Official Transcript of Proceedings

NUCLEAR REGULATORY
COMMISSION

Title: Advisory Committee on Reactor Safeguards
Subcommittee on Thermal Hydraulics
OPEN SESSION

Docket Number: (Not applicable for meetings)

Location: Rockville, Maryland
Date: Wednesday, August 23, 2006
Work Order No.: NRC-1226 Pages 1-96

NEAL R. GROSS AND CO., INC.
Court Reporters and Transcribers
1323 Rhode Island Avenue, N.W.
Washington, D.C. 20005
(202) 234-4433



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

UNI TED STATES OF AMERI CA
NUCLEAR REGULATORY COWM SSI ON
+ 4+ + + +
ADVI SORY COW TTEE ON REACTOR SAFEGUARDS ( ACRS)
SUBCOWM TTEE ON THERVAL HYDRAULI CS

+ 4+ + + +
MEETI NG

OPEN SESSI ON
+ 4+ + + +
VEEDNESDAY,

AUGUST 23, 2006

+ + + + +

ROCKVI LLE, MARYLAND

+ + + + +

The Committee net at t he Nucl ear
Regul atory Comm ssion, Two Wite Flint North,
Room T2B3, 11545 Rockville Pike, at 8:30 a. m,

Graham B. Wal lis, Chairnman, presiding.

COW TTEE MEMBERS PRESENT:
GRAHAM B. WALLI S, Chairman
MARI O V. BONACA, Menber
THOVAS S. KRESS, Menber

OITO L. MAYNARD, Menmber
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P-ROCEEDI-NGS
(10: 14 a.m)
[ Meeting in progress.]

MR SM TH. W' ve done for, you know, our
bypass test survivor. |It's a specific test. It's not
for denp. It is a bypass. Again, we do not do that
with the fiber-only. W do it for sinulation, a one-
pass systemwhere all flowis through a five mcron
bag filter. So, you know, whatever gets through does
not cone back around.

CHAI RVAN WALLIS: Are you in a position
that you can predict how rmuch fiber bypasses the
screen in this first wave?

MR SMTH Yes. Yes. W don't --

CHAI RVAN WALLI'S: Do you have a theory?

MR SMTH W do not have a first wave.
W have a cunul ative effect, because that's what we're
worri ed about.

CHAI RMAN WALLIS:  And you call it, and
then in sone way you have --

MR SMTH. W have data that we have
correlated together on the size of our strainer. W
test each of our clients for fiber, because not all --

you know, some clients have m neral rules, some have,
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you know, Nukon fibers, and there are other -- there
are different fibers out there we have tested. To
date we have tested mineral and Nukon.

CHAI RMVAN WALLI'S: And so you have a
predictive capability. You can say if you have a
certain area of screen and certain hole size, then
you - -

MR SMTH:. For our strainer, we are
predicting this is the quantity of material and this
is the characteristic. So in that --

CHAI RVAN WALLI S:  About how nuch of it
gets through?

MR SMTH W are down into small cubic
feet, you know, one cubic foot of glass.

CHAl RVAN WALLI'S:  For all the strainers or
per strainer?

MR SMTH Ch, this is for the conplete -

CHAI RMVAN WALLI S: Conpl ete assenbly in the
pl ant ?

MR SMTH. Yes. And I'll show you -- we
have anot her feature. W have a feature we have added
to our strainer, and we do a second. But |I'll keep
going, and 'l --

This is just alittle filter picture here
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showi ng t he begi nning of our test. W introduced the
fiber in very small batches to allowit to accumul ate

on the strainer nodule. 1In this we understand that as
you add little batches and little batches and little

bat ches that gives it opportunity to pass through.

And, again, in the real world you don't
know if all the fiber is going to hit it in one big
slug, or you're going to hit it in little trickle
streans. So we introduce it in the trickle stream
fashion, giving it the nbst opportunity to get
t hr ough.

Thisis ahalf-inchloadingonit. You'll
see sone non-uni forml oadi ng going on. There's stil
cl ean surface area there, and we keep --

CHAl RVAN WALLIS: It looks as if it's al
on the outside of the cylinder.

MR SMTH:. It has gone down the center as
wel | .

MR ZIGER |If you would | ook in here,
you woul d see portions of it. But the inside of the
cylinder would norrmally be the last one to do it,

because it has a tangential velocity vector on into

the surface of it. So it -- actually, in the inside
we see a lot of what we Iike to alnost call it -- it's
a sel f-cl eaning phenonena, and it's the only -- when
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your inside gets filledin, but youfinally clear this
| ast remaining area, which is the inside of it.

CHAI RVAN WALLIS: | don't understand the
design of your strainer. You have this can, and you
have sonething inside it, some kind of --

MR SMTH Yes, let me -- |'ve got a
slide here.

CHAI RMAN WALLIS: -- shape. And fibers
can actually go inside the cylinder?

MR SMTH Yes. |It's --

CHAI RMVAN WALLIS: They could fill the
whol e cylinder, and they do.

MR. SMTH. They're concentric.

CHAl RMVAN WALLIS: But if you fill the
cylinder, thenit doesn't seemtoreally matter. They
can't get into it, so it doesn't matter --

MR SMTH  That's right.

CHAI RMAN WALLI'S: -- how nuch area you
have inside. It just becones limted presunmably by
t he out si de.

MR SMTH  Qutside and down through the
center.

CHAI RVAN WALLI'S:  And when you showed us
t hese things conpletely buried in debris, presunably

the inside is full of debris and there's very little
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fl owthat goes through there. So having all that area
doesn't hel p you, then.

MR SMTH It accunul ates the debris.

MR. ZIGER But, again, just renenber
that we are tal king about a very, very highly porous
bed, because the beds are unconpressed.

CHAI RVAN WALLI'S: But the effective area
of the screen is very different when it becones
cl ogged.

MR ZIGER Ch, absolutely. That's the
reason for that junp that you saw in the data.
Absol ut el y.

MR SMTH  Yes.

CHAI RVAN WALLIS: As |long as you just have
alittle bit of fibers and all that area is useful --

MR ZIGLER Right.

CHAl RMAN WALLIS: -- plug up the hole
i nside --

MR SMTH Dr. Wallis, we designed the
strainer with gaps and spacing between these to
accommodat e the debris.

CHAI RVAN WALLIS: Wen you say 3,000
square feet of strainer, that's all these w ggles and
squi ggl es insi de.

MR. ZI GLER: Absol utely.
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8
CHAI RVAN WVALLIS: | nean, if you just | ook

at the outside of the cans, it's nmuch |ess.

MR SMTH Oh, yes. Yes.

CHAI RVAN WALLIS: But that's what you're
really faced with when you have a heavy load. It's
t he outside of --

MR SMTH: And we base the thickness, the
predi cted debris |oad thickness on the surface area,
so that we're not just janmng it all in.

CHAl RVAN WALLI'S: Base it on all the -- on
the superficial surface area of the cylinder, or the
area of all the inside?

MR SMTH  The inside --

CHAI RMAN WALLIS: So you have a .002
approach velocity based on all of the area --

MR SMTH R ght.

CHAl RMAN WALLIS: -- and maybe a . 001
velocity based on the «cylinders thenselves or
somet hi ng?

MR SM TH. Exactly, yes. But as -- like
| say, we have sized the strainers, the gap, the
spaci ng bet ween the gaps to accommodat e the predicted
guantity of debris that's arriving.

MEMBER MAYNARD: More debris |oading the

nore debris you have in there, isn't it? The nore
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nodul es of strainers that you put on --

MR SMTH  Exactly. Exactly.

MEMBER MAYNARD: So it's not limted to
just one --

MR SMTH.  Well, going on with our fiber
bypass testing, again, nost of the fiber bypass occurs
when the -- again, as | stated before on the first --
the positing on the strainer. Fiber bypass
essentially becomes zero once that bed conpletely
forms. W have observed the bypass is proportional to
the strainer area and the approach velocity.

The quantity of bypass, you know, can be
significant. This is some bypass naterial we've got
-- we've collected, just to show sone of the materi al
t hat has gone downstream of the perforated plate of
our strainer.

CHAI RVAN WALLIS: And got caught on
anot her strainer.

MR SMTH It's collected in a five
m cron bag, a bag filter, we have a bag filter section
downstream So it is collected, dried, weighed, and
characteri zed.

MR ZIGER And, in fact, the filter is
very, very highly effective, that we have had to

change the procedure of doing the bypass testing by
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first putting in a five mcron bag and letting the
water circulate for a considerable anount of tinme to
clean the water first and then we will put in the bag
that we were using for the test.

CHAI RVAN WALLI'S: Now, when you say
"quantitative fiber bypass is significant" --

MR SMTH It can be significant in
t hat --

CHAl RVAN WALLIS:  -- what does that nean?

MR SMTH W're talking here -- we've
seen a good anount of quantity from standard
perforated plate on bypass, and | wanted to go on, we
add a separate --

CHAl RMVAN  WALLIS: Well, you say
"significant,"” but then you were telling ne before
that only one or two cubic feet got through in the --

MR SMTH. That's with our secondary
feature.

CHAI RVAN WALLI'S: GCh, with your secondary
feature.

MR SM TH  Yes.

CHAI RVAN WALLI S:  Gh, okay.

MR SMTH  The next slide --

CHAl RVAN WALLIS: Well, when you say

"significant," that means five percent gets through or
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somet hing, when -- it doesn't tell me what you nmean by

"significant."

MR SMTH:. | have sone data | can provide
you Wit h.

CHAI RVAN WALLI S: Does one truckl oad get
t hrough or --

MR SMTH | provided the staff sone
i nformati on on what we had the other day, so -- it's

not truckload, but it is a percentage, many cubic
feet.

CHAI RVAN WALLI'S: Many cubic feet.

MR SMTH  Yes, | could say that.

CHAI RVAN WALLI S:  That's enough to nake a
difference in the | ower plenumof the reactor flune.

MR SMTH Yes, potentially. | don't
know -- | don't know the bl ockage i ssue of that -- the
fuel itself. W had a secondary feature.

MEMBER KRESS: The previous slide show ng
-- it looks a little strange to ne. It's like the

fiber had built up a layer and then broke off in

chunks.
MR SMTH Yes. This is in our bag.
CHAI RMAN WALLIS: This is in the bag.
MR SMTH |If you dunp the bag out. It
is --
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MEMBER KRESS: That happened in the bag,

you t hi nk?

MR ZIGQER Ch, yes, it clunps up. It
| ooks like puff balls --

MR SM TH  Yes.

MR ZIGER -- of fiber.

CHAIRVMAN  WALLIS: And it felts,
presumably. Isn't it felt alittle bit? It's --

MR SM TH. Excuse ne?

CHAI RVAN WALLIS: It felts. It's like

felt. It --

MR SM TH  Yes.

CHAI RVAN WALLI'S:  The fibers attach --

MR ZIGER It's because of the |ong
strands of fiber. | nmean, the strands are pretty
| ar ge.

MR SMTH It actually collects in our
bag downstream and this is after we dried it, dunp it
out, take some photos of it, we've got sone
characterization on it. W've added our -- we have a
secondary feature we add that collects or entraps the
fiber after it gets through the holes w thin our
perforated plate.

This is basically a -- just a secondary

stainless steel knitted wire mesh material, it's very
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porous, slide up inside of it. And, again, we' ve got
an inner and an outer tube here, so it's a cylinder
that goes inside. So all the fiber -- or the flow
passes through and then cones out this little wire
nmesh secondary filter.

CHAl RMAN WALLIS: Looks like a way to
create high head | oss.

MR SMTH W test all of our strainers
with this material in place. Gay? So it does add
sonme head |l oss, but it's not extrenely high. But you
do pay a little bit on your head |oss, but it does a
very nice job of collecting bypass of fiber. So we've
used that, and that then has gotten it down to that
| ess than a cubic foot or so. And this --

CHAI RVAN WALLIS: One wonders if you
really need it to be so thick. | nean --

MR SMTH W have --

CHAI RVAN WALLIS: Do the fibers actually
penetrate rmuch into this porous nedia?

