ne, | don't.
You' re tal ki ng about pressure transducer as a function
of time?

CHAI RVAN WALLI'S: To see how fluctuating
it was, yes.

MR. ENDERLIN: Qur fluctuations, again for
what we'll call the pressure transducer that we're
using, ona-- it's sanpling at, | think, 10 hertz and
recording at 1 hertz. Qur fluctuation is at steady
state or less than two percent change.

CHAI RMAN WALLIS: Ckay, so it's not you.
Sonmebody in what | was reviewi ng had a fluctuation of
50 percent or so. | was really surprised. | can't

tell you who --
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MALE PARTI Cl PANT:  Your pictures don't

show any transducer results.

MR. ENDERLIN: No, not at that nonent.
That wasn't a request to put in them at the nonent.
If that's a suggestion fromthe ACR, |1'd be nore than
happy to find out what other things you think should
be in the Quick Looks. And what we've actually done
to those Quick Looks is you have the | atest copi es, as
we've -- like bed height neasurenents or deterni ne
anot her paranmeter, we go back and try to add it and
update the whole suite of Quick Look Reports.

DR BANERJEE: Are these flush nounted
transducers or how are they nounted?

MR. ENDERLIN:. No, they're delta P
transmtters and so what we're using is as we go up to
hi gher tenperature, they' re belowthe entire test | oop
and so what happens is they're flushed. W have a
t hermal couple down at the manifold. The assunption
is that all loops will heat up the sanme, they're not
next to anything. And then they're basically a tubing
running up to the pressure port and there's two ports
on either side of the |oop, to help eval uate agai nst
cl oggi ng and stuff.

DR BANERJEE: So the little vortex that

forms doesn't clog with --
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MR. ENDERLI N: No, we -- when we first

started testing, it's not debris, it was sone
constructions things they'd left in we had to go cl ean
out but we actually take those apart and we check t hem
to make sure that we're not getting plugged. Two, we
have a cross valving at the transducer, so

periodically during testing we make sure we check our

zero. And that's our other way to make sure that our

DR. BANERJEE: You don't have any purge or
anyt hi ng?

MR. ENDERLIN: No, we do. W purge into
the loop to keep from drawing material in. So we
periodically purge and the only thing we do there is
we try to prevent that once test is going where you
have to take a little bit because that purging wll
change the tenperature fromcol |l ate correcti on when we
go to hotter tenperatures. So now, | do want to
stress that the tenperature difference between that
thermal couple and the Series 1 test was mnimal. It
wasn't a lot. But the Quick Look Reports, as they
stand now, have not had tenperature correction done,
okay, between the tenperature in the | oop and what we
have.

So as you go on in ranmp ups and you | ook
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at those, there is a slight tenperature gain and we
are correcting for it. W just -- in those Quick Look
Reports, it hasn't been done yet.

DR BANERJEE: \Where?

MR. ENDERLIN:. If your loop is, let's say,
warmer than the tenperature of the water from the
transmitter up to the port, the pressure port, | have
to do a tenperature correction. That has not been
done in the Quick Looks yet.

DR BANERJEE: But it's a small anount,
right?

MR ENDERLIN: It's a small amount in
these tests. | just want you to know that you start
to see slight changes. As we go back and review,
there may be one or two real high pressure drop we ran
for awhile where things began to heat up a little
nor e.

kay, debris hold-up, again, these are
things we | earned fromdown in our test ook and |'11
show you again one of the problens we had, but
initially we were having a real problemw th what went
in, getting it all the way out and not finding it on
the walls, nor visually seeing it. You know, what
we've seen is that the CalSil -- you can filter it

out, it's still the size | can filter, but visually,
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| can't determne, | have no instrunents froma vi sual
standpoi nt other than naybe a |aser attenuation or
you'll see some -- dilution is -- we have high
dilution in ours and that was one thing that's
di fferent between the ANL | oop, when we start talking
recirculations, time at fl owversus recircul ation, our
| oop takes about twice as long to recirculate, the
same velocity.

Ckay, so things that we wanted to nake
sure that we didn't | ose our debris and cut down on,
certainly we want to retrieve the mass, is welded
fittings versus just flange, customcut flanges, pinch
valve for throttling the fl ow and where we have t hese
other legs of pipes that we go off the filtering
We've try to minimze the dead | egs on those so that
we don't have a long length of pipe that my be
accurrul ating debris. W do have it so we can take the
| oop apart and inspect it, but it would get very
costly if we were trying to do our cl eaning procedure
bet ween every loop. So we've taken a |ook a feel we
have sonething that's controll abl e now.

| would say that in a couple, the first
seriesteststherewasn't alittle construction debris
or sonmething in there. W were still working out our

systemat that time. And | think that's been stated
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in the reports where it's an issue.

Okay, so this just gives a quick schematic
of the loop. The thing that we're going to tal k about
next that | haven't talked about is our debris
injection systemwhich | think is different than the
other labs are using at the nonent or was used
previously. It's a vertical test section. This is
just showing we've got nmultiple ports. The data in
there, I think it states in the Quick Look Reports,
while the standard is 2L/ Ds upstream we've been
taking -- nost of the data has been reported at 10
L/Ds. Just we get a stabler reading and if you take
the average, we can't detect the difference that the
velocities were at in -- you know, what is that four
feet of pipe or so.

W' ve got a chiller unit punp and then
dowmn here we're just representing -- this filter
systemis actually three parall el pass; a bypass | oop,
asingle filtration for filtering out material at the
end of what you call bed formation, and then anot her
| oop that shows filtration for the purpose of while
you're testing. It's just represented on here by a Y
strainer. It was just our concept that we needed sone
formof filtration. So this is where this deviates

fromthat.
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kay, the debris injection system it's a
cl osed systemso what we're going to do is we're going
to load material in and then we can control the flow
rate at which this goes into the loop. So we're
nmonitoring at what rate we feed into the system \Wat
we also did in the bench scales, we were trying to
determne the critical velocities for settling and
resuspension to help design our |oop and know what
flow rates we being to get in problens when we
recircul ate.

CHAI RMVAN WALLIS: So you introduce a
slurry, debris is already m xed up with sonme water.

MR. ENDERLIN:  Yeah, I'Il talk about --
the preparation method no the bench top is very
simlar to what ANL and Argonne did -- LANL did and
the initial -- which I'll talk about next, the debris
preparation --

CHAI RMVAN WALLIS: Did you have it in a
beaker or sonething, you just pour it in?

MR. ENDERLIN. Well, I'Il explain that
here. So the preparation nmethod is going to be the
same using the pass. Now we create this concentrated
slurry, if you will, in the blender. Gay, then we
have t hese 160-i nch |i nes which we pour the water into

the line and then there's actually a snall residual
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air bubble that won't | eave the systemthat we use and
we agitate the line. So we have two lines that wll
beconme nore apparent in the next drawi ng, but two
lines that we can put the Nukon in one CalSil in the
other. That was the reason it was created, so we
coul dintroduce constituents separately w thout havi ng
them be effected in the concentrated slurry.

W put it in there and then we agitate
that through the whole hose. Visual inspectionis
what we're relying on, that it's been m xed and we're
relying on results in the bench top | ook that this has
been able to create repeatabl e beds.

CHAl RMAN VWALLIS: So it's pretty well
m xed - -

MR. ENDERLIN: Init's highly dilute --

CHAI RVAN WALLIS: -- when it goes in. It
hasn't had a chance to settle out and --

MR. ENDERLIN: No, and the concentrated
slurry. One reason is the concentrated slurry, from
the time we mx it, it's agitated -- it doesn't all ow
to set. You put it in the blender, you mix it and it
imrediately it's being agitated continuously, goes
into the hose and then the hose is agitated with a
significant anmount of nanual agitation and we j ust

have -- that's what interns are great for, we have
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them sitting there and we keep it noving until it's
time to go. So, you know, at the nost | would say
we' ve never had stuff in the injection Iine for nore
than 10 to 15 m nutes before we start to introduce it
into the | oop.

The dilution rates | put in there just
because, you know, those are an issue to us if you
were trying to inject the concentrated slurry and had
t hi ngs beginning to clunp. Those cone from what Bruce
at LANL said, they started with as kind of a guideline
which is the -- | think we took off the ot her nunbers.
It was what, 140 grams in five gallons? |Is Bruce
her e?

CHAI RVAN WALLIS: It looks like a |ot of
wat er conpared with the --

MR. ENDERLIN:  Yeah, so that was his
gui deline, that you're always nore dilute than that
and that was the guideline for the Series 1 test and
our initial -- again, our initial developnment was
pi cking up on what LANL had | earned to date. There's
nothing else nore critical than that, than soneone
showi ng t hat worked, and so we set it as a guideline.
W were able to develop a systemthat worked to it.

Again, throttling val ves are upstream of

the nmass flow W originally wanted to record the
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mass flowrate into the systembut using the Coriolis
neters, even with very dilute fiber in the snaller
Coriolises this material will plug. That's just an
observation, but you know, a three-inch Coriolis, for
exanpl e, does not have three-inch ports. kay, so
when you tal k about a one-inch Coriolis, they're |ike
three-eighths -- two parallel three-eighths inch parts
t hrough there and those will see the effects of the
fiber.

DR BANERJEE: But these are not these
t hrough-fl ow ends that --

MR. ENDERLIN. No, they're d-tube style
m cro-notion Coriolises. They're not straight tube
like N --

DR. BANERJEE: Yeah, they're d-tubes,
right?

MR. ENDERLIN: Yeah.

DR. BANERJEE: But they aren't full flow

MR. ENDERLIN: No, they're parallel d-tube
nodels. No, they're not full port, when they say a
two-inch, it's two -- you know, when you say a two-
inch one, | think it's two seven-ei ghths ones or, you
know, it matters what year they created. The nodels
are slowy getting better now. They' ve gone to the

straight tube. So those throttling valves, if we were
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to report or you were to see values of water flow or
velocity, that is prior -- the density there is still
nmeasuring just the straight water upstream of the
mat erial being infjected. And a little nore clarified
show the picture of it.

Sothe bigthrottling valve is not used to
control the velocity in the |oop as we do additional
velocity. |It's there for bed formation to creates a
pressure drop so that we can drive fluid into the
injection loop lines. Currently, the injection |oop
lines we put it inat, |I think, .8 neters per second.
And again, if we wanted to change dilution or reduce
dilution, we can change the length of those |ines.

W' ve got three mcro-notions. This is
positioned -- technically, this is downstream our
mcro-nmotion. This is just a schematic from when
originally we were putting the |oop together. This
m cro-nmotion now exists downstream of the screen.
Ckay, and the reason for this is it sees the nass fl ow
rate inmmediately after the injection. The other
m cro-notions are there basically so we can control
and repeat the water velocity going through the
i njection lines.

Okay, now we'll probably get into nore

guestions here. Wiat we're tal king about here are
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debris bed paranmeters. And these are things when we
started to do our pretesting of what our goals were.
Agai n, one of the questions when we see -- when we
started to see the initial data that had been done and
read sonme of the past work, the question was, is this
really randommess in the debris beds or is it just
different initial conditions? You know, | bring back
to sone of the things, is flipping a coin really
randon? |If you could nodel it if you know exactly the
initial conditions, you can begin to guess a | ot nore
of -- or predict, | don't want to say guess here. W
want to predict alot nore of -- with better certainty
whether it's going to show up heads or tails.

So i n desi gni ng t he experi nments, we want ed
to mnimze experinmental uncertainty and again,
identify the paranmeters. W did certainty analysis
ahead of tine to determ ne which instrunents we m ght
want to inprove, instrument uncertainty and then
determ ned what the inportant paranmeters are and
initial conditions so we could control them

Again, a goal of ours is to get
statistically significant results. And again, we
wanted to assess the true variability of the process.
When you begin to narrow down or get nore control over

those initial conditions, you begin to see the
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variability come down and say, okay, if | have these
initial conditions, the debris beds are much nore
repeatable. kay, | can take sonmething that may show
you 100 percent variability and bring it down to 10
percent. So identifying what is the true variability
versus uncertainties in nmy neasurenents.

So that was done to design the
experiments. And then once we said, okay, we've
identified those paranmeters, we need to develop
procedures so that no matter who's running the test or
different conditions we can create conparable tests
and we can create repeatable tests. So we're trying
to drive to nmaxim ze repeatability of these.

The next bullet thereis basically just --
what we have here because the ot her slides kind of got
noved out --

CHAI RMAN  WALLIS: This business of
providing statistically significant results m ght | ead
to a lot of experinments if there's a great deal of
variability dependi ng upon how the stuff nixes and --

MR. ENDERLIN. Well, what we do is -- and
"' mnot the expert in the statistics. W have at PNL
a whole group of people that do nothing but
experimental statistics. And the reason | bring that

up is sonetinmes you'll watch people do paranetric
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tests where they' re taking 20 tests to | ook at a curve
that, | ook, if you guys give ne four |I can define the
trend.

| need you to go down here and repeat a
test 10 times, or | need you to repeat these three
tests each five. So when we state significantly
significant results, you know, when we first started
out in ny career, | renmenber a nunber of times you go
to the statistician. They say, "W ran 100 tests. |If
you'd have run 75 it would give you the answer, but
need you to repeat three cases 25 tinmes." So we're
trying to get some statistical design up front in
doi ng our experinents.

CHAI RVAN WALLI'S: The problem | see is
that if you |ook at sone of your tests and conpare
them with LANL's tests, you have a significant
di f ference.

MR. ENDERLI N:  Yes.

CHAI RVAN WALLI'S:  Now, suppose you did the
sane tests. That tells ne that there's sone
statistical variation if it's really the sane tests.

MR. ENDERLIN. | think --

CHAI RVAN WALLIS: This is the sane test
and you know, if it's |ab specific or |oop specific or

something. That's a different nmatter.
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MR. ENDERLIN. | think what we'll show you

later is that there are sone different initia
conditions and we really didn't test the sane beds.

CHAI RMVAN WALLIS: You're going to show
t hose to us.

MR. ENDERLI N:  Yes.

DR. BANERJEE: Are you al so taking -- when
you take these sanples out and you | ook at them and
you neasure things, do you cross-section themand take
sone --

MR, ENDERLIN.  Well, I'lIl get to that. W
have -- the very first -- there are plans to do that
and the NRC has finally directed us to do that. The

very first thing was to determ ne what it takes to do

that. And then there will be sone questions of -- you
know, because our plan was -- an option was to do TEM
SEMto evaluate these both for -- and I'Il tal k about
that later. | don't want to get off on a tangent

her e.

DR. BANERJEE: But there is sonme way for
you to determ ne that what you're doing is actually
repeat abl e by | ooking directly at the sanpl es.

MR. ENDERLIN. There's a nunber of things
that we'll tal k about here that we're doing to assess

repeatability and that is one of themand we'll al
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have to consider together, you know, here's what we
know, here's what we're proposing. | can't say we' ve
taken it to the end that | have five sanples, | can

sit here and showthey're all repeatable yet, but that

is a plan to assess it that way.

MR. TREGONING And just so it's clear,
there's no real -- you know, within certain
constrai ned variables, there's no necessarily right
way or wong way to conduct these tests. Certainly
the tests that LANL did was within the real mof
possi bl e conditions, you know, the way these tests
could be run to be sonewhat representative. So what
we're really trying to do in the PNNL |loop are
understand what conditions can Jlead to those
differences and try to characterize those. But
because there's no ASTM standardi zed procedures on
doing this, that kind of precursor work is really
necessary.

MR. ENDERLI N:  Yeah, and again, you know,
we didn't have to start out -- Bruce was very
instrumental in helping us in the very beginning to
say, here's what he's |l earned, so sone of the initial
conditions we're identifying are based on experiences
| earned at LANL.

|"ve put the last bullet in there as a
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poi nt just we hadn't nmentioned and we had gotten rid
of the other slides on that. But the Nukon and the
Cal Sil we're using are the exact -- from the sane
vendor, they're fromthe sane | ot, shi pped on t he sane
day to Argonne and us. So that we had sone control
and ability to say, you know, "Here's what we're
using", and if you go back to the vendors and talk
about Cal Sil, if you have a sanple of CalSil in 1970,
sanple of CalSil in 1980, to 1990 to 2000, or even
from batch to batch, based on the fiber content and
now they're using cellulose, | believe they actually
used -- and Bruce can help me out here -- they
actual ly used asbestos at one tine. So they're using
the -- was it calcium-- calciumsilicate and what's
t he other constituent in there?

MEMBER SHACK:  Sodium silicate.

MR. ENDERLIN: Okay, and that's the bulk
of the insulation material but to give it its
structural strength, that has changed over tinme and
froma thermal standpoint, it doesn't really matter to
them But what's showi ng up on your bed that material
can change dependi ng on what sanple --

CHAI RMAN WALLI S:  They have sone fibers in
it, don't they?

MR. ENDERLIN: Yes, they have a fiber and
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that fiber content has actually changed data and per
run, the volume or the mass fraction of that fiber in
there can change as they do quality control to neet

the structural strength requirenents.

