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PROCEEDI NGS

(8:31 a.m)

CHAI RMVAN WALLI'S: This is the second day
of the neeting of the Thermal Hydraulics Subcomm ttee,
and we were looking at the Alternate Evaluation
yesterday. Does anyone have anything to say on that?

(No response.)

CHAl RVAN WALLI S:  Ckay. Mark Kowal .

MR KOWAL: | am Mark Kowal from
Cont ai nnent Section and Donny Harrison from the
Probabilistic Safety Assessnment Branch.

We did spend sone tinme |ast night going
t hrough an overview. W would |like to go through our
sl i des. Because we have discussed sone of this
already, we'll just try to skip through things we've
di scussed unl ess there are questions.

CHAl RVAN WALLIS: Maybe we can go a bit
faster than we woul d ot herw se.

MR KOML: 1'IIl try.

In summary, staff finds that this is an
accept abl e approach that can be used and i nvol ves both
realistic and risk inforned.

Next sl i de.

This just lists the points we'll discuss.

| covered these in general yesterday. M| estones, as

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

4

| mentioned, there were three public nmeetings onthis.
The Section 6 of the guidance report was submitted in
July, and staff issued a second information paper in
August of this year.

Next slide.

W talked a Ilittle bit about the
notivation for this. You know, it goes back to the
NRC policy statement on CRA and the Conm ssion's
request to inplenment an aggressive and realistic
approach to resolving GSI-191.

And as | nmenti oned, the ongoi ng rul emaki ng
for 5046 and the effort to redefine the |arge break
LOCA and, you know, a comnparabl e approach for that.
W think GSI-191 space is defining a regeneration
break size.

Just to put things in perspective, as Dr.
Wallis nentioned, this alternate approachis Option B
in the guidance report. Much of this we covered
yesterday. The alternate approach defines a debris
generation break size that woul d distinguish between
customary and nore realistic anal yses.

Next slide, please.

And because, you know, there nmay be
exenptions that would be required in order to

i mpl enent this approach, there mght be license
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anendnent requests required to inplement this
appr oach.

Plant specific exenptions could be
submtted in accordance with 10 CFR 50.12, and
I'i censees woul d assess the need for |icense anendnent s
in this area using the 50.59 process.

Next sl i de.

Staff review and approval of any
exenptions or |icense anendnent request would be
consi stent with or consider the requirements in Reg.
Qui de 1174, standard revi ewpl an, Section 19, and al so
revi ewi ng design basis analysis for conpliance with
5046 for both the Region 1 and the Region 2 break
Si zes.

Next sl i de.

Ckay. | nmentioned yesterday what the
debris generation break size was, how that was
defined. Again, I'll go through this. Al ASME Code
Class 1 attached to auxiliary piping to the RCS.
Design basis rules would still apply, and the basis
for thisreally is doubl e ended breaks in these types
of pi pes cannot conpletely be ruled out.

MEMBER RANSOM The plant specific
exenption, do you nean to be able to use this?

MR KOWML: No, not to be able to use
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this. That may rise in the situation where a new
strai ner design m ght not be safety related. Plants
woul d need to -- or single failure proof, I guess --
t he pl ants woul d need t o request an exenption for that
fromrequirenents of 50.46.

MR. LOBEL: | have a few exanpl es of where
there m ght have to be exenptions.

MR. KOML: Do you want us to get into
t hat now?

MEMBER RANSOM No, go ahead.

MR. KOWAL: Ckay. Also, as | nentioned
yesterday, the break size and the main | oop piping
woul d be a break equi val ent to doubl e ended rupt ur e of
the 14 inch pipe, which is approximtely 197 square
i nches, and design basis rules will continue to apply
in that space al so.

For breaks |arger than that break size,
t he regenerati on break size, |icensees would need to
denmonstrate mtigated capability to insure that they
could mtigate the events.

In determ ning the break size, the staff
consi dered ongoi ng research, expert elicitation work
that's still in progress, and also the regeneration
break sizes. It's consistent with the current 50. 46

rul emaki ng transition break size.
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One thing | would like to note. W are
not redefining the design basis break size wth what
we're doing in GSI-191 in advance of the 50.46
rul emaki ng.

Next sli de.

Wth respect to the 50.46 rul emaki ng, the
staff does agree that |icensees would be able to
reperformtheir anal yses usi ng a break si ze consi st ent
with a new size that would cone about from the
rul emaki ng. Based on the current status, staff
doesn't expect that the break size would be I|arger
than the debris generation break size defined here.

There i s sonme gui dance i nthe NEI docunent
on consideration of single versus double ended
auxiliary pipe ruptures. Basically there's a
criterion given such that if a break occurs within a
certain nunber of diameters froma normally closed
i solation valve only a single ended break woul d need
to be considered. The staff finds this to be
accept abl e based on t he anbunt of energy avail able in
i nventory and vol une avail abl e on such a break.

For exanple, for a ten inch or for a one
foot dianeter pipe break, this criteria would inply
t hat there woul d be an i sol ation val ve within ten pipe

di anet ers.
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CHAI RVAN WALLI S: Ch, that's what it

refers to. The ten pipe dianeters refers to the
| ocation of the valve?

MR. KOML: Yes, fromthe break. Soit's
a relatively small volune on the isolated side
conpared to the vol ume you' d have on the primary side.

CHAI RVAN WALLI S: That's assum ng that
sonmeone has cl osed the val ve?

MR. KOML: That's right. That's assum ng
the valve is --

CHAI RVAN WALLI S: Does soneone know t hat
the break is going to happen so they cl ose the val ve
ahead of tine?

MR. KOMAL: Normally a closed isolation
val ve.

CHAI RMAN WALLI S: Vell, it's normally
cl osed.

MR KOMAL: If it's normally cl osed, not
if it's normally open.

CHAI RVAN WALLIS: On, okay. | see. [|I'm
still waking up here.

MR, KOML: So aml.

Next sl i de.

Sone of the details in the Region 1

analysis. As | nentioned, this would be applicableto
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breaks smal | er t han t he regenerati on break si ze, whi ch
woul d include all auxiliary attached piping and RCS
mai n | oop piping up to the 14 inch equival ent break.
Al so any secondary side piping would be included in
this Region 1 anal ysis space.

As we nentioned yesterday, many of the
Regi on 1 anal yses woul d apply. The baseline net hods
di scussed in Sections 3 and 4 of the guidance report,
i ncl udi ng debri s generati on, transport, and
accunul ation on the sunp screen. A full range of
break |ocations would be assessed, as we discussed
yest erday norni ng. Branch technical position, MEB-31
woul d not be appli ed.

Piping restraints and supports may be
credited to limt pipe nmovenment if analytically
justified. However, the staff would note that these
may not produce the limting locations for debris
generati on

Next sl i de.

This we nmentioned yesterday, the zone of
i nfluence for partial breaks. | don't knowif we need
to go through this again, Dr. Wallis. This was the
slide that caught your eye yesterday.

CHAI RMAN WALLI S: Just go through it

qui ckly the way you' ve been doing it.
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MR KOWAL: Ckay. Typically in the

basel i ne nmet hodol ogi es, spherical zone of influenceis
appl i ed for doubl e-ended breaks. The gui dance report
offers a proposal that because you' re going to have
partial breaks in the main | oop piping, they suggest
the use of a hem sphere zone of influence or
alternately translating that hem sphere into an
equi val ent spherical vol une.

And the staff does not find this
acceptable. W really have no basis --

CHAI RVAN WALLI S: You real | y have a choi ce
of both. They could sort of do both and see whi ch one
| ooks best for them That's not a very good rule or
a very good guidance. Let them play around and see
whi ch one | ooks the best. You only have one or the
other. Wuldn't that be better?

MR. KOML: Right. Well, our feeling is
t hat you shoul d use a hem sphere. Now the reason to
use a sphereis to sinplify the anal ysis because, you
know, the hem sphere is directionally dependent. So
we had no problemusing a spherical --

CHAl RVAN WALLI S:  So t he hem sphere. You
don't know how the break is going to be. So you'd
have torotate this hem sphere to find the worst pl ace

or sonething, wouldn't you?
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MR. KOML: Right. Now, they could use a

spherical zone of influence with the sane radius as
t he hem sphere.

PARTI Cl PANT: The sane or equival ent?

CHAI RVAN WALLI S: Equi val ent you nean,
equi val ent vol une?

MR KOWMAL: Equival ent, with an equi val ent
r adi us.

CHAI RVAN WALLI' S:  Equi val ent vol une. The
sanme volunme as the --

MR. KOML: No, no, no, no. A spherical
volume -- a sphere with the sane -- basically two
ti mes the hem sphere.

CHAl RVAN WALLIS: Two tines?

DR.  TRAI FORCS: And the hem sphere is
defined? The di ameter of the hem sphere is defined as
what ?

MR, KOWAL: That was not specifically
descri bed or discussed in the guidance. |'mnot sure
what or if they would fall back to the baseline
nmet hods for determ ning that, i s what | expect themto
be.

CHAl RVAN  WALLI S: There nust be a
descri bed nethod for calculating the radius of this

thing. You can't just leave it up in the air.

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

12
MR. LATELLIER God norning, Dr. Wallis.

Bruce Latellier.

W' ve assuned t hat t hey woul d be conmput i ng
the size of that hem sphere in the sane manner that
we've described for the spherical ZO based on
equi val ent vol une.

CHAI RVAN  WALLI S: Equi val ent vol une,
right. | thought that was what we said.

DR, TRAI FORCS: So it's two tinmes the

di ameter basically, if you wll. The equi val ent
vol ume, but this equivalent volunme will be defined
based on the trajectory of the jet. This is the

starting point, but then we get into situations where
we don't have, indeed, a doubl e-ended break. W have
a sl ot break, and then we don't have -- ANSI does not
provi de the guidance for this.

MR LATELLI ER: In fact, the ANSI jet
nodel does have suggestions for a single ended break
or a fish-nouth opening fromthe sidewall of a pipe.

DR TRAI FORCS: You are right.

MR LATELLI ER And t hat equi val ent vol une
beneath a damage contour could be remapped into a
hem sphere in nmuch the sane manner we described
yesterday for a double ended guillotine break being

mapped into a sphere.
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DR. TRAI FORCS: You have to deci de t hough

if this is a double ended or a single ended, | nean,
in terms of what the dianeter is.

MR. LATELLI ER: You're correct, and in
this case, we're tal king about tears in the sidewall.
So they are single opening breaks.

DR TRAI FOROS: Ckay.

CHAI RVAN WALLI S: But the area is
equi valent to the double ended 14 inch pipe.

MR, KOWAL: Yes.

CHAI RVAN WALLIS: It's a pretty big area.

MR,  KOWAL: Ri ght . There's gui dance
consi ders inmpacts of the break size on event tim ngs
and thermal hydraulic conditions, crediting operator
actions. It can be done consistent with the current
design basis considerations, and the acceptance
criteria continues to be core and cont ai nnent cooling
based on adequate NPSH.

CHAI RVAN WALLI S: Now, that's where |
t hi nk we need sone discussion. | nean, is it clear?
The SER says that the GRdoesn't specify what i s neant
by adequat e core cooling. That's the whol e purpose of
this whole exercise, is to cool the core adequately.
How do you define that?

MR. LOBEL: We define that for Region 1.
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It would be the sane as the existing regul ati ons and
criteria of the SRP. For core cooling it would be 10
CFR 50.46, and for containnment cooling it would be
satisfying the design pressure and tenperature of the
cont ai nnent .

So for Region 1 anal ysis there woul dn't be
any change in the criterion.

CHAl RVAN WALLIS: Wiy isn't it the samein
Regi on 27

MR. LOBEL: Because that's a realistic
anal ysis, and the decision has been made to use
criteria that are nore conpatible with risks.

CHAl RVAN WALLI S: Do we know yet what

adequate cold cooling neans in the risk inforned

space? |'mnot sure we know that yet.
MR LOBEL: Wll, 1'mgoing to get to
that. | can answer now or wait until we get to the

Regi on 2 di scussi on.

CHAI RVAN WALLI S: Il think we need to know
t hat .

MR, LOBEL: Ckay.

CHAI RVAN WALLI'S:  You can answer it when
you get to it, but we need to get an answer to that
guesti on.

VR, LOBEL: For Region 1 for the NPSH
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consi derations, for the ECCS punps and t he cont ai nnent
spray punps, for the calculation of containnment
condi ti ons, the contai nnent pressure and t enper ature,
t he met hods used for cal cul ati ng NPSHwoul d be sini | ar
to the nethods used for calculating the m ninmm
pressure for LOCA, design basis LOCA cal cul ation for
refl ood.

That is, you woul d assune condi tions t hat
woul d give you a mninmum pressure, except that what
you real ly want al so and what's real ly nore i nportant
is you want to maxim ze the sunp tenperature.

So we' re not only m nim zing the pressure,
but maximzing the sunp tenperature since the
t enper at ure of the punp wat er has a significant effect
on the NPSH.

M ni m zi ng t he cont ai nnent pressureisn't
important unless you are going to take credit for
contai nnment pressure in calculating NPSH. In this
slide |'ve shown a fewexanpl es of sone paraneters and
the way they mght be biased for a conservative
calculation for this type of NPSH cal cul ati on, Region
1 cal cul ati on where you're still doingthingsinterns
of design basis.

And sinceit is aRegion1lcalculation, it

woul d have the types of conservatisns that are
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i ncluded now in a design basis cal cul ati on.

CHAl RVAN WALLI' S:  Yes, therereally isn't
much to say about Region 1. It's just the sane as
usual

MR LOBEL: Yes.

MR. KOWML: The next slide.

The staff also offered sone additional
considerations in the SER regarding the Region 1
anal yses, things such as the guidance report doesn't
specifically identify which phenonena m ght receive
ti me dependent treatnent. This we shoul d expect to be
docunented in the anal yses that are perforned.

CHAI RVAN WALLI S: What do you have in m nd
to be inportant here? What kind of tine dependent
phenonena are inportant?

MR, KOWAL: | woul d inmagi ne pressures,
t enper at ures. Anything else? | don't know. W
haven't really seen what this m ght be actually.

CHAI RVAN WALLI S: | presume you' re asking
for it because it matters.

MR, KOWAL: I would think so, yes. W
really haven't had any di scussions with the i ndustry
about the details of how these cal cul ati ons woul d be
done, and we have had sone tal ks anong our sel ves, but

we haven't really defined in detail how the
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cal cul ati on woul d be done. There isn't any sort of
standard revi ew pl an.
CHAI RVAN WALLI S: But it has been open

ended i f you' re asking themto docunment i nformati on on

all time dependent matters. It just seens a bit open
ended.

MR KOMAL: | would think that would be
part of the analyses that are perforned. | mean

whenever you do a calculation --

CHAl RVAN WALLI'S: So you think it's going
to be there anyway?

MR. KOMAL: | thinkit's goingto be there
anyway, yeabh.

The next point here actually was a point
t hat was rai sed that, you know, nmuch of the data that
has been devel oped for the regeneration or sone of
these things is based on conditions that m ght be
i ndi cati ve of doubl e-ended breaks.

For exanple, the jet blowdown tinmes in
sonme of this debris generation testing may have been
on the order of ten, 20, 30 seconds, and now if you
have a partial break in the main |oop piping, you
m ght have bl ow downs | onger than that.

CHAI RMAN WALLI S: Ri ght.

MR. KOML: That may effect, you know, jet
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er osi on.

CHAl RVAN WALLI S: That's one of the
problenms with defining a jet pressure, that this cal-
sil actually wear away if you direct a jet at it, and
over a period of tinme, and that doesn't appear to be
in any of the methods.

MR KOML: Right. That's a --

MR, ELLIOTT: Well, there's a problemw th
resi dence tinme. What we found in the experinentation
is that you didn't get a significant difference by
extendi ng the time of bl ow down because generally the
insulation was blown off the pipe and out of the
i medi ate zone of influence down the test facility.
So it wasn't sitting there trapped to be --

CHAl RVAN WALLI'S:  And t hen what happened
toit? It was just |ying around and not hi ng happened
to it?

MR ELLIOIT: Yes.

CHAl RVAN WALLIS: Well, if it is not bl own
of f the pipe though, if it is an erosion, if there's
sonething left there, then it mght wear away,
particularly if you band it all and sort of try and
constrain it sone nore. Then it may erode rather than
breaki ng of f.

MR ELLIOTT: That would be true.
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CHAl RVAN WALLI S:  And, again, | don't know

t hat you have any basis for deciding how rapidly it
er odes.

MR ELLIOTT: That's true.

CHAl RVAN WALLI'S:  That's true? You said
that's true?

MR. ELLIOTT: | think so. | nmean, | don't
see any fault with the logic on whether or not it
woul d erode or not.

MR KOMAL: Anot her consi derationincl uded
that, you know, it is difficult to judge when maxi mum
head | oss m ght occur and how operator actions my
i npact, you know, and maxi num head |oss m ght not
correspond with the, you know, m ni mum NPSH mar gi ns,
dependi ng on what's going on during the accident.

Also, if credit is taken for contai nment
over --

CHAl RVAN WALLIS: Well, again, this is
anal yses to consider that it is difficult to judge.
So that's a very strange way to say it. You should
say anal yses shoul d eval uate when the nmaxi num head
| oss does occur or sonmething like that. One should
consider that it's difficult to judge.

MR. KOWMAL: Ckay.

CHAI RVAN WALLI S: What are you supposed to
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do, throw up your hands and scratch your hair or
sonet hi ng?

MR. KOML: That's a good point. [|'mnot
sure what the wording in the SER is.

MR. LOBEL: What's usually done for the
BWR is they divide their accident into a short-term
and a long-termevent, and they debris generation at
the end of the short termand use that for the whole
short term and then for the long termthey use the
maxi mum debris | oading at the tine. So you want the
maxi mumdebris | oading and apply it at the tinme of the
maxi mum suppr essi on pool tenperature.

So they only have to calculate a debris
| oadi ng once, and they use it once for the short term
once for thelong term and they apply it at the worst
condi ti on.

MR. KOWAL: And also if credit is taken
for a containment over pressure, analyses should
conformw th the current guidance in Reg. Guide 182.

Next slide.

Okay. The Region 2 analysis basis is it
mentions applicable for breaks larger than the
regeneration break size. These are only in the RCS
mai n | oop pi pi ng breaks. Again, nmuch of the Section

3 and 4 baseline anal yses apply to this region. The
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full range of break | ocations would be assessed, and
again, as in Region 1, piping restraints and supports
coul d be credited.

Next sl i de.

Now we' Il get into sonme of the NPSH and
risk infornmed considerations in the Region 2 space.

CHAI RMVAN WALLI'S: So this is where we get
i nto adequate core cooling?

MR, LOBEL: Ri ght . The acceptance
criteria proposed by the industry for Region 2
anal yses are adequate core cooling and adequate
cont ai nnent cooling so that the contai nnent boundary
remain intact, and these weren't further defined. So
inour SER, we applieddefinitions, andthe definition
we used is the definition of the scope of the
ener gency operator procedures rather than the severe
acci dent managenent gui del i nes.

So the definitions correspond to the
applicability of the EOPs, and adequate core cooling
inthese ternms is the significant clad oxidation and
| oss of cool abl e geonetry have not occurred.

CHAI RVAN WALLI'S:  Now, how do you define
"significant"?

MEMBER FORD: Sevent een percent.

MR. LOBEL: Vel l, probably, yeah, 17

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

22

percent .

CHAl RVAN WALLI S: Ch, so that's nuch
better, say, 17 percent. | know what you're talking
about. Significant, some people mght thinkit's one
percent .

MR LOBEL: Well, this is an area where an
exenption m ght apply, where the regulation 50.46 is
still ineffect. Sothelimt would be 17 percent by
t he regul ati on, but an exenpti on m ght be asked for to
go beyond the 17 percent because it's justified.

CHAI RVAN WALLI S: Now, this is for the
poi nt of view of hydrogen production. |Is that why
that's in there?

MR LOBEL: The 17 percent?

CHAI RVAN WALLI S:  Yeah.

MR. LOBEL: The 17 percent is in there
really to maintain cool abl e geonetry.

CHAl RMVAN  WALLI S: But it definitely
depends where the 17 percent is?

MR, LOBEL: Wwell --

CHAI RVAN WALLI S: If you conpletely
oxi di ze 17 percent of the cladding on those rods and
not anywhere el se, then --

MR. LOBEL: No, there's two criteria in

50. 46.
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CHAl RVAN WALLI S: There's a maxi num

MR. LOBEL: There's a maxi mumon the hot
rod.

CHAI RVAN WALLI' S: Why isn't that in here,
too, or is it just supposed to be in here, too?

MR LOBEL: It really is inthere because
t hey have to conply with 50. 46.

CHAl RVAN WALLI'S:  Yeah, | thought they
did. So what are you changi ng?

MR, LOBEL: Well, the only change is that
we woul d consider going past that if there was an
adequat e argunent nade.

CHAI RVAN WALLI' S: | think you nake it into
ajungleif youtry to start defining|oss of cool abl e
geonetry. | nmean, Three Ml e |Island cool ed, but not
particularly effectivelyinthe way that you' dlikeit
to, but it did cool.

MR. LOBEL: Wll, it wasn't really a
cool abl e geonetry.

CHAI RVAN WALLIS: Wwell, it cool ed.

MEMBER KRESS: [sn't that your tenperature
[imt on your hot rod, the plant's cool abl e geonetry?