MR SMTH. It's pretty -- a | oose, |oose-
knit wire --

CHAI RVAN WALLIS:  Mdst of themare on the
sur f ace.

MR SMTH  Yes, they go down there just

alittle ways.
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MR, ZI GLER  Wat happened, Dr. WAllis --

and we have nodeled this with the CFD and we can
actually see it -- and the sense of what happens is
that your flow stream now becones basically slightly
turbul ent inside, and your flow streamin the hol e,
whi ch before you had the hole, your fiber would have
punched right through and then down on it.

Now you have the surface right behind the
hole on it, so that flow streamis not perpendicul ar
anynore. It hits it and it becones turbulent, so you
don't have the capability, whatever little fiber gets
deposited on the surface of the neck and doesn't
transpose down.

MR SMTH. Ckay. | have a few photos
j ust showi ng sone quantities of, you know, what cane
t hrough and w thout the --

CHAl RMVAN WALLIS: That's quantity, or
that's just a sanpl e?

MR SMTH  No, this was the quantity.

CHAI RVAN WALLI'S: That's the quantity.

MR SM TH  Yes.

CHAI RVAN WALLI S:  So we shoul d | ook at the
guantities and conpare them here.

MR SMTH. Yes. Yes. This is just a

guantity. This is before and after. It does a pretty
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nice job. And the big thing

CHAl RVAN WALLI S:
guestion is: can you predict
MR SMTH  You -

CHAI RVAN WALLI S:

15
is --
But the engineering
it?

How nmuch do you need to

catch before there's a problem downstrean? And all
t hose ki nds of questions.
MR SMTH W're still working with fuel

| enders on determning what the Ilimtation is

downstream And the thing to note is that this stuff
is nore powdery form It's nore closer to that of a
particul ate versus that of a --

CHAl RMAN WALLI S: But the screens that

you're installing in plants have this bypass
elimnpnator in then®

MR SMTH Yes, sir

Agai n, we show sone of the -- sone of the
mat eri al being strapped -- trapped on the surface of
our knitted mesh material. The things -- this is sone
of our --

CHAI RVAN WALLIS: | would think that the
chemi cal precipitants that they go through would
actually nmke a nice, thin bed on that bypass
el i m nat or.

MR SMTH  Most all -- all particulate
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has passed right through this in the past, and | know
recently it was passing right through it. At one
point it was --

CHAI RVAN WALLI' S: Even after a bed begins
to formon the bypass elimnator?

MR SMTH  Ch, no, by itself.

MR ZIGLER By itself. There was a test
that was conducted with the bypass elim nator and
chemical precipitants --

MR SM TH  Yes.

MR ZI GLER -- with the WCAP chemi cal
precipitants by itself with no fiber, and there was no
head | oss i ncreases.

MR SMTH Yes, it was passing right
t hrough. Wat we've seen -- this is, you know, sone
of our data at this point in time. W've seen
standard perf plate, and the perf plate holes for our
-- our strainers have been in the 3/32 size perforated
plate hole with about a 27 to 30 percent open area.

W' ve got fibers ranging fromaround one
mcron to three -- excuse nme, 1,000 mcrons to 3,000
mcros inlength. 1It's kind of alittle ball, little
puffs of stuff, and a little clunping going on. Wen
we run with our secondary filter we get 80 to 90

percent, based upon our observation -- and this is
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using a mcroscopic evaluation. Less than five
m crons, alnost all are shorter than 1,00 m crons, and
it's displaying nore of a particulate nature.

And we're using -- we're going after this
as if it is particulate in nature, and nany peopl e are
trying to approach this -- if it is particulate, it
won't bridge, it will pass through and pass through
downst reamconponents that are -- we're concerned with
the fiber actually getting in there and bri dgi ng.

And that | believe is the success path
we're trying to get through here, is if you can show
these things are short enough in length that they
don't -- they transformfrom being a fiber materia
into that of a particulate material.

CHAI RVAN WALLI'S:  Those 3,000 mcrons, is
that three mllinmeters?

MR SMTH  Three mllinmeters, yes. |
nmean, they're short, eighth inch. And then we get it
down -- we're running really short here, so -- and
that's the end of our slide show

MEMBER MAYNARD: Qui ckly going back to the
nodul e design, that feeds into a nanifold. The water
then goes fromthere to the sunp?

MR SMTH Yes. Yes, sir

MEMBER MAYNARD: And |'m assunmi ng that
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that's a gravity flow, and these are put in in a way
where that offload --

MR SMTH W're all submerged at this
point, and so it is fully subnmerged. It is not
gravity, but you are all belowthe water level at this
point, and it's the head of the water driving it, you
know, to your punp |ocated, you know, at a | ower
el evation. And so -- and then, we run through the

calculations for internal |osses and strai ner head

| osses.

CHAI RMAN WALLIS: So this is a very
interesting, descriptive presentation. |It's not
really an engineering presentation. | mean, you

haven't said, "Here are the functional requirenents
and specifications for a particular plant. Here's the
kind of debris that we handle. Here's the head | oss
tolerable. Here are the various conditions throughout
the event, tenperature and so on and so on. Here's
the chem stry. Here is our design. And here is the
proof that we're confident that it will work, because
we have adequate data and we have adequat e neans of
extrapol ati on and adequate neans of predicting flow
patterns in the plant, and so on."

There's a tremendous anmount of stuff in

t he engi neering of this that you haven't tol d us about
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at all.

MR SMTH  When we were putting this
presentation toget her, we asked, you know, what agenda
to present. And we had an agenda from our past --

CHAl RVAN WALLIS: Yes, but I'mjust
wondering if it exists.

MR SMTH W have a lot of -- yes, we do
-- go ahead, G 1.

MR SMTH In the end of everything,
you're absolutely right, Dr. WAllis. W have what we
call the strainer certification calculation. And this
is where everything feeds in. This is where we cone
in with our conposite curve that you saw on it, what
we can then predict from that one using the 6224,
which is pretty decent, incidentally, from a
particul ate st andpoi nt, to extrapol at e gi ven
paranetrics of energetics and cotese failed, cogene,
paranmetrics from CalSil, etcetera, etcetera, to
provide the client with not a single data point but
with a range of values that he can certify that that
strainer will work over a large range of events.

CHAI RMVAN WALLIS:  So when |I'mup there
making a presentation to the Comm ssion and sone
Comm ssioner says is it my opinion that you guys are

really on top of the engi neering and t hese things wll
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work, | just have no -- nothing to say, because |
haven't seen anything. And just say they've described
what they've been doing to nme, but | have no idea
whether it's going to work or not.

MR SMTH  We have data that showit's
wor ki ng.

CHAI RVAN WALLI'S:  You have it, but |
haven't seen it.

MR ZIGQER W would be glad to show t hat
to you, but it just --

CHAI RVAN WALLIS: Maybe we need anot her
neeting. Maybe we need a technical -- we need anot her
techni cal neeting of some sort.

MR. SCOIT: Can | interject something?

M ke Scott, NRC staff. You all are -- as all of you
are currently in progress on this, right, you have not
identified the success path yet that gets you to the
end result that he's asking for.

MR SMTH  Not for every topic, that's
correct. W're still westling with that.

MR. SCOTT: So had you been asked to cone
i nand provi de that solution path, you' re not prepared
to do it yet, and |I'massum ng nobody is yet. W're
still working on this and are going to be for sonetine

yet in the future.
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MR SMTH. W have partials and pieces,
you know. W tried --

MR. SCOIT: Right.

MR SMTH -- to get through, you know,
the classical testing of head lossing -- head |oss
testing, but to say we've bounded everyt hi ng here, no.

CHAI RVAN WALLIS: W are usually asked for
our judgrment on things and whether things are going
the right way and are you on the right track, and are
you sol ving the problem and so on. And | can say,
yes, this description of stuff | ooks very interesting.
| mean, you're doing stuff which sounds as if it's
relevant. But | can't say nuch beyond that, because
| haven't seen technical results fromit.

MR. SCOTT: And the staff is not ready to
reach a concl usion yet as to whether this will pan out
without an additional set of actions to be taken.
It's going to likely be iterative. And so, you know,
six nonths, a year fromnow, we're obviously going to
have a nuch better idea as to what's needed. But
it's --

CHAI RVAN WALLI S:  Everybody is going to be
iterative on these chem cal effects, because they've
been showi ng nore cloggi ng than was desirable.

MR ZIGER | go back to my opening
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slide, Dr. Wallis. GCkay? W are |ooking at every
single step along the way --

CHAI RVAN WALLI'S: | understand that.

MR ZIGER -- and we -- when we stunble
we go back. And as | nentioned before, when we're
tal ki ng about the chemi cal issue over here we're
stunbling right down here. So we're now goi ng back to
debris generation and doing chemi cal debris
generation, which is sonething which we haven't done
bef ore.

CHAI RMAN WALLI'S:  This is your plan of
canmpaign. But until you actually fight the battle, we
don't know if it's going to work.

MR. ZI GLCER: Absolutely. Eventually we'l
-- going through those do |oops many times we'l

eventually --

CHAl RMAN WALLI S: | understand that.
MR ZIGQER -- cone down over here.
CHAI RMVAN WALLIS: Right. | understand

t hat .

MR SMTH  Yes, and we've gone through
t hose do | oops with several types of classical
insulation debris that nmany clients cannot -- you
know, the strainer systemcould not tolerate it. And

in many cases, they have gone -- had to go back and
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remove certain types of insulation material in their
plant. So we've gone through this do | oop on a couple
i ssues al ready.

MR. ZI G.CER:  Whether it's reducing debris,
putting in debris interceptors, etcetera, etcetera,
etcetera. But we have had canpai gns, but the war is
not yet finished.

MR SMTH Right. W've had little
battles, but --

MR. CHOROMOKOS: One last thing. | nean,
we came here with the intent of inform ng you of the
activities we're doing to address it. W didn't cone
here with all of the addresses.

CHAI RMAN WALLIS: | understand that.

MR. BUTLER Dr. Wallis, I'd also like to
poi nt out that sone of the details that you' re | ooking
for are really the licensee's details. Intercon and
the other strainer vendors are contractors to the
licensees. |If you' re looking for that detail, we
real ly have to pursue getting the plants thenselves to
present with their contractors.

MR. SCOIT: But not at this stage. It's
still premature for that.

MR. BUTLER  Correct.

MR. SCOTT: Because the battle is stil
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bei ng fought, as was said.

CHAI RVAN WALLIS: Ckay. Well, naybe we
can ask the staff when they get up there how far al ong
t hey think things have cone.

Do we have any nore questions? | notice
it's tinme for our break. Ready to nove on, have a
break? Ckay.

MR ZIGLER. And, you know, if you're ever
interested in seeing sone of those tests, you're
wel come to partici pate.

MR SMTH Yes. W have several tests
scheduled for this fall, and so you all are wel cone
to --

MR. CARUSC Is the staff observing your
chemi cal effects testing?

MR. SMTH. They just did this past week.

MR. ZI GLER  Thursday and Friday they were

t here.

MR SM TH  Yes.

CHAI RVAN WALLIS: Okay. Wwell, G, Aaron,
Rob, thank you very much. W will take a break

W'l take a break until 10 minutes to 11:00.
(Wher eupon, the proceedings in the
foregoing matter went off the record at

10:34 a. m and went back on the record at
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CHAI RVAN WALLI S: Ckay. Please cone back
into session. Apparently we gai ned about an hour on
t he previ ous presentation. Maybe we need to -- maybe
they can conme back and give us data, then, in that
case.

W're looking forward to a presentation
from AREVA on this sanme topic. You have two hours
schedul ed, but we'll see how it goes. W'I|l take a
break for lunch, if you need that nuch tine.

MR. WLLIAMS: kay.

CHAI RVAN WALLIS:  Probably will. So we'll
probably i nterrupt your presentation. Mybe if we get
to a good point we'll -- you can point out to ne or
"1l point out to you that we should take a break for
lunch. Go ahead.