So we've talked to the vendors at |length
about that and determ ned that we should at |east do
these tests. How nuch that may vary our debris, we
don't know, but we've tried to elimnate variations
bet ween Argonne and PNNL by using certified materials
from the sane |ot same production. Gkay, and the
Cal Sil that we use is not what was used at LANL. W
initially didour first assessnents with material that
Bruce sent us but that was in limted supply.

kay, these are debris bed paraneters.
|*ve al so defined themat tinmes as initial conditions.
These are things that we feel nake a difference when
you go to -- that soneone would have to know to be
able to say three beds are the sane. Ckay, nass
material introduce versus nmass of debris naterial
retai ned on the screen. The reason that's inportant
is for several reasons as far as what you put into the
| oop. The concentration at which material reaches the
screen can have an effect. You know, | like to think
we can all wal k through the door, but if we all try to

wal k through the door at the sane tinme, we can get a

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

340

di fferent build-up or bl ockage at that doorway.

Second of all is, this fiber as we prepare
-- do any breakdown has sone kind of distribution
You know, I'll say size distribution but how to
characterize the fiber is somewhat difficult. |If I
only wait till 10 percent of it is on the screen and
then | nove that out, | refilter therest. |[|'ve taken
nost |ikely the largest distribution, okay, so | can
obvi ously, change the perneability or porosity of that
bed. So knowi ng what went into your loop to try to
determine what the distribution is in that bed is
i mportant.

Then the next thing is what total mass is
on the bed, but just given the sane total mass that
paranmeter alone isn't enough to nmake sure you have
i dentical beds. The sequence the debris constituents
are | oaded onto the screen, 1'd |ike to hold questions
on that because I'mgoing to talk at | ength about that
and show you sonme data. But | will definitely say
that has a major inpact.

Debris material consistency, size and
distribution, that's simlar to what | talked in the
first thing, but again, how nmuch has this stuff been
di srupted i n LOCA, how have we bl ended or preparedit,

what is the size, is it poly-dispersed, nono-
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di spersed, and how is it distributed, multiple
constituents distributedthroughout the bed? The nass
rati o of the constituents in the debris bed, and then
that's pretty nuch we' re sayi ng bed formation and t hen
next one we have is the velocity at which you
introduce it to the screen, so that's velocity

hi story, the bed formation. W've done that two ways
in the Series 1 test, so they're not all exactly
repeated the same and it hasn't been quantified
exactly what difference it nakes.

Just so that you know, and | believe it's
reported in all of themis the very first test our
| oop was designed to i ntroduce the material at .2 feet
per second to the bed. But Argonne was doing it at
.1. On our .2 feet per second, we set a flow and
mai nt ai ned a punp speed. So as you built up material
on the bed, you would watch your flow go down as your
pressure drop across the bed i ncreased. Al nost all of
t hose tests were beginning to end with a pressure drop
on the order of .1, .9 feet per second. So we had a
vel ocity decrease during bed n we went to the .1 feet
per second to try to elimnate or alleviate settling
i ssues, we then changed punp speed to maintain a
constant velocity to the bed. So two different

scenarios that can be done, and there's multiple
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others you can to but just, you know, the Series 1
test, there are sonme slight differences there.

Ckay, then once your bed is formed, why it
is still considered an initial condition is because
every data point there, if we think of it as standing
ny

alone, if Bill goes in and says, m going to

conpare" -- Bill Shack goes in and says, "I'mgoing to
conpare a data point done at .3 feet per second", and
he's run it for an hour, that's one way of one flow
history and |I've only run it for 20 minutes but the
ot her one is, he may have run it for an hour and never
changed the velocity where |I've cycled up and down 12
times. W' ve shown both the cycle. The cycle seens
to have a greater inpact, it's still under
investigation, thanthe tine at flow So flow history
at which you're going to conpare data points is also
i mportant.

kay, this is -- we're now tal ki ng about
actual ly physically preparing the debris material. So
|"mgoing to pass this around. This is what we refer
to as "as received material", just as | talk and show
a few pictures and you see t he consi stency of the bed,
you'll get an idea of it. This is -- when we've had

some tests in the past, | don't believe you have any

data at the nonent. W've actually put this into the
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loop to say, "Ckay, this is one bounding condition
relative to debris preparation”. This is the materi al
that's been heat treated by the vendor and then it's
put through -- it's now put through a chipper. It
used to be a | eaf shredder.

Ckay, so we're getting nmaterial that
actually from the vendor the bag sent to Bruce was
di fferent than how they would send it to us now. So
the first thing we said is, "How are we going to
characterize that or if Argonne is going to run a
test, how do we know we have the sanme material, we
have the same | ot nunber"? So what we were working
was to cone up with guidelines on how we coul d nake
this, make it repeatable, and what are the
requi renents. | mean, we can sit here and tal k about
the formation. kay. Then --

CHAI RVAN WALLI' S: Excuse nme, you're only
using 15 grounds? | mean, isn't a | eaf shredder a
rather big thing for 15 grounds?

MR. ENDERLIN. This is to prepare a bag of
it. This is how!l receive it fromthe vendor in huge
boxes. Yeah, I'mtrying to show you what the initial
condition | get it inis.

DR. BANERJEE: It's a sanple.

CHAI RVAN WALLI S:  You meke kil ograns of it
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in this |eaf shredder?

MR. ENDERLIN. No, | don't operate the
| eaf shredder. \What happens is -- what happens is the
manufacturer is going to make this in three inch or
three and a half inch blankets. No one is really
going to buy that in the industry. So we've cone to
themand said, well -- and the utilities have cone to
them That was the reason it's done, "W need sone
mat erial that if you went through a LOCA, we need sone
material”. So what they're now doing is they take a
set of their blankets, record what the | ot nunber is
and they go out there and say this nmuch to get this
many cubic feet for Bill and this nany cubic feet for
PNNL", and they make that | ot.

Then they take it out to the | eaf shredder
and they do it and it comes in boxes. First it goes
into big --

CHAI RMAN WALLI S:  This goes through a | eaf
shredder.

MR. ENDERLIN: That one's actually been
t hrough a wood chipper. The |eaf shredder -- when
Bruce ordered his, they thought a |eaf shredder was
t he best i dea.

CHAI RVAN WALLIS: So it hasn't been

t hrough a bl ender.
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MR. ENDERLIN: No, no, I'mshowing it to

you know as you see the pictures to say why are we
doing this preparation, how are we characterizing it.
So they put it through the wood chi pper these days,
put it in a big plastic bag, stick it in a box and
ship nultiple boxes to Bill and to PNNL

DR. BANERJEE: So when you say the | eaf
shredder LS| think, or sonmething, that is com ng from
t hem

MR ENDERLIN That's called as received
material. As we go on and you see additional
information fromus.

DR BANERJEE: And VP is the vendor or
sormet hi ng.

MR TREGONING That's LANL notation, LANL
notation inthe screen penetration report that was put
out | ast year. They |ooked at two different types of
process, Nukon on its ability to penetrate screens.
Very coarsely processed Nukon which was processed
t hrough a | eaf shredder and then nore finely processed
which is the BP or the bl ender process. Bruce, do you
want to el aborate?

MR. ENDERLIN: Yeah, and we're trying to
be as consi stent as possi bl e bet ween LANL t er mi nol ogy,

so all of our work at the nonent is VP, except we have
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done sonme of the as received material. Go ahead
Br uce.

MR LETELLIER  Just a historical note,
back in the early days of the sunp bl ockage issue,
clear back to USIA 43, the very first debris
surrogat es were actual ly cubes of Nukon bl ankets that
were cut into blocks and thrown agai nst the screen.
And they were found to have very little head | oss
ef fect but as operational events occurred and as we
had surrogate data fromair jet testing, we needed a
di fferent mechani smfor generating | arge quantities of
surrogate, hence, the |l eaf shredder that gives you
fl ocs, anywhere froma fewfibers up to several inches
square of fibergl ass.

I f you tried to do sone head | oss testing
using the as received material what you're holding in
your hand, you will have a very difficult time form ng
uni form beds. And so we went to the next step of
bl ender processing. PNNL has refined that approach to
a very high degree so that they have very good
repeatability. They have very well separated fibers.
The next thing you could do is to actually manufacture
a filter out of fiberglass and use that for head | oss
testing. So there's quite a range of interpretation

for what is prototypical
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DR. BANERJEE: Have you thought of selling

this to the chemical industry as technology for
filters?

MR. LETELLIER Well, there are obvious
reasons that fiberglass is used for air and fluid
filtration.

MR. ENDERLIN. What |'mgoing to pass
around now, just so it gets around when | get to those
pictures is we have done sone tests with those and
what |1'm going to go and explain is how do we
determine how to prepare the material? Okay, if
sormeone were to say, "Wiat's going to get to the
screen", there's people working on transport, there's
what really exists in a LOCA. So we needed to cone up
with sonething for Bill to work on as correl ation but
we want to try to bound it in what would be rea
reasons to test. For exanple, if you |ook at the
Qui ck Look Report, you're going to see testing up to
750 inches. That was to match the sane matri x
vel ocity-wi se that LANL did.

Qur future testing will pretty much be
truncated at 405 inches, because we don't need on
these suction punps to do over one atnosphere of
pressure drop neasurenments. | nean, gane's over for

the nost part. So what we've done is we've come up
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with a preparation and in open |iterature, what we had
found is in nost of tests in which they had done
simulated -- and I'm not famliar with all the
term nol ogy that they use, but in using water jets and
stuff to disassociate blankets of Nukon and then
passi ng them through different transport scenari os,
their claimwas that nost of the stuff disassociates
into pretty small fiber or small clunps of fiber but
the pictures that we saw after they had taken a pool,
let it settled, decanted and then dried the materi al,
this stuff was just a very uniformdispersed filmon
the bottomof the tank in the pictures we saw.

So based on that criteria, we thought
there was a basis for disassociating the stuff nore
that the as received nmaterial. This would be in our
test matrix, again, | want to keep renenbering that
the test matrix has been built to date on target, in
ot her words, the introduction of material into the
| oop. Ckay, so this is the thinnest bed we nake based
on the test matrix. So based on that, to start saying
how are we going to prepare this nmaterial, we needed
to bound it and come up with some requirenents.

So these are the five requirenments of
whi ch our debris preparation process has been based

on. The fiber debris material nmust forma debris bed
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on the specified netal screen or mesh. If it's going
right through all the tine and a bed never forns,
t hen, you know, that's not really what we're trying to
do for the NRC. The debris bed is uniformin
t hi ckness and internally as consistent as possible in
a radial direction. Again, whether someone is trying
to say that's exactly what happens in the LOCA, we're
trying to make sure that that pressure drop is over a
uniform bed that we can well characterize versus
| ooking at sonmething that in the radial direction
| ooks different or circunferentially | ooks different.
So that becane a requirenent that the bed shoul d be
uni f orm

MR. TREGONI NG Hey, Carl, sorry.

MR. ENDERLIN: CGo ahead.

MR.  TREGONING Frane of reference
guestion; the debris bed that's bei ng passed around do
you recall what sort of pressure drop, maxinmm

pressure drop was neasured over that bed? That m ght

be illumnating as it's being passed around.
MR. ENDERLIN. | could pass a -- if you
give ne a second, | can tell thema Quick Look Report

that that would conpare to.
MR TREGONI NG  Ckay.

MR. ENDERLIN:. Do you want nme to take a
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second to do that now or just wait till the end?
kay, | have a picture. It's on the order of, |
believe, 178 grans per neter squared. It's also in
that test matrix that Bill has. It would be the

| onest | oading. And the pressure drop neasurenents
are pretty snall

MR TREGONING We'll come back to it.

MR ENDERLIN:. Yeah, | think | have a
slide, | can showyou a sim|ar bed when we get to the
backup slides would probably be the easiest thing to
do.

Okay, Requirenent Nunber 3, the uniform
debris beds fornmed over the range of debris | oading
specified by the proposed test matrix. So Bill is
saying, here's a loading we want to look at. W
wanted to make sure, will | be able to nmake the thick
bed? Can | still make the thin bed? If | make the
thin bed, does that nmean it becones very non-uniform
at the higher loading? So we're |ooking for a debris
preparation process that will give us very consi stent
beds regardl ess of the anount that we' ve | oaded in the
bounds of the test matrix.

CHAI RMAN WALLIS:  1'm | ooking at say, Test
6E. You have 18.51 grams on the screen. This one

says initial Nukon mass point, page 7.
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MR. ENDERLIN. Ckay, the first thing I

want to point out is, can you hold up the six-inch

screen. That's done in the bench top |oop. So |

don't pay any -- | don't to nenory or pay any
attention to the anount of grans. |It's all nass
|oading for ne. It should report what the nmass

| oadi ng was.

CHAI RVAN WALLIS: Well, this says initial
Nukon mass .87 and the experinent was 18.

MR TREGONING It also gives you a nmass
per unit area.

MR. ENDERLIN:. Yeah, the 18 grams is
purity for that. The anmount introduced and --

CHAI RVAN WALLI'S: Where does it say --

MR. ENDERLIN. I'Il get to that when we
get to the backup slides but again, keep in mnd nmass
| oading is how we conpare these.

CHAI RVAN WALLIS: | don't see any | oading
here.

MR. ENDERLIN. Are you | ooking at the
Qui ck Look Reports?

CHAI RVAN WALLIS: Oh, gram per neter
squar e?

MR. TREGONI NG Right.

MR ENDERLIN:  Yeah.
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CHAl RMAN WALLIS: And this is 100, so this

is 15 times this. So this is a pretty thin --

MR. ENDERLI N Yeah, that is the | owest.

MR. KROTIUK: Yeah, |'ve been trying to
make sure that we report this stuff in mass per, say,
screen surface area because ot herw se, you know, you
have a six-inch screen or a four-inch screen or a 10-
inch screen, so this one sort of you would be able to
conpare themone to the other.

CHAl RVAN WALLIS: Well, this stuff is
felting. It's actually pushing its way through the
hol es.

MR. ENDERLIN: Yes, that bed did go -- at
the time we were doing that, it was fairly high
pressures to retrieve the beds, you know, and that
went up to fairly high velocities. V& were
interested at the tinme of would we see that rupture
after formng the bed so we could report to Bill for
the pressure drop neasurenents, not to be picking
velocities in which we can't retrieve the bed, maxi num
vel ociti es.

Beds that thin, | know, can go to over 150
i nches and the channeling, just going off the top of
nmy head, | think is on the order of 250 or so inches.

It's not real consistent but channeling will usually
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happen right at the pipe wall.

CHAI RVAN WALLI S:  But you've got a | ot of
data which is high pressure than that.

MR. ENDERLIN. Again, those are thicker
beds nobst of those. Okay, Nunber 4, the debris beds
generated for a given conposition and target debris
| oading give us repeatable physical perfornmance
characteristics. So we wanted to nake sure that
what ever our debris preparationis set, we can control
and we can produce a repeatable bed. Part of our
repeatable bed was that we could go in and get
repeat abl e head | oss nmeasurenents in our bench top
| oop when we started the process.

Ckay, and Nunmber 5, now this says, once
have these requirenments and create the bed and neet
the matrix, again, as I'mgoing to talk | ater about
t he | oadi ng procedure, or | oadi ng sequence, we need to
neet the NRC specifications for the debris bed
conposition to be evaluated. |In other words, are we
| ooking for the one that nakes the highest pressure
drop or what | oading of constituents because again,
our debris preparation is based on Nukon only and the
debris preparation for Cal Sil only.

So these fiverequirenents are if we start

| ooki ng at backup slides, you'll see at the top in the
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title, you'll see requirenment. It nmeans those tests
were done to show we net, you know, either
Requi renents 1 or 3 through 4 or sonething like that.
So that's when you see the word requirenents
t hroughout, it's referring to these five and it was
this guideline that we cane up with our nethod of
devel opi ng debri s.

Ckay, the results of the initial matrix
have sonme backup slides but the matrix were originally
based on using dry material. Okay, and this takes a
very long time to eval uate thi s because you have to go
to the oven. So what we were | ooking at is what can
we doif we try to do sonmething that's nore of a quick
gqualitative test. And again, you know, | don't know
of any standard way to characterize the fiber. W
tried totalk to people in industry and they coul dn't
give us nuch other than going all the way to SEM or
somet hi ng.

So to decrease the evaluation tinme, we
came up Wwith a netric in which we prepare the
material, and then we pour it through a screen. It
has a set size and the idea is to continue to pour so
this is something you have to take a little bit of
time to train your operators, but in devel oping the

matri x, we prepare it, come up with a blender tinme is
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what we're after and it blender sensitive. That's
what led to this, but we were able to show three
operators can go in and repeat this test. So three
di fferent people can go in. They can run the R4 test
after people have had a little bit of training. This
isthe way we're doing it. And they can independently
get roughly the sane R4 val ue.

CHAI RMAN WALLI S:  This nust depend on how
much stuff you try to pull through

MR.  ENDERLIN.  Well, you saw those
concentration limts | had initially for putting in
the loop. There is -- that concentration limt also
exists to what goes into the blender. Ckay, so
there's alimt. Wen w -- if | prepare a five -- |
have a one-liter blender let's just say. There's a
[imt to how much material you can put in there. You
can only get it so concentrated before you're outside
of the bounds of doing the preparation procedure.