CHAI RVANWALLI S: Cool abl e geonetry i s not
theright term |It's really coolable w thout fission

product or em ssion or sonething. It has got to be
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intact coolable geonetry because you can co0o0
anyt hi ng.

MR. LOBEL: Right, and that's the purpose
of the 2,200 degrees and the 17 percent oxidation.

CHAI RVAN WALLI S:  Ckay.

MEMBER KRESS: -- standard definitions.

CHAI RVAN WALLIS: | know, | know, but if
you start all ow ng exenpti ons and people come in wth
some ot her description of cool able geonetry and you
start saying, well, maybe we should allow that.

MR JOHNSON: This is M ke Johnson.

| really believe that we are not
anticipating that we would go beyond 50.46, 17
percent, 2,200 in cool able geonetry, whatever the
words are in 50.46. W' re entertaining, what we're
| ooking at 50.46, risk informed 50.46 in terns of
where the staff might go on that, | think in advance
of that we woul d not be inclined to go beyond that for
this issue.

CHAI RVAN WALLI S: Did you want to say t hat
definitely in this?

MR, JOHNSON: Well, | think actually the
words are okay. | just think we need to be cl ear that
what is intended by adequate core cooling is adequate

core cooling as provided for in accordance with the
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requirements of 50.46 at this tine.

CHAI RVAN WALLI' S:  Yeah, | think what you
mean is you're going to go with the existing 50.46,
and if it changes, the you'll go w thout.

MR JOHNSON: Right.

CHAI RVAN WALLI'S:  You'll go wi th what ever
is in 50.46.

MR JOHNSON: Right.

CHAI RVAN WALLI S:  Why don't you just say

t hat ?
MEMBER SI EBER: There may be exenptions.
MR, JOHNSON: Well, again, | nean,m
| i censees can request exenptions at any tinme. | don't

think at this tinme we'd be entertaining going beyond,
and Rich and | haven't talked on this, but where we
are today is | don't believe in light of where we're
goi ng on 50.46 and the di scussions that we're having
about how far we go and how fast we go, | don't think
in sunp space we would be entertaining changes to
2, 200.

CHAl RVAN WALLI'S: Well, Mchael, |I'msure
you' re bei ng sincere, but 1've |l earned fromexperience
that | cannot trust -- | won't put it that way -- that
verbal statenments by the staff really are not good

enough because quite often you find the docunent
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changes because of sone ot her consi deration whi ch may
make a | ot of sense.

MR. JOHNSON: |'magreeing with you. |'m
agreeing with you. W should sharpen up the words
t hat we care about.

CHAl RVAN WALLIS: It has got to be in the
docunent, and just your assurance at a neeting is not
really --

MR JOHNSON:  Yes.

CHAl RVAN WALLI S:  -- good enough, al t hough
| appreciate your statenent.

MR JOHNSON: Absol utely.

MR, LOBEL: Well, |et nme point out that as
long as there's adequate NPSH for the ECCS punps,
t here shouldn't be a problem

CHAI RVAN WALLI'S:  There shouldn't be. |
agr ee.

MR, LOBEL: And that's even though we're
doing a nore realistic anal ysis.

CHAI RVAN WALLIS: Well, then you' ve got
this mninum nunber of punps, yeah. Okay. \ell,
maybe we can nove on

MR, LOBEL: Ckay.

CHAl RVAN WALLI'S: W have | ooked at this

one.
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MR. LOBEL: Well, noving on, we al so used
the definition from the EOPs for the containnment
cool i ng, adequate containnent cooling. As the
cont ai nnent boundary remains intact, and that's from
the EOPs, and that insures according to the words in
the EOP that the containment is in a safe and stable
state and preventing fission product release. The
cont ai nnent boundary remains intact.

MR CARUSO \What is the LA paraneter.

MR. LOBEL: Yeah, | was going to nmention
t hat . The L sub A with this definition could be
exceeded. L sub A is defined in Appendix J for
contai nnent |eak testing, andit's the all owabl e | eak
ratethat's inevery plant's technical specifications,
and it's the value that's used for dose cal cul ati ons,
t he val ue of contai nnent | eakage that's used for dose
cal cul ati ons.

So this is another place where if we were
going to go with a nore liberal definition, there
m ght have to be an exenption

CHAI RMAN WALLI'S: W asked you yest erday
what industry buys by all of this. | nean, you have
all of this  regulation, and it's not clear how we can
evaluate it wthout having sonme idea of s

consequences. |Is it going to result in significant
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changes to the plant or isit goingtoresult in mnor

changes in operation or what?

MR. LOBEL: |'mnot the one to answer that
guesti on.

CHAl RVAN WALLI S: Il think it will be
interesting to found out. | woul d al ways want to know

t he consequences of an action before | enbarked onit.
| don't know if the staff has the same attitude.

MR, JOHNSON: Vell, we have, in fact,
t al ked about the fact that it would be beneficial to
see how if you ran through all of the baseline
refinements for a plant X, let's say, just to see
where that woul d take you in ternms of what t he debris,
what the positive suction head would be, and what
kinds of things you would need to do in terms of
fixes, that's certainly sonmething that we think woul d
be wort hwhil e doing.

Wth respect to what benefit could be

provi ded by, you know, this relaxation, | guess you
would call it this Region 2 analysis and nore
realistic --

CHAl RVAN WALLIS: Well, 1'd Iike to say

|'m sort of surprised here because when we visited
this a few years ago, it cane as a proposal from

industry as | recall, and industry prom sed us that
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t hey woul d | ook at this business, and you know, this
was really for the |arge break LOCA. This is really
a 50. 46 question, but it's interwoven here; that they
woul d ook at it, and they would supply an argunent
for why there should be some relaxation, and they
woul d tal k about the consequences of it.

Nowit seens to be turned onits head, and
t he agency i s changi ng t he rul es wi t hout any awar eness
of what the consequences m ght be, which seens rat her
peculiar to ne just personally, | nmean, speaking as a
menber of the public rather than as a nenber of this
commttee. It seens the thing is backwards.

MR, JOHNSON: Actually | thought vyour
qguestion was what benefits m ght be achieved. You
wer e aski ng about what consequences?

CHAl RVAN WALLI S: Yeah, what are the
consequences of this and how can we nmake a deci sion
about doi ng sonet hi ng wi t hout havi ng sone awar eness of
what's going to happen when we do it?

MR,  JOHNSON: Wl l, the consequences,
Donny can tal k and tal ked about the consequences in
ri sk space with respect tothis alternative approach,
and we think it's okay to go with that because the
consequences are acceptable from a Reg. Guide 1174

approach. W said the.
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The industry has articul ated, and I know
t hey can today tal k about what benefits they think we
accrue fromnore realistic analyses in this Region 2
areas, and in fact, Rich has given sone ideas, gave
some i deas yest erday afternoon, | think, about sone of
the things that could be done in the Region 2
anal ysi s.

CHAl RVAN WALLI'S: Well, is the rationale
for doing this to try to solve GSI-191 nore
effectively? | nmean, if it is so, thentell us why it
solves it nore effectively. Istherationalefor this
to shrink risk space in line with risk infornmed
regulation until it's nore efficient and effective
because that's a principle of the agency? Is that why
it's being done?

VWhat is the gain? Wat is the notivation
for doing this? What is the justification for doing
t hi s?

It may | ook all right, but surely there's
some argument, cogent, where you can say we're doing
this because of A, B, C It helps us to resol ve GSI -
somet hi ng because bl ah, bl ah, blah, or sonething.

MR. JOHNSON: Yeah, thereis, and we tried
the -- | nean, the words inthe SCin the start of the

section that Mark is responsible for that tries to
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articulate why we think it's the right thing to do,
and they sort of touch on the things that you've
mentioned, Dr. Wllis. W think froma risk inforned
perspective it's the right thing to do.

| talkedalittle bit yesterday about, you
know, why from a risk perspective it's the right
things to do. W know that there's conservatism as
Rich has indicated in the analysis, particularly in
t hat positive section here, but also in other areas
where it nakes sense to go away froma conservative
approach to a nore realistic approach, and as | ong as
we are sure that the requirenments are 50.46 are net
with respect to the things that we' ve tal ked about,
2,200 degrees --

CHAI RVAN WALLI S: So the reason you're
doing this is to be virtuous, that going from
conservative to realistic is sonehow virtuous?

MR. JOHNSON: Well, and what it does for
licensees is it enables them to put in place
nodi fications with sufficient margin, with not overly
demandi ng desi gns based on some over-conservati sns,
"1 say. "Il use that word, over-conservatisns
based on having to analyze for for the double ended
break of the largest pipe in the RCS, for exanple.

Sol think it benefits the industry, and
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it moves inthe direction of being nore risk informed.
It's all those things that you' ve nentioned t hat we --

CHAl RVAN WALLI'S:  So you' ve given ne one
specific. You' re sort of tal king at a phil osophi cal,
hypot hetical level, and | don't want to pursue this
very much | onger, but it would really help if soneone
woul d say if we do this, these are the sort of things
t hat coul d happen, and then give a ten |list and say
that, well, these first seven nake sense, but if we
| et themdo eight, nine, and ten, which they could do
with this, then we're going to run up agai nst sone
ot her regulation, and gee whiz, you' d better think
about that or somet hing.

Has anybody t hought about t he consequences
of letting industry do this? Does it inpinge on other
regul ations? Are there sone ways that go t hrough the
systemor woul d things be applied for which you woul d
t hen have to say, "Ch, sorry. W didn't really nean
that," or sonething?

| mean, has anybody thought about these
t hi ngs?

MR JOHNSON: Yes. Yes, we have.

CHAI RVAN WALLI S: But you haven't given ne
any exanpl es of anything.

MR, JOHNSON: Vell, you know, we are
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thinking this is sort of bounded by fixes in the area
of the sunp, and we're dealing with, you know, sone
changes in |long-term cooling.

O course, the question that you ask is a
really good question for 50.46, and of course, we're
spending a | ot of effort thinking about what are the
tentacles of risk inform ng the break size. You know,
what else does it affect in the regulation or what
ot her plain changes might result fromthat, and are
t hose accept abl e?

| think we were able to draw a box around
t he changes or this area because it deal s specifically
with the sunp, and we're able to look in terns of
i nsuring that when you step back and you | ook froma
ri sk perspectiveinaReg. Guide 1174 approach and not
just | ooks at delta CDF, but al so | ooks at defense in
depth and all those other things, that approach, we
think that it's okay, and where it's not okay, Mark
has indicated those areas in terns of the eval uation
in this section, where we think even applying this
approach we can't go further.

MR SOLORIO | would just |ike to add to
what Mark said, Dr. Wallis. [I'll get with M. Caruso
and point out to himthe words in the SECY that we put

to tal k about other issues. In comng up with this
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nmet hod, we i nvol ved research. W invol ved ot her parts
of NRR so that we coul d make sure we were consi dering
t he i nmpact of other regulatory requirenents and 11|
get quickly with M. Caruso to get himthat.

CHAIl RVAN WALLIS:  Well, let nme ask you
sonet hi ng. Wth this option instead of having n
plants that had to nake mmjor adaptations or
nodi fications or buy stuff, would there be n over two
plants or would there be n mnus one plant? Wuld
t here be zero plants? And does this have a big effect
on the resolution of GSI-1917?

MR. JOHNSON: Can | ask -- | don't know - -
Tony Petrangelo? | don't know. I don't know the
answer. Maybe the industry has thought about what --

CHAI RVAN WALLI'S: If it has no effect at
all, we'll just forget it and we won't even tal k about
it. It's not worth it.

DR. PETRANGELO Dr. Vallis.

CHAI RVAN WALLIS: Are you tal ki ng about
resolving GSI-191? Does it have any effect or not?
DR. PETRANGELO Dr. Vallis.

CHAl RVAN WALLI S:  Yes.
DR. PETRANGELO. It's Tony Petrangel o from
NEI .

The truth is we don't know.
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CHAl RMAN WALLI'S:  You don't know.

DR PETRANGELO  No.

CHAl RVAN WALLI'S:  You have no idea?

DR PETRANGELO  No.

CHAI RVAN WALLIS:  You can't give ne any
specul ati on?

DR PETRANCGELO. None what soever.

CHAI RVAN WALLIS: So we're taking a step
in the dark, conplete in the dark.

DR. PETRANGELO To alarge extent it'sin
t he dark.

CHAl RVAN WALLI S:  Thank you.

MR JOHNSON: Can | just --

(Laughter.)

VR. J OHNSON: Tony, you really
di sappoi nted ne.

Dr. Wllis, can | just add even t hough we
don't know, | still think it's the right step. I
don't think it makes sense to end up with an approach
to the sunp resolution that is blind to the direction
that we're nmoving in 50.46, blind to the direction
that we know we're going to take and with respect to
50. 46 based on what the Comm ssion --

CHAI RMAN WALLI S: No, no, no. You're

doi ng exactly what the ACRS asked you to do.
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MR JOHNSON: Exactly.

CHAI RVAN WALLIS: And I'mjust saying do
you have any i dea of the consequences? And it appears
t hat nobody has, and that | find somewhat surpri sing.
Now, maybe |'mjust sonewhat unusual, but before I do
sonething, | like to know what the consequences are.
That's all.

MR. HARRISON:. Dr. Wallis, if I can just
add one maybe littl e perspective thoughis in Section
5, there's multiple approaches to resol ving the sunp
by design. You can design a passive sunp that's way
bi gger than the one you' ve got. You can put in a sunp
that's got passive features or active features. From
a risk inforned decision nmaking part of that, a
| i censee coul d go through the process and say there's
pros and cons to each approach, and there's going to
be costs associ ated wi t h what ever approach you put in.

So there's going to be, | would assune,
some |icensees going through saying what's the best
approach for ny plant and howdo I meke t hat deci si on?

This process will give themthat option.

CHAI RVAN WALLI S: | guess |' mdi sappoi nt ed
because we're trying to resolve sonething that has
been around for decades, and it would be very good,

very nice; |'d be pleased, but maybe it's
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i nappropriate. | would be pleased if you guys could
say, "W have found the key toresolving it, andit's

torisk informit,"” and when you risk informit, lots
of the problenms which we had with it go away, and we
get a nmuch nore effective, quicker solution. That's
what 1'd Iike to hear.

DR.  PETRANEGLO Dr. Wallis, Tony
Pet rangel o agai n.

It's true that we don't know exact|y what
i ndi vidual plants are going to do with Section 6 and
how much of a difference that's going to make and the
ultimate resolution of the issue at their specific
plant. Does it nmean a small er screen or not enl arging
the screen and all? The truth is we don't know.

But the reason we're doingthisistotry
to get to a solution that is at |least driven to sone
degree nore by what' s ri sk significant than what's not
risk significant, and that's usually a good thing to
do.

And we do that with a belief that, you
know, trying to focus nore on things that are nore
likely and nore realistic and not necessarily add
conservati smon top of conservati smis the right thing
to do, and in this case while we don't know what the

speci fi c consequences are for each plant, it's a step
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in the right direction.

| can think of a bunch of other things we
could do that we didn't have tinme to do that are nuch
nore risk infornmed. This is baby step risk inforned.
Thisis alittle bit of realistic conservatismon the
| ower |ikelihood of the spectrum of breaks.

That' s about as far as we could go at this
point. Sothisis ababy stepintheright direction.
| think tocall this risk inforned at this point, and
we had this debate with the staff as we were
di scussing the guidance, it's nore realistically
conservative than risk inforned at this point.

But with nore tine than perhaps this 50.46
rul emaki ng evol ves and some potential nodifications
cone out of that, | think we'll have a direct benefit
to this particular issue, but the truth is we don't
know what the i nmpact i s on specific plants in applying
t he net hodol ogy at this point.

DR, HARRI SON: And from a practical
standpoint of if a |licensee were to want to cone in
with an active system mtigation feature on his sunp,
but he only wants to have a single train, he could
cone in for an exenption using the risk informed path
to get justification for that.

So, | nean, there is sone practical
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solutions to GSI-191 that are bei ng supported through
that that you wouldn't be able to do if you didn't
have a -- again, | agree with Tony. It's really not
as much risk informed as it is nore just trying to be
realistic in the application.

CHAl RVAN WALLI'S: Ckay. So you're being

Vi rtuous.

Okay. That was useful. Thank you.

MR, KOWAL: Rich, did you want to
conti nue?

CHAl RVAN WALLI'S:  Yes, go on, unless the
comm ttee -- unl ess any of ny coll eagues wi sh to step

in, let's nove on.

MR, LOBEL: The staff has previously
all oned credit for punp operation where the avail abl e
NPSH, | ess than required NPSH for a | i mted anmount of
time, where that was supported by data for that punp.

And we woul d propose to allow the sane
thing if necessary in this case.

The realistic parameters used for the
Regi on 2 anal yses to cal cul at e cont ai nment condi tions
for NPSH probably will preclude the request for over
pressure. The experience with the BWR seens to
indicate that slightly | ess conservative anal yses t han

that is normally done usually elimnate the need for
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over pressure.

The gui dance report proposed that if a
nom nal parameters defined as one with a realistic
val ue used i n these anal yses i s exceeded during pl ant
operation, an operability assessnent in accordance
with generic letter 9118 would not be necessary as
long as the situation |asted | ess than 30 days.

And the staff didn't agree with this
proposal since the realistic analysis is still a
desi gn basi s anal ysi s, and Regul at ory Gui dance generic
letter 9118 in this case should still apply.

And finally the -- alnost finally -- the
gui dance report proposed exceeding the nom nal EQ
envel ope, and it wasn't cl ear fromthe gui dance report
what was exactly neant by a nom nal EQ envel ope, and
we assunmed that this was an environmental
qualification envelope determned by a realistic
anal ysis, and using a nore realistic environnental
qgualification envel ope woul d be acceptable for the
Regi on 2 anal yses.

However, the equi pnent in question would
still have to conply with 10 CFR50.49. So if a piece
of equi pnment exceeded this nom nal EQ envel ope, we
think that would still require an exenption

Envi ronmental qualificationisn't ny area.
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| tal ked to sonebody who works inthis area, and their
reaction was that the staff doesn't typically give
exenptions for environnmental qualification; that if a
pi ece of equipnment is need, it's needed and it should
be qualified, and if it is not needed, then it
shoul dn't be in the program

Soit's not really clear what the industry
meant by this. Maybe we're m sinterpreting what was
meant, but it's not clear, andif this conmes up during
the plant specific reviews, we'll have to resolve it
t here.

And finally, the guidance report talks
about crediting operator action, and the staff has no
objectiontocrediting operator action for thingsthat
are reasonable. W do this noww th the NPSH anal yses
t hat we have accepted, and in fact, there's a license
amendment in house now froma PWR that proposes that
the operator would turn off a train of containnment
sprays under certain conditions to mnimze debris
transport to the sunp.

DR. TRAI FOROS: How do you address this
equi pnent nomi nal EQ envel ope in your SER? Are you
commenting on this?

Because you indicated that --

MR LOBEL: You used about the sane words
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that | said here. It just wasn't clear what the
i ndustry nmeant. Maybe the industry can clarify it.

DR. TRAI FOROS: Yes, certainly they will,
but it would appear that if you start changing the
equi pnent qualification envel ope, you may be devi ati ng
fromthe desi gn basi s approach, i n which case you have
to say that and say howfar you are fromthis envel ope
and i nvoke sone ot her justification for being able to
do that versus deciding that you don't need an extra
punp. Therefore, your EQ envelope is different
because then you are redefining your EQ envel ope.

MR LOBEL: Well, it would still be design
basi s. It would just be defined with a different
envel ope.

Let ne gi ve you one scenari o where | think
this m ght be useful to the industry, and |I' m maki ng
this up. | haven't discussed this with anybody in the
i ndustry, but support that a licensee had a pi ece of
equi pnent t hat had gone t hrough t he Appendi x B process
and had been environnmental |y qual i fied, and t hat pi ece
of equi pment could no | onger be purchased fromthe
vendor as an Appendi x B pi ece of equi pment anynore.

So the licensee goes out to Radi o Shack
and buys a piece of equipnment that will do the sane

job and then has to go through a dedi cati on process,
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whi ch |i censees do for equi pnent. Most |icensees, if
not all, have a dedication programfor that kind of
t hi ng, for taking conrercial equi pnent and qualifying
it for safety functions.

In that case, the piece of equipnment may
not be qualified for the conservative environnmenta
qualification envel ope, but it may be qualified for
t he nom nal environnmental qualification. Inthat case
t here woul dn't be an i ssue, but then suppose t he pi ece
of equi pnment wasn't qualified for the conservative
envel ope and also wasn't qualified for the nom nal
envel ope.

The way | under stood t he proposal was t hat
t he piece of equi pment could be outside the nom na
envel ope, but not outside the conservative envel ope,
if youfollowthat. That's ny own scenario, and what
we're saying is we wouldn't approve of that kind of
t hi ng, but that would have to be within the nom nal
envel ope.

MR. CARUSO Rich, I'mconfused. On the
one hand, | thought | heard you say that they could
excess L sub A, which seened to i nply that they could
all ow the contai nnent pressure to go higher than it
woul d be allowed to go under the current |icensing

basis, but at the sane tinme you' re saying that the EQ
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envel ope woul d provide -- they woul d be all owed to do
realistic sort of contai nment anal yses, which seemto
imply that the EQ envel ope woul d be | ess severe than
the currently |icensing basis.

MR LOBEL: Right.