MR WLLIAMS: M nane is Lee WIIians.
| am the General Manager of Plant Engineering for
AREVA in the U S. AREVA for those that don't know,
is the former Framatone ANP

Appreci ate the opportunity to be herethis
norning. | want to introduce ny team W have a team
put together including ourselves, and we do primarily
engi neering. Alden Laboratory, represented by Dr. Stu

Cain onny left, is where we do the testing, and al so
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on ny left, JimBleigh from Performnce Contracting,
who does the strainer design itself and the
fabrication of the strainers. And we'll show you sone
of those pictures as we go forward.

Also with me is Ken G eenwood, who is ny
technical lead in AREVA. So we'll be sharing in this
presentati on.

Just a couple of opening remarks. This
teamthat is put together -- we have done work -- we
were in this issue back in the BWR days back in the
m ddle '90s. And we've been heavily involved in the
upfront engineering for the PARs as the previous
presentation tal ked about the generation, transport,
all facets of this, all the way through strainer
design and now up to installation and subsequent
foll omup testing.

One thing | want to point out is that, you
know, as we went forward many of the clients that we
had wanted to nove forward to -- in order to neet the
NRC dates. So as things were devel opi hg, we were
devel oping test protocols and, as you will see, our
test protocol in sone cases has evol ved based on our
own client input, the NRCinteraction which we've had
guite a bit of during the process, and our own

experiences and our own di scoveri es.
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CHAI RMAN WALLI S: Excuse ne. Because of

t he Framatome connection the French have had a | ot of
experience with putting in bigger screens. Does this
give you a leg up in the work? Wre you able to rely
on data and the design nethods, and so on, from
France?

MR WLLIAVS: Well, | nmean, even at this
time EDF is actually increasing their screen sizes as
-- you know, usually it's the sane ki nd of nethodol ogy
criteria that's being used in the US W didn't
really have a lot --

CHAI RVAN WALLIS: | think they started it
before we did, though, didn't they?

MR WLLIAMS: It's very nmuch -- about a
year earlier | think

CHAI RVAN WALLI'S:  So you shoul d have a | eg
up on the conpetition here.

MR WLLIAMS: Well, sonetines the
information is not directly applicable, as you wel
know from France to the U S W did have sone
information, but nothing that really |I think --
actually, as we got into it, | think we ended up
getting nore informati on rather than direction, to be
perfectly honest with you.

And | think one of the things we want to
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enphasi ze here as before -- the resolution of this
issue needs to be addressed from a big picture
standpoint. It's got to be |ooked at in the

conservatisnms as there are assunptions being nade
The testing approaches that are being used, the size
of screens that are being installed, very nuch Iike we
did with the boilers, and you'll see sone references
to sonme protocol and decisions we nade that basically
grew out of what was done and acceptabl e for the BWRs.

One of the things we want to note here
just very quickly, this is for the benefit of our
clients that we -- they were a little concerned about
the -- you know, we are representing a series of
clients of about 15 wunits. This information is
submitted for the informati on for the ACRS and t he NRC
staff, but specific information on a plant basis
really is the responsibility of the |icensee.

Ceneral topics -- and | don't know -- |
apol ogize up front, we -- we have set up our
presentation, Dr. Wallis, very much |ike the previous
one.

CHAI RVAN WALLIS: Wwell, let's go back to
the previous questions here. You say that it's al
the responsibility of the licensees to make their

case, which is true. But presumably you've set up an
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engi neering base which enables themto make their
case.

MR WLLIAVS: That is -- that is very
true.

CHAI RVAN WALLI' S:  That base has to be
val i dated and accepted and believed and so on. Once
that's done, then maybe it's easy for the |licensees,
or much easier.

MR WLLIAVS: Well, you have to
understand there is nany aspects of this that come
into play. And not one vendor for one plant is really
handl i ng each aspect. In other words, what | mean was
you have one group that did generation transport,
sonmebody else may be doing the screen design and
installation, sonebody el se may be doi ng bypass. So
it -- thereis --

CHAI RVAN WALLI'S: There are different
consul tants or vendors or sonething |ike --

MR. WLLIAMS: Yes, absolutely.

MR. GREENWOOD: | think it's inmportant --
this is Ken G eenwood, AREVA. It's inportant to note
| think this -- the purpose of this, too, is nore
directed towards the data tables later in the
presentati on.

MR WLLIAVS: As | started to say, we
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have set this up as a -- to focus nore on the testing
wi th sone overall general infornmation previous to the
-- simlar to the previous presentation, so your
comment about | ack of data nay obviously apply to us
al so.

CHAI RVAN WALLIS: Well, there's going to
be a prize for whoever conmes up with sone data in
t hese presentations.

MR WLLIAVMS: Well, we have sone data and
a couple of tables we'll wal k you through. W'Ill go
fromthere.

Starting off with a facilities overview
for the test, Stu Cain will wal k us through that.

MR CAIN.  Stu Cain, A ban Research
Laboratory. I'll just walk you through our test setup
very briefly. The flume setup that we have, you can
see on the right-hand side here alittle bit better in
your handout. W have a flume that's 2.25 feet w de,
3-1/4 feet tall by alnost 21 feet long. W have a
flowcapacity that is a calibrated fl owcapacity of 10
to 120 gpm and our punp i s capable to a maxi nrumof 30
feet of head. So we can go up to relatively high
heads.

W have return fl owoptions for this |oop.

A couple different options exist. W can return flow
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directly to the upstream end of the flune. W can
al so divert the flowto overhead spray nozzles. Now,
t hose overhead spray nozzl es were designed to provide
agitation to the flume, provide kinetic energy to
suspend the material in the flune.

CHAl RVAN WALLIS: And they don't get
cl ogged up by bypass debris?

MR. CAIN. They do not, no. No. W have
a sufficiently | arge hol e dianeter on the nozzle. W
can change nozzle dianeters. W can change the
vertical fall height of the water. W can al so
subnerge the nozzles to achieve different energy
| evel s.

CHAI RVAN WALLI'S: Pretty cold water for a
sunp.

MR CAIN. Well, it's actually city water.
And if you saw our |laboratory, you would realize
there's quite a stretch underground t hat t he water has
to flow through to get to our facility.

Strai ner pressure differentials were in
the range of about .02 feet to 12 feet, and, as you
said, the water tenperature was 40 to 70 degrees
Fahrenheit.

Go ahead, Lee.

CHAI RVAN WALLI'S:  And when you do tests at
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-- over this range of tenperatures and then you apply
themto a sunp at 200 and sonet hing, now there has to
be an equation or sonething which tells you how do you
t ake account of the changes in viscosity and --

MR CAIN:  Yes.

CHAI RVAN WALLI' S:  So you use supply design
equations, then?

MR CAIN. Yes. This is a picture of the
test facility. I'Il just point out a few things on
this slide. This is the flune here. |It's elevated
because we can run a couple different types of
configurations. W have a pit configuration or a
depressed sunp configuration here.

We can nmount off the back wall. W can
al so nount vertically in the system These are the
overhead spray nozzles. This is the overhead spray
mani fold. This is the return piping. So we can send
it through a couple of different orifice plates here
for flow measurenment back up to the spray nozzles or
to the front end of the flune.

CHAI RMAN WALLI'S: These are all two by
fours that are holding it up?

MR CAIN It is, yes. Structurally
desi gned, of course.

MR WLLIAVS: And we've had | oadi ng
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condi tions where we've had to reinforce the --
CHAI RMVAN WALLI'S: So you've gone away from
angle iron and all those kind of things. This seens
to be going back to the '30s or sonething.
MR CAIN. Well, this flune actually is a
fairly old facility. It was pre-BWR testing. And

when we did the pit configuration we needed to raise

it up. It was on the floor originally, on
ci nderbl ocks. Right here you can see -- and we'l|
show pictures later on -- this is the |ocation of our

bypass sanpling. W have three isokinetic bypass
sanpling ports where we can pull off bypass sanpl es.
MR  WLLIAVS: One of the origina
t houghts in building the flunme, Dr. Wallis, was that
we were |ooking at the differences between BWRs and
PWRs, and one of the significant things we sawin nany
of the plant configurations, that around the area of
the sunp was a fairly qui et pool because of the, you
know, flows. And, therefore -- and you'll see the
range of flows that we're dealing with all the way
from 2,000 gpmto 19,000 gpm at the onset of recirc.
One of the original thoughts was, how nuch
credit can we take for the settling in and around the
closed-in area of the sunpitself? And so our initial

test we had -- we were noving the -- started with the
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debris sonewhat spread across there, but as we got
i nput, not only fromthe NRC staff but | ooking at the
conservatisms with our client, we later -- the | atest
test had the debris all noved up towards the strainer
itself as well as the -- as Stu said, the agitation of
t hose downward jets keeping things suspended.

So we -- the test nethodol ogy evol ved,
because there really wasn't a standard protocol
established simlar to what the BWRs had. So we -- we
evolved it and got better as we | earned.

MR. CAIN.  Just a couple of photographs of
strainer nountings in the flume. This is a pit
configuration, sothisis asingle nodule, andthis is
-- you're looking at in a plan view. This is the pit
in here, and it's sitting down inside the pit.

MR WLLIAMS: This is the floor |evel of
the flune itself, and this is to sinmulate the cl osed-
in edges of a pit configuration. You can see that the
-- Jim you mght want to take a mnute and descri be
what the nodule is, so Dr. Wallis has an under st andi ng
of that.

MR. BLEIGH Basically, we make a stacked
di sk strainer, which is a series of nomnally half-
inch thick disks with a face plate on both faces, a

disk rim around the perineter. Al of that is
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perforated plate. They are separated by what we call
gap rins, which is also perforated plate, and the gap
rimis a larger dianeter than the core tube that is
i nsi de.

So when you see those four bolts on the
out si de of those four bolts would be a gap rim but on
the inside of those four bolts on the inside of this
cross and collar here is where a pipe is and a core
tube. And the core tube has holes in it of different
sizes that vary fromthe section end to the far end,
and t he purpose of the flowcontrol holes is to create
uniform flow along the axial length of all of our
strainers, so that the furthest disk fromthe suction
line is going to draw t he sane anmount of water as the
near est di sk.

CHAI RVAN WALLI'S: At |east before it gets
debris on it, yes.

MR BLEIGH Correct. You know? But that
woul d assume non-uniformdebris |oading. |If we have
uniformflowto all surface areas, we're assuni ng t hat
debris is going to collect, unless it's froma single
direction, in a uniform manner.

CHAI RMAN WALLI'S: So these are stacked
disks. So a lot of the area is between these |ayers.

MR. BLEIGH That is correct.
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CHAI RVAN WALLIS: And if it fills up with

debris in there, then your approach velocity perhaps
shoul d be around the whol e box rather than --

MR BLEIGH Right.

CHAI RVAN WALLIS: -- based on the entire
ar ea.

MR BLEIGH: That's correct. And we're
testing these in both low fiber conditions where the
gaps are not filled in. W're also testing themin
conpl etely buried subnerged --

CHAI RMVAN WALLI'S: You get themlike the
ones we saw earlier this norning, where --

MR. BLEIGH: Absolutely.

CHAI RVAN WALLI'S:  -- there's several feet
of fiber maybe above the whol e thing.

MR. BLEIGH: Oh, absolutely.

CHAI RVAN WALLIS: Al right.

MR. BLEIGH And | think we have pictures
|ater in the presentati on where we buried the strainer
with m xed debris of fibers and particul at es.

MR. WLLIAMS: But to nmake a point that
you're right about the circunscribed fl ow here. That
was one of the areas -- things that we did going
forward, and the first plants we tested were extrene

low fiber plants, really circunmscribed area, then
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becom ng negl ect ed because you had no naterial to fill

inthe gaps. But as we got higher fiber plants, then
we evolved to running a suite of flowrates, including
the circunscribed flow area.

MR. BLEIGH And one of the interesting
t hings when we started the testing programthat was
very limting in terns of the size of prototype
nodul es we use is that for high fiber plants -- and
you might recall a year and a half ago they talked
about 50 pickup | oads of debris going to a screen, if
| make the screen too large for the physical size of
this flune, the entire flume is filled with debris.