Okay, and then the R4 val ues, so that you
guys understand, is plus or mnus one. kay, if we're
| ooking for an R4-11, we accept 10 to 12. Ckay, and
R4 value of 10 is giving us very close to within 10
percent of head | oss --

CHAI RVMAN WALLIS: What's an R4-11? It's

t he Nukon plus the water divided by the Nukon.
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MR ENDERLIN: R ght.

CHAl RVAN WALLIS: How could it be 117

MR. ENDERLIN. There's 94 percent of that
mass that's on there is water. So as | said, it's not
something that we're going to go patent and sell an
i nstrument on because a | ot of what |'m neasuring --

CHAl RVAN WALLIS: Then you'd pour nore
stuff on and nore Nukon woul d get held up. It doesn't
matter. This is not the really inportant stuff.

MR. ENDERLIN. Right.

DR. BANERJEE: They're just trying to
characterize it.

CHAl RMAN WALLIS: Right, they're trying to
characterize it.

MR. ENDERLIN:. Yeah, the nethod has worked
in the bounding range that | gave you with the five
requi renents to show repeat abl e beds that for a Nukon
bed, | can nmake five beds and they will all be within
10 percent head loss for any given velocity.

MR TREGONI NG Yeah, the evolution LANL
hi storically had devel oped net hodol ogi es and netrics
so that they can insure that they got relatively
uni form and repeatable beds. Al we're trying to do
is take that same phil osophy and make it a little bit

nore gl obal and portable so that any |ab or any
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operator with any particular blender could recreate
the same type of result. So that was really the
genesi s and t he phi |l osophy behi nd this precursor work.

DR. BANERJEE: |If you dry these out or
what ever, do they showlike little fibers when they're
dried out?

MR. ENDERLI N:  Yes.

DR. BANERJEE: And can you neasure their
| engt h?

MR. ENDERLIN. That's the question. Yeah,
if we go to SEM that would be one way to do it. The
other way is to try to take a digital picture and do
some -- using a software analysis. W have not done
that at this tine. That's something, when we're al
done with the process and it's been deterni ned
acceptable, we can do a final characterization

DR BANERJEE: So these are -- each of
these fibers is now free of its coating or whatever?

MR. ENDERLIN. No, well, the organic

coating, and I'mnot a chemst, will depend on the
boiling, | believe.
CHAI RVAN WALLI'S: | think that's already

been taken off, hasn't it, before they send it to you?
MR. ENDERLIN. Well, that's heat treated.

MR. TREGONING Again, it's heat treated
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inthe same way that the | CET product was where i s was
single sized --

CHAI RVAN WALLI'S:  You're doing this very
nmeti cul ous repeat abl e preparati on wher eas what you get
in the sunp of PAR is very irrepeatable and --

MR. ENDERLIN: Yeah, again, | said our

goal was to make sure we got controlled environnment

and - -

CHAI RVAN WALLIS: If | did a test where |
didn't use the sanme blender, | didn't use the sane
process, | mght get quite a different answer.

MR. ENDERLIN: And |I'm going to show you
that and the nmethod that you | oaded it, yeah.

DR. BANERJEE: But maybe, that's what |
was asking, if you could take a dried sanple and
nmeasure sonme paraneter related to that, which gives
you sone idea of --

CHAI RVAN WALLI S: Fiber length or neters
squared per cubic neter --

DR. BANERJEE: Sonet hi ng.

CHAI RMAN WALLI'S: -- surface or something,
yeah.

DR BANERJEE: You woul d know at | east
whet her the bl enders that you' re using are t he sane or

not or giving you different results. Another way,
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often these suspensions of fibers on the shear, do
show fairly non- New oni an behavi or and you know, in a
guantitative visconeter.

MR. ENDERLIN: Yeah.

DR. BANERJEE: You m ght be able to get
something to characterize themlike a shear viscosity
or sonething like --

MR. ENDERLIN. We've done a first attenpt
at that. The question was, what concentration do we
doit at and at the nonent, since this was working, we

didn't pursue that any nore. W were | ooking at both.

Vell, we don't expect the particle sizer -- | mean,
lots of tines people say, "Wll, the vendor says it
won't work"”. It won't work for what the vendor

intended it for but it will give us a nmetric by which
to neasure it. So we | ooked at particle sizing and we
did go to a rheoneter, but at the nonment, messing with
the concentration, | think we need to go to much
hi gher concentrations and | didn't want to take a
tangent once we found sonet hing that worked, but that
i s sonething we | ooked at.

DR. BANERJEE: The thing is, eventually,
you're going to have to characterize those particles
sormrehow or the fibers sonmehow by | ength or sonething

and there are theories which for nore concentration
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suspensi ons probably can relate the | ength of the
sl ender body. It's not quite a slender body but on
the sheared line to the shear viscosity. There's
vari ous viscoel astic paraneters.

MR ENDERLIN:  Yeah, we're interested in
any information and trying to cone to a consensus of
how we shoul d characterize the fiber.

DR. BANERJEE: Sonehow you're going to
have to do it.

CHAl RVAN WALLIS: Well, you have to
because, | mean, once you get down to fibers which are
average length less than an eighth of an inch, you
keep bl endi ng and bl endi ng and bl endi ng them they'l
probably go through the screen.

MR. ENDERLIN: Well, two things on that.

CHAI RMAN WALLIS: -- fromwhat you started

MR ENDERLIN: Yeah, | can talk to that
some. So on our R4 nmetric we say exactly what you say
is, if you see a pressure drop begin to increase with
R4, continually, eventually you get to a point where
you don't forma uniformbed and if you go back to t he
requi renents, that's how our R4 was selected as we
began to eval uate and say, "Ckay, as | do R4 and | get

finer and finer", okay, and that's one thing |I bring
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up that the R4 that created the value that we used on
the five-mesh screen, it may be that | can still get
uni form beds by going to a lower R4, lower R4 is nore
finely blended material, because the holes are
smal | er.

The other thing we've seen in our very
first SEMpictures we took is that -- and you can see
it when you just do an R4 test, that you don't need --
particles that are |less than an eighth of an inch or
that screen mesh can make it. \Wat happens is they
hang up at the corners of the square and you get
bridging, classic bridging. |If you |look at the bottom
of them it alnost |ooks |ike a honeyconb beehive
where you've began to get the bridging around the
corners and t hen your high fl ow down the center of the
port gives you a little bitty hole when you | ook at
the bottom It |ooks Iike you ve had a bunch of
cutter bees that have conme to the bottom of your
debris bed. So smaller fiber than just that size wll
start to forma bed.

MR. TREGONING Let ne try to clarify and
Bruce can speak nore eloquently than | on this but the
bl ender does two things. There is sone chopping that
occurs, certainly, but the primary effect of the

bl ender, at least in my opinion, is to untangle or
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hel p di sassoci ation of the individual fibers so that
when you get it inadilute solutionit's norereadily
separable and | think that that's probably the |arger
effect of the blender. Sure there's sone choppi ng.

CHAI RVAN WALLIS: Well, this is going on
too long. | nean, what |I'mgoing to take away from
thisis the results and rather than all the details of
how you chopped and --

MR. ENDERLIN. Okay, no, that's fine.
That's --

CHAl RMVAN WALLIS: The problemhere is
you're doing very, very sort of experinent specific
experiments here because your preparation is unique.
They have nothing to do with what happens in the sunp.
I|'"'m not sure how you nake the bridge. For the
interest of doing repeatable experinments, this is
fine, but what does it have to do with a sunp?

DR. BANERJEE: Well, because as you
devel op a theory, you have to start sonmewhere where
you - -

CHAI RMAN WALLIS: | agree, but it's an

awful long way fromthis to --

MR. TREGONING Well, we heard earlier the

i nportance of nodel developnment. This is a case where

we're --
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DR. BANERJEE: | think you have to start

here.

MR. LETELLIER  The extrene uniformty
gi ves you a chance to develop a correlation that has
all of the physics that you think are inportant and
it's repeatabl e enough to build your confidence.

CHAI RMAN WALLI'S: Let's see how repeat abl e
it is.

MR. LETELLIER: Assum ng you can satisfy
t hat objective, and you have a correlation --

CHAI RVAN WALLI S:  You see, what's naggi ng
nme here is you're going through all this stuff and
then | see data where you' ve gone to a factor of 10
different from LANL doing presumably the sane
experiment. That tells me that sonething is really
i mportant here. You know, I'mnot sure that it's in
the | eaf shredder and the --

MR. ENDERLIN:. Yeah, I'mjust going to
skip through these. This just gives you an exanpl e of
received material and another R4-B and just to give
you an exanpl e, the one on your right is the beds that
we're testing that you' ve seen in Series 1 will have
a consistent --

CHAI RVAN WALLI S: Sonebody el se may have

a different standard than R4-B2.
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DR BANERJEE: R4-2D.

MR. ENDERLIN. Ckay, this is data fromthe
bench top. The difference there is our points are al
wi thin 10 percent given the same bed preparation.
We're doing CalSil. The characterization for that is
just the particle size distribution and it's not as
sensitive to blending time |ike Nukon is.

kay, just before we get to results of
actual debris beds, | wanted to take a second on this.
This is just the flow history. Things that we're
| ooking at is cycling and time at flow This is just
showi ng exanpl es. The nunber of circul ati ons when we
start to do the nass bal ance that there is a specified
amount of time or circulations that for different
conditions, different initial bed formations, they're
all following this relationship, that we've got to get
up here before we have 95, 90 percent of our nateri al
on the bed.

So if soneone starts taking data down
here, part of their history, this is going to be just
addi ti onal nass showi ng up on the bed. ay, you said
results. Do you want to hear about the | oading
sequence then?

CHAI RVAN WALLI'S:  You tell us whatever you

think is nost interesting.
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MR. ENDERLIN. Okay, when we're | ooking at

t he | oadi ng sequence, we began to see sone difference
in our Series 1 test and different from LANL. CQur
initial injection system |ooked at trying to
simul taneously introduce the material. So it was

t hought that that may create di fferent ways of form ng
t he bed.

Agai n, LANL used a prem xed naterial and
t he question is, prem xi ng causi ng congl onerati ons of
Cal Sil to attach to the fiber such that the CalSil is
not just introduced to the bed based on velocity and
passing it through the porous flow path. So in Case
1 that you're going to see here is introduction to
Cal Sil after a Nukon debris bed has formed. So this
woul d be the classic sandwich case with any Cal Si
that's being penetrated into the bed.

I ntroduction to Nukon and CalSil is a
prem xed slurry. This was to get a conparison to what
LANL and Argonne were doing. Case 3, you're not going
to see results off. It was an introduction to Cal si
and | know there had been a question earlier. W did
this two ways and never forned a uniform bed. The
idea was we'd look at Cal Sil first with the Nukon on
top but we introduced the CalSil by putting it in

increnentally and putting the same loading in all at
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once. Wile we do see a difference, we're not able to
get that stuff to --

CHAI RVAN WALLI'S:  You need a little bit of
Nukon first.

MR ENDERLIN: Yes. And the last one is
what we call atinme delay. And what we're doing there
is after you' ve put the Calsil into the | oop and we're
tal king just short delay so that sonme fibers can get
there, they' ve never been in contact with the Cal Sil,
and as this thing is recirculating, your Nukon is
basically being introduced to your porous nedia only
into the flow paths. kay.

So if we conme out here and look this is
where you're going to see some significant
di f f erences.

CHAI RVAN WALLI'S:  Why does the prem xed
pre-data not go down to the sane velocities as the
other data, like .05? | can extrapolate it by --

MR. ENDERLIN: Ckay, the reason being is
again, | said flow history. There is data that does
that. Wiat I'mtrying to give you is the sanme fl ow
hi story of behind these. So these are basically ranp
up three. So if |I go through a cycle to formthe bed
and | ranmp down, okay, renmenber that in the bench top

the initial bed formation was nade at .2. So | -- ny
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system can still get the velocities higher than . 2.
What ' s happening is in the bench top | oop | ooking at
this, | can't get to that velocity because the
pressure drop has gotten so high and what we're trying
to see is at |east the same nunber of cycles. kay,
I"mtrying to, as nmuch as possi bl e avoid appl es and
or anges here.

CHAI RVAN WALLIS: |I'mtaking say the data
of a prem x debris of .2 which gives me 300 and |'m
saying | extrapolate lineally back to .01 and | get
something |like 15 and | got another experinent where
|"ve got 1, 015.

MR ENDERLIN: Correct.

CHAI RMAN WALLI'S: So you're saying there's
a factor of, | don't know, 100 or sonething di fference
bet ween these different experinments?

MR. ENDERLI N:  Yes.

CHAI RVAN VWALLIS: Wll, that's very
reassuring. Leaf shredders and all that apart, this
is very dramatic, isn't it, if --

MR ENDERLIN:  Yeah, well, now the other
thing that's going to hop onto this is the bed hei ght
of these beds do not change much. The bul k porosity
is cal cul ated based on --

CHAI RMAN WALLI'S: It doesn't change ruch?

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

368
MR. ENDERLIN. No, and if you think of it

CHAl RVAN WALLI'S:  Cal Sil nust be sonewhere
el se in the bed then.

MR. ENDERLIN: Well, if you think of the
prem xed, if you premx it, you're allowed to have --
if you think of a Nukon bed first, just inmagine it as
being a porous nedia. | now distribute CalSi
material in voids that wouldn't have contributed to
fl ow paths anyway. As | go to the Nukon bed first,
|"ve created a Nukon bed, added Cal Sil on top. Now,
if | take the tinme delay which are the -- and there's
a slight difference between those, the red and the
aqua are the sane test and ['Il tell you the
difference of the blue in a mnute but in those,
essentially each layer of Nukons bei ng added and the
Calsil is only going in to plug flow paths. It's
bei ng i ntroduced by flow.

Therefore, in essence over here | have a
hi gher concern -- | have nore Cal Sil to plug the flow
areas than | do over here, because |'ve taken Cal Si
that would have never blocked the flow path and
uniformy distributed it in there. And the percent
mass retained is, | believe, within -- all these are

wi thin approximately three percent. So we've got --
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CHAl RMAN WALLI'S: Well, one reason the bed

doesn't conpress nuch nore is you' ve got about the
same pressure drop. It's the pressure drop that
conpresses the bed. So we don't --

MR. ENDERLI N:  Yes.

CHAI RMAN WALLIS: -- expect it to conpress
all that much if it's governed by the fiberglass; is
that right?

MR ENDERLIN: Correct. The bullet case
here, just to explain the difference of that, is the
guestion was, well, what's the fiber structure of the
Calsil, how much is that effecting it? So, in the
bl ue condition here, we showed we can even get hi gher
by this initial process of Cal Sil which I'mnot going
into great detail, but it's basically disassociating
the material fromthe fiber in a dry matter, like a
nortar and pestle. And then the fiber was renoved.
So the CalSil was screened. So in the blue, we
removed the Cal Sil fiber.

CHAI RMAN WALLIS: So let's say this is
LANL Test 6E, 6E2?

MR. ENDERLIN: |'"mgoing to show you a
conparison of that if you --

CHAI RMAN WALLIS: If | look at your Slide

28, the LANL at .1 has a pressure drop of sonething
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like 15 or 20 or sonething.

MR. ENDERLIN: Ckay, is there a pointer
here I can go --

CHAI RVAN WALLIS:  And so the LANL's that
are even lower. | mean, we're tal king about a factor
of 100. It's look alnost |like a factor of 1,000, if
you take the tinme delay versus the LANL dat a.

MR. ENDERLIN. Correct, and | was going to
show you that our --

CHAI RVAN WALLIS:  This is kind of m nd-
boggling, isn't it, a factor of 1,000 difference
bet ween two experinents supposedly the same? It's
al nrost |ike something out of surreal science or
sormet hi ng.

MR. ENDERLIN. The question is, the
conparison here is Condition 6E. So is the nass on
LANL's bed the same as ours? |Is the debris
preparation the sane in LANL as in --

CHAI RVAN WALLIS:  But you see what |I'm
getting at?

MR. ENDERLIN: Oh, yeah.

CHAI RVAN WALLIS: | don't care about the
-- the sunp gives you whatever it gives you. And if
you don't know what it's giving you, you don't know

where you are between these extrene --
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MR. ENDERLIN. Well, we're trying to

provi de data for --

CHAI RVAN WALLIS: | think it's very, very
useful what you're doing but it's extraordinary.

MR. ENDERLIN: Yeah, the question is for
the correlationis we can test different constituents.
My point is, is --

CHAI RMAN WALLIS: How can you test the
correlation when it's a factor of 1,000 difference
bet ween - -

MR. ENDERLI N. Because you need to govern
t hose paraneters which are the initial conditions.

CHAI RMAN WALLIS: You need to say
somet hi ng nore about the details of the bed, right?

MR. ENDERLI N:  Yes.

MR. KROTIUK: Right, what's --

CHAI RMVAN WALLI'S: How can they possibly
know that for the sunp?