MR.  CARUSO How can the containnment
pressure be higher, but the EQ envel ope be | ower?

MR, LOBEL: Well, the EQ envelope is --

l"m not sure | understand. You nmean using a
realistic --

MR.  CARUSO Yeah. That's a good
question. | would say we haven't thought this through

to that level, and if the question cones up in a
license application, then it wll have to be
di scussed.

Al'l I'"m saying now, and | probably said
too nmuch, is we were trying to understand what was in
t he gui dance report, and | may have interpreted what
was nmeant incorrectly.

CHAI RMVAN WALLIS: Is it likely you m ght
rewite part of the SER on the basis of this
di scussi on?

MR. LOBEL: The SER says -- rewrite the
SER?

CHAl RVAN WALLI'S: No, just the part of it
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that refers to EQ envel opes. The other part is
sonmebody el se's j ob.

MR, HARRI SON: Rich, it was just noted
here though that L sub A here is not pressure. It's
t he actual | eakage term

MR. LOBEL: Right, but if the pressureis
greater --

MR. JOHNSON: But the idea being that the
pressure woul d be greater than what woul d normal Iy be
al | oned.

MR. CARUSG The L sub A coul d possi bly be
greater.

MR JOHNSON: Right.

MR. CARUSO Then the |eakage could
possi bly be greater than the L sub A

MR, JOHNSON: Ri ght. That's what |
t hought the | ogic was there.

MR. CARUSO Yeah, right, right.

MR. SOLORIOG But, Rich, correct neif I'm
wong. | don't think | saw anything in the SE that
woul d be inpacted by a discussion that we just had,
and the SE sort of says -- well, you tell nme. \What
does the SE say again?

MR. LOBEL: The SE says the staff wll

assess the application of EQenvel opes as part of the
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generic letter, response, reviews, and closeout
process.

MR. SOLORIO And |icensee shoul d consi der
whet her exenption i s needed.

MR LOBEL: Right.

MR. CARUSC It sounds like it's just
saying that you will consider this on a case-by-case
basi s.

MR LOBEL: Yes.

MR. CARUSC So there is no detailed
gui dance ot her than do what you think you can and we
will consider it.

MR LOBEL: Right.

MR. CARUSO It's just that | heard these
words here about allowing higher containnment
pressures, but at the same tine all ow ng equi pnent to
be qualified to a | ower EQ envel ope, and that wasn't
consi stent to ne.

MR. LOBEL: Yeah, you're right.

CHAl RVAN WALLI'S:  Well, what about this
busi ness of allow ng the contai nnment pressure to be
greater than the design pressure? Is this a newthing
you're al |l ow ng?

MR LOBEL: Well, if we're goingto dothe

same thing we're doing with 50.46, then we're not
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going to allowit. | guess we'll change the SER

CHAl RMAN  WALLI S So that was a
m sunderstanding that you m ght be allow ng
cont ai nnent pressures higher than design pressure?

MR SOLORIO No.

MR LOBEL: No.

MR SOLORIG | don't think the SER says
that. | think that was his exanple.

CHAl RVAN WALLI'S:  But it was said here.

MR SOLORIGO And it's not in witing as
you hinted earlier.

CHAI RMAN WALLIS: It's in the SER?

MR LOBEL: It's in the SER

CHAl RVAN WALLIS:  well, what would the
public think of that?

MR LOBEL: Wat would the public think?

CHAI RVAN WALLI' S: I f you skip this thing.
NRC now al | ows cont ai nnent pressure to be greater than
desi gn pressure. How do you explain that one?

MR. LOBEL: 1'd rather not be the one to
explain it.

MR,  CARUSCO The containnment design
pressure and t he cont ai nnent desi gn t enper at ure may be
exceeded for analysis of breaks above the DGBS as

stated in this section of the &R
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CHAI RVAN WALLI'S: How rmuch by how nmuch?

Because of this LA? |s the LA determ ning criterion
or sonet hi ng?

MR. FEIST: Excuse me. Can | give sone
conments on this?

I " m Chuck Fei st from Conmanche Peak.

Al'l of your peak contai nment pressures and
t enrper at ur es happen 30 m nut es before you'reonrecirc
and you're in the sunp issue. So | take it that what
this is saying -- and you can take credit for operator
action -- is if your sunmp clogs, I'll use ny plant as
an exanple. | have a partially subnmerged sunp. So
what we would do is we'd stop the punps. That has
al ways been i n procedures, and we woul d add nor e wat er
contai nnment until we would subnerge the sunp.

During that tinme we would exceed our
desi gn EQ envel ope, but if we used realistic anal yses
such as used for PRA, we would still be able to show
it was bel ow our equi pment qualification envel ope. |
think that's what's intended.

CHAI RVAN  WALLI S: wel |, this disk
contai nnment pressure, presumably if you | ose sone of
your |ong-termcooling, you build up pressure in the
contai nnment, don't you?

MR. FEl ST: Yes.
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CHAI RVAN WALLI S:  And eventual | y you have

to worry about how big that gets.

MR. FEIST: Yes, and if you used design
anal ysis, it woul d exceed the qualification envel ope
for the equi pnment, but if you use realistic analysis
it wouldn't.

CHAl RMANWALLI S: Does t hat nmean exceedi ng
t he design pressure for the contai nnent?

MR. FEIST: No. Just EQ envel ope. You
woul d never exceed --

CHAI RVAN WALLI S: | don't know what
equi pnent you're tal king about when you just talk
about equi pnent in general.

MR FEI ST:  Yes.

CHAI RVAN WALLI S: El ectrical and stuff
i ke that.

MR FEI ST:  Yes.

CHAI RVAN WALLI'S: Wel |, shall we nove on?
Because | want to ask a question on the next one, and
t hen we perhaps need to wap this up and nove on.

MR. HARRI SON: Ckay, and that's fine. |
t hi nk we di scussed this yesterday eveni ng anyway, the
way t he risk i nformed aspects of the SE are consi st ent
wi th what the guidance report says al so. They back

calculate atarget reliability for the sunp mtigation
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capability using the acceptance guidelines for delta
CDF and the Reg. Guide 1174 and the NUREG 1150, the
| arge break LOCA frequency.

CHAI RVAN WALLI S: Does this sort of
indirectly address the question | wanted to ask, which
is what is the effect of taking this step on the | evel
of safety of these plants? It's the sort of question
t he public woul d ask, and | think you ought to make an
attenpt to answer it.

MR. HARRI SON: Froma ri sk perspective, it
woul d, but --

CHAl RVAN WALLI'S: It would. What effect
would it have in sone sort of neaningful terns?

MR. HARRI SON: VWhat you do is you say
we're neeting Reg. Guide 1174 with the mtigation
capability that --

CHAl RVAN WALLI'S:  But the public doesn't
know. So what would you say to the public? Sone
menber of the public says, "What is the effect of this
step on the safety level of nuclear plants?” A
perfectly reasonabl e questi on.

MR.  HARRI SON: The results is the
mtigation as approved by the staff would result in an
at nmost small change or small increase in risk,

acceptably smal | .
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CHAI RVAN WALLI'S:  How big is that risk?

Can you put it in sone terns the public mght
under st and?

MR. HARRISON: Inreality if we were to go
there, | would say if you were to use a nore realistic
frequency for a large break LOCA, it woul d be down in
t he noise. You would --

CHAI RVAN  WALLI S: That doesn't nean
anything to the public. Noise doesn't mean anyt hing
to the public.

MR. HARRI SON: But neither do t he nunbers.

CHAl RVAN WALLI'S: One, one, seven, four
doesn't nean anything. |f you could say that the risk
has changed by one part in a mllion or sonething, |
nmean, that mght mean sonething to the public.

MR. HARRI SON: By one in 100,000, right?

CHAI RVAN WALLIS: Ckay. Something |ike
that is a good answer.

MR.  HARRI SON: And that's the high.
That's the max.

CHAl RVAN WALLIS: -- intherisk or that's
the change in the risk?

MR. HARRI SON: That's the change in ri sk.

CHAI RVMAN WALLI S: But it's not the

fractional change in the risk.
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MR. HARRI SON: Well, if you take a pl ant

that's already around --

CHAI RVAN WALLI'S: What's the fractiona
change? The risk before was sonething, afterwards
sonet hi ng el se.

MR HARRI SON:  Ri ght .

CHAI RVAN  WALLI S: How much has it
fractionally changed?

MR HARRI SON: Again, it --

CHAl RMAN WALLIS: Has it gone up by one
percent or ten percent or .001 percent?

MR. HARRI SON: If | used the conservative
approach here, | would argue that it is probably --
and they neet the target reliability just barely so
that they're at the 98 percent, they're going to have
a percentile increase that's probably less than ten
percent. So it's nore like five percent.

CHAl RMVAN  WALLI S: Ckay. So you're
all owi ng maybe a five percent increase in risk?

MR HARRI SON: Using a conservative,
sinplified approach. In reality, if you were to use
a large break LOCA --

CHAIl RVAN WALLIS: And this is justified
because the risk is so small in the first place; is

that right?
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MR.  HARRI SON: If you were to use a

realistic large break LOCA frequency and not the
conservative one we're using here, it would be down
bel ow one percent.

MR CARUSO And that's per plant.

MR HARRI SON: Correct. W do the
anal ysis on a per plant basis. W regulate on a per
pl ant basis.

CHAI RVAN WALLI'S: | think you ought to be
able to give answers like that. It would be hel pful
t o someone who reads the transcript or wants to know.

Thank you.

MEMBER SI EBER:  On the other hand, there
are sonme plants that don't neet the current safety
goal. So they can't use this approach at all.

MR. HARRI SON: Well, what we wote in the
safety evaluation was that if a plant was -- within
Reg. Guide 1174, thereis arequirenment that if you're
above -- not a requirenment, but guidance that says
that if you' re above one in ten mnus four that you
real ly shoul d be focused on reduci ng your ri sk at your
plant, and for those plants the goal is to cone down
in risk, and they should be taking those steps.

MEMBER SI EBER:  So what | saidis correct.

MR HARRI SON: |If that were correct, then
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| woul d expect that themtigationcapability required
under this would need to be greater and/or the pl ant
woul d have to come in with a technical justification
for why they woul dn't need to do that, part of which
could be the conservatismin the current nodel.

In other words, if I"'m-- nost plants in
internal events, | can't inmgi ne anyone bei ng above
ten to the mnus four from internal events PRA
What's going to drive them there would be sone
consi deration of anodelingthat's conservatively done
that's got themover ten to the mnus four.

In that case what they could dois cone in
with a technical justification arguing why the
conservati ve nodel i ng has caused that and how a nore
realistic nodel would keep thembelowthe ten to the
m nus four baseline val ue.

MEMBER Sl EBER: Well, the only risk
nunbers that are part of NRC s records are the ones
that were subnitted years ago, and there are seven or
eight plants in that --

MR. HARRI SON. Col l ectively, right, but
sincethat timewithriskinfornmedapplications, we've
received risk informed applications from al nost all
t he plants, and | would be surprised if frominternal

events there woul d be a plant above ten to the m nus
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four. That would surprise ne today.

CHAl RVAN WALLI'S: | don't think you give
your sel ves enough credit. | think that what you ought
to be saying is that by resolving GSI-191, we're
actually reducing the risks of the plant.

MR HARRISON: Well, you're reducing it
fromthe current conditions.

CHAI RVAN WALLI'S:  And the effect of this
risk informed perturbation is I ess than the gain we
get by resolving GSI-191. That's what I'd like to
hear . That would give a really good argunent. I
mean, get on with this thing; resolving this thing
that's floating around. No one quite knows how ri sky
it is, and we don't get good neasures for what the
risk is. |1t changes dependi ng on what you credit.

I f you could really show that before you
did this the risk was so nmuch and after it was
sonmet hi ng el se, and everybody was better off, that
woul d be a very happy ending.

MR, HARRISON. Dr. Wallis, that's exactly
t he point.

CHAI RVAN WALLI S: Way can't you say that?

MR. HARRI SON: W can say that.

CHAI RVAN WALLI S: But why can't you give

me sone nunbers then?
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MR, HARRI SON: | nmean, maybe that's ny

faul t. Wat [|'ve done in this part of the
presentation is |ooked at the deltarisk froman i deal
situation.

CHAl RVAN WALLI'S:  Ckay. What's the gain
then in resolving GSI-191?

MR. HARRI SON:  You wi || basically do away
with a failure node that's currently there.

CHAI RMVAN WALLI S: And what's the risk
benefit?

MR. HARRI SON: Nunerically | think the
argument s between i ndustry, if you go back to the LANL
(phonetic) report, the nunmbers were fairly high.

CHAI RVAN WALLI'S:  They were surprisingly
high in the first report, yeah.

MR. HARRI SON: Ri ght, and again, dealing
with | arge break LOCAs even within the second report,
you gai n sonme benefit fromrecovery actions, but you
don't gain that nmuch. So the real benefit is to fix
the sunmp, and to make it functional and put away the
problem You are correct.

CHAI RVAN WALLI S: Do you have some nunbers
on there or is it speculation that you're actually
gai ni ng soret hi ng?

MR, HARRI SON: Well, you would clearly
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gai n because you' re basical |l y taking a condition where
we believe there's a vulnerability. That's not the
right word for it, but --

CHAI RVAN WALLI' S:  You bel i eve, but do you
have a nunber?

MR, JOHNSON:  Yes. Donny, we've given
nunbers before, haven't we with respect to --

MR. HARRI SON: They're in the technica
assessnent.

MR, JOHNSON: They're in the technical
assessnent report.

MR, HARRI SON:  Yes.

MR, JOHNSON: Do you recall what the
nunber is?

MR, ARCHI TZEL: Ral ph Architzel.

There was a problemw th the frequency on
average for all the plants.

CHAI RVAN WALLI S: This is nuch nore
significant than this small perturbation by 1174.

MR. ARCHI TZEL: The bottoml i ne nunber was
doubl e the average core damage frequency for the
feeder plant. That was the bottomline. There were
ot her nunmbers that were --

CHAl RVAN  WALLI S: Vel |, that's a

significant achievenent, and it would be really
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important to do it, to do it right.

MR. JOHNSON:  Yes, and we can indicate
t hat nunber in other docunments on other occasions.

CHAI RVAN WALLIS:  Well, | think this is
what you need to tell the world, that you're solving
a problemthat has this value to the public. And your
proposed solution will actually solve the problem
Because that's what we're here for, isthis particul ar
GSI -191, you know.

MR JOHNSON:  Yes.

CHAI RVAN WALLI' S: Wi ch has been around a
[ ong tine.

MR. HARRI SON: You'retotally correct, Dr.
Wallis. The benefit is that you have the i nprovenent.
Fromthe risk informed standpoint if alicensee cones
in for an exenption, the risk part of this is not
taking the plant to a perfect condition. Idealized
condition is what | refer to it as, where you design
the sunp to mtigate the condition with no mtigation
capability at all

That' s what this deltarisk calculationis
going to, the ideal plant fromthe fix that you're
proposing. That's the delta. But you are right. The
actual fix will be as Ral ph was saying. It's a factor

of two inprovenent in this part of the plant.
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So with that we'll just nove on to the
next slide. Again, just recognizing where this was
done actually we can run through this real quick
because this just tells you how we sinplified the
cal cul ati on. It's being done for the whole break
thing. Even though this is a Region 2, we did the
LOCA for the whol e spectrumof a break. So just using
t he new Reg. Guide 50 nunber.

The base conditions assunes there's no
cl ogging potential. Thisis the idea case. If | were
to be fixing the sunp perfectly, you would do away
with a failure node of sunp cl ogging.

The next one is that in a mtigated case
where I'mtaking credit for sone type of mtigation,
| * massum ng that you will always clog the sunpif the
mtigation fails, and that's not necessarily always
true.

CHAI RVAN WALLI'S:  So you're al |l owi ng sone
probability of sunp clogging essentially?

MR. HARRI SON: What |'m saying is if |
have an active mtigation systemthat |I'mrelying on
and that mtigation fails, or if | have an operator
actionto, say, throttle back core sprays, contai nnent
sprays, and he fails to take that action, |

i medi atel y assune | get the sunp cl ogged.
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VEMBER KRESS: Wiich is the sane as

assum ng you get core danage.

MR. HARRI SON:  And the next bullet. |If
get the sunp clogged, | assune | go to core danage.
So there's no recovery fromthat condition

CHAI RVAN WALLI S: So just tell wus the
ef fecti veness of a design which allowyou not to clog
t he sunp.

MR HARRI SON:  Ri ght .

CHAl RVAN WALLI'S: O a design including
action by operators or whatever.

MR. HARRISON: Right, right. And that's
what the delta risk calculation we're doing actually
i s doing.

CHAl RMVAN  WALLI S: This gets to ny
guestion: what's the value of doing this? A non-
clogging sunp is worth so nuch in risk space.

MR. HARRI SON:  Right. GCkay, and again,
just the bottom line is that the approach is
consistent with Reg. CGuide 1174. W did add a
requi rement consi stent with Reg. Gui de 1174 t hat you'd
have a performance nonitoring. That's the fifth
principle in that reg. guide, and so we established
that there needed to be a performance nonitoring

programfor it to assure whatever capability that you
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took credit for, that that maintains that reliability.

This one we tal ked about yesterday was
just dealing with what do you do wth passive
conponents. The first one is let's say sonmeone
designs a big sunp that takes care of the problemup
front. Well, you don't need to cone up with a failure
probability for that because you've shown by design
that it's functional. You' ve net. You' ve done the
regional. It's essentiallyif you were doing a Region
1 analysis all the way through, you could wal k away
fromthis or we al so gave the option that given that
there's going to probably be credit for operator
actions that are nore |likely going to be, you know,
ten to the mnus three range, we didn't think it was
necessary to | ook at failure nodes that were bel owten
to the mnus five or so.

So if you' ve got a passive conponent, we
don't expect you to go off and figure out its
contributionif it'sinthetentothe mnus five, ten
to the m nus six range.

However, there's a caveat on that. I t
says i f you can actually determinethereliability for
t hat conponent, you probably ought to include it. So
if you can neasure it and inspect it, then include

t hat piece of it.
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That's it.

CHAl RVAN WALLI' S:  Thank you.

MR. KOML: | guess that's the end of our
presentation.

CHAI RVAN WALLI S: Does anybody el se w sh
to say anything at this tine? Coments from the
menbers of the public that are comng in later?

Shal | we nbve on? W've got a fewitens
that probably won't take very long. Thank you very
much. | think this was an inportant aspect of the
whol e questi on.

What is this? This is sonething el se?

MR JOHNSON: Dr. Wallis, we had itens,
sunmp structural anal ysis and upstreameffects that we
can touch on very quickly.

CHAI RMAN WALLI S: | think, vyes, it's
probably not a very significant item Presumabl y
soneone has the wit to make a sunp which won't
col | apse.

(Laughter.)

CHAI RVAN WALLI' S: Do you need to regul ate
that? Maybe you do.

MR. HAFERA: |' mTomHafera, Pl ant Systens
Br anch.

| reviewed Section 71, sunp structural
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analysis at the NEl document, and | think as we
basi cal | y said, the NEI docunent says the sunp nust be
capabl e of wthstanding structural |oads based on
maxi mumto reload, rated flow rate plus hydrodynam c
loads from a seismc event. That's what NEl
reconmends.

W | ooked at that. We agree with that.
You can't provide any real specifics. |It's goingto
be plant specific based on all of the variabilities
and factors of sunp design and what have you. So
that's about all the guidance that really can be
provi ded.

We agree with those four itens that they
provided and did clarify that, yes, Reg. CGuide 182,
Subsection 1 --

CHAl RVAN WALLIS: Are there any dynamc
effects when a sunp clogs and a punp is struggling?
Do you get flow fluctuations which could put
fluctuating | oads on the screen?

MR, HAFERA: Yes.

CHAI RVAN WALLI'S: And is this taken into
consi derati on?

MR. HAFERA: Well, NEI, and we agreed,
nment i oned hydrodynam c | oads.

CHAl RMAN WALLI S: Do we know how to
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anal yze that problenf

MR. HAFERA: The boilers had to do it.

CHAl RVAN WALLI S:  Yes, | shoul d thi nk t hey
should. | mean, this is always sonething you have to
consider, but the science of it is not always that
wel | devel oped. The fluctuating | oad questionis when
you sought to push things to flow rates near sone
[imt, there's always something you have to think
about, and the nmethods for handling it are not al ways
very well established as far as | can figure out.

MR. HAFERA: This approach i s consi stent
wi th the BWR URG

CHAI RVAN WALLI S: It's consistent with
what the BWRs did.

MR. CARUSO. Do you know if there are any
pl ants that have sunp screens that are | ocated within
t he zone of influence?

MR. HAFERA: That, the whol e question of
sunmp screens being within the zone of influence, that
was brought up, and it is identified in the SER that
there's a GDC. That's arequirenent. Bruce Latellier
is famliar with that.

Bruce, what did we require for jet
i mpi ngement on the sunp screen that's --

MR ARCHI TZEL: The sunp screen is not
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treated differently than other conponents there.

MR HAFERA:  Yeah.

MR ARCHI TZEL: You can show the GDC- 4
requirement. You're allowed to exenpt it for the pipe
whip and all of those type requirements. It's not
treated differently that way

MR. CARUSO Well, wait a minute, wait a
mnute, wait a mnute. Don't go so fast. Does that
nmean that they don't have to consider the effect of
jet inpingenent on the sunp screen?