Sothereis alimt interns of howl arge
a prototype can be tested based on the design basis
that we're using. And so, you know, there was a
nunmber of variables that we had to bal ance to decide
what size screen are we going to use.

MR WLLIAMS: And as Stu was saying, this
isgivingyou-- isthe flexibility that we built into
the flune.

MR. BLEIGH And, again, the flune is
desi gned to accomuodat e al | of t he pl ant
configurations, whether it be a horizontal strainer,
a vertical strainer that's in a pit, or a vertical

strainer that's actually sitting onthe floor. So in
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this flume we're able to actually test all three
configurations.

CHAI RVAN WALLIS: Wwell, if it works with
this -- when it's buried in fibers, then, really, the
details of this are less -- becone |less inportant --

MR BLEIGH That's correct.

CHAl RVAN WALLIS: -- as it's flowed
through all that fiber that's --

MR BLEIGH That's correct.

CHAI RMAN WALLI'S: -- covering everyt hing.
You have all this area. 1Is that really because of
those thin bed effects, or something? O why do you
need all of the area?

MR. BLEIGH: Absolutely. The --

CHAI RVAN WALLI'S:  You only need it when
you have the thin layers on it, right? And chem cal
effects or sonmething. But once you're into the
subnerged thing, it's a conpletely different regine.

MR BLEIGH Yes, that's correct. It's a
conpletely different --

CHAI RVAN WALLIS:  You wouldn't need to
have all of this area, presumably.

MR WLLIAVS: | think we have to go back
to the evolution of how deci sions were being nade as

we went forward to start the test program In many of
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the plants, they look at not only -- you |look at a
cal cul ati on of 6224 based on their debris |oads, but
they al so | ooked at space avail abl e.

Several of our plants said basically,
"Here's the footprint. Fill the space with as much
surface area as you can get, and we will basically
back our way into the solution.”

CHAI RMVAN WALLI'S: So when you say 7,000
square foot of surface area, that's all the holes and
all these plates. How does that conpare with the sort
of superficial area of the box?

MR. BLEIGH It depends on the plant
desi gn, because the larger the disk design, then the
difference in that ratio -- if it's not a large --

CHAI RVAN WALLIS: It nust be sonething
i ke an order of magnitude, isn't it?

MR BLEIGH No, it's not that bad.

CHAI RVAN WALLIS: It's not that bad?

MR. BLEIGH: No, it's |ike maybe twi ce.

CHAI RVMAN WALLIS: Only that?

MR BLEIGH Right. | nmean, you |l ose two
or three tinmes. Again, it depends on the plant
arrangenent .

MR WLLIAVS: And it depends on the -- in

some plants we have an array arrangenent, which is
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over the sunp pit itself. And then sone plants, as
you -- simlar to what you saw earlier, that had the
-- had a small area, and didn't have a sunp pit at
all, and then we ran the strainers out around the
crane wal | .

MR. BLEIGH: And as was nentioned in the
previ ous discussion, the flowratio of these screens
are extrenely slow | nean, it's al nbst stagnant
wat er, you know, in and around the screen areas. And
so you don't get conpression of the debris bed, you
know, near the screens.

MR, GREENWOOD: (Okay. This slide here
shows what Jimis mentioned. Ken G eenwood, AREVA.
The plant design flow rates that we're dealing with
covers the -- illustrates the |l arge disparity of plant
conditions that we had to deal wth.

Plant design flow rates, as Lee had
nmenti oned, from2,000 to al nost 20,000 gpm  Approach
velocities -- excuse ne, the screen approach
velocities were very |ow based on the |arge square
f oot age of the new pl ant screens. Again, you can see
the large range there. And the hole dianmeters, just
to make things consistent, roughly 3/64 to 3/32.

The testing paranmeters, which represent

the prototypes which were tested, flowrates were
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scal ed down based on the screen surface area, show 15
to 120 gpm and the screen approach velocities here
are the sane. Those were the intent of the scaling
was to -- to maintain the screen approach velocity.

So the area was based on debris | oads and
ot her physical configurations, and then the flowrates
were determ ned based on maintaining consistent
approach vel ociti es.

CHAl RMVAN  WALLIS: You are testing
essentially one nodul e out of nmany nodules, is that
what you' re doi ng?

MR. CGREENWOCD: That's correct.

MR. WLLIAVS: Wat would be done, Dr.
VWallis, is that we would cone up with a prelimnary
screen size that would go in the plant. And based on
that surface area and the plant flow rates at the
onset of recirc, the maximum flow rates, we would
establish a screen approach velocity, and then use
that as a scaling factor, and have that same approach
velocity in the flune test setup

MR, GREENWOOD: Just one last thing on
that. The strainer hole dianeters were al so
mai ntai ned to the prototypes.

MR. WLLIAMS: That's correct.

MR GREENVWOOD: This is the |ist of
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| icensees that we're working with, the current status.
W' ve got six units fabricated and delivered. N ne
units are in fabrication now, and we actual | y have one
pl ant installed. And you'll see sone pictures of that
later in the presentation.

MR WLLIAVS: And we actually began
testing -- because of the schedul e that many of these
pl ants had, some of these were starting to install as
early as this spring, with several of themthis fall
W started the test setup in late QOctober/ Novenber
| ast year. Actually, in Septenber.

MR. GREENWOOD: These are sone of the
paraneters that we found that affected the head | oss
during the testing. | think you ve heard about some
of this before. One of the things that naybe you
haven't heard was the overhead nozzles. Again, here,
this was our intent to keep the debris in suspension
as nmuch as possi bl e wi thout introduci ng enough ener gy
to actually dislodge debris from the strainers
t hensel ves.

CHAl RVAN WALLIS: Wen it says "debris

mx," it's also howyou put it in, isn't it? 1| mean -

MR GREENWOOD:  Yes.

CHAl RMAN WALLIS: -- and the order in
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whi ch you put it in, and things |ike that, can rmake a
di f ference.

MR GREENWOOD: Yes. W have a slide to
address that. Next one?

Sonme of the observations early on -- the
tests included sone of the mscellaneous type debris
of tags and | abels, RM, paint chips.

CHAI RVAN WALLIS:  Where do they go?

MR, GREENWOOD: They just settle to the
floor.

CHAl RVAN WALLIS: Settle to the floor,
okay.

MR, GREENWOOD:  Yes.

MR. BLEIGH And they don't appear to have
wi dth velocity to cone up. They just go down and stay
down.

VR. GREENVWOOD: Even when dunped
practically on top of the strainer, it just passes by
to --

MR WLLIAMS: 1'Il show you a coupl e of
pictures. W actually forced -- we did sone testing
on paint chips in a lowfiber condition, and the only
way we could get it to the strainer is actually
physically dunp it and then shovel it onto the

strainer. It would not pick it up.
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MR. GREENWOOD: The 6224 correl ati on was

a bounding -- in many cases used sonme of the initial
designs, and testing ones corrected for tenperature
cane in well below that.

CHAI RVAN WALLI'S:  This is because of non-
uni formdi stribution, presumably, rather than because
the correlationis way off? O is the correlation way
of f --

MR WLLIAVMS: | think it is the
correlation that is devel oped based on flat plate
i nformati on, and now you've got conplexity, a |ot of
hydraul i cs going on in and around the strainer itself
t hat doesn't --

CHAI RVAN WALLIS: | think it nust be non-
uni formdistribution, then, because if you have this
stuff uniformy distributed -- these are al nost fl at
pl ates you have. They're disks. They're alnost --

MR GREENWOOD: Correct. | think the
difference is 6224 wasn't a vertical |oop. Here
you've got the effects of gravity which can keep
debri s away.

CHAI RMVAN WALLI'S: You'd expect it to be
reasonably uniform You' ve probably got sone
fl owmt hrough or whatever you call it -- you know,

bypass the hol es through the fiber bed and stuff and -
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MR. BLEIGH: But in many of our thin fiber
bed tests, the screen is conpletely covered. W have,
you know, not perfect, but we have coverage of fibers
ever ywher e.

CHAI RVAN WALLIS: But you woul d expect
this correlation to do not too badly.

MR BLEIGH | think it's because of the
low flow rates and the fibers just not conpressing
agai nst the screen. It's at the screen, but it's not
conpr essi ng.

MR. GREENWOOD: W're at the very | ow end
of the 6224 correl ation.

CHAI RVAN WALLI S: They have predictions
for no conpression, too. It's probably in the |am nar
region, isn't it? It's very, very --

MR, GREENWOOD: Very much so.

CHAI RVAN WALLIS: So it should be linear.
It should be very straightforward.

MR. GREENWOOD: And the other thing is
that the amount of debris that you would put in for
t he correl ati on woul d assunme 100 percent accunul ati on.
In this case we woul d have nuch of the debris drop to
the floor bel ow the strainer.

CHAl RMAN WALLI'S: You'll have to have G |

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

46

| ook at why the NUREG didn't work, since he's the
first author on it.

MR WLLIAVS: It works.

MR. GREENWOOD: And one |l ast slide for ne
is the geonmetry. This is sone things that Lee had
al luded to before. Qur testing protocol evolved over
the course of testing. You nentioned the debris
pl acenent, use of overhead nozzles, which nozzles to
use and at what elevation to place the discharge,
again depended on -- a lot of that came from
experience as well|l as observations fromthe staff and
clients. But in the end, our maxi num head | osses seem
to be fairly consistent.

MR  WLLIAVMS: W actually did sone
sensitivities utilizingthe change in debris placenent
and flow rates and a couple of series of tests. W
found we got fairly consistent naxi mum head | osses,
but as you mght expect debris placenent wll
obvi ously have an effect onthe tinme it took to get to
t hat maxi mum head | oss.

CHAI RVAN WALLIS: So what are you going to
give the licensee for a correlation? This NUREG 1 is
very conservative. Do you have an AREVA correl ation
or sonet hing? Wat are you going to give the |licensee

to use as a design tool?
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MR BLEIGH W're giving themthe
nmeasur ed debris head | oss, and we' re showi ng how t hat
correlates to a NUREG cal culation. And it's really up
to the |icensee to decide, you know, how they want to
use the correlation and the two data points.

CHAI RMVAN WALLIS: Is it far fromthe
correl ation?

MR BLEIGH In sonme cases it is.

CHAI RVAN WALLI'S:  So they may wi sh to use
the data rather than the correl ation.

MR. BLEIGH That's --

CHAI RMVAN WALLIS: O wll you develop a
new correlation that goes through the data or
somet hi ng?

MR. BLEIGH | think that many of the
licensees are | ooking at the NUREG cal cul ati on as the
boundi ng condition for the plant. And so the testing
becones confirmation that the cal cul ati on usi ng NUREG
i s boundi ng and conservati ve.

CHAI RMVAN WALLIS: And the interesting
situation will be when they find that the conservative
one gives themtoo nmuch pressure drop.

MR BLEIGH: No, it is not.

CHAI RVAN WALLI'S: It doesn't.

MR, GREENWOOD: | mean, as far as the
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margin is concerned, we're given -- our clients have
given us -- you're allowed so many feet wthout
getting into the details of --

CHAI RVAN WALLI S:  Based on the NUREG

MR. GREENWOCD: No, no, based on the NPSH
cal cul ati ons.

CHAI RVAN WALLI S:  Yes, but then whether or
not it's there is based on the NUREG cal cul ati on and
-- as | understand it, and you're show ng that your
data all lie belowit. Therefore, thisis a --

MR. BLEIGH: As an exanple, if we have two
feet from the client, and we add together clean
strainer head | oss conponent to the debris head | oss
cal cul ation using NUREG 6224, maybe that's 1.5 feet.

CHAIl RMVAN WALLI'S: But you neasure as .2
feet or --

MR. BLEIGH  And what we neasure night be
.5 or 1 foot.

CHAI RVAN WALLI'S: But the acceptability is
based on the NUREG  Acceptability of the design is
based on the NUREG and you are sinply show ng that
it's conservative, it sounds |ike.