MR KROTIUK: In order to calculate the
pressure drop in a correlation, you have to know t he
conposition of the bed and the distributions in the
bed. That's what |'m --

CHAI RVAN WALLIS: | think there's a
gui dance out there which | read which said that it's

conservative to assunme it's a honbgeneous -- | think
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| renmenber reading that in NEI guidance. It doesn't
sound like as if that's a very good pi ece of gui dance,
isit?

MR ENDERLIN. | wouldn't use it.

DR. BANERJEE: Now, do you know the reason
for the difference between the LANL and your data?

MR ENDERLIN: |'mdo know that we're
conparing the same mass on the screen. Bill wll
address that.

CHAI RVAN WALLIS: Well, it says 6E and you
said these are test conditions 6E. They would be
| oadi ng same as LANL.

MEMBER SHACK: Well, if you extrapol ate
the prem x debris to the right velocity, you're inthe
nei ghbor hood - -

CHAI RVAN WALLIS: It's the same debris.

MEMBER SHACK: -- since LANL was done with
a prem x test.

DR. BANERJEE: And this is not prem xed?

MR ENDERLIN. Well, this is -- I'll show
you -- that's why |'ve taken these out of order and
it's going to create nore questions.

CHAI RVAN WALLIS:  Well, the LANL prem xed
even that is quite different fromyour prem xed.

MR. ENDERLIN. Right, but I'mnot sure
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that this isn't close to prem xed.

CHAI RVAN WALLI'S:  And your 6E-2 -- well,
| nmean, we can go on forever. |It's a value which is
very much different fromLANL's 6E

MR. ENDERLIN. Right.

CHAI RVAN WALLIS: W could go on like this
forever.

MR. ENDERLIN. Because the series -- well,
you can go on this forever, based on our Series 1
tests that we i ntroduced the naterial by a nmethod t hat
we don't think was as controllable. By understanding
that, I can now go in and repeat this test by know ng
how to introduce naterial .

CHAI RVAN WALLI'S:  Why shouldn't | reach
t he concl usi on that what happens in a sunp with these
kind of materials is conpletely unpredictable?

MR. ENDERLIN: Because | don't know that
you've seen all the results of the transport test to
tell us that we know what can get to the screen

CHAI RVAN WALLI'S:  But you see what |I'm

getting at.

MR. ENDERLI N:  Yes.

CHAl RMVAN WALLI'S: If you've got a factor
of 1,000 difference for what |ooks like the sane

experiment, there are very few areas of science where
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t hat happens.

MR. TREGONING Yeah, it's not the same
experiment, no.

MR ENDERLIN: Yeah, it's not the sane
experi ment.

CHAI RMAN WALLIS: But it is. Oficially,
it's the sane.

MR TREGONING No, not at all.

CHAI RVAN WALLIS: It's the same debris
| oadi ng.

MR. ENDERLIN:. If | asked you --

MR TREGONING It's the sane | oading
it's not the sane --

CHAI RMAN WALLIS: So if you' ve got a
correlation which only depends on debris [ oading,
you'll be able to predict sonething --

MR TREGONING Can | --

CHAI RVAN WALLI'S: -- you repeat one val ue
not a range of val ues.

MR TREGONING Yeah, | think what we're
saying and we said this fromthe very beginning, it's
not just the function of the | oading.

MR. KROTIUK: But let nme say one other
thing; | -- the loading, and Carl nentioned this

earlier, the | oading was -- of the mass going into the
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loop was attenpted to be the sane in terns of

kil ograns per square surface area. However, what
caused -- and | have a graph to this, is that they're
abl e to nmeasure the amount of Nukon and Cal Sil on the
bed, and when you | ook at that, the amount of Cal Si
that's actually in the bed is only a fraction of what
i s added. The Nukon is much cl oser.

CHAI RVAN WALLIS: That's very different
fromLANL. LANL neasured turbidity or sonething and
t hey concluded fromtheir tables that you were up in
t he 90 percent of the Calsil being trapped in-- upto
99 percent, | think in some test. So they were
concluding all the Cal Sil was trapped in the bed.

MR KROTIUK: And that's not what we're
finding from--

CHAI RMVAN WALLI'S: So that's another big
di fference between you.

MR, KROTI UK:  Yes.

MR. TREGONING \Well, again, here's where
the --

CHAI RVAN WALLI'S: Maybe that's because
you've blended it so well. You're really letting the
Cal Sil through, aren't you? You're letting the Cal Sil
t hr ough.

MR. TREGONING Sonme Cal Sil does go
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t hrough, yes.

MR. KROTIUK: We're recirculating it.

CHAl RMANWALLIS:  You're recirculating it,
aren't you?

MR, TREGONING W are recirculating it.

MR ENDERLIN  For these tests, that's
what | was trying to stress --

CHAI RVAN WALLI'S: Not recycling.

MR ENDERLIN: -- for these tests we're
trying to match --

CHAI RVAN WALLI'S:  You are recirculating

MR, TREGONI NG  Yes.

CHAI RVAN WALLI'S: So you'd expect it to
get -- eventually to get trapped.

MR TREGONING But | don't know -- did
you match the exact nunber of circulations that LANL
did? | nmean, that's --

MR. ENDERLIN. No, LANL did one -- that's
why I'm thinking we're premature to be here if we
don't discuss the other results.

DR. BANERJEE: Let's start from where you
were before.

CHAI RMVAN WALLI S: Yeah, let's go back to

where you were before. That was Slide 24.
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MR. ENDERLIN: |'m goi ng ahead.

DR. BANERJEE: G ve us a reason for these
di fferences.

MR. ENDERLIN. Well, | don't know that we
know them all but there are sonme significant ones.
kay, if we go here again, what we're looking at is
all of these -- there are slight differences and
addi tional testing has shown that we can start to get
much better repeatability if we use the sane initial
conditions and so fromthese results, these are done
in the bench top loop. And we're going to conme back
to that sane slide with sonme additional Series 1 tests
on it.

Just to speed things up, there are sone
bench nmark tests being done at LANL, PNNL. W have
three cases identified that you can read what they are
there. And the main thing is that we're trying to
make all the debris preparation, all the bed formation
to get rid of those variables so that we conpare
nmeasurenents systens and the actual introduction
nmet hod. So the | oadi ng sequence will be the sane, but
we're going to be able to determine is our two
different ways of injecting the stuff into the |oop,
is that creating a difference in what's winding up in

t he bed?
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Okay, these are Series 1 test results
This is an exanple of them The reason 6E has becone
t he exanple is because | have two cases and that was
a case where we didn't get repeatability and --

CHAl RVAN WALLI'S:  This case 4C, this black
square, very dark blue or black or something, that --

MR ENDERLIN: Where are we?

CHAI RVAN WALLI'S:  On the back of 24, is
that point up to 1,000. That's a point up to the
1,000, that dark blue col or square.

DR. BANERJEE: That's tine delay, right?

CHAI RVAN WALLIS: But that's a point which
essentially said the thing becanme conpletely
i mper neabl e.

VR. ENDERLIN: Yes, that's ny
understanding, is we --

CHAI RVAN WALLIS:  Why?

MR. ENDERLIN: -- we have a nunber of beds
that are becom ng i nperneabl e.

CHAI RVAN WALLI'S: Conpl etely janmed up.

MR. ENDERLIN:. Yes, if | pull the thing
off, I get just a slow, slowdrip out the bottom when
| unhook the bottom pi pi ng.

CHAI RVAN WALLIS: It's a bit self-

reinforcing, because once it gets inperneable, the
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pressure drop goes up with squeezes it nore.

MR. TREGONING Right, so you're pressure
-- again, once you've got -- once you' ve reached --

CHAI RVAN WALLI'S:  Which is well-known in
certain problens of chem cal engineering. You get
this tick valve effect. The thing bl ocks --

MR. ENDERLIN: Yeah, the final 10 percent
fines is what's going to take you out of business.

CHAI RVAN WALLI S: Sugar beet production
anongst other things. | nmean, trying to get the sugar
out of the beet. You know, you can actually plug up
the filter conpletely. But that's a very dramatic --
you stand by that data, do you? | nean, that's
sonmet hing that --

MR. ENDERLIN:. Again, | want to stress
that | stand by the rel ati onshi p between the different
nethods and it was neasured in the bench top. So
again, | don't want to take the magnitudes and say
they' ve all been verifiedinthe |arge scale test |oop
but | stand by the prem xed is going to give you
pressure drops. W' ve repeated enough of the tests
now that are going to be significantly different
conpared --

CHAI RVAN WALLIS: If | were in RL |ooking

at that, 1'd say what am| going to do?
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MR. ENDERLIN. But you'd need to begin --

it would appear to ne you'd need to again, the
transport of how the naterial gets to the screen
beconmes a nore inportant factor.

CHAI RMAN WALLIS: Can you ever predict
that really?

MR. ENDERLIN: The question is can you
bound it?

CHAI RVAN WALLIS: Okay, | guess we have to
goon. | was trying to get to these kind of results
because | think these are the nost inportant things
we're going to hear today. OCkay, which one is this
one?

MR. ENDERLIN. Ckay, this is Slide 26.
This is the 6E test and just to give you an exanpl e,
of things that may be different between the LANL as we
get there is our bed formati on process, he forned al
his beds at .1 and did you maintain velocity or did
you mai ntain a punp speed? See, so he started at a
| oner velocity and mai ntai ned a punp speed, okay.
Wen we went to .1 we naintained a constant punp
speed. W allowed at |east 20 recircul ations,
believe, and then we had a criteria for what we have
as far as what we're calling steady state. Qur bed

formation is tighter than what we do per data points.
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CHAl RMAN WALLI'S:  You have shown on this

figure also 6E, where you --

MR TREGONING That's the next one

CHAl RVAN WALLI'S:  6E, no, no, it's 6E
somet hi ng el se.

MR. ENDERLI N:  6-2E.

CHAI RVAN WALLI S: 6-2E, yeah, 6-2E cones
in at about .2 screen velocity and it zig-zags up to
about 700.

MR. ENDERLIN:. Yeah, I'll show you a
conpari son between the two.

CHAl RVAN WALLIS: It's al nost constant
velocity. It zig-zags up to about three tines what
this one is. So --

DR. BANERJEE: It's 28.

CHAI RMVAN WALLI'S: You have that, do you
have that here? |'msorry, |'m going ahead.

MR. TREGONI NG  One nore.

MR. ENDERLIN:. That's still 6E and LANL.

CHAI RVAN WALLIS: No, that's all right.
It's just that that's supposed to be you repeating
your experiment.

MR. ENDERLIN:  No, no, no, no, no.

CHAl RVAN WALLI'S:  No, 6-2E.

MR. ENDERLIN: Correct. That's what |'m
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trying to explain. kay, on this test, if we |ook at
-- | believe Dr. Wallis is talking about right here.
This is 6E and this is 6E-2.

CHAI RMVAN WALLIS: Yeah, there's quite a
bit of difference.

MR. ENDERLIN: There was, based on what
LANL did, sone difference in the flow history to get
to these data points, but what we've tried to do and
the reason you're not going to see velocities down
here is | was trying to explain on the previous one,
is our sequence of how we took tests. And we were
| ooking for input on that is to where you're going to
conpare this data if we're not getting the steady
state. Do renmenber that if you want to conpare LANL
that's the only data you should conpare to LANL.

Okay, LANL did it once up and once down.
kay, so this other data, LANL -- you don't know where
LANL woul d have gone if they had done it rmultiple ranp
ups. Two, they have a difference in bed fornmation, so
what woul d have happened to their bed formation,
that's the question. As | do this, do | get nore
repeatable on the third ranmp up?

CHAI RVAN WALLIS: Not only repeatabl e
they got results where they'd go along and then it

woul d sort of junmp up.
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MR. ENDERLIN: And that cones down to the

i nportance of --

CHAI RVAN WALLI S:  And we don't know how - -
yeah, they m ght have junped up to agree with you if
the cycle was --

MR. ENDERLIN:. Correct, and the junp-up
may just nean that they added mass to the bed.

CHAI RVAN WALLI'S:  Well, we don't know what
it was. It just happened.

MR. ENDERLIN. Right.

DR. BANERJEE: It didn't seemlike they
added nass to the bed. At least they didn't say they
added nass.

MR. ENDERLIN. Right, but I'mjust trying
to point out --

DR. BANERJEE: |If they done it, it was not
to the knowl edge in the report.

MR. ENDERLIN: Based on the LANL results
these are things we've identified that need to be
controlled that when he's trying to match to a
correlation, is he using the sane bed hei ght, the sane
mass that's in there? You know, this nmay beconme not
as randomor various as | ong as you understand how t he
bed is forned.

CHAI RMAN WALLI S: You' ve shown us 6E, 6l
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the difference between LANL and you is a factor of
about 20, | think.

MR ENDERLIN: Yeah, | think it's 18 or
sormet hi ng.

CHAI RVAN WALLIS: 18 or 20, | guessed 20.

MR. ENDERLIN. Yeah, and again, reasons
for that is in our Series 1 test, okay, the way we did
it, we're not going to do it the sane. Ckay, we need
to come to a decision but the questionis, did | have
prem x because | opened the val ves exactly at the sane
time and it was close to prem x and when | went here,
| started to form a Nukon bed and then Cal Sil cane
behind it. So that's what we're saying is these
little perturbations in how you formthe bed.

MEMBER SHACK: Now when you say preni X
t hen, you nean, that you open the valves at the sane
time. You didn't sit there and m x --

MR. ENDERLIN: No, |'msaying this gave ne
results that are close to -- if | go in here and
prem x and | get repeatable tests, you know, this is
a little off but | never get a prem x that | ooks
anything like that.

CHAI RMVAN WALLIS: See, the problemyou
have here is that any test that the industry is going

to do is going to supposedly predict what happens in
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the sunp. So the industry does a test and they get a
formwi th a green dianond, a green triangle |ike that.
How do they know they're not going to get a black
di anond in the sunp, because they're not controlling
what happens in the sunp and they're probably not
controlling what happens very well in their fairly

| arge --

MR. ENDERLIN. Right, but do they have --

CHAI RVAN WALLI'S: How do you know where
you are inthis? If | were an engineer, |I'd say, |'ve
got to have sone conpletely different solutionthanto
this problemif |I'mgoing to predict anything.

MR. ENDERLI N: Yeah, that question | have
is in the transport.

CHAl RMAN WALLIS: That's ny first reaction
tothis. It's intolerable to have this nmuch variation
in predictability. So you have to do sonething el se.

MR. TREGONI NG The industry does, as part
of the SE eval uation, need to | ook at a thin bed which
is essentially again these particulate saturate
effects in both either analysis and/or testing,
dependi ng on how they want to eval uate.

CHAI RVAN WALLI' S:  You have a uniform bed.
You work very, very hard to have a uni formbed. They

don't have anything like that. They have a vertical
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screen rather than a horizontal screen and all that.
How are you going to apply any of this to their stuff
as wel I ?

MR. LETELLIER: That was part of the val ue
of recommendi ng that they assess the honpbgeneous bed
formati on conplete -- with conpl ete coverage of their
desi gn screen surface area.

CHAI RVAN WALLI'S: W can study this stuff
until we're all dead and never get an answer that
really applies to a sunp.

MR LETELLIER  The bed formation is
intentionally very uniformand very regular. There is
no -- there's sone evidence that beds can formthat
way over limted surface areas but | think that's the
point of the industry testing is to denonstrate that
t hat condition does not occur over manifold screens.

CHAl RMVAN WALLIS: It's very interesting to
see where they are because probably where they're
going to be is way down belowall this stuff, I would
hope.

DR. BANERJEE: They obtain no velocity.

CHAI RMAN WALLI'S: This sort of velocity?
Vell, | would hope that --

DR. BANERJEE: .01 or son®t hing.

CHAI RMAN WALLIS: -- it would al ways be
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way down bel ow all of yours. The reason you're
getting these high head | osses i s because you' re bei ng
so nmeticulous about the way you' re doing the
experiment. And, you know, that isn't going to happen
in the sunp except by sone fl uke.

MR. ENDERLIN. Right, and again, |I'm
trying to provide data to develop --

CHAI RVAN WALLIS: It's a conpletely
different way of prem xing the debris and m xing the
debris and all that. And likely, they're going to be
| ower but that's only a likelihood. | don't know how
much confidence | can have in that.

MR. TREGONI NG The | arger screen area
certainly lead to a nuch |ower approach velocities.
Now, granted once you start to get clogging, those
flow velocities will elevate |ocally.

CHAI RVAN WALLI' S:  Look at this though, the
bl ue square, that disconcerting one which | knowit's
t her e because you coul dn't neasure anyt hi ng hi gher but
it's at the top of the graph.

MR. ENDERLIN:  No, because | didn't have
any --

CHAI RVAN WALLIS: That's at a very | ow
velocity. That | ooks to ne like .01 or |ess.

DR. BANERJEE: Wat happened there? Can
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you tell us?

MR. ENDERLIN: The part, | reached -- in
the bench top | reached the punp capacity. | didn't
want to -- | dead-headed the punp.

CHAI RMAN WALLIS: So the punp -- the
pressure drop could have been obviously higher than
t hat .