MR,  ARCHI TZEL: It means they follow
different rules.

MR CARUSO So that neans if the jet
i mpi nges on the sunp screen and destroys it --

MR. HAFERA: Ral ph, it neans the rul es are
different. W're not going there in terns of GDC4
with this analysis. And then you do get into the type
of pi pe you' ve got.

MR. ARCHI TZEL: You have to recogni ze t hat
whol e issue is outside the issue of clogging a sunp
screen. Clogging a sunp screen occurs 20 m nutes
after your LOCA. When you go on to research after it
is already under five feet of water, you can't get a
jet on a sunp screen that's under five feet of water.

CHAI RVAN WALLI S:  No, but the jet happens
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before. The jet happens at the LOCA.

MR. HAFERA: Right. The jet woul d happen
at the LOCA, which, again, there's already witten
requi rements for how to anal yze that.

VR. CARUSC. And those witten
requirenments state that they're not required to
consider the inmpact |loads of the jet on the sunp
screen.

MR.  ARCHI TZEL: There is guidance for
maki ng sure that the sunp is not generally in the path
of a high energy jet and things like that. That's in
the reg. guide. So they're design requirenents.

MR. CARUSO Are there any plants that
have sunp screens that are l|located in a zone of
i nfl uence?

MR, ARCHI TZEL: Well, they woul d have had
to | ook at that when they do their zone of influence.

MR. CARUSO Does anyone know?

PARTI Cl PANT: The answer is yes.

MR, ARCHI TZEL: Okay, but again, that's
not part of this presentation.

CHAl RMVAN  WALLI S: Does anyone have
experi ence of operating punps with clogged screens,
partially clogged screens? And do they shake? |Is

this all a theoretic --
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MR. ARCHI TZEL: There's | ots of operating

experi ences that show sunp screens clog and thin bed

effects do occur, and, yes, there's all kinds of

operating --

CHAI RVAN WALLIS: In real systens?

MR, ARCHI TZEL: Real world, yes.

CHAI RVAN WALLI'S: | nean in real nuclear
pl ant s?

MR ARCHI TZEL: Real nuclear plants.

CHAI RVAN WALLI S:  And there's no probl em
with surging at the punp or fluctuating flows?

MR. HAFERA: Dr. Vallis, this comment was
really nore towards the earthquake effect over 30
days.

CHAl RVAN WALLI S: No, but [I'm just
wondering. | nean, in viewof -- | don't understand
why, but certainly in the LANL experinments there were
qui te unexpl ai ned fluctuationsinthe flow It may be
sonmething to do with their system nothing to do with
react or systens, but | nean, one always worries a bit
about fluid structure interaction, particularly when
things are reaching sonme sort of limt of operation.

MR. HAFERA: Punp cavitations are pretty
wel | under st ood.

CHAI RVAN WALLIS: No, that's all right.
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| " mtal ki ng about the fluctuating fl ow and t he effect
on the screen. | don't know if nmy materials
col | eagues said they're happy with that or not, but
t hey have experience with fluctuating | oads on t hi ngs
that sonetinmes break them | just wondered if you
shoul dn't have a position on this. That's all.

There's no staff position on fluctuating

| oads?

MR, HAFERA: | could revisit that and
clarify it.

CHAl RVAN WALLI S: Are you goingtorevisit
t?

MR, HAFERA: Yes.

MEMBER RANSOM Vell, is a factor of
safety applied to the design |oad?

CHAI RVAN WALLIS: | can't inmagine that it
isn't, but there seens to be a great silence.

MEMBER RANSOM What is the typical factor
that's used in this kind of design?

MR. UNI KEW CZ: Excuse me. This is Steven
Uni kewi cz, Mechani cal Branch.

The answer to sonme of those questions are
that there are plants that are in the direct line.
They' re underneath steam generators, and there are a

| ot of inpact |oads frominsulation comng off. Wen
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we eval uate those types of sunps, we | ook at sl oshi ng
| oads. We look at the standard methods we've had
before with containment noving around, wth water
i mpi ngi ng up agai nst the screens.

That's sort of Design Engineering 101.
Those are part of the design of |license based things
that you do | ook at. It's a normal part of an

eval uation of a pi ece of conponent on the | ower | evel s

of contai nnent. It does | ook at steam | oads. I t
| ooks at inpact | oads. It looks at a couple of
pl aces.

In sonme cases, to protect those, there
have been shields put in place and things of that
nature. So all of these things you' re tal king about
are normal design considerations.

CHAl RVAN WALLI S: That answered the
question of whether the ZzO affected the screen.

MR UNIKEWCZ: It can potentially, and
|*ve seen where it possibly does.

CHAI RVAN WALLI S: Can you answer the
guesti on of fluctuating l|oads during the punp
operation?

MR UNIKEWCZ: Yes, | can. There have
been many i nstances of fluctuating | oads during punp

operation. The problemthen becones that flow drops.
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There is a l ot of industry experience both within the
nucl ear i ndustry, withinthe chem cal industry, within
t he process i ndustries of punps starting to cavitate,
fluctuating | oads due to cavitation, fluctuating | oads
due to air ingestion within the conponents.

That, again, is part of when you do a
system eval uati on. You take that into account.
You' re | ooki ng at your basic design paranmeters. Wat
do | have? What is going in? \Wat are the primary
fluid properties going in? VWhat is ny NPSH
requi renments, and so on and so forth?

Depending on the style of punp, the
manuf acturer of punp, depending on how many stages
there are, whether it's a single stage punp, whether
it's a nmulti-stage punp, it can, it my or may not
have an adverse effect.

CHAI RVAN WALLI S: Okay. So all this would
be i s what you' d expect the |icensees to anal yze, and
you'd be able to review it okay.

MR. UNI KEW CZ: Any reasonably conpet ent
desi gn engineer, this is a normal part of their job.

CHAI RVAN WALLI S: That's sonething | think
we need that sort of assurance.

MEMBER SI EBER:  Well, | think one way to

|l ook at it is froma continuity standpoint, you know,
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as the flowfluctuates maybe fromzeroto full flowor
maybe even exceeding that, that's in a suction pi pe or
di scharge pipe fromthe sunp or fromthe punp.

If you look at the sunp itself though
it's so much larger in area that the change in | eve
is very small conpared to and al so the velocities are
very small conpared to the change in velocity in the
punp and in its |ines.

CHAI RVAN WALLI S:  The punp and t he fl ow of
the --

MEMBER SI EBER: So the forces have to be
very smal |

CHAl RVAN WALLI'S: | think the fl owthrough
the screen is very much I ess. The fluctuation in the
flow through the screen is very nuch |less than the
fl ow through the punp. This would be true, | think,
if you had --

MEMBER SI EBER:  The vel ocity.

CHAl RVAN WALLI'S: It opens the velocity.

MR UNI KEW CZ: Absol ut el y. That's
absolutely correct. The flow velocity through the
screen is going to be probably generally an order of
magni tude | ess than the flows.

CHAl RVAN WALLIS: Well, it doesn't really

make a difference whether the sunp is subnerged or
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not, it seens to ne, whether it's being submerged or
not .

MR, UNI KEW CZ: You're | ooking at, you
know, a foot or two maybe com ng t hrough t he screens.
The typical velocities com ng through some of those
inlet pipes are going to be on the order of anywhere
between seven to ten to 12 to 14 feet per second
com ng through the pipe, depending on --

CHAI RMAN WALLI S: Ch, the velocity is
less. | was thinking of a capicitant if you have an
open surface. |If you had it on non-fl ooded screen,
t hen you actual ly have the capacity of the |iquid can
go up and down so that you don't have the fluctuation
transmtted to the screen.

If it's solid with water, then you're
going to have the --

MR. UNIKEW CZ: | understand, and by the
time you get to --

MEMBER SIEBER:  Well, it's fl ooded when
t he punps are on.

MR, UNI KEW CZ: -- that hopefully that
| evel within containment isrelatively stable so that
you're not goingto see alot of fluctuationinlevels
at the point that you shoul d be goi ng out to research.

CHAI RVAN WALLI'S: So you're assuring ne
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you've got it all under control.

MR.  UNI KEW CZ: |'ve done this before,
sir.

CHAl RVAN WALLI' S:  Thank you.

MEMBER S| EBER: That woul d appear to be
t he case.

DR TRAIFOROS: | would like to nmake an
additional coment if | may. It seens that it's worth
reiterating that it is inportant to evaluate the
effect of jets on screens. W understood your point.
These types of analyses have been done. It's not
qui te certain whet her everybody has done these types
of analysis. The assunption is probably they have,
but the point is they should be | ooked at again to
make sure that this aspect is being addressed.

And a word of caution on the zone of
i nfluence. Since the weight has been cal cul ated, it
results in a smaller range to the jet. One has to
consider the plain, old approach of a direct jet
hitting the inportant areas.

CHAl RMAN WALLI'S: Because by choosing a
spherical zone of influence, you have artificially
limted the di stance at whi ch t hings can be af fected.,
and i f there's sonething really key, really vital you

don't want to danmge, that nay not be the right
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approach because it's still a probability, realistic
probability of damagingit if there's somethingreally
vital .

Now, if it's stuff |ike insulation, maybe
it doesn't make nuch difference because it's all over
the place, but if there's sone vital conponent you
coul d damage, you may have to --

MR. UNI KEW CZ: Your point is well taken
in that it should be part of the normal eval uation.
You | ook at critical conponents wthin the path.

CHAl RVAN WALLI'S:  Right, right.

MR. UNIKEWCZ: Certainly if thereis the
potential for this screen to be within the path, then
t he expectation definitely woul d be you woul d | ook at
it froman inpingenent standpoint.

MR. ARCHI TZEL: Let nme just nake it clear.
| made it before.

Ral ph Architzel .

| just want to rmake clear that we're not
redoi ng t hose anal yses for this resolution. Those are
I i censi ng based anal yses t hat have been done. They're
in place, and we're not asking the |licensee.

What we're talking about here is the
structural analysis across the sunp, but not a jet

i mpi ngenent analysis. So that's different anal yses,
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and we don't plan to do it with --

CHAI RVAN WALLIS: But you're saying it's
al ready done sonewhere else in the regul ati on?

MR, ARCHI TZEL: On different ground rul es
t hat --

CHAl RVAN WALLI'S: That's okay. That's
okay. Then you're assuring us that it's being | ooked
it. The zone of influence is not artificially
restricting consideration of jet damage.

MR. ARCHI TZEL: Right, but it's not being
revisited. There may be sone problematic plants, as
has been pointed out, but they' ve been anal yzed and
reviewed by the staff under the ground rules that we
have.

CHAl RVAN WALLI S: But you're not so
conveniently into the side. You'rereally taking it
into consideration. Yes?

MEMBER S| EBER: On the other hand, you
have to redo the calculations that the I|icensee
repl aces or enlarges the sunp screen

MR, ELLIOIT: Plants may be in a situation
where they weren't in the zone of influence before,
but when they enl arged the screen, they could runinto
a situation where now the screen is in the zone of

i nfluence, and they would have to evaluate it.
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MEMBER SI EBER:  That's right.

MR. HAFERA: Ckay. So now that we've
revisited zone of influence, in fact, the structural
analysis is in sunmary. The NEI docunment is
acceptable. W agree with the itens that they have
provi ded. They asked for a clarification on the
appl i cation of Reg. Gui de 182, Subsection 1118, and we
provi ded that.

As far as sonme structural analysis, that's
all I have. Any other questions?

CHAI RVAN WALLI S: Any ot her questions?

Can we go on or take a break? Are you ready to take

a break?
Thank you. W'l take a break until ten
after ten.
(Wher eupon, the foregoing matter went off
the record at 9:56 a.m and went back on
the record at 10:12 a.m)
CHAI RVAN WALLI S: Let's conme back into
session, please, and we'll continue with the staff's

presentations.

MR, GOLLA: Ckay. Good norning. M nane
is Joe Golla. I'man engineer in the Plant Systens
Section, and to ny left is Steve Unikewicz. He's in

the Division of Engineering. | am going to speak
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about upstreameffects and downstreameffects. |If we
coul d have the slide, please.

To summarize, we agreed basically wth
this section and added a few anplifying remarks. |If
we could go to Slide 5, please.

Basi cal | y t he gui dance report advi ses t hat
NEI - 0201 should be utilized in this review, and we
agreed with that basically and just added a few
amplifying remarks to it.

NElI -0201 is the containnent condition
assessnment guideline, and it directs |licensees on how
to or provi des gui dance on howto assess the condition
of the containment regarding |ocations of possible
debri s sources.

CHAl RVAN WALLI' S:  \What are some of these
uni que geonetric features, just reading your slide
here? What sorts of features do we have in m nd?

MR. GOLLA: That woul d be for licensees to
i nspect for --

CHAl RVAN WALLIS: Well, are these sills
and stairwells and various changes of |evel and
barriers to flow and that sort of thing?

| s there sonme assessnent of the ability of
licensees? If there arelots of unique features, this

isgoingtogiveyoualot of plant specific anal yses.
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| s there sone assessnent of the ability of |icensees
and the staff to understand these enough to nake any
sort of sensible anal ysis?

MR. GOLLA: | don't understand. Coul d you
repeat that?

CHAl RVAN WALLI S: All of these things that
ask licensees to do sonething nust be made -- these
requests nust have sone sort of inplication that the
| i censees are capable of doing it.

MR GOLLA: Certain.

CHAI RVAN WALLI S: And w t hout guidance
fromyou, they may do all sorts of things.

MR. GCOLLA: The assunptionis that they're
capabl e of inspecting the containnment.

CHAI RVAN WALLI' S:  For possible hold-up to
eval uate containment. This inpliesthat they're going
to make sonme analysis, or this can | ook at them and
say, "Gee, whiz, this could happen.” They've got to
reach sone conclusion fromit presumably.

MR. GCOLLA: Again, the assunption is that
t hey' re capabl e of doing that.

CHAIl RVAN WALLI'S:  And the assunption is
t hat you guys are capabl e of eval uati ng what they do.
It's all assunptions.

It's okay. |'mjust probing, you know.
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MR. GOLLA: Yes.

CHAl RMVAN WALLI S: Because | can see you
faced with a whole | ot of decisions to nmake and the
i censees have a | ot of decisions to nake.

MR. GOLLA: Right, and that's sort of a
bridge that gets crossed when you cone to it.

CHAl RVAN WALLI S:  Again, we've takenthis
step in the dark that we tal ked about earlier, are we?

MR. LATELLIER If | coul d add, the uni que
features that we're talking about are the sane
features that affect the transport fractions that we
di scussed yesterday. It's somewhat an engi neering
j udgnent about where the containnment water return
paths are, andinrelationto our testing database, we
do have evi dence of hol d-up behind curves.

Al'l of the features of a sunp screen, for
exanmple, small orifice openings, all of those
attributes are also applicable to the drain water
return paths, and we have evidence of collection of
vari ous sizes on various gradings.

One particular wunique feature is a
desi gned drainage path that is designed to return
water to the sunmp and any kind of coverings or
gradings that are in place would be potential

| ocations for water hold-up.
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CHAI RVAN WALLI'S: | think, Bruce, you're

going to have to turn yourself into ten peopl e because
you seemto be the only person that is able to answer
t hese questions, and when all of these 69 different
applications conme in you're going to be very busy.

MR. ARCHI TZEL: What we're tal ki ng about
is in the appendi x. There's a firewall transport
appendi x for the volunteer plant. Soit's not limted
to the panel's know edge. W did provide that
analysis in the appendi x of the SE

MR GOLLA: These |ocations that Bruce
spoke of are basically called out in the guidance
docunent rat her as typi cal | ocati ons where wat er ni ght
be held up, not as uni que design features.

CHAI RVAN  WALLI S: So is there a
formul ation? You nentioned that this all relates to
the fractionating of how the debris is put into the
transport event tree, if you Iike. s there a
formulation that tells you how those fractions wll
change depending on these upstream effects, these
barriers and things to the judgment?

MR LATELLI ER: There's not a single
equation that can be evaluated. In the manner that we
di scussed yesterday, we | ook at the transport pat hways

and make judgnents about the fraction that's retained
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or passed at each step

CHAl RVAN WALLIS: Ckay. So it's just a
qualitative judgment.

MR, LATELLIER: As M. Shaffer expl ai ned
yest erday, we appeal tothe data where it's avail abl e,
and where it's not, we apply conservative assunpti on.
But the value of outlining in detail the transport
path, that mnimzes the inpact of our conservative
assunption, and it maxim zes our use of defensible
i nf ormati on.

CHAI RVAN WALLI S:  Ckay.

MEMBER S| EBER: The transport tree is
uni que to the containment configuration. So it's
possi bl e that each plant could have a unique tree,
even t hough cont ai nment desi gns are pretty sinple, and
nost of the obstructions and holdup points are
designed in for that purpose, as opposed to just being
there. So it's sort of obvious when you wal k around
cont ai nnent where t he hol dup poi nts are and what t hese
uni que features are and why they're there.

MR, GOLLA: That's why | nentioned in
particular the designed containment water return
paths. |If there's a drainage systemthat's intended
to performthat function, then it should be exam ned

as a uni que feature.
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| think thecriteriafor applyingjudgnment
versus database informationis alittle bit different
in this application where we're | ooking for a choke
point, a critical pathway. W would need to be nore
confident in our information because it's just one
critical step in the entire transport tree.

CHAI RVAN WALLI S: It seems to ne that
there's a lot of roomhere for the |icensee and the
staff to have different judgment. The |licensee says,
“I think these are the places where we mght get
hol dup. "

And the staff says, "Well, | look at it
and nmy judgnent says maybe these other places.”

So you might well have sonme di scussions
with the |i censees about what's reasonabl e and what' s
not .

MR. GOLLA: Sure. You know, we typically
engage in those kinds of -- that kind of discourse
whenever we do, whenever we reviewa | i cense anendnent
request. One thing that does appear in here is a
remar k about if anything is added in ternms of curbs or
debris racks, to al so evaluate their possible effect
on the hol dup of water.

CHAI RVAN WALLI'S:  |I'm hopi ng we can get

t hrough this quite quickly.
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MR GOLLA: Are you done? Any nore

guesti ons?

Ckay. Let's nobve on to seven, please.

kay. In sunmary, the staff has incl uded
additional specific items that |icensees should
include in their evaluation of downstream effects.

Next slide, please. The purpose --

MEMBER SI EBER: |s one of the downstream
effects the effect of debris ingestioninto the punps
t hensel ves?

MR. UNI KEW CZ: Absolutely, and in fact,
that is a significant piece of the evaluation, and
within the guidance in Section 7.3, we added that
t hose types of things need to be eval uated, and they
are very punp specific. They are very equipnent
speci fic eval uations. They are very material specific
evaluations. It's goingto be avery -- that piece of
this evaluation will be a bit of work.

MEMBER SIEBER:  Well, it seenms to be ny
recol l ection that when GSI first started out, the punp
wasn't included; is that correct? And now it is
right?

MR. UNI KEW CZ: That's correct, and part
of that is because it will say |lessons |earned from

Davi s- Besse.
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MEMBER SI EBER: | saw the punp.

MR. UNI KEW CZ: And ACRS certainly has had
nuner ous presentations on the i ssues of the ECI punp
at Davi s-Besse. Because of those, we felt as a staff
it was very inportant to include it. It would be
unwi se of us not to discuss those types of downstream
effects that we have seen.

MEMBER S| EBER: Maybe you coul d gi ve nme an
estimate. | know of plants that have vertical shaft
heat draft punps, and al so pl ants that have hori zont al
punps. Coul d you give ne sone feeling as to how many
pl ants have vertical punps and how many plants have
hori zontal punps?

MR. GOLLA: | don't have those nunbers of f
the top of ny head. What | can tell you is froma
susceptibility standpoint, nulti-stage punps are
certainly going to be nmuch nore susceptible to this
type of effect than the single stage punp. So if you
have a deep draft punp with not a |l ot of stages, maybe
it's a single state; maybe it's a LPSI punp; it wll
be | ess susceptible to this type of damage than a
multi-stage punp will.

And part of that cones from an
aer odynam cs st andpoi nt and vi brati ons and | eakage and

t hi ngs of that nature.
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MEMBER SI EBER: Yes. On the other hand,

one of the good things about a vertical staff punp
(phonetic) is that you can put clean water into the
bearings to lubricate them They' re rubber or
el ast omer type bearings.

MR. UNIKEWCZ: |If you have clean water
avai | abl e.

MEMBER SI EBER: | f you have a source, as
opposed to just punping all of the garbage back down
in there, which is usually fatal

MR. UNIKEWCZ: You're correct, and in a
| ot of cases what these punps will do is they'l
recirc the water. 1In fact, they' Il take sone of the
inlet water and recirc it around and use it as cooling
for those types of seals. Again, those are types of
t hings that are going to have to be eval uated.

MEMBER SI EBER:  Be reeval uat ed.

MR. UNIKEWCZ: And, again, it's a very
specific evaluation. It's going to be very unique to
each type. The thing to consider is |long-term and
short termoperation. If yourecall, the Davis-Besse
i ssue wasn't a short-termoperation issue. It was a
long-term nore after precipitation issue, which is
part of -- and |I' mski ppi ng ahead i n the presentati on.

| apol ogi ze -- is to consider what the mssiontineis
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for each of the bits and pieces and parts within your
ECCS system

MEMBER S| EBER:  Wel |, recircul ati on goes
on though in sone scenarios for days. So the m ssion
time is going to be days. |If it's going to fail, it
will fail in that contract.