MR. BLEIGH: The testing is show ng that
t he NUREG cal cul ation i s conservative.

MR. WLLIAVS: But you' ve got to be
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careful, because there is -- there is questions being
rai sed about the -- utilizing NUREG and certain, you
know, particulate to fiber --

CHAI RVMAN WALLI'S: Ri ght.

MR WLLIAMS: That has to be shown in the
test.

MR. BLEIGH: Wich was the whol e purpose
of doing the confirmation testing at the plant-
speci fic design basis.

MR SCOIT: MKke Scott, NRC staff. As
with any NUREG the |icensees are not required to use
that correlation, soit's not a regulatory acceptance
criterion per se. And the SER allows for different
nethods to be used if the |icensee chooses and
justifies it.

CHAI RVAN WALLIS: | think we actually had
a staff presentation saying that the NUREG didn't
apply to sonme situations.

MR. SCOTT: |It's not a conprehensive,
perfect correlation, certainly.

MR BLEIGH: Based on the limtations of
its initial research and devel oprent.

CHAI RVAN WALLI S:  Ckay.

MR. WLLIAMS: Going on with sone basic

protocol information, the tenperature, as you noted
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earlier, Dr. Wallis, was anbi ent tenperature used for
the test. And we would then do an evaluation to get
the corresponding viscosities, and the perfect
tenperatures at the plant were outlined to us.

Agai n, many of these itens that we' ve done
is conpletely consistent with how the BWR strainers
were tested and qualified.

| mentioned earlier that the scale
fraction forward of the test debris and test flow was
a function of the ratio of the strainer surface area
to the plant strainer surface area, where we would
mai ntain based on the flow rates in the flune a
consi stent strainer flow velocity.

W also noted earlier we did sone
sensitivity tests. Many of the tests had actually
used circunscribed fl owarea, but we did sensitivities
at higher flowrates al so, just to determ ne what somne
of the varying conditions would be.

Debris preparation -- this sinply has sone
pi ctures of, as you can see, the quantities of debris
we're dealing with. W weighed the debris dry. Al

the insulation, both fibrous and RM, was chopped,

cut, segregated, you know, in many different ways. In
many cases we even used -- put some through a food
processor.
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Wat er was added. W nechanical ly nmi xed,
as you can see over on -- over on the right-hand side,
and we'll talk a little bit about sonme of the
surrogate material we utilized as was previous -- in
t he previ ous presentation. W were very careful about
that based on size, density, and, you know, again,
precedent with some of the other BWR eval uati ons.

One in particular was a substitute for the
zinc primer, because we were testing at Alden
Laboratories i n Massachusetts where t he EPA has deened
zinc a hazardous material, and it was extraordinarily
difficult totry to dispose of. So we cane up with a
tin powder surrogate based on an eval uati on between
that and the zinc priner.

Sequencing -- as you nmentioned, it is an
i nportant aspect. W canme up -- again, this evolved
over some period of tine in terms of the order of the
debris. One of the things we didn't want to do is put
the RM -- put the fibers in and then throwthe RM on
top, and that basically would then trap a whol e | ot of
fibers that couldn't -- that wouldn't have the
opportunity to make it to the screen.

So what we canme up with was this type of
just a fundanmental order, we would mx these

constituents separately and t horoughly w th mechani cal
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m xing in drums, and then add the material. And as
you'll see fromour data chart, as | said, the first
coupl e of tests we spread it out fairly uniformy, and
t hen subsequent tests we either put it between one and
three feet infront of the strainer itself or actually
on the strainer in many cases.

But we put the RM in, put all of the
particulates in separately, and even if you put it
near the screen, as you know the particulates wll
tend to scatter. Fibrous material would be next, and
the | atent fiber woul d be added, and then what we were
using for chemical precipitants -- we'll talk about it
alittle bit later, but we -- in the beginning of the
test, while the WCAP was being devel oped, we were
utilizing manufactured chenical naterial s based on the
| CET outputs. And we subsequently evolved to
bal anci ng those against the WCAP nmethodol ogy, and
we'll talk nore in detail about what's going on there.

CHAI RVAN WALLIS: Well, suppose you're
doing particulate on fibers. You throwin all the
particul ates, and you're running the test, and it's
goi ng through the --

MR WLLIAMS: At this point, when we
first add the test it is not running.

CHAI RVAN WALLI'S: Not goi ng through the
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| oop yet.

MR WLLIAMS: It's not going through the
| oop. W don't have --

CHAI RMAN WALLIS: So all this stuff is put
in before you -- before you start the punp? It's just
stirred up in there?

MR WLLIAVS: Right. W layered in
there, and then nmechanically agitated it and --

CHAI RVAN WALLIS: Ckay. Because there's
anot her sequence where you put in the particul ates and
run the thing around. And then, you put in fiber
progressively and build up a bed, and then it catches
the particulates. It all takes tinme. You haven't
done that sort of sequencing where you're running the
| oop while you're putting the stuff in?

MR WLLIAVMS: W did -- you know, we
did --

MR. BLEIGH Actually, it has been done
both ways, but we didn't see significant differences
inresults.

MR. WLLIAMS: Because, you know, the PNNL
peopl e had huge differences dependi ng on the order in
whi ch they put stuff in.

MR BLEIGH: The order has an effect. W

-- you know, what we see, though, Dr. Wallis, is once
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we put this mterial in, that obviously the
particulate gets there -- if the material is, you
know, right inthe vicinity of the screen. And then,
the -- you'd then build up a debris bed gradually as
you continue to run the test.

So, in essence, though, we didn't doit in
a separate condition, because to be honest with you we
had so many constituents of material to add in here --
in many of these tests there was -- you saw sone of
those barrels. There was sonetinmes 15 of those
barrels of different materials, particulates and
different fiber |oadings, that had to be added.

MR. BLEIGH | also think sequenci ng woul d
nmake a difference in a vertical pipe test as opposed
to an actual or nore representative arrangenent.

MR. WLLIAMS: Wat you see here is, this
was a very high fiber test, and you'll see -- this is
t he overhead sprays. There's a nechanical m xing of
the debris, and you can see just huge anounts of
debris in sonme cases that, again, resulted fromthe
conservative debris generation during transport.

CHAI RMVAN WALLIS: Now, the sunp isn't
agitated like this in a plant. The sunmp is not
agitated like this in a plant.

MR. BLEIGH No, this is -- occurs just
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prior to starting recircul ation.

CHAI RMAN  WALLIS: So sonething is
di fferent between this and what happens in the plant.

MR WLLIAMS: Well, what we tried to
simul ate, we knew in many cases the material had to
take a very torturous path to get to the sunp, and we
knew t here woul d be sonme -- there would be m xi ng and
tunbling and just a grouping of the materials before
it got to the sunp, because it -- the material was not
right at the sunp, you know, independently. So we
knew t here was some m xi ng going on with the -- based
on the CFD analysis we ran in several units.

MR. GREENWOOD: One of the things that we
did there, too, was -- is that because you put in the
debris in sequence, by the time you got to the |ast
itemyou already had a | arge anount of the naterial
settling, because the punps were not running. So an
attenpt just prior to starting those punps to lift the
fibers and things up to nake themnore susceptible to
bei ng captured by the strainer itself, was one of the
mai n reasons for this m xing.

MR. WLLIAMS: And, again, the debris
i ntroduction, we only use this protocol for the 3 to
15 feet in the first test series. Afterwards we went

within three feet of the strainer. And actually, in
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the first test series on the 3 to 15 we did sone
sensitivity tests where we shovel ed everything that
was in the flunme on top of the strainer at the end of
the test and doubled the flow to see what effect we
woul d get.

So we did sone -- you know, we tried to do
some boundi ng and conservati ve assunptions while still
mai ntai ning, you know, the aspects of realistic
behavi or of what was in the plan. And, again, the
overhead nozzles in the later tests, one of the things
we actually subnerged the nozzles, the nozzles were
originally put inin order to try to sinmulate a near
break energy in put into the area around t he strai ner.

But one of the things we had to be careful
about, as you heard in the previous presentation
there's a bal ance between the anount of energy you
inmpart to keep the materi al suspended as best you can,
and if you go too high then you have a possibility of
actually dislodging the debris bed on the strainer
itself. So we were bal ancing those two aspects of it.

This gives you a little bit of an i dea of
the types and differences of material. This is in a
-- one of the strainers in apit configuration. W've
drai ned down after the test, and you can see this is

RM that has gotten there. These are tags and | abels.
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This is fibers. This is sone -- thisis MNK, if I'm
not m st aken.

MR GREENWOOD: The dark material is the
coating surrogate.

MR. WLLIAMS: The coating surrogate,

t hank you. So you can see there's -- but in the area,
even after drain down, there is -- you can see the
gravity just pulls the material away fromit.

CHAI RMAN WALLI' S: There seens to be clunps
of stuff hanging off the edge of the --

MR WLLIAMS: There are. | nean, and it
does clunmp -- it tends to clunp back up even after you
nmechanically shred it up and put it in water. Then,
as it collects on the screen, it will tend to clunp
back up.

MR CAIN. And as we draw down the water
| evel, you can see as the water |evel is drawi ng down
the material slunping off and agglonerating as the
wat er | evel is brought dowmn. So sone of that -- and
it's catching on the support --

CHAI RVAN WALLIS: You're trying to clunp
of f some of this stuff, because it's gathered on the
outside walls, will fall down.

MR CAIN. Right. This isn't indicative

of what the strainer would look I|ike under the
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operating condition. So it would be fully inundated.

MR WLLIAMS: And this is in the

operating condition. Again, this was -- this is the
kind of materials that -- and quantity of nmaterials.
This whole pit is conpletely full. The strainer is

down in this area. And one of the things that, you
know, caused us sone probl ens froma vi sual standpoi nt
is that once you put in some of these particulate
mat erials that the water becane so cloudy you didn't
have a picture.

In this case, there is so nmuch materi al
covering the strainer that you can't get a
visualization. But this does give you an idea. Al
of the material is basically right here. Wat is back
inthis area has basically drifted there because there
was no driving force to keep it piled up in this area.

CHAl RVAN  WALLIS: What's your bed
t hi ckness? Your bed thickness here is several feet,
presumably, and it has to filter through all that
stuff to get to the --

MR WLLIAMS: It had to be, yes.

MR. BLEIGH It's anywhere from severa
i nches above the strainer, because submergings is
usually two or three inches, and at least it started

recirculation. And then, depending on whether you're
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in front or behind the strainer or around the
strainer, it's a different thickness of debris bed.

CHAI RMAN WALLIS: So we night as well
design for flow through porous nediun? And the
l[imting factor here is presumably the flow through
all that stuff lying on top of the strainer rather
t han --

MR BLEIGH Right.

CHAI RVAN WALLI'S: -- the strainer itself.

MR. CAIN. And the higher the velocity,
some nore of that would conpress and the higher the
head | oss you' d expect.

CHAI RVAN WALLI'S: But it doesn't conpress
at all in your case, does it?

MR. CAIN. No. CQur approach velocities
are so low --

MR. BLEIGH By controlling the flowin
every nodul e, you know, we're not forcing debris to
conpress against the shell of the screens and then
force that debris bed to beconme nore bl ocking. You
know, experinentally, it would appear that there is a
target or atrigger point, and it can be different for
different kinds of debris mxes, where when you
finally start that phenonena of conpressing the debris

bed it feeds itself, because once you start
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conpressing it, thenit has to suck nore and t hen t hat
forces nore conpression.

So the key is to keep what ever that
trigger point is of velocity at -- below a certain
point so the debris approaches the screen but never
really conpresses it into --

CHAI RVAN WALLIS: | think it is stable.
You coul d presumably envi sage sonet hing where as it
begins to conpress the pressure drop goes up. It
keeps on conpressing, and eventual |y goes -- you know,
it -- that would be an unstable bed, | would say.

MR BLEIGH R ght.

CHAI RVAN WALLIS: | don't think the
characteristics of fiberglass are |like that. And
usual ly, you increase the flow, it conpresses a bit
nor e.