MR ENDERLIN: If | could increase the
velocity, yeah. |I'mup near the top of ny range. |
i nstruct themwhen they get to a certain val ue, they
must turn off.

CHAI RVAN WALLI'S:  What was the flow rate?

MR ENDERLIN: It's like .012 or
something. [It's next to nothing.

CHAI RVAN WALLIS: .01, okay.

MR. ENDERLIN: | nean, this thing is
pl ugged. We don't have data there.

DR BANERJEE: Back to that condition,
what did you do different? You say tine del ay.

MR. ENDERLIN. No, the only -- the
di fference between these points and that is that |
took the Cal Sil fiber out. Okay, the tine del ay,
again, says that you put the CalSil into -- get a
cloud of CalSil into the loop. Before it's began to

recircul ate even once, the Nukon gets introduced.
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So you have just a time phase |ength.

CHAI RVAN  WALLIS: To have to have
somet hing to deposit --

MR ENDERLIN. What's that?

CHAI RVAN WALLI'S:  You make sonething to
deposit the Cal Sil on.

MR ENDERLIN: Yes, so that the Cal Sil
will be forced into the porous nedia rather than be
evenly distributed as m ght happen here. So that al
Cal Sil --

DR. BANERJEE: Sorry, the Nukon bed first,
you' re introducing the Nukon.

MR. ENDERLIN: |I'm rmaki ng a Nukon bed and
that Nukon bed neets ny steady state requirenents
before | even think about mi xing my Calsil and putting
it in.

CHAI RVAN WALLIS:  Well, let's look at then
the sunp. The Calsil being fine arrives first, cones
with the water. |t goes right through the screen and
t hrough the | oop which is the reactor, right? By the
time it gets back again, there's alittle bit of Nukon
t here.

MR. ENDERLIN:. Right.

CHAI RVAN WALLI' S:  Sonet hing |Iike what you

did here.
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MR ENDERLIN: R ght.

CHAI RVAN WALLIS:  Coul d be, coul d be.

DR. BANERJEE: Could be or they could
arrive at the same tine.

MS. BUSHMAN: Yeah, the relative arriva
times are going to be a function not only of the
density but where they're dispersed within the pool
after, you know, conpared to the sunp screen when
recirculation is initiated.

DR. BANERJEE: So when you formthis Nukon
whi ch cones up the insulation, is the CalSil usually
associated with the sane areas so that they fall into
the same area or widely disparate in terns of where it
goes in the pools and things |ike that?

MR. TREGONI NG You're asking with respect
to plants, right?

DR. BANERJEE: Yeah, just an idea of what
happens in a pl ant.

MR TREGONING | can't answer that. |
nmean, it's going to certainly be dependent on where
break location is and on the specific |ayout of
i nsul ati on where --

CHAI RVAN WALLI S: Do you see you're saying
it depends on all these things which you' re not going

to know very wel | .
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DR. BANERIJEE: But there's a distance,

right?

MR. TREGONING Well, again, the plants
know their insulation |ayouts very well.

CHAI RVAN WALLI'S: They don't know where
the break is and they don't know --

MEMBER DENNI NG  But they're down in that
suppressi on pool for awhile before you go into
circul ati on.

DR. BANERJEE: That's the point, are they
sort of mxed up in the suppression -- in the pool
area or are they going to be in widely different
areas?

MEMBER DENNI NG  The pool areas are fairly
simlar areas. They enter the pool area in sinmlar
dr ai ni ng areas, you know, | nmean, Cal Si| was w ped out
by the sane jet that w ped out the --

MR. ENDERLIN. Right.

MEMBER DENNI NG -- primarily. There is
al so spraying, of course, that produces sone nore --

DR. BANERJEE: Well, | guess Los Al anps
had sone transport cal cul ati ons and when you di d t hose
transport cal cul ations, didthey arrive roughly at the
same tinme to the screens or widely disparate tines?

MR. LETELLIER: You have to understand
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that the transport calculations were limted to CFD
conmput ations of the fluid field and they were coupl ed
wi th experinental enpirical results of the transport
initiationvelocity. W've never actually nodel ed the
physi cal tunbling of debris products and it's very
dependent on where they're injected into the pool
Whet her it's a spray, containment spray cascade that
comes down a designed return path or whether it's
pl aced on the fl oor and pushed around by the fill-up
fl ows which are higher velocity.

CHAI RVAN WALLIS: Well, isn't it like no
one's going to ever be able to predict with mnust
confi dence whet her or not sone Cal Sil gets their first
or sone fibers get their first?

MR LETELLIER That's correct, and that's
one of the major reasons -- those uncertainties are
the reason that the regul atory gui dance demands t hat
t hey assess a saturated thin bed condition, assum ng
that the fibers arrive first and they' re dom nated by
a particulate | oading thereafter.

CHAI RVAN  WALLIS: But we had this
di scussion a year ago or sonething. W had this
little piece of Calsil on the table here which as
enough to block the screen if you did it that way.

MR. LETELLIER That's correct.
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DR. BANERJEE: The problemis that you can

al ways forma thin bed which would bl ock everything.

CHAl RMVAN  WALLIS: You can al ways
hypot hesi ze about it.

DR BANERJEE: You know, some scenario
i ke that one.

MR. LETELLIER: That particul ar piece of
gui dance has notivated the i ndustry to over-design the
screen areas to both reduce their velocities, which
removes a head |oss nonentum effect and also to
prevent contiguous bed formation under their design
debris | oadings. And the guidance --

DR. BANERJEE: Even at .01 you're getting
a very high particle |oss.

CHAI RVAN WALLI'S: A thousand inches of
wat er, whatever that is.

MR. LETELLIER |If the bed is contiguous
and if it's saturated.

CHAl RMAN WALLIS: Yeah, 40 psi or
sonmething, what is it?

MR. ENDERLIN: 405 is an atnosphere for --
just off the top of ny head |I'mrenmenbering here.

CHAI RMAN WALLIS: So it's something |ike
40 psi .

MR. ENDERLIN:  Yeah.
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CHAI RMAN WALLIS: It's out of sight in

terms of MPSH and this is only .01 velocity.

MR. ENDERLIN: Just assune it's a plugged
bed. | nmean, I'mnot going to claimthat that
nmeasur enent versus the velocity, |'ve had them --
we've had them shut it down for instrunmentation
reasons and punp reasons.

DR BANERJEE: Well, if the Nukon arrives
first, you' ve got other points at | owvel ocities which
have quite significance, alnost an atnosphere at 30
feet of water.

MR. ENDERLIN: Yeah.

CHAI RMVAN WALLIS: W're getting al
excited over this. | just wanted to be sure that you
haven't done something which is so unrealistic, it's
never going to happen in the real sunp.

MR. VH TNEY: Excuse nme, Leon Wit ney,
NRR. For a nonment there we were tal ki ng about actual
configurations in plants, and | want to go over again
what we tal ked about yesterday with Cconee and their
pocket strainer with a design that inherently at very
| ow velocities will tend not to forma thin bed.

CHAI RVAN WALLI S:  How much do you nean by
very |l ow velocity? Wat do you nean by --

MR, VH TNEY: .01 or | mean .1 or so,
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vel ociti es | ow enough where they don't |ift the fibers
and the materials up to the top of the pocket.
Renenber the pocket strainer design? You have a
chance not to forma thin bed on say one-quarter of
t he surface of each pocket and again, that's dependi ng
on -- you have to --

CHAI RVAN WALLIS:  You don't lift the
fibers up onto the screen at all?

MR VWH TNEY: Excuse ne?

CHAI RVAN WALLI'S:  You don't get the fibers
on the screen at all?

MR. VWHI TNEY: You get, intheory, fibers on
three-quarters say of this pocket but the -- if you
have a vel ocity | ow enough and the velocities are very
| owand there's sone theory it wouldn't lift to the op
of each pocket --

CHAI RMVAN WALLI S: Ckay, so then the rest
of the screen has no fibers on it.

MR. WHI TNEY: This top portion of each

pocket potentially.

CHAl RMAN WALLI S: Has not fibers on it and

then they --
MR. VWHI TNEY: And they'd have to show t hat
through analysis. |'mjust pointing out there are

screen designs that have the potential to have open
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spaces and not have -- you know, this vertical test
| oop is a worse case design, recirculating through a
hori zontal --

CHAI RMAN WALLIS: Yes, it is, it is. In
that case, we get nore screen bypass and we have to
t hi nk about what happens to all the stuff that's going
to --

MR.  WHI TNEY: Then we're back to the
downstream i ssues.

MR. ARCHI TZEL: 1'd like to contradict mny
col | eague just a second here. |It's sort of a sinmlar
comment but the testing that we're observing and it's
simlar but I wouldn't make Leon's comment about there
is no thin bed. W insist, you won't get any head
loss in that type of configuration where you have a
significant anount of open area in that screen. So
when these vendors do this testing for the thin bed
condition, they test until they get a thin bed, but by
the tine they' ve gotten a thin bed over the entire
screen where you have these areas |i ke don't have near
t he coverage of the other areas, there are significant
portions of that screen that have thicker coverage.

So that during the actual test, they need
to test for the thin bed. Wen they' ve got the thin

bed, they've got significant areas of the screen that
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have nuch di fferent thicknesses and the tol eration for
head 1 oss is nuch lower. So even in the case Leon's
tal king about, CCl will get a thin bed coverage in the
upper portion of that screen but by the tine they' ve
got that, they've got a lot of fiber at the base of
t hose screens.

CHAI RMVAN WALLIS: That's why having a
vertical screen is a nuch better thing than having a
flat horizontal one.

MR. ARCHI TZEL: Right, but they have to
test the thin bed. Wen they get that thin bed,
they've got at thin bed, but in order to get that,
they've got significant areas that have nuch nore
carrying capability.

MR. TREGONING Yeah, let's be clear.
W're trying to engineer uniform as nuch as we can,
you know, very consistent well-deposited beds so that
we can use that to provide data to | ook at devel opi ng
t hese correlation nodels. You know, so we're trying
t o engi neer no bypass and things |ike that where sunp
designers and |icensees are trying to do exactly the
opposite. So we're approaching this problemfrom sort
of the opposite --

CHAI RMVAN WALLIS: | think the problemis

going to be though, since there are a |ot of
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i mponderables and wuncertainties, what kind of
assunptions are you going to allow in terns of
conservatisnms and so on, and if you're going to say
you've got to have a thin bed, in fact, everywhere,
it's not going to work. So you can't just way we're
going to be conservative. You' ve got to have
something that's rmuch nore realistic and then the
guestionis, well, what's a proper judgnent or how are
you going to eval uate how far you are fromreal i smand
so on. |It's very tricky.

MR. ENDERLIN:. Yeah, | want to stress the
objective. I'min no way saying this represents LOCA
What |'msaying is, | had requirement 5 on ny debris
bed. The question was, can | make a repeatabl e bed
and can | give you different scenarios. So the NRC
can go back and say, "W want this test condition",
and |' msayi ng, how you introduce the nmaterial nakes
a difference and so give ne the scenario froma
transport test that you may want to | ook at or the
boundi ng conditions. W feel we can to out there and
mat ch those. So this was determ ned so that they can
make an evaluation of what do we do for that
requi renent 5 and that can you ever put that nmateri al
on there? Do we need to pay attention to this? Yeah,

we can go way up there to high pressure drops.
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CHAI RVAN WALLIS:  Wwell, we thought there

was a problemw th these horizontal screens when we
| ooked at the data about a year ago. You have sinply
made it nore dramatic, extended our concern but it may
wel |l be that this is not typical of a sunp in any way.

MR ENDERLIN: And | feel that these tests
allowne to explain the differences now created by 6E
and 6E-2. If | was asked to repeat those tests, |
woul d now be able to get repeatable tests by making
sure | --

CHAI RVAN WALLI'S: Wiy did 6E-2 go zig-
zaggi ng up t hough at al nost constant velocity? That's
a --

MR. ENDERLIN. Are you | ooking at the
overhead or the Quick Look Reporter?

CHAI RMAN WALLIS: I'msorry. Well, we
probably have to go on. You know, there are questions
of history that, you know, tine, the time dependence
of things that --

MR. ENDERLIN:. Yeah, and that's being
eval uat ed.

CHAI RMAN WALLIS: -- is not fully answered
by this business of --

MR. ENDERLIN. Right, and our current test

what we're finding is cycling is nore inportant than
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the time. | nmean, that's what we've seen to date so
far is that it's |like shaking the bag of potato chips.
Every tinme that you conpress a bed and let it go, did
| break the fiber at all and then when | conpress it
again, did |l allow CalSil to mgrate down. So if
keep shaki ng the bag by cycling, am | pushing Cal Si
farther down and that's the reason, am | getting
hi gher pressure drops due to mass bei ng added or by a
rearrangenent of the bed?

MEMBER DENNING Now, the cycling is
interesting. Now, do you think that the cycling has
an elenent of reality to the real system though?
You're saying if there are shaking going on, you're
thinking that's the equival ent of cycling?

MR. ENDERLIN: No, again, I'mtrying to
| ook at do we get to steady state? The NRC is going
to have to guide nme when they're all done saying,
"Here's a condition we want to run". |'msaying | can
cycle ny tests. | see an effect. You can't turn
around and say when we go bench mark agai nst ANL t hat
you can't pay attention to the flow history when you
conpare two points. It may be that the industry is
going to turn these on, you're going to see a
velocity. There's no cycling; therefore, do you | ook

at ranp up 1, even though you nmade sone addition, or
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do you do ranp up 2 and that's when you end the test?

W didthesetotry to say what's goingto
happen for the purpose of being able to defend the
test and the results.

MR. TREGONING So they're just |ooking at
bed conmpressibility effects as a function of velocity
differences. They're not nmeant to be representative
in any way of anything in the plant.

MEMBER DENNI NG There is the question, to
be conservative would you go through a nunber of
cycles or wouldn't you, although I'm not saying
phenonenol ogi cal ly why you would --

MR. LETELLIER: There is no operational --
excuse nme, there is no operational anal ogy to cycling.
In fact, these beds are | argely non-adherent. [|f they
ranp the flow down near zero it would literally fal
free.

MR. ENDERLIN. Right. And again, the
ot her task here was to be able to hel p define Series
2 test conditions, conpare to LANL and see if we could
define the differences. If we | ook at my biggest
difference, it'sinny first cycle, okay. So if | did
this test and that's all | showed and did ranp up 2,
we'd have a question, but when we begin to | ook at

ranmp up 2 to 3, 3to 4 and we nove on, the question is
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now we see that there's an inportance based on
buil ding on the LANL test that we're not going to be
able to just maybe do this with ranmp up 1 and down and
you're going to be done.

CHAI RVAN WVALLIS:  And in 61, you ranped up
once and caught up to very high values on the first
ranp-up before it cane down --

MR ENDERLIN: Correct.

CHAl RVAN WALLIS: -- which is different
fromthis. | think we have a real problem here and

I"mtrying to westle with it. The danger is that

you'll be told that this is so unrealistic, it should
be naught. It has nothing to do with sunps. But then
the question is, well, what is realistic for sunps?

Now, this is telling you something about how careful
you have to be in order to predict anything.

MR. ENDERLIN. And what paraneters the
correlation nust begin to include.

CHAl RVAN WALLI'S: So it is valuable and
t he question is, what are you going to do know ng al |
this kind of stuff about an engi neering situation?

DR. BANERJEE: That's a separate issue.

CHAI RVAN WALLIS: It's a separate issue
and it's not a very easy one at all.

DR. BANERJEE: The issue here i s whether
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you can get reproducible data and try to understand
sonme of the paraneters which govern --

MR. ENDERLIN. Right, and the test doesn't
start by saying, "Throw stuff on a screen". Soneone
now has to start |ooking and investigating, defining
how does -- how will it get to the screen and what
variability exists inthe different ways it can get to
the screen. | nean, there is an issue that if I'm
maki ng these beds with a larger fiber that never can
be transported to the screen, we can elininate those
condi ti ons.

DR.  BANERJEE: Yeah, you certainly
denonstrated that's inportant and the conpressibility
is inmportant because as you cycle nore and nore, you
get --

CHAI RVAN WALLIS: Well, the engineering
solution is probably to say, we don't care howit gets
to the screen. Once it gets there, we'll scrape it
of f or something -- sonmething that makes the probl em
go away, that seenms to be the way this is driving,
because there's so many uncertainties about trying to
predi ct what happens if we just have a static screen
and | et things develop in sonme natural way. You have
to have some active thing which controls what happens

better.

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

404
MEMBER DENNI NG It's probably premature

to say that, G aham because there are other
solutions, like there are ways that you can do
sacrificial screens where the first few screens get
cl ogged up and they go --

CHAl RVAN WALLIS: kay, it's another
engi neering solution. [It's changing the way things
happen not just letting them happen but --

DR BANERJEE: Well, in fact, to sone
extent having these top hats in that area, you know,
sone of those --

CHAI RMAN WALLI'S:  They'Il just get clogged
up and then the others ones are all right. Yeah.

DR BANERJEE: Who knows?

CHAl RVAN WALLIS: But a lot has to be
denonstrat ed sonmehow, presunably.

DR. BANERJEE: Yeah, maybe.