MR UNI KEW CZ: And in sone cases the
mssion tine is a matter of hours, and again, it's
going to be very unique to each situation. | can
t hi nk of plants that have mission tinmes on the order
of hours. | can think of other plants that have
m ssion tinmes on the order of days and weeks, wth
di fferent components, with different plant |ine-ups.

And one of the bits of guidance we
provi ded was that you need to consider all of your
pl ant |ine-ups. You need to consider how you're
responding to your accident. Look at the Iineup.
Look at the nodes of operation that you're using.
Consider the flow effects. Consi der how you're
actually operating the plant during these accidents
and these acci dent anal yses and | ook at what's going
t o happen.

You may be okay. You may not be okay. It
will depend. Again, that's part of I1'll call it a

st andar d desi gn engi neeri ng eval uati on. These are the
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types of things that you |ook at: mat eri al
properties, fluid properties, fluid flows, and so on
and so forth.

MEMBER S| EBER: well, as far as
vul nerability is concerned, | think that | personally

worry as nuch about the punp as | do about screen

bl ockage.
MR. UNIKEW CZ: | share your concern.
MEMBER SIEBER: And so I'mglad that it's
in the guidance document, and |I'm glad you're

addressing it.

CHAI RVAN WALLI' S: | have sone experience
wi th punps, and many punps will quite happily for a
while punp mixtures of cal-sil, powdery stuff,
granul ar stuff, fibrous stuff.

But when punps j ammed, usual | y t he ki nd of
punps | have found is that when they jam you take
t hem apart and you find there's a piece of netal or
somet hi ng tough which is jamred between the rotating
part and the part static part.

MR UNIKEW CZ: That's correct.

CHAl RVAN WALLI'S: And it doesn't take nuch
of a piece of netal, you know, that's pulled in there
and janms to stop the punp conpletely.

MR. UNI KEWCZ: And truly that was part of
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t he Davi s- Besse experi ence, and one of the things that
we found was that the matting of debris, |atent debris
and those real hard particles from sand, dirt, and
dust, and truly --

CHAI RVAN WALLI S: So what you care about
is the covers of the insulation, the metal parts, sort
of the reflective netal insulation, the pieces which
are odd enough, tough enough that they get in there
and they don't get ground up by the punp. They don't
pass through the punp. They get stuck between the
rotating and the static part, and the thing grinds to
a halt.

MR, UNI KEW CZ: O what it does is it
wears the surfaces such that --

CHAl RVAN WALLI'S: It can do that, too.

MR. UNIKEW CZ: -- you're now puttingthe
punp into a vibrating node --

CHAl RVAN WALLI'S: It can do that, too.

MR. UNI KEW CZ: -- that you didn't want to
have it do before.

The other thing it may do i s dependi ng on
the internal clearances, you' re | ooking at what are
the fl ow characteristics of this punp. You know, was
this support to put out 437 gallons a m nute? And now

because | ' ve i ncreased all of theinternal tol erances,
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|"m only running at 350 gallons a mnute and those
type of effects.

They may not al ways showup in along-term
vi bration anal ysi s, but what you' Il then seeis you'l]l
see the punp itself, the punp efficiency --

CHAI RVAN  WALLI S: To put it into
perspective, the kitchen disposal will eat all Kkinds
of stuff, but youget alittle piece of wire inthere,
and it --

MR, UNI KEW CZ: And it janms it rather
qui ckly. That's correct, sir.

MEMBER S| EBER: So you should install
magnets on your screen.

MR. UNIKEW CZ: Well, it'struly much nore
than the netals. Alot of it has todowithl'll say
hard particles. The silicas that you may find i n dust
and dirt and the bl asting of contai nment pieces that
are hard, that will start to wear away after --

CHAl RVAN WALLI'S: Does mica get fromthe

concrete and stuff like that? | nmean, in sone of the

tests --

MR. UNI KEW CZ: Absol utely.

CHAI RVAN WALLI S:  -- jet inpingenment went
way back. | forget when, 20 years ago or sonet hing.

They actual | y had concrete spall ed and broken off the
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wal | and so on.

MR. UNI KEW CZ: That's correct, and those
are the types of things you need to consider froma
downstream st andpoint. Now, you very well may be --

CHAI RVAN WALLI S: All we need here is sone
ki nd of assurance that they can be consi dered properly
because obvi ously you've got to consider all of this
stuff. Where is the assurance that they wll be
consi dered properly?

MR. UNI KEW CZ: Wel |, as the paragraphs go
along, it tal ks about things you need to consider in
your eval uation.

CHAI RVAN WALLI'S: Wl |, that doesn't help
nme. |'ve been telling you you' ve got to to consider
sonmething gives nme no assurance that it wll be
consi dered properly.

MR. UNI KEW CZ: Well, your design contr ol
manual at your plant, and if you're follow ng your
desi gn control manual and if you're going your design
evaluation, it is expected that any design engi neer
will ook at the fluid properties. He will | ook at
t he abrasi veness of the fluid. He will then conpare
it against and | ook at --

CHAI RVAN WALLIS: Okay. So does he have

gui dance on a supposed t hr ee- by-si x pi ece of stainless
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steel sheeting that cones through, broken off sone
pi ece of insulation material? Does he have gui dance
about how the punp handl es that?

MR. UNIKEWCZ: |In many cases there are.
There's alot of industry publications not onlyinthe
nucl ear industry. Typically you find them nore or
| ess in the process industry.

CHAl RVAN WALLI'S: So that he can assess
the possibility that it will pass through the punp?
And what's the probability it then passes through the
reactor?

MEMBER SI EBER: Wl |, the probability that
it gets to the punp is zero because nothing can get
t hrough the --

CHAl RVAN WALLI'S:  But it can get through
si deways.

MEMBER SI EBER:  The screen i s bigger than
the whole --

MR, UNI KEW CZ: That is not a true
statement. We have found things in an experinent that
things larger than a screen do because their aspect
rati os do pass through the screen.

MEMBER SI EBER: Wl |, sone | ong and ski nny
can.

MR UNIKEWCZ: That is correct. Sothere
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are things that do.

MEMBER S| EBER: But that's not what |
sai d.

MR. UNI KEW CZ: And the other case, say,
I"mtalking to a Gould punp, okay, and I'mgoing to
pass a piece of stainless steel intothis. M bearing
materials are this. M bypass rings and all of this
ot her kind of stuff; you | ook at the effects of that
and, depending on punp nmanufacture, depending on
configuration, depending on the design nodifications
you nade have made as a licensee over the years
because over tinme, dependi ng on what you' ve done, you
may have changed bearing materials. You may have
changed wear ring materials. Okay?

You would have to go back through and
assess is stainless steel harder than -- | have
Stellite 6; | have Stellite 12; | have bronze; | have
brass. \Whatever it may be, in that case, make that
sort of eval uation.

| need to | ook at cl earances. \What are |
runni ng cl earances? Are ny runni ng cl earances 10 nLs?
Are they 15 nLs? Are they 7 nLs? What is the size of
t he screen?

Agai n, a normal part of an engi neering --

a conponent | evel engineering evaluation, and on a
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system | evel eval uati on.

CHAI RVAN WALLIS: So if we |ook at your
Slides 8 and 9, there's a whole list of things that
i censees shoul d determ ne to consi der and so on, and
it'sall uptothemto do it, and we have to have sone
faith that they know how to do it and they can
convince you that whatever they've done is
appropriate. That's really where we are, isn't it?

MR UNIKEW CZ: That's correct.

CHAl RVAN WALLI'S:  Can we go any further
t han t hat?

MR GOLLA: W could given nore tine to
work on this project. Sure, we coul d.

CHAI RVAN WALLI S: | nean today. Can we go
out any further than just realizingthat you' re asking
themto consi der a whol e | ot of things? That seens to
be the bottomline.

MR. UNIKEW CZ: That truly is the bottom
line, and there are a nyriad of things to consider.
We have gi ven gui dance on sayi ng these are things you
absol utely nust; these are thi ngs that we woul d expect
that you are going to submt upon. These are things
we woul d expect.

Now, granted nobst of these things are

al nost not herhood and apple pie from a design and
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control standpoint and from a conponent eval uation
standpoi nt, but since they weren't inthe GR we felt
it was needed to add those specific itens.

And this certainly is not an all inclusive
list. As sonebody goes through, sonmebody may find
other things to consider and --

CHAI RVAN WALLI S:  How t hey consi der t hese
t hi ngs m ght be cause for the staff to take exception
and say they don't pass because they didn't consider
it appropriately? They don't just go through sone
ritual of sayingthey've consideredit. They actually
do sone anal ysis which has been assessed?

MR, UNI KEW CZ: W do not design and
eval uat e by checkl i st, and desi gni ng and eval uati ng by
checklist is extraordinarily bad practice. W do not
engi neer by checkli st.

CHAl RVAN WALLI S: Ckay. But at | east
you' ve told us there are a nyriad of things they have
to consider above all the other things that we' ve
heard about in the | ast week or so.

MR UNIKEWCZ: And there will be -- |
nmean, this is an engi neeri ng problem W expect them
to do the engineering.

MEMBER KRESS: Are there any plans to do

any confirmatory research, sending various debris
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conbi nati ons on a sinulated | oop?

MR UNIKEWCZ: There is some novenent
afoot, especially fromthe perspective o | ooking at
the throttle valves and | ooking at materials going
t hrough standard sized generic throttle val ves and
throttle val ve cl ogging, and that is ongoing.

And as we have stated, if there is
somet hi ng t hat screans at us as that progresses, we'l|
certainly let everybody know.

MEMBER S| EBER: There's a wealth of
experi ence punping fluids that contain --

MR UNIKEW CZ: Low | evel fluids.

MEMBER S| EBER:  Yeah, process.

MR UNIKEWCZ: That's right.

MEMBER SI EBER:  They punp coal all over
the place. They punp ashes.

MR. UNI KEW CZ: Ask ponds, and everything
from dewat eri ng syst ens.

MEMBER S| EBER:  And t he abrasive content
is usually pretty high, you know. A coal slurry
pipeline will run 50 or 60 percent coal, 40 percent
wat er .

MEMBER KRESS: However, they use speci al
punps though, aren't they?

MR, UNI KEW CZ: Yes, they are.
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MEMBER S| EBER:  You can buy deep draft

punps that will punp slurries.

MR. UNI KEW CZ: Part of the concernis one
m nut e t hese punps were specified and installed, they
were specified and installed to clean service. W're
now asking themto -- that initial consideration was
m ssed as peopl e designed themearly on. They shoul d

have consi dered; they should have | ooked at the TEVA

st andar ds. They should have |ooked at the NEI
st andar ds. They should have determ ned sonething
better.

In sonme cases they'|ll be okay. O her

cases, they may have to make some nodifications. You
may find that if ny mssiontine is two weeks and ny
punmp will last for six weeks, |'mokay. You may not.
Again, it wll depend on a lot of the things
previ ously done whi ch have determ ned fromyour fluid
property standpoint.

CHAI RVAN WALLIS: Well, the only problem
| think that nobst of the debris is going to be
perfectly happily going through and goi ng t hrough t he
reactor and com ng back to the screen agai n and may be
bei ng caught, but |'m concerned about netal pieces,
and | don't quite knowthat the |licensees are goingto

be able to determ ne how nany pieces of what shape
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they're going to sneak through the screen and what
effect they m ght have downstream That's the only
concern | have.

MR UNIKEW CZ: That is sone --

MR GOLLA: W do have some flow
experinments that we're doi ng at Los Al anos, and we are
| ooking into that.

CHAI RVAN WALLIS: Soit's still aresearch
topi c then?

MR. GOLLA: Downstream effects, we know
that there are downstream effects. We know that as
mat eri al passes through the systemthat it has the
potential to disable punps inportant to the safety of
our plants. W know that the harder materials wll
mat up, and that they will cause damage dependi ng on
type of material, depending onlots of other different
t hi ngs.

So can we do research? You can al ways do
research.

Do we knowthis to be a real problen? The
answer to that is yes.

Is there information out there and data
out there not only within the nuclear industry, but
within the process industry, within the rest of the

i ndustries? The answer to that is yes.
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Soisthereinformation avail able to make
t hose eval uati ons?

CHAl RVAN WALLI'S: | strike all of that.
The real question is is it adequate. |Is this good
enough? Because we just have to say does this make
sense, but you know, is it a good enough statenent in
terms of the capability of analysis, which is now
t here?

MR UNIKEW CZ: Well, part of it as we do
t he i nspections and as we | ook at the submittals, sonme
of it has to do with the strength of their design and
eval uation prograns, and again, we found sone
strengths and we found sone weaknesses w thin nmany
di fferent prograns.

| suspect that as we go through this, we

will find some |icensees do an extraordinarily
t hor ough j ob. | suspect, on the other end, we're
going to find licensees that don't do an

extraordinarily thorough job, and we nay need to tal k
to them a little nore, and as we share design
experi ence and operati ng experi ence, that's howwe al
| earn.

CHAl RMVAN WALLIS: Yeah. W're going to
nove on here, but they nmay not know what criteria

you' re going to use for this thorough job, and you're
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going to --

MR. UNI KEW CZ: The bulk of our
t heories --

CHAI RMAN WALLI'S: They don't quite know
how t hey' re going to be graded.

MR. UNIKEW CZ: Being in conpliance with
design basis and license basis requirenents. They
need to neet the design basis and |icense basis
requi renments.

MEMBER SI EBER:  You know, that's not as
sinple as it would first appear. You know, if you go
to a punp manufacturer and say, "I want to punp to
performthis kind of service," he will pull out his
cat al ogue and say you need a doubl e casi ng deep draft
punp with fresh water bearing injection.

| f you go to the same punp manufacturer
and say, "I bought this punp 20 years ago for clean
wat er service. Now !l want to punp cenent throughit.
How long will it last?" he probably won't know

MR. UNIKEW CZ: | agree, and we've never
made the statenment that this evaluation was going to
be easy; have never made the statenment that sonmebody
conpetent in |looking at punmps and internals and
under st andi ng how a punp oper ates, never said this was

going to be an easy j ob.
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There wi || take sone thinking. There w ||
t ake some considered thought. There will take sone
engi neering i nvol venent, absolutely. There's no doubt
in nmy mnd.

MEMBER SI EBER:  The punps aren't cheap.
So there is an expense associated with making them
neet a severe service like that.

MR UNIKEWCZ: Right, and the --

MEMBER SI EBER. That's the way it goes,
right?

MR. UNIKEW CZ: There is an experience
base, and there is expertise out both internally and
external that |'ve seen that has capability to make
t hese types of evaluations. So there's no doubt in ny
m nd that these evaluations can be done. |[|'ve seen
t hem done.

MEMBER SI EBER.  Ckay.

CHAI RMAN WALLI S: Can we nove on now?
Jack, are you satisfied?

VEMBER S| EBER: Yes. | think there's
problens there, but the problem isn't with the
gui dance through the safety evaluation. The problem
is with the difficulty at solving the problem

MR UNIKEWCZ: that's the fun part of

engi neering, | guess.
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MEMBER SI EBER:  Yeah, it is.

CHAI RMVAN WALLI'S: Can we nove on?

MR,  GOLLA: We have basically covered
everyt hing that we had prepared.

CHAI RMAN WALLI S:  Thank you very much.

| can we nove fromthe macro to the micro
or tal k about chenmical effects? I|s that where we are
or is there soneone else first?

MR JOHNSON: Yes. We have done ours. We
prom sed yesterday that we would talk a little bit
about spherical --

CHAI RVAN WALLI S: Sur e. That's fine.
Thank you, yes.

MR ELLIOIT: GCkay. Well, good norning.
Yesterday norning, if you recall, I think | mde a
statement that sphericals under the influence was
conservative, and | gave you three reasons why |
bel i eve that to be true.

One of the reasons was that | pointed out
that the regeneration tests had been conducted to
maxi m ze debri s regenerati on such that -- and t he zone
of influence assunmed t hat maxi numdebri s regeneration
t hroughout the zone of influence regardl ess of the
orientation of the insulation seans to the break.

The other two reasons | |isted were that
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t he zone of influence negl ected any shadow ng effects
of structures or big piping or equipnment that nmay
protect debris sources fromdirect inpingenment from
the jet.

And then the third thing | pointed out is
that the i ndustry had poi nted out yesterday, and it's
nmy understanding they' Il showyou a picturelater this
norni ng of how big the zone of influence is relative
to the size of the containnent.

So what | did after you asked me to show
you a little bit of data, | went back |ast night and
tried to resurrect sone information fromthe BWR air
jet inpact tests, which formulate a lot of the
basel i ne know edge that we have regarding debris
generati on

Next slide, please.

This is the facility that they use to
conduct these tests. |It's basically a wind tunnel.
They have a conpressed air tank that pipes through a
mani fold and then to a nozzle located in the w nd
tunnel. 1It's a three inch nozzle. It has a rupture
disk on it, and what they would do is they woul d set
up a target pipe at a di stance fromthe nozzle, set up
the insulation, and then turn on the air through the

mani fold to the rupture disks. It would burst at
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approximately 1,100 psi, and then it woul d bl ow down
for about six seconds and then --

CHAI RVAN  WALLI S: Did they do any
schlieren observation of thejet or anythinglike that
so that we --

MR ELLIOIT: Sorry?

CHAI RVAN WALLI S: Dd they do any
schli eren observation of the jet or have any idea of
what the jet structure was?

MR ELLIOTT: |"m unfamliar with the
term \Wat did you say?

CHAI RVAN WALLI S: Were there any attenpts
to visualize the shock pattern in the jet?

MR, ELLIOTT: No, | do not believe they
attenpted to do that. They did study the pressure
downstream of the nozzle. They conducted four tests
without insulation where they put a pressure
transducer down the |ine and nmeasured the --

MEMBER RANSOM Do you have any detail on
t hat ?

MR ELLIOTT: On the transducers?

MEMBER RANSOM The |location of the
pressure taps and what they | ooked Iike.

MR ELLIOTT: Well, the next slide.

MEMBER RANSOM Before you | eave that one
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t hough there are a couple of questions.

MR ELLIOTT: Ckay, okay.

MEMBER RANSOM Do you mean t he gases t hat
you inpinge on this pipe recircul ated back out the
t ransducer ?

MR. ELLIOTT: Ch, I'msorry. Yes, good

poi nt .

No. They did not. Well, there was sone
recirculation, | believe, but the end of the wnd
tunnel is open. |It's an open grating.

VMEMBER RANSOM This end that vyou're
showi ng cl osed?

MR. ELLIOTT: It's shown closed, but if
you actually see, there's a dinmension there of about
86 inches. That's telling you the height of the
actual screen.

CHAl RVAN WALLI'S:  That's a hol e?

MR ELLIOIT: It's a screen.

CHAl RVAN WALLIS: Ch, it's a screen

MR,  ELLIOTT: And actually 1 have a
picture of that in one of the follow on slides. But
t here was sone recircul ati on because we di d see debris
end up behind the nozzle after the test, and in fact,
you see they have a video canera nounted there. The

vi deo canera ended up not really being a useful thing
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because once the debris was hit and you had a cl oud of
fiberglass all over the place. 1t was very difficult
to see, at least for the fiberglass test.

MEMBER RANSOM And so on this there were
two neasurenents, one a static tap at the nozzle?

MR. ELLIOIT: One at the nozzle and one in
the --

MEMBER RANSOM One in the plenunf

MR. ELLIOIT: -- one in the plenum and
t hen t hey had four tests where they put a differenti al
pressure transmtter on the pipe itself with no
i nsul ati on.

MEMBER RANSOM Differential ?

MR, ELLIOTT: Yeah.

MEMBER RANSOM  Pipe to the atnosphere?

MR, ELLIOTT: Yes. Actually, no. They
had, if | recall the test report correctly, they put
t he hi gh pressure side on the pipe faci ng the nozzl e.
They put the | ow pressure | thought they said behind
the nozzle, but | may remenber incorrectly on that.

PARTI Cl PANT: But that's in the report.

MR, ELLIOTT: That's in the URG yeah.
This information is all in the URG report.

CHAI RVAN WALLIS: Sothisis areport that

we have?
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MEMBER RANSOM  No.

CHAI RVAN WALLIS: And we can get one?

MR ELLIOIT: Yes.

CHAI RVAN WALLIS: Good. Thank you.

MR, ELLIOTT: And then the report is nuch
nore detailed than what |'m going to go over here.
|"mreally | ooking to gi ve you sone i nsi ght about the
specific statenment | said about the orientation of --

CHAI RVAN WALLIS: Did they check the ANSI
jet nodel in any way?

MR. ELLIOTT: They di d sone conparisons to
CFD calculations that were run by Dr. Belandin
(phonetic) continuing --

CHAl RVAN WALLI S:  You have cal cul ati ons of
this jet?

MR. ELLIOIT: He ran sonme. They're shown
in the report. They're not in ny presentation.

CHAI RVAN WALLI S: Do t hey have shock waves
and things like that in thenf

MR. ELLIOIT: 1| do not believe that he was
nodel i ng shock waves. He was nodeling the pressure a
certain distance from --

CHAI RVAN WALLI S: But that has to take
account of the structure of the jet, which is al nost

inevitably fully of waves and shocks.
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MR. ELLIOTT: Yes, | woul d believe so, but

again, | didn't study that in detail for the purpose
of this presentation

CHAI RVAN WALLI S:  So what is the purpose
of the presentation?