MR BLEIGH Right. And it has a
conpression factor --

MR WLLIAVMS: That's what -- that's
exactly what we've seen. |It's very interesting,
because in many of the plants we have these very high
fi ber conditions, but we would run, you know, the thin
bed type test with rmuch I ower fiber. And as
consistent with the theory we saw and practice we saw

inthe BARs, we woul d get rmuch hi gher head | osses with
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just the thin bed and the full particulate |oad than
we would in a condition like this. |In nany cases, a
condition like this gave you, you know, half a foot or
| ess of head | oss.

CHAI RVAN WALLIS: Better to have the
particul ate spread throughout a big --

MR. BLEIGH  Exactly.

CHAl RVAN WALLIS: -- bed than it is --

MR. BLEIGH: Normally speaking, the head
| osses are better with a high fiber |load than --

CHAI RVAN WALLIS:  And as long as you don't
sonmehow get the fibers of particulates in first or
sonmet hing, so they nmake their thin bed right on the
screen.

MR. BLEIGH But it appears that because
of the | ow conpression bed that particul ates, because,
again, we're using very small mcron size particles to
represent the particulates, they are finding flow
pat hs very easily through a non-conpressed fiber bed.
And so they're in recirculation.

CHAI RVAN WALLI'S: | guess the grounds for
concern woul d be sonething like this. If you build up
your fibers, and then due to chem cal effects which
take some tinme you have sone particul ates or gels or

somet hi ng com ng al ong | ater, which make a skin on top
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of this thing, which then really does conpress it --

MR. BLEIGH And | think that the key
point there is, are the particulates in the form of
small mcron particles such as recirculating all of
the tinme through this test anyway?

CHAI RVAN WALLI'S: Going right through the
fi bergl ass and everything.

MR. BLEIGH It was just passing through.
O is it nore like a gel or a gelatinous nass it is
actual ly attaching to and staying on the surface. So
the form of the particulate is going to nmake a
di f f erence.

CHAl RVAN WALLI S:  Yes.

MR. WLLIAMS: This next photo, in one
plant's condition, and consistent wth the NE
gui dance, if you have a very |l ow fiber condition -- we
had a couple of plants that had literally no fiber
other than sone snall estimated | atent fiber, so --
and they wanted to test a very high paint failure
condition potential, so we cane up with a nethod to
establish paint chips, essentially developed a
nmet hodology to develop the <chips thenselves in
di fferent size ranges. But because there was no fiber
we tested these in the flune near the strainer, just

not enough vertical velocity conmponent to get it to
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the strainer. So at the tail end of the test we
essentially shoveled everything on top of the
strai ner.

What you see here is the strainer is
essentially inthis area right here, conpletely buried
inchips. And we really did not get substantial head
| osses at all, even in that condition.

CHAI RVAN WALLI S: That's because they are
pretty stiff chips, and if they were very fluffy like
| eaves they would sort of layer, and then they m ght
really bl ock everything up. | think because the chips
are hard --

MR. BLEIGH They really are. They're not
a very flexible chip.

MR, WLLIAMS: But certainly, fluid had a
tortuous path, even though they -- even if they were
hard because of the quantity they were tal ki ng about .
It wasn't a very easy pathway to the section I|ine.

This is some of the data. And one of the
-- a coupl e of questions you nay have here. The pl ant
names -- basically, we go Plant A, B, and C. |'msure
that the plant clients thensel ves would of fer which
ones that they would -- which category they cane into.

But one of the things | want to point out

here on the test, you can see that we did a test
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series for each one of the plants, up to five test
series, and there are several reasons for that. In
many cases, if it was high fiber, we were | ooking at
| ow fiber conditions as well as high fiber.

I n many cases, because of the variationin
break |ocations, we had a couple different design-
based |oading conditions in terns of one would be
particularly high in fiber, another would be
particularly high in, let's say, coating |oad or
sormething |ike that.

So we had several variations, and you can

see fromthe plant under the flowrates, the gpm the
variations here, we nmade sonme -- also had sone
conditions where we would test snmall break LOCAs.
Like in the -- in this condition, Plant B here,
Test 5, you can see that the flowrate is about half
of the first three tests. But that was because it was
a small break LOCA condition, and we wanted to
simul ate that al so, where they woul d have a | ower fl ow
rate demand on the ECCS but a different debris
condition essentially estimted.

So what has this information here --
there's the design test flows, circunmscribed test
fl ows here, and which ones we ran those on. W gave

a description of debris placenent where it was. As
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you can see, it's all within three to five feet in
nost cases. In sone cases -- you'll see in the next
one it's on top of the strainer.

Whet her we used overhead nozzles. Over
here is the screen areas that were actually estimted
for the plant, and then the testing screen area in
this colum. Hole sizes varied from.095, as Ken
said, to .045. And I'll go to the next one, which has
-- this is the sane chart with several nore units
listed here, so you can see the variations in screen
sizes and hole sizes that we've tested.

This is a followon chart wth, again,
starting back with Plant A, B, and C. This gives you
some head | oss results at design flowrates, and then
the head loss results at circunscribed flow rates,
average test tenperature, what termnation criteria
were utilized, and we al so | ooked at percent change of
head | oss at term nation as a -- one of the questions
that we were working with the clients on as -- if you
have a test term nation criteria, which at sone point
you do, how do you take that data and necessarily
extrapolate that if you're getting even smal
increases in head loss at the tine of termnation.

CHAI RVAN WALLI'S: |I'm | ooking at -- maybe

it's the next slide. You ve got Plant D. Debris
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pl acenent is within three feet of the strainer.
Plant Git's on top of the strainer.

MR. WLLIAVS: Right.

CHAI RVAN WALLIS: But on Hit's 3 to 15
feet wupstream of the strainer. These are al
different conditions. Howis the NRC going to
eval uate these tests when they're all different?

MR. WLLIAMS: Well, one of the things --
as | stated earlier, in the test -- | forget which
slide you're on here. \Wich one? Next one?

CHAI RVAN WALLI'S: Wiy are they different
for different plants? | mean, the plants don't
deposit debris on top of the strainer or within three
feet or sonething.

MR WLLIAMS: Well --

CHAI RMVAN WALLI'S:  How do you pick that
particular nunber there? | nmean, why is Plant G
different fromD and H? And how do you pick 3 feet,
15 feet, 1 foot, on top of?

MR WLLIAVS: Well, in ny cases, as
said, there was an evolution where we started
spreading debris out in the first series of tests.
Those are very low fiber conditions, so it really
didn't make nuch difference whether it was on top or

near the strainer.
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W had questions working with the staff as
to, well, are you really giving too nuch credit for
gravity, because the material was settling too far
away from the strainer. So we began to nove, you

know, testing material right at the strainer, and in

sone cases we'd have a client that said, "I don't want
it on the -- you know, in front of the strainer. |
want it directly ontop of the strainer.” So that may

have been a preference for themto add even nore
conservatism

CHAI RVAN WALLIS:  Well, a question | have,
how do you take the results, then, and use themin the
plant? | nmean --

MR WLLIAMS: Well, that's sonething we
woul d be working with particular clients, how they
take this data and apply the data --

CHAI RVAN WALLIS: Are the 15 feet data
better than the 3 feet data, better than the 1 feet,
or are they all the sane, it doesn't nake any
di fference?

MR WLLIAMS: Well, that's the thing --
| mentioned we did sonme sensitivities in terns of
maxi mum head | oss to determ ne how nuch effect you
woul d have, and what we saw was a very consistent

total maxi num head | oss under different conditions.
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Just the timng would be different. And, again, you
know, these are -- there are sone questions. W're
working with clients that we may end up doi ng sone
suppl emental paranetrics to | ook at sone of these --
based on sone of these results.

CHAI RVAN WALLIS: This | ooks sort of
whinsical, the way it varies fromplant to plant. And
it's based on --

MR BLEIGH Well, this is not in the
chronol ogi cal order of the evolution of the test.

CHAl RMAN WALLIS: As it evolved you
started bringing it <closer to the strainer or
somet hi ng?

MR WLLIAMS: Yes, sir.

CHAI RVAN WALLI S:  Ckay.

MR WLLIAMS: Yes, sir.

CHAI RVAN WALLIS: Go back to Plant H, and
put it on top of the strainer.

MR WLLIAMS: We did an eval uation of
that plant as one of the plants that we basically --
you saw the picture of the coatings. That plant
essentially had no fiber | oading and the coating | oad,
and we did do that. W didn't do it as an official
test. We did it as a sensitivity.

CHAl RVAN WALLIS: Then filled up with
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coatings? That's the one when everything filled up
wi th coatings?

MR. WLLIAMS: Yes, sir. So we didn't
record that as part of the official test, but we did
a lot of sensitivities, you know, that weren't
necessarily official design basis tests to get sone
information and wutilized those as part of the
justification for why the results you see here are
conservative under certain plant conditions.

MR. BLEIGH Basically, the concern from
the NRC staff after witnessing early tests was that we
don't see the debris collected on the screen. W're
seeing it in circulation and away from the screen
And to address that concern we -- the testing protocol
changed to bring the debris at or as close to the
screen as we could basically get it, so that, you
know, the transport issues within the flume were taken
out of the question.

So it was just a change in protocol to
prove that even with the debris entered into the
system at the screen, you know, we're now neasuring
head losses that in that view would be nore
representative and nore conservative than if we were
to leave it farther away fromthe screen

CHAI RVAN WALLI'S: But you're not going to
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go back and redo the other tests with it on top of the
screen?

MR BLEIGH Well, sonme sensitivity tests
have shown it -- other than tinme it would not nake
much di fference.

MR. WLLIAMS: W have one plant series
thenselves -- itself we did go back and retest for
ot her reasons, because of the reload changes and we
i ntroduced the updated protocol in that test.

kay. Ken?

MR.  CGREENWOOD: When we're doi ng our
testing we -- the intent was to try and include the
chemi cal precipitants in the test flune as one of the
particul ar debris. And prior to the issuance of the
WCAP we used the NUREG and | CET results to calcul ate
guantities of nmaterials and the types of materials.

At that time -- and we'll talk a little
bit nore about that later, but the surrogates were
sel ected fromnmanufactured surrogates. They were not
produced as the WCAP suggests. And then later the
WCAP, once issued, was wused to validate the
cal cul ations, hand cal culations if youw |, that were
produced previously and showed that our quantities
wer e conservative.

MR. WLLIAMS: And conservative to the
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point of, in many cases, if we factored into the WCAP
we woul d have quantities in there in excess of 15 to
20 times that of what -- well, actually from a
vol unetric standpoint.

Now, we understand that we've got to | ook
at the differences in the characteristics of the
generated versus the manufactured, but in ternms of
volune in nany cases we were 15 to 20 tinmes that of
what you would expect at the plant, just to be

conservati ve

MR. GREENWOCD: So as | nentioned, we were

introducing these chemical byproducts into the

strainer test itself using these manufactured
materials. And the -- that's all the same
information. So the chem cal precipitant was -- oh,
l"msorry, I"'mon the -- |I'm ahead one.

And in an attenpt to try and place the
chemical precipitants at the tail end of the
introduction, they were added last, just prior to
starting the recircul ati on sunp.

So this kind of illustrates howwe cane up
with the chem cal effects, and | think -- yes, | don't
think we need to go through --

MR. WLLIAVS: Wen you say "wal k us

t hrough the process here," we |ook at the WOG 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

72

| CET, and other industry data, and at the tinme, in
Novenber -- October/Novenber |ast year, we were
essentially wutilizing nostly the ICET and other
i ndustry data. Then, as we said, once we get the WG
generator, then we're able to validate against that.

W then |ooked at plant-specific sunp
par amet er s, and we sel ected an appropriate
manufactured material and basically it was sodium
aluminum silicate, but we were utilizing it from a
manufacturer standpoint, not from a generator
standpoint. |n essence, both are sonewhat surrogates,
but, you know, we were trying to use that to integrate
it intothe overall head | oss testing, as you can see
her e.