CHAI RVAN WALLIS: Well, it's certainly not
going to be predicted from fundanental s.

DR. BANERJEE: Stranger things have been
predi ct ed.

MR. ENDERLIN. So that was an exanple
t oday and ny understanding is you have the Qui ck Look
Reports. 1'd be happy afterwards to di scuss things

with you on the Quick Looks, but --
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CHAI RMVAN WALLIS: The thing that -- we

haven't had any of this stuff sent to us until a week
or two ago from anybody, so this is the first tinme
we' ve | ooked at any of it. Can we -- is there sone
way that we can be kept abreast of these things nore
readily than --

DR. BANERJEE: On a continuing basis
maybe.

CHAI RVAN WALLIS:  Well, we're not the NRC
W don't want to review it all the time but it
shoul dn't be such a | ong gap between seei ng sonet hi ng
and then seei ng sonethi ng el se.

DR. BANERJEE: When you get so much
information all together, it's really hard to di gest
it.

MR TREGONING This is relatively fresh
information. | nean, this has been, you know, evolved

and devel oped over the last nonth or two. So it's not

like --
CHAI RMAN WALLIS: It is very fresh, so --
MR. ENDERLIN: Ch, the debris preparation
sequenci ng was not sent to Bill Krotiuk till the end

of January.
CHAI RMVAN WALLIS: | didn't even know you

wer e doi ng experinents at PNNL.
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MR. KROTI UK: Yeah, we haven't even

finalized a Qui ck Look Report on the sequenci ng st udy.

MR- TREGONING | know | should have
mentioned it last July at a mininmumthat we were
pl anning for these tests. | believe that | did, but
possibly | neglected to nmention it.

CHAI RVAN WALLIS: Quite likely we didn't
listen.

MR. ENDERLIN. So you're telling us we're
the illegitimate child at the fam |y reunion.

MR TREGONING | have a hard tine
bel i eving that.

CHAl RVAN WALLI'S:  Well, we have so nuch
stuff that we have to listen to. Ckay, so go ahead.

MR. ENDERLIN: Ckay, so now |let's assumne
that we've retrieved a bed. These are additiona
nmeasurenents we take. W're taking detailed
di mensi ons of retrieved wet rebed so | cannot stop the
flow, as Bruce said, and retrieve ny bed. | nust
continue to allow the flow to go through the bed so

that | retrieve the bed when it in error.

W take -- well, as soon as we get it
there, so the bed is drained. |t has what ever
residual water isinit and detail it. The debris bed

is dried to obtain the final bed mass on the screen so
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we know what went in that was dry nasses, that was put
into the | oop and we know what we retri eved on the bed
and one of the things we evaluate i s the percent dried
material. That's for the total mass. In situ bed

t opography, we've taken a picture of all the test
conditions, then we go in there and start to eval uate
those and what we try to do is evaluate, say at when
you initially nmake the bed and you've said the bed's
formed at the end of the first ranmp up and t hen you' |
do it at the end of your |ast ranmp-up at the end of
your | ast ranp-down.

So you can go and analyze the data, but
we're first trying to determne is there a change in
the function of ranmping up in velocity and is there a
change in bed dinensions based no cycling. Again,
t hese dinmensions are in situ under flow And I']|
explain that inalittle nore detail for that nethod.
The mass fraction of Cal Sil assessed by a chemnica
di ssolution, that process is not finalized but what
we're using is ion selective el ectrode probe for
calciumand trying to eval uate by dissolving the bed

after we're retrieved it.

So one issue that cones up is | can't
section a bed that I'"mgoing to assess Cal Sil in. But
when we're all done, if I put in 200 grans, | get out
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180 granms, | put 100 Nukon, 100 Cal Sil, by nass, ny

uncertainty in the CalSil is 80 to 100 grans.

CHAI RMVAN WALLI'S: Can't you cut cuts of
pi e slices and use each one for different eval uati ons?

MR. ENDERLIN: Well, the other option is
we can use SEMto try to -- we need to determine if we
can do that because of the many constituents in Cal Si
when we took our first exanple over, it just becones
somewhat costly for that analysis. This may be a
cheaper anal ysi s.

CHAI RVAN  WALLIS: But even optica
nmet hods, if you section it, should tell you quite a
| ot .

MR. ENDERLIN: Yes, using TEM and e have
some peopl e who do di agnosti ¢ bol sman (phonetic) work
on filters and stuff and they have sonme nmet hods. That
is an option. 1'll talk about that in a mnute.

So again, trying to get the mass fraction
of the CalSil is basically a separation process is
what we're | ooking at doing when we're retrieve the
bed. Sectioning of the dried retrieved bed all ows
for transm ssion of el ectroni c m croscopy and scanni ng
el ectron analysis, we can |look at the bed void
fraction as a function of height. W can |ook at the

constituents. It can also allow a scan down the road
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i f people are | ooking to nodel these, that direct scan
using a Gray scal e that they use can hel p generate bed
nodel s.

DR. BANERJEE: But you'd need a 3D
structure.

MR. ENDERLIN:  Yeah, and we can do that.
Yeah, in fact, while we're talking, nowthis is not a
bed that's been polished for SEM This just gives you
an exanpl e, okay. And these beds were beds that were
sent over and there was a process had to be worked on
because if you do sonme of the sanples that way they
did, you'd actually explode the bed, okay. So they
had to work to get that inpregnated with the epoxy and
the bed has to be dried. So we know that the bed
di mensi ons are going to change sone after you pull it
out and 1'Il show you just how radical or how ruch
that's been under-flow and then you have to dry it
before you can do this. Okay, as you dry it, there's
no way to evenly dry this.

Just as if you are drying felt, you wll
start to get sonme lifting at the edges. Once that's
done and they inpregnate it, | can cut this thing up
into very thin slices. | mean the piece that they're
actually going to analyze is a very small one. But

this is just an exanple of a bed and that's not
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necessarily the final process we use today for
i npregnating it with epoxy.

DR. BANERJEE: So you get the
configuration for a dried bed. So sonebody wants to
do sonme flow through these dry beds, would have to
reconstitute it in some way into a --

MR ENDERLIN: W' d have to consider the
insitu measurenments because we knowit's not going to
have that height any nore either but at |east the
ratio of constituents should still be preserved.

DR. BANERJEE: And probably sonet hi ng
about the topography, what is fiber, what is particle.

MR. ENDERLI N:  Yes.

DR BANERJEE: And then it has to be
reconsti tuted.

CHAI RVAN WALLIS: Well, can't you cut it
up under water and look at it?

MR. ENDERLIN. We have tried that. Due t
the fibrous nature so far, we've even -- | nean, the
only way we know - -

CHAI RVAN WALLI'S:  You don't have a sharp
enough kni fe.

MR. ENDERLIN:  You still get distortion at
the part you're trying to look at. There was tal k of

trying to do it with a laser but that w nds up
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creating a drying process. W' ve been to nunerous

peopl e who make their |iving doing sectioning and

stuff and this, they found to be a very chall engi ng
problem that they were not able to provide a
successful answer to yet.

CHAI RMAN WALLI'S: | guess --

MR. ENDERLIN: So if you have any, we're
nore than interested.

DR. BANERJEE: you woul d hope that sone
form of tonography would to it, but it's not easy to
see howit's done. Wat's the nol ecul ar wei ght of
this stuff? It's fairly --

MR ENDERLIN:. | believe the CalSil is on
the order of -- we'll it's not a honbgeneous materi al
but | think it's on the order of 2.6 and what is the
Nukon? It's fibergl ass.

DR. BANERJEE: | think they have hi gh atom
nunbers so they would contrast with water again in a
ganma - -

MR. ENDERLIN. Yes, the question is if you
take the velocity off that bed and you put it in
water, if | take a bed and retrieve it and | |eave it
in water, you wind up with oatrmeal. This stuff wll
not stay together very well.

DR. BANERJEE: So it has to be actually
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done in situ.

MR. ENDERLIN: Yes, yeah.

DR. BANERJEE: So you can't actually take
it in water and --

MR. ENDERLIN. We've tried for the purpose
of doi ng topography actually rehydrating a bed, even
transporting a bed before you dry it out. W're
talking extrenely challenging to nove this thing to
the next building. |If you take it and | eave --

CHAI RVAN WALLIS:  Well, I'mstill -- as an
engi neer, why would I want to do all of this stuff?
You're examning this as if it was the nost inportant
scientific discovery of the ages and do we real |y need
to know all this stuff?

MR. TREGONING Well, sectioning is --
well, if we want to try to understand what happens
with these big pressure differences, understanding
what the particulate distribution throughout the bed
is, isincredibly critical to understand it.

DR BANERJEE: Were the holes are and
where the particles are, | guess. | nean, naybe it's
not a huge effort but | think it's worth doing.

CHAl RVAN WALLIS: But you're trying to
understand at the |l evel of detail, you' re never going

to be able to predict inthe reality.
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DR. BANERIJEE: It's not out of the

guestion. | mean, you won't do it over the whol e bed
but for small sections of the bed, you m ght.

MR. TREGONING So you're recommendi ng --

CHAI RVAN WALLI'S: So how nmany resources
are you going to put intothis effort to get a perfect
solution to this intractable problenf

DR. BANERJEE: Whether you use a cl ever
design or not, you know, for exanple, these rocket
cl eaners or whatever they're called, you really do
have to cal cul ate what' s happening if you' re bypassi ng
or whatever. You're going to have to be able to do
that cal culation, so you're going to have to be able
to see where those fibers are going in rough terns at
| east; otherwi se there are going to be argunents |ike
the one that's going on. |s there going to be a thin
film is there not going to be athinfiln? 1Is there
going to be particles?

| think you can do sone cal cul ati ons at
| east to support those argunents. At the nonent,
they're all hand waving, you know, and the paraneter
space is so large that you're going to eventual |y have
to do sone cal cul ati ons.

CHAI RVAN WALLI'S: | would go back and try

t o change the problem but anyway, |et's nove on here.
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DR. BANERJEE: That's a separate issue.
Throw t he wat er away, put sone new water in.

CHAI RVAN WALLIS: Yeah. Anyway, let's
nove on.

MR. ENDERLIN: So, to take a topography of
the bed in situ, to take di nensions, we basically use
a optical triangulation, put a known grid of [ines on
it that's been calibrated against a standard. Take
the digital picture which we can anal yze, post-test.
These are sone neasurenents that we got. The BF
stands for nearing bed formation, so that's not a
conpl ete made bed. It was -- this was the first tine
-- we'd done shake-down testing. This was basically
the first official test and so as an exanple, what
we've tried to showis just what the height of the rim
is, initially, after material gets -- before we've
increased the flow or we've left it there fore very
| ong a period.

So as you can see on the rimat bed
formation, we've got sonething that's .635 inches.
Now, Ranmp up 1 says --

CHAI RMAN WALLIS: RU 1 is Ranp up 1

MR ENDERLIN: This is -- the value here
is the velocity in feet per second. So at bed

formation, I'"'mat .18 feet per second at the tinme the
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pi cture was taken, .98, .96 and .05 feet per second.
So this tells you your velocity and this tells you the
sequence at which we ran the test. So this is Ranp up
1

You've gone up -- that previous test
you' ve gone t hrough the vel ocity sequence once. kay,
the body of the center of the bed went from.307 to
.055 inches so it conpressed quite a bit. Then when
we cycle it four tine and conpare at the sanme velocity
only a flow history where we cycled it four tinmes, we
see that the rimis .281 and the body center is .04.

CHAI RVAN WALLIS: Is snaller, yeah. Then
when you cone back, it springs back?

MR. ENDERLI N:  Yes.

DR. BANERJEE: But not all the way, right?

MR ENDERLIN: Well, | don't have the
conpari son data here for this test. That hasn't been
anal yzed at the nonent.

CHAI RVAN WALLIS:  Oh.

MR. ENDERLIN: | can't tell you at the
exact time | made the bed, when | culled the bed.

CHAl RVAN WALLIS: This is the same test
and then you' ve backed off of -- RD4 nmeans Ranp down
4.

MR ENDERLIN: R ght.
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CHAI RVAN WALLI'S:  And you' ve gone down to

a lowvelocity and it sprung back to .129 from. 04 at
one tine.

MR. ENDERLIN. Right.

DR BANERJEE: Well, from.307 at a | ow
vel ocity.

MR ENDERLIN: But don't consider that we
assurme the bed was conpletely made at .307. This
occurs right here when the nmaterial first hits. At
the tinme of flowit would sit there at conpress.

CHAI RVAN WALLIS: Well, it seens to ne
never conpletely made. You can keep cycling and it
still changes a little bit each tine, doesn't it?

MR. ENDERLIN: Correct.

CHAI RVAN WALLIS: It's never conpletely
made.

MR. ENDERLIN: Well, that's the question.
Is material passing through, are we changing the
structure of the bed? And fromthis we can take the
vol une of the bed, which hel ps us get a porosity for
t hese correl ati ons.

CHAI RVAN WALLI'S:  Now, lots of your Quick
Look Reports don't report thicknesses very nuch, do
t hey?

VR. ENDERLIN. They report manua
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nmeasurenents. W' ve done a test of 1A which the Quick
Look has just been sent to Bill Krotiuk. It was a
repeat test. That is what these neasurenents are from
and the head | oss neasurenents in the first two ranp
downs -- ranmp up and ranp downs were on the order of
.2 to .3 percent difference in head |oss. Wen we
went to the higher -- to followon ranp ups and ranp
downs, we began to deviate to di fferences on the order
of 12 percent. If we take all our data points, the
nmedi an and t he nean percent difference between 1A and
1A repeat was on the order of five to six percent and
that Quick Look the NRC will be passing that to you
after Bill Krotiuk has had a chance to review it sone
time.

Ckay, prior to doing Series 2 which are
tests that at the nonent ny understanding is to go to
the perforated plate and to be looking at |ower
velocities. This is nore |ooking towards what the
utility solutions are so that we're getting data for
Bill's test matrix. |ssues that we have to determ ne
are debris | oadi ng sequence, procedure to be used,
selected to find how we're going to put the materi al
in there, how are we expecting -- you know, what
debris bed does he want to eval uate there.

What we've tried to showis, yes, it makes
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a difference. These are the paraneters that make a
difference. Yes, we can control it, and we can get
repeatable data. Now tell us what do you want to
test.

The vel ocity sequence procedure gearingto
be selected, defined. GCkay, the test we did was to
try -- when we went through the first ranp-up and
ranp-down, we obviously saw nost of the tests were
wel | over pressures of interest. W don't expect in
Series 2 to be going over an atnosphere pressure and
the question is, what are we going to use for
conparabl e data. If we conpare to ANL, are we goi ng
to second ranp up? Do we need to do as many
i ncrenental velocity, since the trend seens to be the
same? So the sequence of the test needs to be
det er m ned.

CHAI RVAN WALLIS: It will be interesting
to see if sonebody foll ow ng your procedures with | eaf
choppers and bl enders and all of that kind of thing
i ndependently from somewhere el se all together --

MR. ENDERLIN: We're going to do that.

CHAI RVAN WALLI'S:  -- coul d duplicate your
results.

MR. ENDERLIN. ANL and --

CHAI RMAN WALLIS: They're going to do
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t hat ?

MR. ENDERLI N:  Yeah.

CHAI RVAN WALLI'S:  They're going to use the
sanme bl ender with the same sharpened bl ades and --

MR. ENDERLIN: No, they're going to use
the same R4 metric

CHAI RVAN WALLI'S:  Ch, the sane R4 netric,
okay.

MR. TREGONING That's one of the purposes
of the bench mark test, the overlap test.

MR. ENDERLIN: In summary, the Series 1
tests are conpleted. They used the five-nmesh screen.
The purposes were to use themfor learning the results
we m ght expect and to eval uate these additional
paraneters, identify since the LANL tests were
conpl eted, and to get conparison results to LANL --
results to conpare to LANL to determine if we could
understand if they were the sanme or if we could
expl ain the differences.

Results obtained to date, the debris
preparation and the sequence that the debris arrives
or is |loaded on the screen strongly influenced the
head | oss. Additional investigation is currently in
progress. The next large scale testing is the bench

mark test to be conducted by NANL and PNNL using the
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sanme test plan. Series 2 test, the test matrix is
currently prelimnary. It includes the bench mark,
the three cases in the bench mark test. It will focus
on perforated plate and | ower approach velocity.

| turn it back over to --

CHAI RVAN WALLIS: Did you guys and Argonne
have a plan which said by sone date you would have a
predictive nmethod or is this conpletely open-ended
research with no tine line at all?

MR. KROTI UK: That was what | was going to
talk to.

CHAI RVAN WALLI S: Ckay, thank you.

MR. KROTI UK: The next topic is head | oss
nodel i ng.

CHAI RVAN WALLI'S: | think we ought to
stick with it and try to close up before too | ate.

MR KROTIUK: 1'Il try to accelerate a
little bit.

CHAI RVAN WALLI S:  Fine, because | | ooked
at all your equations in your report and | thought
this is very interesting but given the data --

MR. KROTIUK: Yeah, | was going to try to
address that but you know --

MR TREGONING So we're back to slide 9

of the previous package, just to keep track.
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CHAl RMVAN WALLI S:  Now you see you've got
this to conservatively predict.