MR ELLIOIT: The purpose of the
presentation is |'mtrying to nake a case that | told
you yesterday, that the orientation of the protective
jacketing on an insulation or the seanms in the
insulation for RM cassettes makes a significant
di fference in how nuch debris is generated, and when
t hey gi ve you a destruction pressure for the debris,
they did that -- forget that about destruction
pressure. That's out, not really inportant.

VWhat |'mtrying to say is that the target
orientation relative to the break nakes a huge
difference in how nuch debris can be generated off
that particular target. Okay? And I'll give you the
gauge point --

CHAl RVAN WALLI S: It seens to me they
tested lots of things at different L over Ds.

MR, ELLIOIT: Right.

CHAl RVAN WALLI'S: And then there's sonein
the report which says what happened? There's

not hi ng --
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MR, ELLIOTT: Well, inthe report itself,

they did -- during the pretesting they call it or
shakedown testing, that is when they did testing to
see which orientations they should use for the
jacketing, and of course, they don't provide that
information in the report other than the concl usions
that they drew.

But what | was able to find were two tests
t hat show you how si gnificant this inpact can be, and
that's what | was going to present to you.

CHAI RVAN WALLIS: Ckay. So that's --

MEMBER RANSOM \WWhat pressure were these
tested at?

MR. ELLIOIT: About 1,100 psi, | think, if
you go --

VMEMBER RANSOM That's the stagnation
pressure?

MR. ELLIOIT: That's the stagnation
pressure. That's correct.

MEMBER KRESS: Wy did they do these in a
wi nd tunnel ?

MR, ELLIOIT: Al | can tell you is it
just was a facility that's available that could be
nodi fied quickly to produce what they needed. e

simlarly took over the facility after the owner's
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group was done and nodified it to do sone of our
transport studies testing.

MR. LATELLI ER: It also provides a
confi nenment vol ume for picking up the pieces. These
types of tests are very nessy when you're talking
about recoverable fractions and determ ning size
di stributions.

MEMBER KRESS: Yes, and it al so may affect
the jet dynam cs of those.

CHAI RMAN  WALLI S: It is fairly big
conpared with the nozzle.

MEMBER KRESS: Yeah, it does |ook like
it's big.

MR ELLIOIT: Yeah, it's a ten foot
di amet er .

MEMBER KRESS: Yeah, it could be an
infinite size basically.

MR. ELLIOIT: The table here just gives
what we've already di scussed, what type of pressure
nmeasur enments they took.

CHAI RVAN WALLI S: They take pressure
nmeasurenments on the target?

VR. UNI KEW CZ: They did pressure
nmeasurenments onthe target wit hout i nsul ati on and t hen

used CFD code.
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CHAI RVAN WALLI S:  Ckay.

MR, UNI KEW CZ: Used that to i ndependentl|y
verify that their CFD codes predicted the pressure.

CHAl RVAN WALLI'S:  They had a hole in the
pi pe or sonethi ng?

MR UNIKEW CZ: That's correct.

And then the | ast instrunment obviously is
the scale that they used to neasure before the test
the amount of insulation and then afterwards the
amount of debris, and they broke that debris up into
smal|l fines and | arge pieces and give independent
masses for that.

And you'll see that in al nbost every test
they wee unable to recover all of it. As | noted,
there's a screen at the end of the facility, and so
they assuned that it went out the screen and was
fines, and they added it, that m ssing nmass, to the
fines.

The next four slides, I'"mnot going to go
intothemin great detail. | just wanted to show you
that they conducted 77 tests.

CHAI RMAN WALLIS: Lots of tests, yeah.

MR UNIKEWCZ: Al different kinds of
insulation. TPl is Transco Products, |ncorporated.

You have NUKON. You have various types of fibergl ass,
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Tenp- Mat, K-Wol, and calciumsilicate.

CHAl RVAN WALLI'S:  So the seamwas on the
back side. They gave the best --

MR. UNIKEWCZ: Well, it depends. \What
they found in their pretesting was that, depending
upon the type of insulation that you' re using, the
orientation could -- yeah, go back one nore slide --
the orientation that creates the nost debris
generation is different.

For fiberglass, which is typically
insul ated by a single jacket with one seamthat w aps
all the way around t he i nsul ati on and t he pi pe and has
one seam in it, they found that orienting the
insulation at the nine o' cl ock position, whichis 180
degrees away fromthe nozzle --

CHAI RMAN WALLIS: That's the back side.

MR UNI KEW CZ: The back side.

CHAl RVAN WALLI'S: Three o'clock is the
stagnation --

MR. UNIKEW CZ: Three o'clock is facing
t he nozzle.

-- gave them the nmaxinum debris
generation. Gkay. So that's contrary to what | told
you yesterday. | got it backwards yesterday. | think

Bruce corrected me.
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MEMBER RANSOM  \Wher e was t he seamagai n?

MR UNIKEWCZ: So the seam was on the
opposite side of the pipe from--

MEMBER RANSOM  The jet?

MR UNIKEWCZ: -- fromthe jet.

MEMBER RANSOM  On the back side?

MR. UNI KEW CZ: On the back side. Okay?
But for reflective netallic insulation, which is
typically two crescent pieces of half pieces that are
j oi ned together so that there's two seans init, they
found they got the greatest generation when they
oriented the seamin the plane of the jet at the three
and nine o' cl ock positions.

CHAl RVAN WALLI'S: So it's front and back.

MR UNIKEW CZ: That's correct.

CHAI RVAN WALLIS: So you can't tell which
one's the actor?

MR. UNIKEW CZ: Not really.

CHAI RVAN WALLI S: But you've got two
seans?

MR UNI KEW CZ: Yeah, there's two seans
because there's two -- clamshell is what they call
it. Sothere's a hinge, and then a | atch mechani smon
the front side to tie it together.

So what | chose is | ooked for two tests
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t hat coul d hel p me denonstrate the point of how nmuch
of an effect this can have, and the first test that
|"d like toshowyou is Test 31-1, whi ch was conduct ed
at a test of seven and a half L over D with NUKON
i nsulation, steel jacketing, banded by a standard
NUKON st eel jacket which had its own | atch nechani sns
built in.

Then in additionto that, they put on nine
heavy duty stainless steel bands. So they were
intentionally trying to show or denpnstrate that
banding could nmake a significant difference in
i mprovi ng the anount of debris generation or reducing
t he anobunt of debris generation.

The standard seans on the jacketing, the
PCl jacketing for this test were at the 12 and six
o' clock positions, if | have this highlightedcorrect.

CHAI RVAN WALLIS: Ckay. Well, let's --

MR. UNI KEW CZ: Ckay.

CHAI RVAN WALLI S:  And t hey found out what
happened.

MR, UNI KEW CZ: Ckay, and then they
blasted it, and you can see that at the table at the
bottom of the page there , they got 21.7 percent of
fines, eight and a hal f percent of |arge, and then the

remai ni ng that was just a big bl anket was about 69.8
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percent .

The next slide shows you the pretest set-
up.

CHAl RVAN WALLI S: What L over D? This is
seven over D. Ckay.

MR.  UNI KEW CZ: Ckay. And then the
follow ng slide shows you the post test.

CHAl RVAN WALLI'S: A different test.

MR. UNI KEW CZ: Ckay.

CHAI RVAN WALLI'S: It's a different test.

MR. UNIKEWCZ: No, that's a typo on ny
part. No, 33.1, that's right, isn't it? ©h, 31.1.
It's a typo on nmy part. | apologize for that.

That is post test for this test.

CHAI RMVAN WALLIS: So it bl ewoff something
on the sides, not in the mddle?

MR UNIKEWCZ: Oh, it blewoff the mddle
and what's on the sides was ki nd of shoved down to the
si de.

CHAI RVAN WALLIS: What's left.

MR UNI KEW CZ: Yeah, what's left.

And if you go to the next page --

CHAl RVANWALLIS: Well, it indicates there
m ght be big flaps of netal comi ng off.

MR. UNI KEW CZ: Yeah, and you'll see that
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this is the screen down at the end of the wi nd tunnel,
and you can see the anpunt of small debris. It
doesn't showas well there as it does on the handout,
| think, but you can see it all on the floor of the
wi nd tunnel, and that was |ike that pretty nuch al

t he way down the fl oor.

The second test they conducted, 31.3, was
conducted at 5L over D. So this was actually 2L over
D cl oser than the previous test |ike |l showed you, but
in this case, the bands were at the nine o'clock
posi tion.

| highlighted the wong line, but if you
| ook at the jacketing was installed with two inch
overlap. The jacket lap strikes at the nine o' clock
position. GCkay? So this is closer where you would
expect there to be nore debris generation, but in
reality the only thing that was different is where
t hose | atches and strikes were, and in fact, it was
cl oser, and you only got 5.4 percent debris generation
and no |l arge pieces at all.

And if you'll look at the picture on the
next page, well, the next page is pretest and then --

CHAIl RVAN WALLIS: Wwell, this is all very
interesting and it shows the different results

dependi ng on vari ous t hi ngs, but why does this support
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your concl usi on?

VR. UNI KEW CZ: Well, the primry
di fference between these two tests is the orientation
of the jacketing.

CHAl RVAN WALLI'S:  So how you orient the
| at ches makes a difference.

MR, UNI KEW CZ: That's the point |'m
trying to make.

CHAI RVAN WALLI S: What has that got to do
with the ZO being conservative?

MR. UNI KEW CZ: Because the ZO assunes
that you're getting -- that all of the insulation is
oriented in the worst case situation regardl ess of
which way it really is oriented.

CHAl RVAN WALLI S: Yes, but that has
nothing to do with turning a jet into a sphere.

MR, UNI KEW CZ: Wll, there's three
pieces. Al right. Gkay. Wat |I'm answering and
what you're asking me to answer were not he questions
-- is not what | went back to research |l as night.
didn't go back to show you data that it would be a
sphere.

CHAI RVAN WALLI S:  What you're show ng ne
is that there has been a substantial anmpbunt of work

done, and that quite a few things influence the
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answer, and presumably it is all being pull ed t oget her
i nto somet hi ng that gi ves gui dance sonewhere, in sone
chart, but I don't quite understand why it is rel evant
to your concl usion.

| thought the question we were asking is
is it reasonable to turn a directional jet into a
sphere.

MR. UNI KEW CZ: Ckay. That's not what |
under st ood, and that was not what | was tal ki ng about
when | made nmy statenent. So | apol ogi ze for wasting
your tine.

MEMBER RANSOM Well, | have a coupl e of
guestions. WAs there any attenpt to account for the
fact that these were 1,000 psi instead of 22,2007

MR, UNI KEW CZ: Vell, 1,000 psi is
representative of the BWR, and they did do sone --

MEMBER RANSOM So this woul d be applied
to BWR, but not necessarily PWRs?

MR UNIKEW CZ: That's correct.

MEMBER RANSOM And the other thing is as
it's related to the ANSI jet nodel.

MR UNIKEWCZ: It wasn't related to the
ANSI jet nodel specifically. As | said, Continuum
Dynami cs ran their own CFD cal cul ati ons about what t he

pressurizer bars would be in the wind tunnel.
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VEMBER RANSOM And there were no

nmeasurenments on the target itself, | assune.

MR. UNI KEWCZ: Not withinsulationonit.
Okay? The insulation, | think, created problens.
It's my recollection that having the pressure
transducer and all of the insulation there --

MEMBER  RANSOM Even wthout the
i nsul ation, what did they do?

MR. UNI KEW CZ: Wthout the insulation,
they took four neasures at four different distances
and used those to confi rmCFDcal cul ati on predictions.

MEMBER RANSOM  Were they under --

MR. UNIKEW CZ: They're on the front of
t he pi pe.

MEMBER RANSOM Static tap on the front of
t he pipe, | guess.

MR. UNIKEW CZ: Well, | thought it was a
differential pressure gauge.

MEMBER RANSOM  Well, it may have been
differential pressure fromthe front of the pipe to
t he at nosphere, | guess.

MR. UNI KEW CZ: Yes. kay, and as | said,
they used that to confirmthe predictions that they
made in CFD cal cul ati ons.

VEMBER RANSOMV All that data in the
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reports.

VR. UNI KEW CZ: The report gives,
basically because they were interested in debris
generation, the report gives alot of detail about the
debri s generation aspect of it. It gives exanples of
the CFD cal cul ations and a description of what they
wer e doi ng.

MR. ARCHI TZEL: Those test are in there,
Rob. Those four tests are in that report al so.

MR, UNI KEW CZ: Yeah, the four tests
wi t hout insul ati on where t hey actual | y predi ct ed what
t he pressure woul d be, yes, those tests are in there.
The results of those tests are in there.

CHAl RVAN WALLI'S:  Well, | think we have
got to nove on. W were glancing through this. W
don't see -- ny coll eague, Vic Ransom has very nice
pictures of the calculations of the jet, and we're
| ooki ng for sonething simlar, but we haven't seenit,
but we have time to go into that.

MR. UNI KEW CZ: Ckay. | do want to point
out in the URGthough there are separate cal cul ati ons
that the owner's group did show There are CFD
cal cul ati ons to show what the zone of influence woul d
really look like.

CHAI RVAN WALLI S: Okay. | think we've got
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to nove on. Thank you very mnuch.

MEMBER RANSOM  \Who did this work?

MR.  UNI KEW CZ: Al an Boanin (phonetic)
from Conti nuum Dynami cs.

CHAI RVAN WALLI'S: W' ve got to nove on.

MEMBER RANSOM  And did they do the CFD
wor k al so?

MR.  UNI KEW CZ: They did the CFD work
also. He was the --

MEMBER RANSOM Do you know what code t hey
used?

MR UNI KEW CZ: NPARC.

MEMBER RANSOM  NPAR?

MR, LATELLI ER NPARC. One final
statement is that in conparison to the ANSI jet nodel
we have conpared the equival ent spherical volunes
obt ai ned from NPARC to those obtained fromthe ANSI
jet nodel, and the ANSI jet is very conservative,
especially for low --

MEMBER RANSOM Where i s that docunent ed?

PARTI Cl PANT:  Appendi x |.

MR. LATELLI ER: No, actually the best
docunentation is in Volune 3 of the supplenent to the
paranetric eval uation.

PARTI Cl PANT: The reporter nunber 6367.
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MEMBER RANSOM |Is that a NUREG report?

MR. LATELLIER: Yes, it is, and | have a
copy I'lIl share with you.

CHAI RVAN WALLI'S: Rick, are you going to
| ook at these before before we neet again? It would
be very helpful if you could give us sone coment
about what they show you and how they are related to
some of your concerns.

So the next topicis aninterestingoneif

Ral ph is still here and willing to talk.
MR. ARCHI TZEL: | was going to tal k over
here and not talk about it. Actually I'll try and

save tine or recover tine for you if you want.

CHAl RVAN WALLI'S: It depends on how many
interesting things you have to say.

MR. ARCHI TZEL: My nane i s Ral ph Architzel
and with me is Paul Ken from the Chemnca
Engi neering Branch, the technical |ead for this topic.

If I can go to the summary slide one nore
time, 1"l try and do this. Guidance report, Section
7.4 does introduce the chem cal effects topic, but it
does defer guidance until testing is conplete. The
test results are needed to provide a technical basis
for the resolution of this issue. The safety

valuation indicates that |icensees should address
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pl ant specific chem cal effectsif they' re not covered
by plant testing.

The | i censees al so shoul d add
conservatisms -- this is in the SE -- if sunp
nodi fications are engi neered prior tothe know edge of
the chem cal effect test results. Those are
statenments that are in the safety valuation

Go to the next slide, please.

The guidance report introduces the
potential problens of chem cal reactions in the post
LOCA environnent. These can contribute to the
bl ockage of ECCS punp screens and increase the
associ ated head | oss across the screens.

The concern was rai sed by the ACRS t hat an
adequate technical basis should be developed to
resolve the issues related to chem cal reactions.
This was in your letter of Septenber 30th, 2003.

The foundation of this concern was an
observation of gelatinous nmaterial that had been
observed and a water sanpl e taken fromthe Three Ml e
contai nnent follow ng the accident in 1979.

As a result of that concern, Los Al anps
diddo alimted scope study to eval uate the potenti al
chem cal effects. Now, the commttee knows this

background. Basically it did denonstrate under sort
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of artificial conditions that you could induce
precipitation of mnmetal salts and results would
i ndicate a gelatinous form and there was associ at ed
hi gh head | oss associ ated with creati ng those products
on those sanpl es.

CHAl RVAN WALLI'S:  But there was no |ink
bet ween t he actual corrosion tests and the gel ati nous
precipitant. The gel atinous precipitant was kind of
artificially made with --

MR. ARCHI TZEL: That's the point at the
bottom There was nointegrated testingto say if you
could form it would it transport, and the reason
was - -

CHAI RMVAN WALLI S:  Now, have you | ooked at
the result of these tests, Ral ph?

MR. ARCHI TZEL: AmI going i nto t hemnow?

CHAI RVAN WALLI S: Have you | ooked at the
results?

MR, ARCHI TZEL: |'ve |ooked at the
results. They were very high --

CHAl RVANVWALLIS: Yourealizethat they're
very inclusive. The results are all over the place.
They're rather like the prelimnary tests of head
| oss, which are very difficult to explain, and so |'m

a bit concerned about going into a test plan which is
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too | ocked in just to testing w thout thinking about
what you're doi ng and maybe doi ng suppl enentary wor k
to figure out what's happening and things |ike that.
MR. ARCHI TZEL: There was an awful | ot of
t hought that went into the tests that --
CHAI RMAN WALLI S: But there was very

little by way of conclusive results.

MR. ARCHI TZEL: |'mnot tal ki ng about the
tests.

CHAI RVAN WALLI'S:  Oh, | know the joint
i ndustry test plan. |"ve studied it, and |I'm

concer ned about thembeing | ocked i nto just slavishly
testing something w thout thinking about it and
wi t hout sayi ng, "Cee, whiz, we're getting sonme strange
results. We'd better |ook at what's happening."

MR. ARCHI TZEL: | disagree that it was
quite -- there was a lot of work that went into
| ooki ng at the paraneters, howthey're representati ve,
what's in the plants, scaled to the plants.

CHAI RVAN WALLI'S: But they're arbitrary,
not | ooking at cal-sil, for instance. There's no cal -
sil test planned.

MR. KLEIN: Actually therew || be cal-sil
tested in the --

CHAl RMAN WALLI S: It's not in the test
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pl an though, is it?

MR. KLEIN: | believe it is.
CHAI RVAN WALLI S: It says "could be
extended to cal -sil" or something, unless it has been

changed. Has it been changed?

MR, KLEIN. Well, of the approximtely
half of the tests that are comng up wll wuse
cal ci um - -

CHAI RVAN WALLI S: |'m sorry. The test
pl an nust have been changed from what | saw

MR. ARCHI TZEL: It has been changed quite
a bit.

CHAI RVAN WALLI S:  The test plan says test
for lead and chlorine, but there seenmed to be no way
of putting |l ead and chlorine in at the beginning. So
where does it cone fronf

There's a whole I ot of things |ike that.
| don't want to go into the test plan, but just nake
sure that you guys think about this test plan and | ook
for things like that, otherwise you may get very
confusing results which don't lead to resolving an
i Ssue.

It's a difficult problem Prelimnary
tests show that it really is difficult. St range

t hi ngs happen. Sonme sanples gain weight; sone |ose
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wei ght, and in an erratic way. There's notrends with
temperature, and so. There's a whol e | ot of confusing
stuff, and chem stry isn't easy, especially when you
have a lot of different things that can go on.

So | just warn you that this has to be
done very carefully and t horoughly and right because
|"msure it will cone back to us sone day.

MR. ARCHI TZEL: Well, sir, | don't knowi f
| shoul d make the comment. | would think we'd have to
come back to you with results of those chenmi cal tests
and what we're doing with them but --

MR. MAYFI ELD: Perhaps if | could, thisis
M ke Mayfield fromthe staff.

Professor Wallis, | guess | have to fee
conpelled to take sonme exception to your
characterization of no thought having gone into this.
| believe the staff and the industry have, in fact,
i nvested a significant anount of thought into both the
test plan, the test setup and the conduct of the test.

CHAl RVAN WALLI S: | don't think you
under st ood nmy sentence. | said alot of work had gone
into this planning, but if you slavishly follow the
pl an wi t hout having a chance to think about what the
results show you as you do the test --

MR. MAYFI ELD: And again, | don't quite
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what research experinments at | east out of ny division
that you're citing as we slavishly foll owa test pl an,
but that's not the way we conduct research in ny
di vi si on.

CHAI RMAN WALLI S: Good. Thank you.
That' s good.

MR. MAYFI ELD: And we do reeval uat e t hi ngs
as we go along and as we learn things. Version 12 of
test matrix does, in fact, include cal-sil. | don't
know what version you have.

CHAI RVAN WALLI S: We have t he versi on t hat
sinply said cal-sil was an option for later or
somet hi ng.

MR. MAYFIELD: It is specifically in the
test conditions.

CHAI RVAN WALLIS: I'mvery glad to hear
it. Thank you. That's good.

MR. KLEIN: | think another point worth
making is that there's anintentional stepinthetest
process after the first test to reflect upon results
of the first test.