So we do the flume testing with this
introduction of the debris, in addition to the
chem cal constituents, measured the head |oss that
qualifies the strainer, in cases -- we'll also talk
about that we coll ected downstreamsanpl es to get sone
i nformati on about how the bypass -- what kind of
mat eri al bypassed and the characterization of that
mat eri al .

CHAIl RVAN WALLIS: Well, it looks as if you
introduced these chem cal precipitants before you

started the punp?
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MR. GREENWOOD: That's correct.

MR WLLIAMS: Yes, sir.

CHAl RVAN WALLI'S: Because in the rea
pl ant hasn't the punp been running for sonme tinme, and
these things are formng in the sunp as a result of
chem cal reaction?

MR. WLLIAMS: That's probably true. It
may be nuch |ater --

CHAI RVAN WALLIS: It may be sonme of the
| ast things that arrive. You've already built up your
bed. Then, the chemi cal precipitants cone |ater, and
t hen sinmul ate that.

MR WLLIAMS: And what we were able to
see, though, you -- by -- when we | ayered the
mat erials, we put the chemicals inlast, but we did do
it, as you said, prior to the punp.

CHAI RVAN WALLI S: Before you started the
punp. So you haven't built up the bed yet, so --

MR, WLLIAMS: Right. But you would get
-- because we are in a closed |oop, you would recirc
that material through. One of our termnation
criteria is we had to run through five full vol une
turnovers, so there was -- once the debris bed started
formng there was plenty of opportunity for those

particul ates to accunulate within the debris bed.
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MR. BLEIGH: Again, you have a high
percent age of these particulates in these debris beds
recirculating. And so the concept that you have
particul ates being added to the debris bed after it
swar med actually took place on all these tests,
because of the recirculation of these particul ates
once it passed the debris bed.

CHAIl RVAN WALLIS:  Well, the worst thing --
probably the worst thing is probably to have a fairly
thin debris bed, and then keep maki ng chemi cals until
you plug it up

MR. BLEIGH Again, it would probably
depend on what the formof that chem cal --

CHAI RVAN WALLIS: It looks like the thin
bed of -- having a big, fluffy bed with the chemicals
spread through it isn't so bad. |It's just like the
parti cul at es.

MR WLLIAMS: You have all kinds of --
that's right. It appears -- | nean, just |ike any
other particulate in a large fiber debris bed, you
have a lot of flow paths that as long as the --

CHAI RVAN WALLI'S: All these people taking
out fiberglass insulation nmay be goi ng the wong way.

MR. BLEIGH But there's no guarantee on

an actual accident condition to predict how much
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fibrous debris will actually be generated and how rmuch
actually transports to the screen, which is why we
continue to look at the entire range, you know, from
a thin bed of fibers all the way to the maxi mum fi ber
condi tion postul at ed.

MR. GREENWOOD: Even for plants' predicted
hi gh fi ber | oads, we woul d go back and | ook at the | ow
fiber conditions.

MR. WLLIAMS: Just information on the --
again, we were testing using tap water and doi ng --
the head | oss results were adjusted based on dynam c
vi scosities.

Just a quick word about sone of the
surrogate naterials we use. As | nentioned, the
i norgani c zinc, which was giving us problens fromthe
EPA in the state we were testing, had a valuation to
use tin powder. From an epoxy standpoint, if we
weren't using chips inalowfiber condition, we would
simul ate the epoxy powder using a wal nut shell flour
arrangenent.

bsol ete coating system-- as we had to
utilize current coating systems and we had coating
expert John Cavall and ot hers eval uate, you know, the
rel ati onship between those. And just for |atent

debris we woul d use the SER reci pe that was provi ded.
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The chemical precipitants that were
utilized, the actual byproducts utilized or as shown
-- and these are comng fromresults fromthe | CET
test, and then subsequently confirned by the WCAP
These materials were -- we basically used the best
information we had available to cone up with the
guantities of these materials and the type of these
materi al s.

Agai n, we did very plant-specific
eval uations, and this even varied to sonme degree. 1In
sonme cases, the plants thensel ves | ooked at the WCAP
came up with a quantity, and gave us the quantity that
they wanted tested. |In sonme cases, we did the
eval uati on.

MR CAIN. [|'Il take this one.

MR WLLIAMS: M. Cainis going to talk
about penetration tests.

MR CAIN. I'Il just give you a quick

overvi ew of our downstream sanpling apparatus. Built

into the flune system downstream you'll see in our
next -- our next slide we have three isokinetic
sanpling ports | ocated i n the six-inch dianmeter -- oh,
there it is -- conduit directly downstream of the

strainer. So the end of the flunme is right here. The

strainer is immediately upstreamof that. CQur
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sanpling ports are downstream of that.

W have three independent ports, each
di scharging fromthe pipe. W actually had a verti cal
air over water manoneter board that we used to set the
proper velocity head in the ports to ensure that the
velocity at the entrance to the ports was equal to
the --

CHAI RVAN WALLI'S: That's how you sanpl e
what ever gets through the screen, is that it?

MR CAIN. That is correct, yes. And we
do it isokinetically, so that we know how rmuch of a
volume we've taken off of the -- we've taken off of
the flow | oop.

Here is the strainer. Okay. Downstream
of the strainer we have our pressure taps for head
| oss. Downstream of that we have our isokinetic
sanpling port. Now, the downstream piping is sized
such that the velocities in the downstream pi ping are
hi gh enough to keep the nat eri al suspended and novi ng,
and to mnimze preferential sorting of the materi al
based on size and density.

So we pull this off. W have our sanpling
ports over here. W adjust the height of this. It's
a gravity-driven system W adjust the height of this

to ensure that the velocities at the inlet ports are
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equal to the velocities in the tube. And we collect
our sanple over a given anount of tine.

W take 10 -- we take sanples every 10
m nutes during the first hour of testing and every 20
m nutes thereafter wuntil reaching our termnation
criteria. And then, those sanples are anal yzed by an
external |aboratory.

MR WLLIAVMS: As Stu said, we take the
sanpl es and we basically want to see a tinme history of
the material that is getting through. And as we
di scussed with the staff yesterday, one of the things
that we -- there's a difference between taking the
sanpl es and how you utilize the data. W were | ooking
for a couple of trends.

Do we get the K function even with a | ow
fiber condition? | mean, there was questions raised
as to, well, does an integrated test -- when you're
doi ng a head | oss and a bypass test at the sane tine,
is one contradictory to the other? You can basically
argue it both ways.

| think if you get a higher differential
pressure, you will be forcing nore material through,
whereas if you did a separate test and you had | ower
anounts of material then you' re getting anot her set of

results. | nmean, what we did was take enough sanpl es
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on the high fiber conditions and to sanples in | ower
fiber conditions, and we're essentially |ooking for
trends.

| think from a particulate standpoint,
when you utilize the WCAP -- | nean, the assunptions
that are nade that 100 percent of particulates gets
t hrough, that's going to be consistent.

W wer e | ooki ng at hopeful ly being ableto
utilize the data on the fibers thenselves, where we
woul d get information fromthe SEM eval uati on such as
this, where we actually -- based on sanpl e size we had
the fiber I engths and the dianeters of the fibers that
penetrated, characterized, and so that we can use t hat
data for looking into how nuch blockage you could
potentially get in the -- you know, going towards the
fuel assenblies thensel ves.

W were getting very consistent results
wi th sone of the stuff that Enercon/ Ali on was poi nting
out to typically the | argest fiber we would -- length
we woul d get, though, is about 2,000 microns, all the
way down to 100 microns. So, in essence, it has
al nost started to |l ook nore li ke particul ates than the
fibrous material thensel ves.

But we did get a distribution of sizes,

and so that does give us sone information. W also
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saw a fairly | oose correl ation between the hol e size
and the size of the material -- or fibers that would
get through -- the length of material -- excuse ne,
the length of the fibers that would get through.

You would get nore of the nedium | ength
fibers with the smaller hole size than you would the
| arger, so there was a sonewhat | oose correl ati on but
it was evident.

Last thing is termnation -- one of the
last things, termnation criteria. Very simlar to
the BWRs -- and, again, we would use the increase in
the five-mnute average is | ess than one percent and
head | oss, and we had a cal culated tine based on the
flow rates of full -- five full volune turnovers of
the flune.

One of the things we also provide the
plants is information in order to do a data
extrapol ati on. Wat percent of change will you see in
that test termnation, so that you can take a | ook at
that and see at what point -- in other words, if you
extrapol ate that out, and what woul d you cut the punps
back, and your NPSH margi ns becone very |arge. And so
that gives you assurance that even with head |oss
creep that you wouldn't exceed your NPSH al | owabl e.

This just gives you an overview of the
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data acquisition systemthat we utilized. W were --
this is flow rates. This is through the overhead
piping to the upstream piping. This is a head |oss
curve that's being generated here. And what you see
in the blips here is when we were taking the bypass
sanples, the isokinetic bypass sanpling, show ng
overal | head | oss here.

And then, we have a rate of change and a
five-m nute average. This gives you flow rates down
here al so, and this particul ar one was about 50 gpmin
this part of the test.

Jim Bleigh of PCl is going to wal k us
t hrough -- we thought it would be informative to see
some of the design drawi ngs and sone photos of the
exi sting replacenent strainers. As we said, our
strainers are ranging from 800 square feet to over
7,000 square feet. | don't knowif we -- if you added
up all of the strainer square footage existing, |
don't know if you'd reach 7,000 right now. But --

CHAI RMAN WALLI'S:  You're doing so well, |
don't think we need to take a break, do we? Just
continue to --

MR WLLIAVMS: No, | think we -- if we're
okay to do that. W're probably -- depending on the

guestions, we're probably 10 m nutes, 15 minutes from
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fini shing.

CHAI RVAN WALLIS: COkay. So you can go
away and bring your data after |unch.

(Laughter.)

MR WLLIAMS: Okay. Al right. JinP

MR. BLEIGH: Okay. This is an arrangenent
of vertical Shurflo strainers on a suction pl enumt hat
basically partially covers the current sunp opening.
Qobvi ously, the part of the sunp opening that is not
covered with strainers is covered with cover plate to
create the suction plenum bel ow.

CHAI RVAN WALLI'S:  You are filling up the
sunp with strainers.

MR. BLEIGH No, this is actually on floor
level. And actually, the plenumis above the fl oor
| evel .

CHAI RVAN WALLI S:  Oh, okay, okay.

MR. BLEIGH And so actually this is --
this particular client has a really high water |evel,
and so we're in submergence with | ots of subnergence,
and the sunp pit is below. And this sinply provides
the platformon which all of the nodul es can be
pl aced.

CHAI RVAN WALLI S:  Ckay.

MR WLLIAMS: Yes. This was the kind of
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pl ant everybody wanted to have. They had 12 feet of
NPSH margin, no fiber. There was a --

MR BLEIGH And the next two slides is
actually a picture in our factory of this arrangenent,
so this is what it |ooks |ike assenbled in our plant
prior to shipnent.

MR. CARUSO How do you deci de whether to
stack the disks vertically or horizontally?

MR WLLIAMS: It's just a matter of the
pl ant arrangenent and t he space provi ded by the client
internms of how!l put the nost space of screens in the
space, an arrangenent that they have provided.

MR. CARUSO | was just thinking in a case
like this you could stack them either way. How did
you decide to do it this way?

MR, WLLIAMS: Well, this takes up | ess
floor space than going horizontal, nore square
f oot age.

MR. BLEIGH So the footprint is nuch
smal ler this way than the other.

CHAI RVAN WALLI S: But the discharge pipe
j ust goes strai ght down?

MR. BLEIGH Well, actually, it's just the
opening in the sunp pit collects water out of the

suction plenum and then the suction pipes are
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actually down int he --

CHAI RMAN WALLIS:  Wwell, it's full of
water. But there's a hole in the mddle of these
things that --

MR. BLEIGH: Correct. That's right.

CHAI RVAN WALLI'S:  And you see the pipe
com ng out of the bottom which goes straight down to
the sunp pit.

MR WLLIAMS: Right in this plenum and
then it cones into the sunp pit.