MR KROTIUK:  Well, let me explain what ny
t houghts are and you may have sone inputs in that but
"1l tell you what |I'mthinking as |I'm goi ng al ong.
But I will try to accelerate a little bit. | don't
think | necessarily have to go through this. 1"l
just --

CHAl RMAN WALLI'S: But you say your
objective is to conservatively predict.

MR KROTI UK: Right.

CHAI RVAN WALLI S: Does that nmean only the
wor st case?

MR KROTIUK: That's -- when Carl was
tal king a nonent ago about what we woul d be testing,
in other words, how would we build the bed, that was
one of the things and we haven't cone to a concl usion
how we're going to do that. However, | have sone
t houghts and 1'I1l just go over it quickly on howto be
able to put in a nodel prediction of a conservative
[imt but that will have to be revi ened.

"1l skip this one, it's just notivation.
Ckay, yeah, 1'lIl start here. Basically, what |'ve
done is that | want to base the anobunts on the

cl assical formof the porous nedia fl owequation. And
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basically, I'"mworking on two nodels. One is a one --
has a one control volume nodel for the entire bed. So
this is essentially equival ent to what was previously
done in the 6224 correlation and it's assum ng
everything is, as | said, honbgeneous. The second
approach that I'ml ooking at using a bed that has two
control volunmes and | coul d | ook at the concentrati on.
Say we have a Nukon Cal Sil bed. | would be able to
| ook and specify what the concentration is of say
Cal Sil and a portion of it and it could be different
t han another part and then try to use that to cone up
with a predictive tool.

CHAI RVAN WALLI'S:  You're going to be able
to do an experinent to verify that?

MR, KROTIUK: Well, what | was hoping to
do and this is why | asked Carl for these tests that
were done with the sequencing, the timng of the
Cal Sil and the Nukon and addition to the bed. | want
himto -- | have given himinstructions to come up
with the sectioning of those so | could see what the
distributionis and try to get sonme insight into that.

CHAI RVAN WALLIS: It looks fromhis data
that if you get the worst case, the layer which is
al nost i nperneable --

MR KROTI UK: Right.
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CHAl RMAN WALLIS: -- then the rest of the

bed is irrel evant.

MR KROTIUK: That's true but sone of the
t houghts in the back of nmy mind is, is that as you
were saying, is that howrealistic is their case and
should we be | ooking at a case that is conservative
but nore realistic.

CHAI RVAN WALLI'S:  Well, let's think about
it. This thin bed effect was discovered as a result
of analyzing an event in a PWNR wasn't it?

MR KROTIUK: |'mnot -- was it a PWR?

CHAI RVAN WALLIS: Yeah, they were BWR
Not hi ng significant happened in the PAR in ternms of
this sort of problemas | understand. These events
were in BWR

MR. KROTI UK: Ri ght, okay.

CHAI RVAN WALLI'S:  And the pressure drop
was higher than expected. This is because of the
sl udge and the torres (phonetic) or sonething which
actually nade a thin -- but this is where the thin bed
idea came from isn't it?

DR BANERJEE: And the screens were bent
or sonet hi ng.

CHAI RVAN WALLIS: W have at | east

precedent in a real system of finding a thin bed
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effect.

MR. KROTIUK: Right, and I'mnot -- the
only thing I"'mtrying to say is that as | said before,
it's a phenonena but it's not --

CHAI RMVAN WALLIS: In ternms of was it
realistic or not, we have al ready seen --

MR. KROTI UK:  Yes, yes, and |I'm not
denyi ng that.

CHAl RMVAN WALLIS: Al right, so that's
pause for thought, too.

MR KROTI UK: Right.

CHAI RMAN WALLI'S:  You can't just dismss
it as being --

MR. KROTIUK: No, | amnot dismssing it
and I'mjust telling you what -- what | was eluding to
was ny thought process.

CHAI RVAN WALLI'S:  Wien | say "you" | nean,
a person -- one cannot.

MR. KROTI UK: Ckay, one cannot. Ckay. M
plans at this point istotry to finish the derivation
and devel opnent of a nodel by June with a fina
publication in Septenber. That's what ny plans are.
kay, let nme just go a Ilittle bit about the
devel opnent of the nodel. And basically |I used --

it's described nore --
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CHAI RVAN WALLIS:  This is -- the LANL work

uses a slightly different one which is for fibers
rat her than particles, | think.

MR. KROTIUK: Well, actually the nodel
that I"'musing is applicable to fiber cylinders or
particles. And maybe I'Il just skip to the -- just to
show it in this term

CHAI RVAN WALLIS: The power is slightly
different in the fibers case.

MR. KROTIUK: This, if you look at this
termhere and this termhere and then these terns here
wi thout the 6, that's the classical formof an Ergun
equati on.

CHAI RVAN WALLI'S:  Now, | think in these
low velocities, the kind of data -- stuff you're
getting the viscous termis the denoner (phonetic) of
one.

MR. KROTIUK: For the very |low velocity,
that's true but | have the kinetic termin there al so.
And - -

CHAI RVAN WALLIS: It makes some of the
anal ysi s easi er.

MR KROTIUK: Yes. The -- what |'ve done,
t hough, is totry to -- | have this non-di nensi ona

perneability here which really provides a -- in
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essence, it's a nodification to the specific surface
area. It's a way of trying to nodify it and say as a
function of void ratio, which is really related to
porosity and all. It's howthat -- what -- how you
coul d determ ne what that change in that Sv really is
and that's simlar to this term over here for the
kinetic term

CHAI RMAN WALLIS: | think you have a
probl emin that you don't know Sv and X i ndependent|y.
They both cone from pressure drop data. There's no
sort of independent way of neasuring them

DR. BANERJEE: Unl ess you take sections.

CHAI RVAN WALLIS: Well, even then, you
have to infer themfromthe pressure drop data because
Sv isn't nmeasured independently. |If you just take
particle size distribution, you don't get a very good
val ue, you get it fromthe pressure drop

MR.  KROTIUK: Right, Sv cannot be
determ ned theoretically. It's really a function of
your experinments.

DR. BANERJEE: But then it just becones a
fitting paraneter if you can't go and | ook at the data
that you mght get and find the surface area from
t hat .

CHAI RVAN WALLI S:  Ral ph, are we -- okay.
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MR. KROTIUK: | agree with what you're

saying but | didn't include all ny --

DR. BANERJEE: That could be a physi cal
t hi ng.

MR KROTI UK:  Sv?

DR BANERJEE: Yeah, in other words,
otherwise it's just a fitting paraneter.

MR KROTIUK: It's -- yeah, but I'mtrying
not to treat it as a fitting paraneter. Wat |'m
trying to say is to keep the Sv constant but there is
a multiplier for the Sv which is in this factor here
which is the dinensions perneability which is a
function of whether the particles are -- whether the
porous beds is particles or the porous bed is fibers,
there's --

DR BANERJEE: Sure, | nean, x is a
nmeasure of that.

MR KROTIUK: X is a nmeasure of that but
K al so has a function to it.

DR. BANERJEE: Right.

KROTI UK:  And you have to determ ne --
BANERJEE: K is a function of X
KROTI UK: It's a function of the --

BANERJEE: The rod to the particle.

2 3 3 3 3

KROTI UK: It's a function of sone
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relationship of the particles or relationship to the
fibers.

DR BANERJEE: It has to be a universal
function to be useful though.

MR KROTIUK: It's a universal function
for all particles or all fibers in a certain
orientati on.

CHAI RMVAN WALLI'S: So the way you define
it, as the bed is conpressed it changes.

MR. KROTIUK: As the bed is conpressed
that's changing, correct. That is correct, and in ny
original derivation, | actually have a graph of this
KX as a function of porosity.

DR. BANERJEE: It's like a Darcy
perneability except your --

MR KROTIUK: It's related very -- yes,
and that's what | was trying to say. | skipped over
it very quickly but I was trying to say | used a
Kozeny- Carman equation to relate to perneability,
vel ocity and the debris surface area and then you cone
up with this non-di mensi onal paraneter.

MR. LETELLIER  You still basically have
two free paraneters, Sv and Epsilon because K(X) is
i nherently a function of Epsilon given a specific

geonetry. You still only have two free paranmeters in
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the nodel. 1Is that correct?

MR KROTI UK: Yeah, that's correct.

DR. BANERJEE: Yeah, but you can achi eve
the sane Epsilon with different --

MR. LETELLI ER: Confi gurati ons.

DR. BANERJEE: X, yeah.

MR. LETELLI ER  Yes.

CHAI RVAN WALLI'S: Now, this is a pressure
gradient, isn't it? 1Isn't this a pressure gradient
you' re tal king about here?

MR KROTI UK:  Yes.

CHAI RVAN WALLI'S: Because the
conpressibilityis different indifferent parts of the
bed. The conpression is different.

DR. BANERJEE: This is Darcey's equati on.

CHAl RVAN WALLI'S:  The PTL it shouldn't be
the P over L, it should be PTL, that's the basic
equati on.

MR. KROTIUK: You're right.

CHAI RMAN WALLIS:  And as you conpress it,
t hese paraneters on the right side integrate through
t he bed.

MR. KROTIUK: Right, and that's why |'m
trying to ook at rmultiple thicknesses.

CHAI RVAN WALLI S:  Wien you use PTL you get
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in all kinds of trouble.

MR. KROTIUK: Right, okay. This is the
hydraulic portion and | just put it this way but,
you're right. Now, what | did, |I |ooked at the Cal Sil
and t he Nukon and | just used that equation to cone up
with an equation that includes both the KX for Nukon
which is for fibers and like | say, the KX the
perneability factor for CalSil, which is particles.
And this is what | kind of derived.

CHAI RVAN WALLI'S:  You didn't have to deal
with the inertia part. It would be a |ot sinpler.
You have a linear thing in velocity and you woul dn't
have these weird 0.071 powers and things.

MR. KROTIUK: Right, that's --

DR. BANERJEE: But even | eaving -- yeah,
you probably should kill the inertia part but that's
a separate issue. The X s though, | nean, the way you
defined X was the volunme fraction of -- | forget --

MR KROTI UK: To the void.

CHAI RMAN WALLI'S:  The void is changi ng as
you - -

DR BANERJEE: Rods, to -- so Nukon is
somet hing or the other.

MR KROTIUK: So it's really the volunme of

the -- the void to the volune of the solid.
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CHAI RMAN WALLI'S: Right, which could never

be nore than a certain amount if it's packed solid.

MR. KROTI UK:  Yeah, but as you conpress,
it could change.

DR BANERJEE: But the volune of the solid
has rods and cylinders, right? Are you going to
differentiate between them or not?

MR. KROTIUK: That's why | did this, is |
had a different -- this is the equation -- the is the
perneability -- the dinension perneability equation
for the cylinder portion and this is for the particle
portion.

CHAI RVAN WALLI S:  What do you do with the
cal ci um phosphat e?

MR. KROTIUK: |'m not addressing that
ri ght now.

CHAl RVAN  VWALLIS: Presunably that's
anot her term or another factor or sonething in here.

MR KROTI UK: That would have to be.

DR. BANERJEE: So you're getting two
different K functions?

MR KROTIUK: That's correct because
that's a function of geonetry.

CHAI RMAN WALLIS: So it's like a PhD

t hesi s?
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MR, KROTI UK: Excuse ne?

CHAI RVAN WALLIS: So it's |ike a PhD

t hesi s.

MR KROTIUK: It was work done -- 1'|
just say it and then you could -- | have references in
what | handed out. An individual called Happe
actually did -- had his thesis on this subject and he

actually came up with these perneability rel ati ons and
it came out of his thesis.

DR. BANERJEE: He did cylinders and --

MR. KROTIUK: He did cylinders along the
direction of flow, cylinders across, you know, and
spheres.

DR. BANERJEE: But all m xed together?

MR. KROTIUK:  No, he did them separately.

DR BANERJEE: That's different.

MR. KROTIUK: Yeah, but I"'mtrying to
relate themand put theminto one equation.

CHAI RMAN WALLIS: Ch, | like this figure.

MR. KROTI UK: Ckay, let's talk about the
conpression and as we said earlier, hysteresis has
been observed. Now, what |'ve done is |'ve taken the
approach -- you know, we have this velocity going up
and then conming down. There is a recognition that,

you know, it's a conplicated phenonena so | made the
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sinplification that during the first velocity
i ncrease, you have a non-recoverable, irreversible
process and all subsequent conpressi ons or expansi ons
of the debris bed would be a irrever -- an elastic
process after that with a constant conpressibility.
Now, that's what |'ve done at this point in tine.

That's ny assunption. So using that
assunption you come up Wwth basically two
relationships. One is for the first conpression where
you cal cul ate your void ratio as a function of your
nmechani cal stress on a section of the debris bed
Which could be the entire bed in nmy one vol unme nodel
or could be part of the bed in a multi-volune node
and you relate that to the mechanical stress at the
start of conpression --

CHAI RMAN WALLIS: Is this just what's
avai l able in the pore of the fiberglass? Is that al
that is?

MR. KROTIUK: |'msorry say again?

CHAI RMAN WALLIS:  This is what's avail abl e
in the pores of the fiberglass?

MR. KROTI UK: Essentially, yes.

CHAI RVAN WALLI S: Because it says nothing
about the Cal Sil yet.

MR KROTIUK: Well, this relationship is
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really -- I've applied it to both the Calsil and the
Nukon both. Basically, |I'msaying that during the
first conpression | can cal culate the void ratio based
on the void ratio at sone starting point and the
mechani cal stress across the debris bed at that
starting point.

CHAI RMAN WALLIS: It's just like the
| ength over the original length in a way, isn't it?
Isn'"t it related to just the strain, the | ength over
the --

MR. KROTIUK: Ch, yes, yeah.

CHAI RMAN WALLIS: So isn't it a sinple
transformation fromthe strain to X over X prinme?

MR LETELLIER He hasn't derived it that
way. In essence it woul d be.

CHAI RVAN WALLIS: | woul d be.

MR. LETELLIER: He has a decayi nhg spring
constant to account for the --

MR KROTIUK: And it's related with the --
the paranmeter N is really the material specific
paranmeter, which | would try to get from the test
data. And then after the first conpression when you
have the elastic portion, the relationship cones out
inthis fashion. You are now relating your void ratio

in the section of the debris bed to the nmaxi num
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nmechani ¢ stress at the highest velocity point.

And again, the factor of N is again in
there and | ooking at say the LANL series 6 data, |
came up with an invalid of about .3 and a -- sonewhere
|"mgetting around .2 to --

CHAI RMVAN WALLIS: These are the typica
val ues from bed conpression here, aren't they? It's
just conpression wthout any particles at all to get
sormething |ike this.

MR. KROTIUK: Ch, yeah, right, you're
right, yeah, something of that nature but so then this
way when | do the calculations, what |'mdoing is |'m
solving the hydraulic portion for a period of tine and
then for a given point in time and then | ooking at
where | am whether it's the first conpression or one
of the -- after the first conpression fromthe elastic
portion, and | do aniterative cal cul ati on between the
hydraul ic conditions and the conpression conditions
and you could cone up with a final bed thickness.

CHAI RMAN WALLIS: And P is the pressure

drop or sonething? Wat's this PW

MR. KROTI UK: You can -- the derivation to

P which is mechani cal stress, is actually equal to the
pressure drop across that section of the debris bed or

the entire debris bed if you're taking it as a
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honobgeneous bed. So you could actually --

DR. BANERJEE: It's basically the sane
type of nodel. It's the total force.

CHAI RVAN WALLI'S: Yeah, that's right,
that's what it should be.

MR KROTIUK: It's the force, yeah.

CHAI RVAN  WALLIS: The strain is
proportional to stress or is not proportional to this
N index. Strain is related to stress, not stress
gr adi ent .

DR. BANERJEE: Not gradient, yeah.

CHAI RMVAN WALLI'S: So then you've got a
correl ation of sonme sort.

MR. KROTIUK: Yeah, and | just wanted to
show you, like this is for the LANL Series6 data and
| actually --

CHAI RVAN WALLIS:  |'m surprised you got --
| did sonmething simlar | think, you find and I
actually put in the --

MR. KROTI UK:  Yeah, you did something very
simlar, yes.

CHAI RMVAN WALLIS: -- put in different
synbols for different tests, which can perhaps tel
you sonet hi ng.

MR. KROTI UK: Yeah, |'ve done this -- |'ve
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plotted this a nunber of ways and | actually have
plots with all the different tests separated out.

CHAl RMVAN WALLI'S:  But ny curve went
t hrough all the data.

MR KROTI UK:  Excuse ne?

CHAI RVAN WALLI' S:  Yours seens to scatter
nore, that's all -- but that's another matter all
t oget her.

MR. KROTIUK: But |ike, you know, this is
the point -- this is with the .23 and then there's
t hese outlying points which are test --

CHAI RVAN WALLIS: A lot of your scatter is
artificial. |If you |look at what they did, they could
only neasure to a certain -- a quarter of an inch or
somet hi ng accuracy. So the data went in steps and if
you actual ly pl ot the steps instead of the points, the
steps sort of covered the correlation.