CHAl RVAN WALLI S: You see, we haven't seen
any of that. Al we saw was what | ooked |ike a very
limted and very constrained | ooki ng test plan. Mybe

we have got the wong information.
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MR. MAYFI ELD: Agai n, we woul d be happy to

cone back and brief you, and we can certainly provide
you the current version of the test plan. I f you
woul d li ke a briefing on what we are doi ng, we woul d
be happy to do so.

CHAI RVAN WALLIS: | think that woul d hel p
to reassure us. Right, because we did |ook at the
results of the prelimnary test, and we said, | ook,
this is sort of --

MR, MAYFI ELD: All we were trying --
excuse me for interrupting. Al we were trying to do
with those prelimnary tests was deci de whether this
was even concei vable. W couldn't argue it away based
on the tests in a beaker, and so we said now we' ve got
to go back and do this in a nore scientific, well
orchestrated fashion. So the initial rounds were
sinmply can we argue this issue away. We coul dn't
argue it away based on those very limted tests, and
so we had to nake the investnment to go back and do a
nore scientific approach to this.

CHAl RVAN WALLI'S: Well, M ke, just to give
you an exanple, in the prelimnary tests, you did a
| ot of tests and then found out at the very end that
silica had a big influence, and this was a di scovery,

and | hope that when you do the big test plan, that
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you have real roomfor maki ng di scoveries and t hi nki ng
about what they mean. That's all |'m saying.

MR. MAYFI ELD: And we agree. And we have
brought --

CHAl RVAN WALLI'S:  That's all I'm saying.

MR. MAYFIELD: -- a lot of additional
talent to bear on these tests, on the integrated test
series to try and capture that exact, those kinds of
i ssues, as we go along. We're not in a position tine-
Wi se or cost-wise to iterate on this a |ot.

It's an inportant issue. W agree, and
we're making a significant investnent in staff and
contractor expertise to look at the results as we go
al ong.

CHAI RVAN WALLI'S:  In ternms of resolving
the GSI, this is really still sort of an open
guestion. There's research going on. You're trying
to get answers, which is very appropriate,b ut there
aren't answers yet. So industry is left sort of not
qui te knowi ng where they are.

MR. MAYFI ELD: Well, the industry is in
the sane boat we're in. These are tests being
conducted as part of a cooperative program and they
have been i nvol ved with us in | ooking at the test plan

and the test conduct as it has been put together
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This i s sonet hing that caught all of us sonewhat | ate.
We do appreciate the fact the commttee raised it
because it has becone a potentially inportant issue,
and we' ve been scranbling pretty hard to put together
a programt hat addresses the i ssue i n a conprehensive,
techni cal |l y defensible way.

CHAl RVAN WALLI' S:  When | think about the
thin bed effect, this was a surprise. Soneone had to
figure out what to do when they found it. This could
wel | happen with these chem cal effects, too.

MR MAYFI ELD: That's correct.

CHAIl RVAN WALLI'S: And thenyou're goingto
be in a position where -- | don't know what you're
going to be inthe position of. You may actually have
approved sonme plants and then found out that there
were effects that they should have considered that
they didn't.

MR. MAYFI ELD: W believe that theresults
will come out of thisin atine frame to support the
i ndustry's redesi gn of screens and their reeval uati on
of the sunp capabilities, but thereis a potential in
all of these things for sone newbit of information to
cone out at the el eventh hour and surprise us, and
think the staff is fully aware of that, and I'mquite

sure the industry is as well.
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Ther e has been a serious effort totry and
put together a programto capture these effects so
that we don't get surprised, but you know as well as
| thing happen. You learn as you go al ong.

CHAI RVAN WALLI'S: | don't want to put you
in the defensive at all. | think you' re doing good
work here. But | just want to see howit fitsinwth
the resolution of this issue. It seens to be an
unanswered area wi th potential for having a big inpact
down the road.

MR, MAYFI ELD.  Yes.

CHAl RMVAN WALLI S: And we don't real ly have
much of a clue about where we are init at the nonent.

MR. MAYFI ELD: Today --

CHAI RVAN WALLI S: The prelimnary test
didn't really show us anything concl usive.

MR. MAYFI ELD: At -- what isit? -- 11:15
on this day, | have to agree with you. Today |I can't
put an answer -- give you an answer to the issue.
What | can tell youis there's alot of work going on
on a fast pace, which bringswithit its own potenti al
pitfalls, just the pace of things, but there's a hard
effort goingontotry and bring useful informationto
the table in a tinme frame to support the industry's

r eeval uati on.
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CHAI RMVAN WALLI' S:  So the industry cannot

do anything about this until you come up with sone
resul ts?

MR. MAYFI ELD: Well, it's not just nme, but
| woul dn't say they can't do anything, but I woul d say
that the definitive data are going to be com ng out in
t he next fewnonths. Wat data we're able to generate
wi Il be comi ng out in the next fewnonths, and | think
that people can be meking sone progress towards
reevaluating this issue absent the final word on
chem cal effects.

But thereis the potential that at the end
of the day you have to revisit some of what's al ready
been done.

MR SOLORIO Dr. Wallis, Dave Solorio.

|"d just Iike to add to what M ke sai d by
rem ndi ng you about the generic letter. W' re giving
i censees until COctober of next year to provide their
responses. So if this information is able to be
finished in a few nore nonths, they'll have a good
amount of tinme to consider it in their solution.

MR. ARCHI TZEL: 1If | coul d continue onthe
slides, on Slide 5, there's been sonme thought to how
you | ook at what species you do have, and we took a

reasonabl e representative inthis test programset of
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chem cal conditions for the plants, but we al so | ooked
at the thermal hydraulic programthat will allow, when
it's validated, will allow sone extrapolation for
condi ti ons.

So we have an ability to | ook and assess
the ability to extrapol ate the conditions sothat it's
not bounded or there's not the dil emma of boundi ng the
condi ti ons.

CHAI RVAN WALLIS: Did these small scale
tests relate in any way to the OLI progran? Did they
hel p you? Did they confirmor deny or did they have
any rel ationship whatever to the OLI programwhen it
turned out they were finished?

MR. KLEIN: They're still in process. |
think we tried to take a nmeasured approach of
validating the OLI program for our particular
environnent, and that started with a |l ook at avail abl e
literature and then proceeded to beaker test, and we
have aut ocl ave testing pl anned and i n progress, and - -

CHAl RVAN WALLI'S: Well, these are not the
small scale tests that have been finished. You're
going to do sonme nore ones?

MR. ARCHI TZEL: We're not tal king about
t he chem cal precipitationtests. There's a series of

tests with the program that was used that confirns
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that it can predict the species and speciation.

CHAI RVAN WALLI' S: I'msorry because there
were small scale corrosion tests al ready perforned.

MR, ARCHI TZEL: You're talking netal
participation tests. These are different here, |
t hi nk.

MEMBER KRESS: If you feel conpelled to
prove that a chem cal equilibriumprogramcoulddoits
job in gas phase reactions?

MR. KLEIN. Well, | think we recognize
that's one of the challenges with trying to apply that
type of programto this situation. On the other hand,
sone of the early validation is encouraging, and |
think the staff would like to, if possible, have a
toll that enables us to | ook outside the ultimte
conditions that are tested so that when a |icensee
would cone in with a submttal that had conditions
outside the test, we mght have a neans to which to
eval uate that.

MEMBER KRESS: My point was just the
opposite, that | would have had absolute faith in a
t her nrodynam ¢ equilibrium programto eval uate these
ki nds of chem cal reactions with checking it out.

MR.  ARCHI TZEL.: Dr. Csontos, you had a

comment on that?
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DR. CSONTGOS: Yes. Al Csontos, NRC, NSS.

We're using this code for Yucca Munt ai n,
| ooki ng at chemical precipitation, and this code has
been val i dated for those chem cal precipitations that
are nore geol ogi ¢ based.

We're in the process of doing these for
metallic corrosion issues with respect to validating
the code to, let's say, netallic products, and then
t hose products are then placed into solution in the
code, and then it runs through its cal cul ati ons.

Now, granted this is a thernodynamc
program So it's not a kinetics based program
However, we can't get validation, and we've done
val i dation, that have shown that this is very -- that
especially for | think it's boron that the solubility
of boron is very well nodeled in this COLI code.

W're also doing this for ot her
literature, data sets for simlar type of netal
speci es, and then al so for actual corrosion tests that
we' re runni ng now, and al so inthe past we also did it
for just beaker tests, and we're working on an
autoclave test to validate this code for these
condi ti ons here.

MEMBER KRESS: These are condensed phase

reactions you're tal king about.
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MR CSONTCOS: In liquid?

MEMBER KRESS: In |iquid, yeah.

MR. CSONTCS: Yes, and that's why we do an
auto --

MEMBER KRESS: You're right. You probably
woul d need sone validation for this.

MR. CSONTOS: Yeah, that's what's goi ng on
ri ght now. We have al ready validated for beaker tests
and theliterature tests, and they' ve done real ly well
in those.

And with respect to the small scale
corrosion tests, those are running right now at
Sout hwest Research Institute. The corrosiontests are
used. Ri ght now the corrosion rates are not well
devel oped. We have sone that are fromthe literature,
but the <corrosion rates are for, for exanple,
concrete. W really just do not have an i dea of what
speci es from concrete | each out.

So we're working on this snall scale
corrosion test. They' re opposite to what was goi ng on
at LANL before, which was using the netallic salts to
formthe bed and to get the chill formation there.

CHAI RMVANWALLI S: Does OLI have properties
of cal-sil?

MR. CSONTQCS: Well, the cal-sil and the
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NUKON are an aggl omeration of different ceram c type
mat eri al s.

CHAl RVAN WALLI'S:  Are they studying cal -
sil has all kinds of binders and stuff in it?

MR. CSONTOS: Well, that's true, but from
what we can gather, we're not taking into account the
bi nders per se because the binders would have
out gassed fromthe heat generator fromthe pipes.

CHAl RVAN WALLI'S: Wl |, what concerns ne
isthat all of these things interact, and all of these
materials are inthere together, and a smal|l amount of
chlorine or something coming from sone particular
i ngredi ent can have an effect on what happens.

MR. CSONTCS: And that's what the beauty
of this code is, is that you can go in and
mani pul ate --

CHAl RVAN WALLI'S:  Well, you have to know
that it's there.

MR. CSONTCS: Well, you have to know t hat

it's there, but you can also add it into the program

to then see what effects -- to give yourself a brisk
baseline to determine that, oh, if you do have
hydrochloric acid in there, what effects will it have

on the actual final species that come out that could

lead to --
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CHAI RVAN WALLI S:  So you have an advi sory
panel or sonething, peer review?
MR, CSONTCOS:  Yes, ASNW
CHAI RMAN WALLI S:  Because there was some

good peer reviewers on the prelimnary tests, but |'m
not sure that all of their advice was appreciated in
the final report. Maybe there wasn't tinme to use it,

but there | thought | caught a few good suggesti ons.

| thought that really know edgeable experts are
i nvol ved.

MR. ARCHI TZEL: You're tal king about the
| CETEA (phonetic) test program was peer reviewed.
That was peer revi ewed.

CHAI RVAN WALLI S: Yeah, but the peer
reviewers, | think, had a |ot of good points about
whi ch group shoul d be taken into account in applying
t he next test, but just to sort of nake sure that, you
know, this has all of the checks that it needs so that
it's a really good piece of work

MR CSONTOS: And | brought up the ACNW
because we have gone through the ACNW several tines
with OLI code cal cul ati ons pre-Yucca Mountain, and if
you want to |l ook at their staff and talk to them they

gave you sone nore infornmation on the COLI code.

VMR MAYFI ELD: Professor Wallis, this
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m ght make it. One of the points | guess | would |ike
to try and nmeke, and it goes back to your issue of
maki ng sure we're bringing in the right people, and
what we've done is reached across the agency out to
NMSS because they had a tool that | ooked Iike it could
be very useful in helping evaluate this issue, and
we're doing sone work now to nmake sure that we can
rely on that tool.

CHAI RVAN WALLIS: Wl I, could you pl ease
also bring in -- | think you did in the small scale
test -- at least to review the results sonme really
good experts fromthe outside world, not just within
t he nuclear community, but people who have a | ot of
dealings with chem cal m xtures of stuff and a | ot of
experi ence.

MR. MAYFI ELD: O course, there are people
i nthe nuclear industry that do understand chem stry,
but --

CHAI RVAN WALLI S:  Yes, but it's useful to
have someone who deals with it al so outside because
you bring in --

MR. MAYFI ELD: | understand.

CHAI RVAN WALLI S:  Ckay.

MR HSI A W have for this project,

| CETEA project, Professor Giffith fromMT and Bob
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Li ppman, who both of themw || be | ooking at the test
plan, will follow the test, and also --

CHAl RVAN WALLIS: Well, Giiffithis not an
expert on chemstry. So you need to --

MR HSI A | understand that. | know
that, but he's an expert in thermal hydraulics and
system

MR. MAYFI ELD: You understand that there
are large scale integrated tests that are being --

CHAI RVAN WALLI S: Has the | oop been built?

MR HSIA: The first test has --

CHAI RVAN WALLI S: The first test has been
run?

MR HSIA: The first test is within two
weeks. It was set yesterday.

CHAI RVAN WALLI S:  Good.

MR. CARUSO. MR ARCHI TZEL: W th the next
two weeks, as we heard yesterday, the first test
should be started. There needs to be a shakedown

period before that as well.

CHAI RVAN WALLI S; wll, | think -- oh,
well, forget it.
VEMBER KRESS: Those slides still test

assimlated conditions in the contai nment?

MR. ARCHI TZEL: Scal ed.
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MEMBER KRESS: Sprays, scal ed?

MR. ARCHI TZEL: There's a spray aspect to
it, and alimted anount of tine for the spray, but I
think it's a 30-day duration test, but it's not wetted
t he whole tine.

MR KLEIN. The anmount of material and
distribution materials is scaled based on industry
i nput .

MEMBER KRESS: The scaling unit, was it
scal ed according to the surface areas of the materials
t hat you expect to be interacting?

MR KLEIN: Yes.

MR. ARCHI TZEL: In the cool ant above the
pool , you know.

MEMBER KRESS: Versus the spray flowrate?

MR. ARCHI TZEL: Versus the air. No, not
t he display. It's the vol unes. So you've got a
sprayed volune that's interacting for a short period
of time, and you have a wetted volunme with the pool.

So it's how many things are in the pool,
how many things in the dry environment that could be
wetted. Those are the two separate scalings that were
done.

Do you understand what |'m sayi ng?

MEMBER KRESS: Yeah, | under st and.
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MR. ARCHI TZEL: Because the chem cal

reactions are limted in the sprayed environment.
After all, you don't have any sprays to knock it back
down.

MR KLEIN:. The amount of material was
scal ed based upon pl ant surveys and what was typically
done was to take the high end of the anmount of each
given material and then the | ow end of sunp volune in
order to produce a scaling factor to reproduce in the
test.

CHAl RVAN  WALLI S: And then if I
understand, the materials are not allowed to touch
each other. They're dangling in this in sonme way?

MR KLEIN: Yes. The materials are --

CHAIl RVAN WALLI S: In the real plant
they're in asort of sludge or something in the bottom
of a sunp?

MR.  KLEIN: The materials are placed
wi t hi n hol der racks, and they are not in contact with
each ot her.

CHAI RMANWALLI S: You'retryingto prevent
any gal vani ¢ behavi or which is possible in a plant.
For sone reason you're excluding gal vanic effects?

MR. KLEIN: Well, our test setup uses a

stai nl ess vessel, and material coupons (phonetic) in
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close proximty to each other, and our judgnent was if
we try to gal vanically couple all of the materials, we
may produce results that are not representative of the
pl ant because test coupon arrangenent coul d i nfl uence
the galvanic effects dramatically in that type of
setup, and the m xed potential that coul d happen from
contact with the stainless vessel may also not be
representative of a plant contai nment sunp.

MR,  MAYFI ELD: Professor Wallis, if |
could, we'retrying real hard to not make a first year
graduate student kind of error in mxing too many
variables all at one time. So we're starting out --
we started out with these tests, the beaker test. Can
we nmake this go away?

The answer was no, not by inspection. So
| et's go back, do a, quote, integratedtest, carefully
controll ed conditions, and take the next step.

CHAl RVAN WALLI'S:  Well, you see ny --

MR. MAYFI ELD: You're raising a good poi nt
about the potential for interactions. There's no
di sput e about that.

CHAIl RVAN  WALLI S: You had trouble
expl aining any of the results fromthe sinple test
wi th one material, which was zinc, but I don't want to

get into that.
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MR. MAYFI ELD: Well, you want us to go

back and explain a test that | don't think any of us
were all that happy with

CHAI RMAN WALLI S: Ri ght.

MR. MAYFI ELD: So that's a chal |l enge t hat
" mnot sure any of us are up to.

CHAl RVAN WALLI'S:  There is a possibility
that the results of these tests are conpletely
i nconcl usi ve.

MR. MAYFI ELD: Onh, | don't agree.

CHAI RVAN WALLI S: Wl |, there's al ways --

MR.  MAYFI ELD: Vell, let ne back up.
There's al ways the possibility of any test result is
i nconcl usi ve.

MEMBER FORD: | think | haven't seen the
| atest test matrix, Mke, but back in June | was
concerned that we were focused on trying to simnulate
all of the conbinations of material, et cetera, that
we woul d have in a containnent.

And I'm sinplifying, but by saying
essentially that we'll finish up with one test which
woul d be either a go/no go result, nmy concern was t hat
these itens, these zinc and netal itens, are
connected. Sone of the chem cals you have there can

be inhibitors. | think | nentioned this to you.
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MR, MAYFI ELD: Yes.

MEMBER FORD: And so the result that you
get at the end of the day, | assune it's a good result
and there's no gel ati nous stuff there.

| f you changed one of the paraneters, you
may suddenly find that you do get it, but you woul dn't
have tested it.

MR, MAYFI ELD.  Yes.

MEMBER FORD: So my question at this stage
is, not having seen the latest test matrix, is there
a version of asingle effects test that woul d avoi d us
falling into that first year student trap?

MR. MAYFI ELD: Well, we do vary the test
paraneters.

MEMBER FORD:  Yeah.

MR, MAYFI ELD: It's a little different
guestion, and --

MVEMBER FORD: You've got an infinite
nunmber of system confi gurations.

MR. MAYFI ELD: Maybe Al Csontos can hel p
me alittle here.

MR. CSONTOS: Yes, that was t he purpose of
the OLI thernodynam c cal cul ati ons, was to go ahead
and try to constrain sonme of these paraneters. There

are over 15 --
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MEMBER FORD: If | could just interrupt.

MR. CSONTOS: CGo ahead.

MEMBER FORD: Because you brought up OLI.
Again, | brought this one up in the June neeting. The
OLl, | think, the thernodynam cs programis primarily
for processing this if |I renenber correctly.

MR. CSONTOS: That has been the main use
of it.

MEMBER FORD: The main use of it.

MR CSONTOS: I n conmercial.

MEMBER FORD: It doesn't tell you anything
at all about the kinetics.

MR CSONTOS: That's right.

MEMBER FORD: And you agree with that.
But tal king about fairly short-term tests and what
we're really concerned about is the kinetics of the
reactions, not the thernodynam cs.

The thernmodynam cs will say what m ght
occur in 1,000 years at equilibrium but it won't tell
you what is going to happen in ten m nutes.

MR. CSONTOS: But it will provide insight
into the separate effects from let's say, for
exanpl e, gal vanic issues. Wat we did was we went in
t here and i ncreased vari ous anounts of area corrosion

rates, therefore products inside the sunp pool, by
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orders of magnitude to see what the results were.
That gave us sone sort of risk understanding of let's
say there's a gal vanic corrosionissue with respect to
alum num We increased al um numcontent in the pool
by two orders of nmagnitude. What was the effect?
Mnimal. It just increased slightly.

Therefore, you know, these are the types
of things that we are trying to do with this code to
constrain sone of these paraneters that we understand
are ki netics based. | nean, sone of these formations,
especially for gel formations, it will be dependent
upon many ot her things that we can't calculateinthis
code.

For exanple, flowrates. Flowrates wll
have a significant effect on whether gels wth
aggl onerate and form but this code can't dothis. So
what will we do is we try to constrain as many
paranmet ers as we can t hrough t hi s t her nodynam ¢ code.
We're using it as an insight, not as a tool to nodel

the entire --

MEMBER FORD: | guess we're taking up a
ot of tinme onthis. | guess the concernis, first of
all, we haven't seen the latest test matrix, and the

second is this underlying gut feeling that this could

be a problem and you will be looking at, | know,
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expert opinions from outside.

MR, CSONTCS:  Yes.

MEMBER FORD: Particul arly MDonal d.

MR, MAYFI ELD.  Yes.

MEMBER FORD: | nean, that cones to ny
m nd.

MR. MAYFI ELD: You rai se a good poi nt, and
it's something that | guess | want to think about a
bit nore, and spend a little nore tine talking with
the staff, A, and other consultants |ike D gby
(phonetic).

You rai se a good point, and | want to make
sure that as we go we're not trappi ng oursel ves. That
goes back to sonme of Professor Wallis' issue about
make sure we're |earning as we go al ong.

| think we should be comng to the
comm ttee, subcommittee to tal k about these tests and
test results, and | think that's a specific issue
that |'d like to see us put on the table and tell you
what we' ve done about it or where we're goingwithit.

CHAI RVAN WALLI'S:  Yes, we | ook forward to
t hat .