MR. BLEIGH This core tube here goes al
the way down and interfaces with this base plate
This is all open here sitting on the floor. So once
the water gets into the plenumarea it will go towards
the sunp and then spill over the sunp into the sunp
pit, and then it will be sucked by the suction line
t here.

CHAI RMAN WALLI'S: There is a plenum area
there. There is an enclosed pl enum

MR BLEIGH Yes, all of this is a closed
pl enum

MR WLLIAMS: That's correct.

MR. BLEIGH: Everything that that sits on
is a seal ed plenum

MR WLLIAMS: But to answer your
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guestion, in many cases the water |evel at the onset
of recirc demands whether or not, you know, it gives
you -- do you have this opportunity to stack like
this, or nmust you spread it out? And if you' ve only
got two feet of water level, in this case we probably
had five or six feet --

MR. BLEIGH This is Iike 4,600 square
feet of screens.

MR. WLLIAMS: This gives you a picture
of --

MR BLEIGH From above what it | ooks
li ke.

MR. WLLIAMS: The big picture.

MR. BLEIGH Okay. In the next
arrangenent we have, again, a single sunp arrangenent
in a plant. There is no screen redundancy in the
sunp, and so basically we have two trains connecting
to a sunp cover. Each of these trains are the sane
size, and they can draw water fromeither side into
t he common sunp and then to the -- through the ECCS
This is a horizontal strainer.

MR WLLIAVS: Al right. This is the
ot her arrangenent that you nentioned.

MR. BLEIGH Right. And then, this is a

picture of this unit installed. This is the only unit
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t hat has been installed of our product so far. So you
basically have the pit over here, and the suction
pi pes com ng out and connecting to the end of the
strainers here, and then follow ng al ong the outer
wal | .

Thi s i s anot her horizontal arrangenent in
a different plant. W have actually floor nounts.
The suction lines cane to floor | evel and ended there.
This plant currently had existing | i ke 25 square feet
per train as its existing screens. And when they
install ours they will have approxi mately 1, 800 square
feet on eachtrain. So it's a significant inprovenent
in the surface area.

This train is noving this way along the
outer wall. There wasn't roomhere with block -- you
know, mai ntenance activities during outages, and so
we're piping it over to this area where the sane
nunber of nodules will exist.

MR WLLIAMS: There's just no two of
t hese footprints that seemto be ali ke, unfortunately.

MR. BLEIGH This is actually another
hori zontal strainer that connects to a cover plate on
asunp pit. It's a single train. There's not two for
this particular client. | think there's 14 nodul es

that go in one direction. Again, this pipe will work
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itself around and connect --

CHAI RVAN WALLI'S:  Now, that central pipe,
is that the sane dianeter all the way through?

MR. BLEIGH In this case, yes.

CHAI RVAN WALLIS: It just has different
hol e si zes.

MR BLEIGH Right. So the hole sizes
near the suction end are going to be very small, and
then as we nove this way the holes get larger. So
that, you know, at |east in clean water, you know,
we're drawi ng the sane water on this end as this end.
That way when the debris is collecting to the screen
it's collecting at the |l owest flow rate possible.

CHAI RMAN WALLIS: This is a just a
Bernoul Ii effect, is that what --

MR WLLIAMS:  Yes.

CHAI RVAN WALLI S:  Ckay.

MR. WLLIAMS: Absolutely.

MR. BLEIGH This is not a terribly good
picture, but we've tried to give sone idea -- this is
an existing screen in a plant, and this is the actual
plant | think that --

CHAI RMAN WALLIS: The existing screen
That's about the size of a person, is it?

MR. BLEIGH Yes. This is the existing
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screen. And then, if you go to the next picture, this
is what's replacing those is this.

CHAI RVAN WALLIS: It's two orders of
magni t ude bi gger or sonething like that.

MR WLLIAMS: It's probably closer to
t en.

MR BLEIGH It's quite a bit larger.

MR WLLIAMS: Not ten orders of
magni tude, ten tinmes.

CHAI RMVAN WALLI'S: Two orders of magnitude

MR WLLIAMS: Yes, ten tines the size.

CHAI RMAN WALLIS: Sixty times as big or
sormething |ike that.

MR WLLIAMS: Right. And we've gone
from you know, |less than 50 square feet to severa
t housand.

CHAI RMAN WALLIS: It says on the | ast
page.

MR BLEIGH And this is what that
particul ar screen | ooks |i ke assenbled in our factory
bef ore shi pnent.

MR WLLIAMS: So, in summary, as | noted
before that this testing that we' ve done has evol ved
over time based on sone good i nput and interface with

the staff as well as the clients and our own
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evaluation of the results based on the PWR -- BWR
precedent .

The strainers are ranging from 25 to 75
times the existing stainer area, sSO you can see
there's a significant anount of area that is being
added in. Downstream effects eval uati on are ongoi ng,
and we're continuing dialogue with the staff on how
those -- that information is going to --

CHAl RMVAN WALLI'S: That's a pretty dramatic
change, isn't it?

MR. WLLIAMS: Absolutely.

MR. BLEIGH  Very, very dramati c.

MR. WLLIAMS: Absolutely. | was over in
engineering at Browns Ferry in the '90s when we
replaced the strainers. | had a total of 40 square
feet for four strainers. | had a commopn suction
header and had 40 square feet, and we ended up with
i ke, you know, 800 per intake per suction header.

CHAI RVAN WALLI S: EDF is doing about the
same thing, isn't it? They' re devel oping the sanme --

MR WLLIAMS:  Yes.

MR. BLEIGH | would think so, yes.

MR. WLLIAMS: They actually -- | don't
know t he exact nunbers, but | actually think they're

even -- they may be even a little bit |arger.
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And that's all we have.

CHAI RVAN WVALLIS: Wiy did we all ow so nuch
time for all of these presentations? Mist have been
Ral ph.

So we're now three hours ahead or
something? No, not quite. | guess -- and we're going
to have lunch, so we're going to be two hours ahead.
CGEis all we've got left today?

PARTI Cl PANT: Right. That's all we've got
left.

MEMBER KRESS: Let's take a |ong | unch.

PARTI Cl PANT: Do you think anyone wants --
no, let's see, can we go --

CHAI RVAN WALLIS: W're not allowed to go
ahead, are we?

PARTI Cl PANT: No, we're not allowed to go
ahead.

CHAI RVAN WALLI'S:  Well, we could have sort
of a roundtabl e discussion. Now, tell us what really
happened or sonet hi ng.

PARTI Cl PANT: W could do that, yes.

CHAI RVAN WALLIS: | don't think that
that's --

PARTI Cl PANT: W coul d just discuss.

CHAI RVAN WALLI' S:  Yes. Everyone is going
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to be here anyway.

MEMBER BONACA: | had a question on the
chemi cal effects. | mean, do you have any prelimnmnary
results? W heard fromthe previous vendor that they
had trouble, they have plugging, and they are
attenpting to address it through different approaches.
| rmean, what about your experience with chem cal
conmpounds?

MR WLLIAVS: Well, as | said, we -- we
used t he manufactured chenmicals as an i ntegrated part
of the test. One of the things we did note is that in
one or two of the tests where the chem cal constituent
was a |l arge part of the overall particul ate we did get
sone substantial increases in head | oss.

We're neeting with our client base, and
basically outlining some of the open issues and
di scussi ng some resolution paths right now. | think
one of the things we probably need to do as an
industry a little bit better now is get our heads
t oget her and get everybody going in the sane direction
on this particular issue.

It's not necessarily conducive to have
five different, you know, screen vendors trying to
solve this problem independently of each other.

That's -- | think that's probably or hopefully what
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we'll be looking at going forward as we're working
t oget her.

CHAI RVAN WALLIS: It's all a work in
progress. And the real -- the real proof is that what
you cone up with at the end is justifiable.

MR WLLIAMS: Yes, that's correct.

CHAI RVAN WALLIS: And in a way, it's not
appropriate for us to look at the difficulties you may
have now that you're going to resolve. So it's
appropriate just to |l ook at the finished product,
unl ess there's sonme really big surprises. Did you
have any big surprises?

MR. WLLIAMS: Any big surprises?

CHAI RVAN WALLIS:  Well, mddle sized.

(Laughter.)

| nteresting surprises.

MR WLLIAVS: W had a coupl e of

configurations set up with specific debris m xes, flow

-- a conbination of flow rates, debris m xes. | t
seened like critical anount of fibers that we -- we
got some head |osses that we -- were a little bit

unsuspecti ng.
Now, what we did, Dr. Wallis, every tine
we went into a test we would do a prediction on 6224,

and then say, okay, that's kind of the upper bound
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target, and let's see where we | and there. W had one
or two m xes that --

CHAI RMVAN WALLIS: See, this is the thing
whi ch has characterized previous work. W had this
6224 correlation, and then Los Al anps did sone tests
and found out that under some conditions you tugged
al ong and suddenly there was a big increase. And
t hen, people in the northwest did sone tests and they
found that putting things in different orders and sone
conditions gave you very different results.

And t hen, ANL did sone things, and | think
in al nost every case there was sonet hing which m ght
not have been anticipated which happened. And so
that's really the concern here is that -- have you
done enough -- have you covered enough of the
territory to find out the places where unusual things
tend to occur?

MR WLLIAVS: W feel |ike we've done a
huge suite of varying debris m xes, flowrates, debris
pl acenment. | mean, as you saw from our chart, you
know, we've had a -- we've got a large variation in
whi ch we can | ook at the data and say, "Wat does t hat
tell us?" And it does tell us a couple of things.

CHAI RVAN WALLIS: And if there's one

anomaly in a hundred tests, then maybe the probability
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of that occurring in the plant, you mght -- it would
be rather small

MR WLLIAVS: That's correct. That's
correct.

CHAI RMVAN WALLIS: Anyway, all this is
goi ng to happen downstream sonewhere when the smart
guys from NRC really look at the final design and
val i dation

Can we take a break, or do we need to
revisit -- I'mjust wondering if we're going to have
any nore questions for these folks in the afternoon.
Maybe after lunch we'll have sone nore thoughts.

kay. Can we take a break? Usually we
take -- an hour and a half? Wll, do you want to take
a break until 1:30? |Is everybody happy?

MR. BUTLER. Dr. Vallis?

CHAl RVAN WALLI S:  Yes.

MR. BUTLER: The next presentation is GE
It's going to be a cl osed session.

CHAl RVAN WALLI S:  Yes.

MR. BUTLER: If that's going to be the
| ast session of the day, will there be a reconvene of
t he people who are not --

CHAI RVAN WALLI' S:  Should we | et the people

go?
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VR BUTLER: Yes, that's what |'m

wonder i ng.

MEMBER KRESS: | think they can.

CHAI RMAN WALLIS: Okay. So is it okay if
we cone back at 1:30, or are you saying that you want
to cone back earlier?

CHAI RMVAN WALLIS: If it's a closed
session, will we be com ng back at all?

CHAI RVAN WALLIS: Well, that's -- do you
want to ask any nore questions this afternoon of these
fol ks, or can they go now?

MEMBER MAYNARD: Well, | think they can go
now. Again, all this is work in progress. |'ve
really been interested in their approach, in their
capabilities, and what they're doing. | don't have
any additional questions on that, so | -- from ny
per spective, they can go.

CHAI RVAN WALLIS: Ckay. So --

MEMBER KRESS: | think so. You know, what
they're doing | think | ooks appropriate, and they're
covering the range. And | would just |like to see what
the results are. And | don't -- you know, | can't ask
t hem any nore until then.

CHAI RMAN WALLIS: Yes. GCkay. So you

fol ks can |eave, and thank you very nuch for being
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here. And that also applies to --

PARTI Cl PANT: Anyone who is not going to
be here for the GE section.

CHAI RMVAN WALLIS: That applies to NEI,
too? Are you going to be here for the GE section?
You'll be here for that.

Okay. So we're going to take a break
until 1:30, and we will hear about the GE work then.

(Wher eupon, at 12:12 p. m, t he

proceedi ngs in the foregoing matter went

off the record for a lunch recess.)
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