MR. KROTIUK: That's a good point.

CHAI RVAN WALLIS: It | ooks nmuch better
than i f you just showthis like this, it ignores that
fact that they couldn't neasure accurately, so they go
in steps.

MR. KROTI UK:  Yeah, that's a good point.
"1l replot it as that.

Then | needed that starting point, in
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ot her words, the bed thickness at that starting point.

CHAl RMAN WALLI'S: It's just sone reference
t hi ckness.

MR.  KROTI UK: Right, sone reference
thickness but | tried torelate it to again, this is
the Series 6 data.

CHAl RMVAN  WALLIS: | presune it's
proportional to the amount of fiberglass.

MR.  KROTI UK: Exactly, that's what
happened. There was only one point --

CHAI RVAN WALLIS:  So you might as well use
kil ogram per neter squared.

MR. KROTIUK: That's what |' m doing,
kil ogram per neter --

CHAI RVAN WALLI S:  Because that's a better
nmeasur ement than undeterm ned thickness.

MR, KROTI UK: Right.

CHAI RMVAN WALLIS: In fact, since you' ve
got P over PMto sone power, the prediction is that
with no stress on the bed, it's infinitely thick,
whi ch doesn't really help you very nuch. So it's much
better to refer to sonme kil ogramper square neter. Do
you see what | nean?

MR. KROTI UK:  Yeah, | see what you nean.

CHAl RMAN  WALLI S: Because it's a

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

439

hori zontal bed. There's nothing to conpress it before
you've got any pressure and it's infinitely thick
until you get a little bit of something squeezing it
up. If it's vertical, it's got its own weight that
holds it down --

MR KROTI UK: Right.

CHAl RVAN WALLIS: -- whichisn't in this
t heory.

MR KROTI UK: Because a lot of the --

CHAI RVAN WALLIS: If it were underneath
the screen, it wouldn't be there at all. You' d have

to have sone pressure to bring it up

MR, KROTI UK:  Correct.

CHAI RVAN WALLIS: So | think to tie it to
kil ogramto square neter is a much better way to do it
than to try to neasure an unconpressed | ength.

MR KROTI UK:  Yeah, and | could do that.

CHAI RVAN WALLIS: Right. 1Isn't that what
you' ve done?

MR. KROTI UK:  Yeah, that's exactly what
|"ve done. This is kilogram per square meter versus
bed t hi ckness.

CHAI RVMAN WALLI'S: Ri ght.

MR KROTIUK: Then this is what | was

eluding to earlier. This is just a conparison for the
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equi val ent tests that were run for LANL. This is 6A

CHAI RVAN WALLIS: So why doesn't it go
t hrough zero? | nean --

MR. KROTI UK:  Yeah, that -- yes.

CHAI RVAN WALLI'S:  The bed with no nass
woul d have no thickness.

MR. KROTIUK: Yes, you are absolutely
right. And with the -- | didn't include it here but
l"mstill working on this. 1've included sone of the
nmeasurenents fromthe PNNL data and it actually goes
t hrough zero. You know, | need nore data points,
basi cal |l y.

CHAI RVAN WALLI'S: | think your 6C, 6G and
6H are just the ones which have sone rather weird
pressure drop data.

MR KROTI UK: Coul d be, but | have
actually plots of this with the PNNL data and for that
one --

CHAI RMAN WALLIS: | nean, they had
anonmal us data. They had data where the thickness of
t he conpressed bed was greater than the thickness of
the unconpressed bed, that kind of thing. 6C was
really anonmalus that way. Sonething was very odd
about 6C as | renenber.

MR. KROTIUK: That's why | threw that one
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in, but I'mlooking at -- I'mtrying to, you know,
| ook at this nore.

CHAI RVAN WALLI S:  Ckay.

MR, KROTIUK: And this is just what | was
eluding to before. |Is that this is the conparison of
the LANL test and t hese are sonewhat the equi val ent of
tests that were done at PNNL and the key thing | want
to point out is that when we have this added nass, add
a Nukon, add a Cal Sil mass and then | have a colum
here for bed Nukon and bed Calsil, the key thing that
| wanted to point out is that like for instance in
this case which is equivalent to 6B, .78 kil ograns per
neter squared. | tried to do everything in kil ograns
per unit area, .78 was added but only .67 was neasured
as deposited into the bed.

And you could see that int his case, .5,
.33, so it seened to indicate that even though you
added a certain anount to the | oop, not everything was
deposited into the bed. Wereas, if you |look at the
Nukon, the Nukon in nobst cases is nuch closer.
There's only one case here that seens to be an
outlier, but you know, what was ended up from the
actual nmeasurenents, you added t he Nukon and t he Nukon
was deposited on the bed.

CHAl RMAN WALLI S: Now, this CalSil, where
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did that cone fron? This was the weight at the end of

a test?
MR KROTI UK: That's correct.
CHAI RVAN WALLI S:  From whose experi nent ?
MR KROTI UK:  From PNNL's.
CHAI RVAN WALLI S: Ckay, because LANL used
this --

MR KROTI UK: Right.

CHAI RMVAN WALLIS: -- and they reached a
di f ferent concl usion.

MR KROTIUK: That's correct, and so in
their case, you can see that the -- what they
estimated was in the bed was very, very close to what
was added to the | oop.

CHAI RVAN WALLIS: Right, that's right.

MR. KROTIUK: So that -- the question
have is --

CHAI RVAN WALLI'S:  So that's anot her cause
for uncertainty, isn't it, in the whole thing?

MR. KROTI UK:  Yes, so the question is that
how do - -

CHAl RVAN WALLI'S:  What wasn't in the bed
went through the reactor.

MR. LETELLIER That's right, severa

times. Bill, for the PNNL when you're doing the mass
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bal ance, you're assum ng 100 percent of the fiber is
actually on the screen?

MR KROTIUK: No, | did not.

MR, LETELLIER: How did you separate them
post-test?

MR. KROTI UK: Because you neasure the
wei ght of the entire bed and then using the technique
t hat they' ve devel oped, you coul d cal cul ate t he wei ght
of the CalSil in the bed and then you just subtract
it, so you know, total weight mnus Cal Sil weight.

MR. LETELLIER.  Through the di ssol ved
concentration, that's how you did it.

MR. KROTIUK: Right, yeah. So it's as
good a neasurenent as you coul d get.

MR. LETELLIER. How did that conpare --
out of curiosity, how nuch fiberglass continues to
circulate or was otherwise |lost to the bed?

MR KROTI UK: I n none of these instances,
as you could see, here's the -- for the fibergl ass,
for the Nukon, okay. |If you can look at this colum
here, there's the added Nukon and there's the bed
Nukon. You can see that they're very --

MR. LETELLIER. Very cl ose.

MR. KROTIUK: -- very close. So nobst of

t he Nukon gets deposited onto the bed.
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DR. BANERJEE: | want to ask you one
guestion. | mean, |ook at the people at Los Al anps
and so on, they've done so many pressure |oss and
ot her cal cul ations to conpl ex medi a includi ng porous
nmedia with cracks and everything under the sun. |If
you' ve got bed sections, they can even scan these into
t he codes and run them because these are very little
randomnunbers. These are things which is easy to run
with the -- takes half an hour. So why don't you do
that rather than such an enpirical approach?

MR. KROTI UK: W were actually thinking of

that and we wanted to take -- this is a sinpler
appr oach.

DR. BANERJEE: Right, sure. | nean, this
may |lead to -- the problemwith all of these things is

that it becones very dependent on the geonetry of the
fibers, you know |'msure that you can derive a
correl ation for Nukon specifically and maybe Cal Si | of
certain size distribution, whatever.

MR KROTI UK: Right.

DR. BANERJEE: But if you change the thing
alittle bit and sonmething arrives which is oriented,
all aligned one way or sonmething, the perneability
correlations will start changing quite a bit dependi ng

on the geonetries and stuff |ike that.
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MR. KROTIUK: | mean, | hear what you're

sayi ng but you know, this is an approach also is that
you know, you have to -- when you try to develop a
correlation like this, you have to make an assunpti on
and the assunption is is that | have the fibers 90
degrees to the direction of flow. So --

DR. BANERJEE: But they may or may not,
you don't know.

MR, KROTI UK:  Yes.

DR. BANERJEE: And once you get the core
sanpl es you know, when they've cut it.

MR KROTI UK: Yeah, we will have sone of
t hat dat a.

DR. BANERJEE: The reason |I'msaying this
that the oil industry even uses these types of nethods
now for doing their porous nedia factor cal cul ations
and stuff.

MR. KROTIUK: The chem cal industry uses
it, too.

DR BANERJEE: Yeah, in fact, |'ve seen
Dow, for exanple, for their pack beds, they even are
| ooking at the formation fo the pack bed. There's
some problenms where they're depositing the packing
which is very conplex, into a bed and then | ooki ng at

the flow through it. There's a guy named David West
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at Dowis the head of the Fluid Dynamics. So this is
i ndustrial practice today to |look at the deposition
and | ooking at flowthrough sort of conplex nedia.

MR KROTIUK: But as Dr. Wallis has said,
is that we're | ooking at a process of deposition into
the bed that is not very well defined.

DR. BANERJEE: No, but it's a question of
where you put -- you know, if you know -- there are
all sorts of things, but if you do know enough to use
this correlation which, as you know, when water is
bei ng delivered and all this stuff, so --

MR. KROTIUK: |If you know what's being
del i vered, yes.

DR. BANERJEE: Yeah, so that you have to
know.

MR. KROTIUK: Yes, that's right.

DR. BANERJEE: Wat sequence, that has to
be connected to sonething, sone estimte, but you are
going to need that anyway for this.

MR KROTI UK:  You need that for this
correlation, yes, you do need it for this correlation
and that's why | was saying fromthe begi nning that |
was hoping that with a multi-volune debris bed we
coul d make sone sort of conservative yet not overly

conservative assunption in terns 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

447

CHAI RVAN WALLIS: I'ma little puzzled by
this tabl e because it | ooks as if LANL had nore Cal Si
that was retained in the bed than PNNL in the sanme
condi ti ons.

MR KROTI UK: That's correct.

CHAI RVAN WALLI S:  But LANL had a | ower
pressure drop at the sane conditions, typically. So
it's not consistent with what you'd expect. You'd
expect if there's nore Cal Sil retained in the bed for
t he sane conditions, you woul d have a hi gher pressure
dr op.

MR LETELLIER: Pl ease renenber those were
esti mat ed masses based on --

MR, KROTI UK:  Yes.

CHAI RVAN  WALLIS: Based on their
stability.

MR. LETELLIER Right.

CHAI RMAN WALLI'S: They're actually in your
report, they're on a table so | --

MR. LETELLIER. They are.

CHAI RVAN WALLI'S:  So I'Il use them when
| "' m considering --

MR KROTI UK: Right.

CHAI RVAN WALLIS: It's the best we have,

really fromthat experinment.
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MR. KROTI UK:  So, you know, ny feeling is,

is that this assunption for the LANL test that all the
Nukon is on the bed is probably pretty good but is
this really 100 percent correct?

CHAI RVAN WALLIS: That was neasured
t hough. Maybe the neasurenent techni que was not a
good one for that.

MR. LETELLIER. The primary fault is the
calibration. Keep in mnd that we're | ooking at
really low concentrations so we had to do a
calibration standard to units of NTU

CHAI RMVAN WALLIS: So it's very, very non
-- this is very, very clear?

MR, LETELLIER. Visually, it's very clear
and - -

CHAl RVAN WALLIS: Because | think Bill
Shack's was not very clear.

MR. LETELLIER: No, after many
circulations with Cal Sil fiber.

MEMBER SHACK: Right, | nean, it gets
cl ear, yeah.

MR. ENDERLIN. W can physically, in both
our large and our small scale and you can see the
cl oud visibly as the opaqueness in about four passes,

you wat ch the cloud and you can watch after about the
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fourth pass the fluid is clear and every tine you see
it conme out, you watch a little blip on the pressure
nmeasur enent as you're doing your bed formation.

CHAI RVAN WALLI'S:  Now you tap the test
section, you knock it, rap it, does stuff come out of
t he bed?

MR. ENDERLIN. | paid alot for the
pol ycar bonat es so we haven't --

CHAI RVAN WALLI'S:  No, but you see what |I'm
getting at.

MR. ENDERLIN: Yeah, we haven't -- we have
not see a |lot cone out when we rap the PVC one down
below but I can't -- | don't have as good a visua
underneath the bed in that one.

MEMBER SHACK: | rmean, if you up the
vel ocity, you get a puff out, don't you?

MR. ENDERLIN:. If you don't degas you get
puffs, but when we ranped the velocity up, we don't
get a |l ot of visual seeing puffing unless you have air
in your bed.

MR. KROTI UK:  No sheddi ng.

MEMBER DENNI NG  Graham why don't we go
ahead.

CHAI RVAN WALLI S:  Yeah, we have to finish

MR. KROTIUK: Yeah, I'"'mjust -- the rest
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is ny guess at a correlation right now, so --

CHAl RVAN WALLIS: It seens to ne that it
works on the PNNL but it doesn't work so well on the
LANL.

MR. KROTIUK: Right, and this is nmy first
shot through so it's not really neaningful --

CHAI RVAN WALLI'S:  You have to know which
one to check agai nst when they're not the sane.

MR KROTI UK:  Yeah, and one of the other
things that I do want to look at is just to make an
approxi mati on maybe of what woul d have really been
using the data fromPNNL, what really the Cal Sil woul d
have been in the bed and see if that matches cl osely.
This is really nmy first guess at this and | don't
think it's --

CHAI RVAN WALLIS: So who is going to do an
experiment with a vertical bed which is sonethinglike
a real screen to show that you can predict it?

MEMBER DENNI NG The green is --

CHAI RVAN WALLI'S:  Thi s horizontal bed was
very, very carefully prepared and stuck. Wo is going
to do an experinent for the vertical bed wth
realistic layers of stuff on it, nost at the bottom
and the top.

MEMBER DENNI NG Nobody.
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CHAI RVAN WALLI'S:  So how are you going --

MEMBER DENNING |'m sorry, the industry
is going to do that. The industry is going to do that
to some extent. They're going to take sections.

DR. BANERJEE: But they woul d need to nake
nore detail ed nmeasurenents.

CHAI RVAN WALLI'S: How do you do confirned
-- how do you evaluate the industry stuff if you don't
have your controlled experinments for sonething like
what they have because this isn't what they have?

MR KROTIUK: No, but we said fromthe
very beginning, | remenber awhile ago, nonths ago,
that this is for basically a bed that was uniformy --

CHAI RVAN WALLI'S:  What's LANL going to do?
These guys cone in. They say, we've done experinments
and we've -- we got this, enpirically we're going to
use this and it's two orders of nagnitude away from
what you predict using this curve, well, that's
because you' ve got a different distribution. How are
you doi ng to have any kind of a confirmatory neasure
of what they've done?

MR KROTIUK: That's not what this
correlation was intended to | ook at.

DR. BANERJEE: Maybe this works |ocally,

you know. Let's look at it this way; you need
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something locally but | think you really need to
eventually bite the bullet and have a particle
transport code so you know the distribution is going
to be this way, which is thicker at the bottom and
thinner at the top. Wthout that, you don't have
anyt hi ng.

MR. LETELLIER  One approxi mation that
we've used is --

MEMBER KRESS: It would be dom nated by
t he open parts.

CHAI RVAN WALLI'S:  Yeah, Mark has --

MR. LETELLIER. One approximtely that we
have used is to assune that these one dinensiona
nodel s apply at any point locally on the face of the
screen. And, in fact, if you assune a uniform
suspension, you can actually track the build-up
profile that | ooks very rmuch |i ke sone of our verti cal
screen testing. You can predict head | oss over a non-
uni formbed by using this as the kernel, if you will,
for accunul ati on.

DR. BANERJEE: But then you have to know
somret hi ng about the fluid nmechanics that flow through
this bed and the bypassing and so you have to do that
-- you have to do a CFD cal cul ati on and the NRC is way

back in |like --
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CHAI RVAN WALLI' S: But then you've got an

array of 20 top hat screens, which are all catching
di fferent ampunts of debris.

MR. LETELLIER: You tend to incorporate
the inertial effects of debris transfer if you have to
do that. | was sinply assunming a flow foll ow ng
tracer material .

DR. BANERJEE: It's surprising how far we
are behind here, behind industry. That really
surprises nme. People are doing this for chem ca
reactors and distillation columms and things and we're
just sitting here and doing these things.

CHAI RVAN WALLIS: Wwell, maybe we need to
sleep on it. If you can nmake your bed in under 70
hours, we -- this is all very interesting stuff. |

think we're conplete saturated with information by

now. We'll cone back tonorrow with clear m nds and no

debility of any sort in our heads and see what we can
make out of it all.

W have sone nore interesting stuff
tomorrow. We're going to recess. |It's now 6: 30,
we' |l recess.

(Whereupon, at 6:30 p.m the above-
entitled matter recessed to reconvene on February

16'", 2006.)
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