MEMBER KRESS: Just one nore quick
qguestion about the test. The pool, assimlated pool,

is it stirred or is it quiescent?
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MR. KLEIN: The vessel that we're using,
we're trying to sinulate the sunp flow rates within
the water that the coupons are sitting in.

MEMBER KRESS: By stirring it?

MR, KLEI N: No, | believe it's through
just circulation from punping the system | don't
bel i eve we have a stirrer in the tank.

MEMBER KRESS: But you do have a flow
system

MR. MAYFI ELD: Yes. It is aflowsystem

MEMBER KRESS: Ckay. That was ny concern.

MR. MAYFI ELD: That was one of the other
i ssues that we were concerned about in the earlier
test, is potential for gradients and howwel | m xed or
not well m xed things were.

CHAI RVAN WALLI S:  How about tenperature?
Tenperature is up to sunp conditions?

MR. MAYFI ELD: Yes, sir.

CHAl RVAN WALLI'S:  We don't want what we
had yesterday of a range of tests that don't cover the
actual sunp conditions.

MR, ARCHI TZEL: That was one of the
specific things we did use OLI for, to try and
determ ne up front do we need to do a pressurized test

or not a pressurized test, and the result was,
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consi dering expenses, et cetera, that it was
sufficient not to do a pressurized test to achieve
those tenperatures, but we did evaluate that and
decide it's okay to go at a tenperature range where --

CHAl RVAN WALLI S:  And some of these tests
t ake 30 days?

MR. ARCHI TZEL: The first one does, and
then we can adjust it a long way. The very first one
has no provisions to not do 30 days, and after that
it's looked at, and it can be shortened.

CHAI RVAN WALLI S: You didn't think of
doing tests in parallel to shorten the tine or
somnet hi ng?

MR. ARCHI TZEL: There's only one.

CHAl RVAN WALLI'S:  There's only one | oop.
So yeabh.

MR. MAYFI ELD: Thereis international work
going on not exactly on this, but on a related
chem cal effects, and we're paying attention to that
work. They simlarly are paying attention to this
wor K. So that does give us one additional bit of
i nf ormati on.

And, secondly, another set of expert eyes
to look at this.

CHAI RVAN WALLI'S: Do you have wor kshops
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with industry and things Iike that?

MR. MAYFI ELD: This particul ar piece --
well, yes is the i medi ate answer, and secondly, this
pi ece has been well coordinated with the industry as
part of the cooperative program

MR. HSIA: Can | add sonething? Tony Hsia
from Resear ch.

The test paraneters and test conditions,
we work very closely with industry. They were
provi ded by industry as the tenperature and pH val ue
and what kind of materials are in there. That's well
coor di nat ed.

And also, | would like to point out the
30-day test, so-called 30, or whatever period we dois
going to be nonitored on a daily basis at least. So
it's a continual tracking of the odd chem cal

CHAI RVAN WALLIS: kay. Can we nove on?
| really wanted to hear what the industry has to say,
but I think Mke has this. Do you want to say sone
final words to us?

MR, JOHNSON: If | can just add, | know I
won't talk very long. | said a lot of what | wanted
to say yesterday.

| just wanted to thank the subconmttee

for neeting with us, obviously. W value the input
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t hat we get.

As | said yesterday, you know, keeping in
m nd that the |ikelihood of this situationis |ow but
we recognize that it is a real situation obviously
t hrough the actions that we've taken. The industry
has put together an approach to deal with this issue.
We have gone through that approach. W have added
addi tional restraints where we think those addi ti onal
restraints are necessary.

And based on that, we believe that the
approach in the baseline with the refinenments bound
the problem And, in fact, as you point out, Dr.
Wallis, we believe that the industry and the NRC wi | |
be in a better place after these fixes are nmade based
on the evaluation froma safety perspective

W' ve spent a |l ot of time discussing the
evaluation. One of the points I wanted to make is
that the evaluation is really a package. W spent a
| ot of tine tal ki ng about the various i ssues t hat make
up that package, and there are basically two ki nds of
concerns about the issues. W focused, in fact, on
insuring that the assunptions and the approach for
t hose i ndividual issues are correct and sufficiently
justified.

And we have got sone take-aways fromyou
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for that

Ve t al ked about cl arifying the guidance in
sone instances where we can say thing in plainer
| anguage or be nore specific so that the fol ks who are
implenenting it can inplenment, and there are sone
t akeaways associated with that also that we have.

We are committed t o maki ng sone changes to
t he SE based on what we've heard. W would |look to
share with the subcommttee, in fact, the ACRS in
preparation for the neetingwiththe full commtteein
Cct ober.

We believe that based on t he changes t hat
we anticipate making i n response to what we've heard
today, that we wll, in fact, have a package, an
overal | package that despite the differences that we
may have on t he i ndi vi dual i ssues, sufficiently bounds
t he chal | enge that we have.

You know, there may be areas and specific
issues where we can't say whether ten percent
difference inthe size or the zone of influenceisthe
ri ght nunmber, but | think in general when you | ook at
all that is in the package, we will be at a place to
say that we can bound the problem in a way that
enabl es us to have a high degree of assurance that

these plants can performin the case of, again, a
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wor se case accident, if you will, on the demands of
t he performance of the sunp.

And | guess the last point | wanted to
make is the industry knows how to do nmuch of what
we' ve tal ked about here already. The industry is
putting on a wor kshop i n Decenber. | don't want there
to be a notion that we're going to wite this SC and
then we shipit off and then |icensees in the industry
will be struggling to inplenment what is there w t hout
i nteraction because that's certainly not the case.

So we have spoken just in a few m nutes
about chemical. You know that there are the things
t hat are ongoi ng, that an opportunity for a conti nued
di al ogue with the industry as we go forward in terns
of working the evaluation and the fixes.

And | ast but not least, as | said, this
does begin a new stage or at | east when we issue the
SE, and the staff is planning on what we will do to
reviewthe evaluation and to followup and ultinmately
cl ose out the issue in 2007, and there wi || be, again,
we wi | | | ook for additional opportunitiestointerface
with the ACRS.

And, Mke, if you wanted to add to that?

MR.  MAYFI ELD: This is something that

obviously both office have a keen interest in. I
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think as Mke and | have talked about, the
observations over the last day and a half and sone
prior engagenent on the Reg. Cuide 1.82.

| think it is inportant to keep in
perspective that it's an overall analysis. The
i ndi vidual bits and pieces, | think there have been
some i nteresting i ssues raised, as M ke characterized
it, sonme take-aways. Plainly from the research
programwe’' ve tot sone things to go back and | ook at,
but | do believe when you | ook at the totality of the
overal | approach, it provides a set of guidance that's
sufficient for the industry to nove forward on this
i ssue and i nprove safety at the plant.

MR.  JOHNSON: And, of course, it goes
wi t hout sayi ng, one |l ast point, it goes wi thout saying
that this SEwill be one acceptabl e approach. As our
gui dance says, it's one acceptabl e approach. We fully
anticipate that there my be situations where
I i censees cone in and propose ot her approaches that
t hey consi der to be acceptable, and we' Il have to deal
with those.

| just wanted to nake sure that --

CHAl RMVAN WALLIS: Mke, | just want sone
qui ck answers fromyou, one sentence. Do youintendto

go ahead with this before the full conmttee?

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

156
MR. JOHNSON. Yes, we would like to go

ahead with this for the full conmttee.

CHAI RVAN WALLI'S: And the SERwi || change
between now and then. So how do we deal with the
changes?

MR, JOHNSON: | would propose that we
provi de t hose changes inread line strikeout form and
t hat one of the things we do with the full conmittee
is highlight where we saw -- what we believe the
conments were and what we've done to revise the SEin
t hose areas to nake themnore visible to you.

CHAI RVAN WALLI S: | think you m ght
anticipate that very many of the comrents we made
yesterday and today will have a probability of com ng
up again if you present before the full conmttee.

MR. JOHNSON: Anticipate that. ['malso
hopi ng t hat when you see what is in the revision, that
goes to a nunmber of the areas that you' ve raised.

MR, JOHNSON: Well, | guess |'d just say
" m | ooking forward to your revision. Personally I
wonder how you're going to do it.

MR. JOHNSON: So is Dave.

MR, JOHNSON: Could we hear from the
industry now? |Is it an appropriate time to do that?

|"msorry you' ve had to wait. | w sh we
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coul d have started earlier

And who is it? Is it Tony or who is --
oh, go ahead. |If you go up there, it would be good.
| thinkit's nore appropriate to put you on stage than
behi nd us.

| hope you can give us some very quick
sharp and i nportant points because we haven't got the
time.

MR BUTLER ['Il keep it very brief.

John Butl er, NEI

Thank you for the opportunity.

First off, let me make the point that we
have not had an opportunity to revi ewthe safe concept
evaluation in any detail. W received it early
Tuesday and have heard a | ot of the exceptions to the
gui dance for the first time in the |last two days. So
we have a | ot of questions, and we still have a | ot of
work to evaluate the inportance of sone of the
exceptions that we're taking.

So nmy statenents are generally going to
address ny overal |l i npressions of the staff’'s work and
what we've seen of the draft safety eval uation

One point | would like to nake is that
there has not been a |ot of conmunication between

i ndustry and t he NRC si nce we submi tted t he eval uati on
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net hodol ogy in My. The staff's schedule for
provi di ng the safety eval uationreport, ineffect, did
not allow themthe luxury of interacting with us to
get clarifications.

That being said, | think they did

interpret what we intended with the evaluation

gui dance in nost cases properly. | think there are
sone cases where they did not interpret our
i ntentions.

Qur biggest difficulty with the safety
eval uation is not how they interpreted our gui dance,
but how they have then taken exceptions to the
gui dance to, in effect, make it even nore
conservati ve.

One of the things we've been struggling
with with this issue throughout is howto nake it a
practical problem Cearly, whatever answer you get
you have to deal with in the plant and to address it
with nodification to the design or in other ways so
t hat you can address the issue in a practical way.

The risk aspect of this issue is one way
totry toput it into perspective, and we've tried to
do that in alot of our discussionwth the staff, and
| don't know how successful we were in our eval uation

guidance. | think in a lot of ways we put too nuch
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enphasis on the low risk significant spectrum of
breaks, and our intent at Section 6 with the alternate
eval uation was a stepintheright directiontotryto
put sone, again, better focus on the nore risk
significant spectrumof breaks and concerns with this
i ssue.

But, again, it's avery small step, and
can speak to how snmall a step it is, especially with
the nodifications that the staff has made in the
safety eval uati on.

But let me try to nake the follow ng
point. W understand with this issue that the final
resolution is going to be driven by one of two
aspects: either the thin bed effect and the head | oss
you get fromthat thin bed effect or fromthe maxi mum
debri s accunul ati on you get on the side.

W maintain -- | think the staff wll
agree with us -- that the risk significant aspect is
a thin bed. The thin bed can occur froma broad range
of events. You do not need nuch debris to be
generated. You do not need a |l ot of particulates to
occur before that thin bed becones a possible player
in the significant head | oss.

On the ot her hand, the significant debris

that we are being directed to calculate for the full
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doubl e ended and the conservati smwe are placing on
t he cal cul ation of that nmaxi mumdebris, it can also
| ead to maxi mum head |l oss, and I'mafraid in the way
the guidance is currently laid out, it's going to
drive the design

But what we need to keep in mnd is that
maxi numdebri s generationis com ng froman event that
is orders of magnitude | ess risk significant than the
spectrum of breaks that are going to cause the thin
bed effect, but we're spending alot of tinme, alot of
effort, and a | ot of discussion on those factors that
play into that national debris accunul ation that you
will get fromthat maxi mumfull doubl e ended break

Alot of the exceptions that staff took to
our gui dance focus in on how nmuch debris you generate
in that maxi mum proxi mate break. They don't affect
the thin bed.

There are sone that do affect the thin
bed, and we can |ook at those in nore detail, but
generally I " mspeaking to al ot of the exceptions that
were taken to what we considered to be very
conservative guidance to nmke it even nore
conservative for an even that is eventually small in
probability and treated in a way that is extrenely

conservative not because we want to do it that way.
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It's just that we have difficulty finding a nore
realistic way to bound all of the uncertainties.

So we've taken our best shot, and the
staff's exceptions take us even further along that
line. So | feel like I"mrepeating nyself now, but
hopefully I have made ny point clear.

CHAI RVAN WALLI S: Can | ask you sonet hi ng?

MR, BUTLER  Yes.

CHAI RVAN WALLI S: Do you under st and what
this thin bed effect is? Do you understand how to
define it, how to predict it, how to say when it
occurs? Because it's still something of a nystery to
ne.

MR. BUTLER Well, it's clearly going to
be dependent on sone of the assunptions you've --

CHAIl RVAN WALLIS:  Well, I know. | just
want to see a cl ear, one-page docunent whi ch says this
is what it is. This is when it occurs. This is how
to predict it, and do you have that? Do you guys
understand to that |evel?

MR. BUTLER We can prepare you a
description of our nodeling of the thin bed, and
that's going to come from in part, a lot of the
experinments that were done with the BWR owners group

resolution of this issue, and alot of it is goingto
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be fixed by our nodeling and the assunptions that are
made in the anal ysis.

Some of the assunptions --

CHAI RVAN WALLI S: Ckay. Well, it seens to
be clear that since this word, these conbination of

words "thin beds,” in fact, cones up so often, we need
to be pretty clear what it is.

MEMBER KRESS: Do you think it's possible
to design a screen that would not have a thin bed
effect?

MR. BUTLER | amtold that that is the
case. There are designs that have been tested and
have not exhibited the thin bed effect.

MEMBER KRESS: That's |ike proving a
negative. So you need sone nodeling and sone
understanding to extrapol ate that kind of data. So,
you know, |'m perfectly in synpathy with G ahams
statement that we need to know nore about this
nysterious thin bed effect, particularly if the
i ndustry conmes up with a design that clainms not to
have a thin bed effect.

| think you gain alot. You can do, like
you say, some risk rationalization of the maxi mum
debri s problem but the thing bed you have to sonehow

-- it's a killer.
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MR. BUTLER And | appreciate that because

it goes to the point |I've been making. It focuses in
on what is probably the nore risk significant aspect
of this event.

MEMBER KRESS: Yes. So, you know, we
certainly wuld Iike to see sonme physical
understanding of thin bed effect and sone database
that shows that maybe you can avoid it by certain
types of filter designs or something.

It seens to nme |i ke you could have a | ot
to gain going in that direction. Enough said, |
guess.

MR. BUTLER: To keep this short, I'"IIl just
make one point. There are a nunber of things we've
seen in the safety evaluation that we do not quite
under st and, and you can take a different
interpretation of what the staff has nmeant. If it is
interpreted in one way, we have great difficulty with
what the inpact would be on our eval uation.

And so we woul d wel cone any opportunity we
can have to interact with the staff before this
beconmes final. ' m not sure how that can happen
t hough.

One last thing if you have the tine. |

di d ask Ti mGem streck of Westinghouse to put together

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

164

a graphic and sone figures to try to put this into
perspective of what we're talking about, of the
maxi mum debris generation, of what we're talking
about .

CHAI RVAN WALLIS: This will take a couple
of mnutes or five mnutes?

MR GEM STRECK: Five or |ess.

CHAl RVAN WALLI'S:  Five or |ess.

MR. BUTLER: As nuch tine as you want it

to.

CHAI RVAN WALLIS: Well, maybe since it's
visual the information wll come across pretty
qui ckly.

MR. GEM STRECK: It is. If | nmay, can you
queue up?

These graphi cs were actual | y gener at ed by
G| Ziegler. The graphic here is for a three-Ioop
PWR, and it shows the effect of the boundary of a 10
psi ZO, which is basically for a double ended
guil l otine break

I f you | ook on the right-hand side in the
m ddl e of the red sphere, that's the bioshield that's
sort of cutting through it on the outside periphery
and the reactor cavity, refueling cavity is slightly

to its right.
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And those are the robust barriers.

CHAl RVAN WALLI'S:  Now, to go back to the
guestion the commttee had, if you put ajet in there
i nstead of a sphere, that jet woul d probably read al
t he way across containnent at the sane psi.

MEMBER SIEBER It can't go through the

wal |
CHAI RVAN WALLI'S: If it didn't hit awall.
MR. GEM STRECK: | don't know that it
would. It m ght be defected upwards.

CHAl RVAN WALLI S: But it would reach
whatever it could reach without hitting a wall.

MR CGEM STRECK: Granted, granted. I
won't disagree with that. But for that kind of a zone
of influence, | did sone quick calculations. The
total debris that would be generated from a
representative steam generator and the associated
primary system piping, total volune of fiberglass
debris, assunming that the entire steam generator is
insulated with fiberglass, is on the order of 14,000
cubic feet, and using the baseline nethodology in
Chapter 3, of that approximately 5,100 cubic feet of
fiberglass would find its way to the sunp screen.

Assum ng that you had a pickup truck bed

that's six foot wide, two foot high, and eight foot
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| ong, you' d end up wi t h approxi mately 53 pi ckup trucks
filled with debris.

CHAI RVAN WALLI S You know, sone of these
screens aren't much bigger than a few pickup truck
beds.

MR GEM STRECK: That's correct.

Now, if you wuse the refinenments as
presented in Section 4 and only those refinenments,
taki ng no advantage of any plant specific features
that you mght have, | calculated or estimte
approxi mately 3,500 cubic feet of fiberglass debris
making its way to the sunp or approxi mately 36 pi ckup
t rucks.

Now, that's --

CHAl RMAN WALLI S: These would be full
| engt h pickup trucks, eight foot bed.

MR GEM STRECK: Use an ei ght foot bed.

(Laughter.)

MR, GEM STRECK: Let nme repeat. Now, |
even used the little wider bed. It was a six foot, as
nost pickups are five and a half. | didn't take into
account wheel wells either.

(Laughter.)

MR. GEM STRECK: Six feet w de, ei ght foot

| ong, six foot wide. So approximately 96 cubic feet
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per pickup truck

CHAI RVAN WALLIS:  And do you expect to
anal yze this probl em away?

MR, CGEM STRECK: Well, that's why we have
some of the options and design options also, Dr.
Val lis.

CHAl RVAN WALLI'S: Thisreally hel ps put it
i n perspective.

MR. GEM STRECK: (Ckay, and then if we go
on to the next slide, please, we're |ooking at a six
psi ZO and slightly different steam generator, but
agai n, you see the graphic of where it is, and you're
well beyond the bioshield, and you're actually
penetrating or touchi ng the outside of the contai nnment
wal | .

CHAI RMAN WALLI S: This is 100 pickup
trucks or sonet hing.

MR GEM STRECK: Many nore, yes.

MR. BUTLER. Dr. Wallis, | point out that
going from that first slide to this slide is the
i mpact of the 40 percent increase in the deflection
pressure that the staff was asking for.

MEMBER KRESS: Now, when you use this zone
of influence, do you include everything in the red

area?
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MR GEM STRECK: That's correct.

MEMBER KRESS: Even though the biois in
bet ween?

MR. GEM STRECK: No. We just use what's
wi thin the robust barriers.

MEMBER KRESS: (kay.

MR. GEM STRECK: It's only what's put in

t he robust barriers. Obviously we're not |ooking at

the wall, is a very robust barrier. We're not
assum ng that what's behind the wall is going to be
i mpact ed.

MEMBER KRESS: Ckay.

MR. GEM STRECK: And in the tabl e that was
presented yesterday --

CHAl RVAN WALLI'S:  This is even bigger.

MR. GEM STRECK: Yes. This goes uptothe
four psi, and you can see it's well beyond the
cont ai nnent .

CHAI RMVAN  WALLI S: Vell, I'm really
i npressed by the 36 pickup trucks. | don't really
need to have 5,000 pickup trucks.

(Laughter.)

CHAl RMVAN WALLI S: | mean, this really
hel ps, and it would help, I think, if when the staff

made presentations with all of this regul atory space
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stuff if they gave us sone reality pictures like this
so we could understand the scope of things and the
range of things.

MR. LATELLIER: May | ask a question to
clarify?

Tim in your graphic illustration of
debris loadings, did you limt your estimte to the
debris within in the conpartnent or are you giving us
i nformati on about the entire vol une of that red zone?

MR. GEM STRECK: The entire vol une of that
red zone.

MR. LATELLI ER Wi ch you're not actually
transporting to the screen. That's the distinction
that | wanted to nake.

MR BUTLER Wit a mnute. The entire
vol une i nside the red zone was 14, 000 cubic feet, and
using the transport nethods as described in Section 3
of the NEI guidelines, that reduced down to
approxi mately 5,150 cubic feet.

So what got to the sunp screen using the
basel i ne nethodology in Section 3 was 5,150 cubic
feet, which is a considerabl e amount of debris.

CHAIl RVAN WALLI S: Let's put that in
perspective. W were told that sone screens are 12

foot, 12 square feet. That's 500 feet thick debris on
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a screen. Sone of them have about 100 square feet.
that's 50 feet of debris?

MR, LATELLIER No, Dr. Wallis. M point
is could you please repeat those numbers including
only the debris within a conmpartnent because you are
t aki ng advantage of truncation of the spheres. So
your conparisonis alittle bit m sleading unl ess you
give us the information.

MR. GEM STRECK: No, it's whatever was
within the zone of influence that was on the piping,
t he st eam generat or

VR. LATELLI ER: Wthin the break
conpart nment ?

MR.  GEM STRECK: Wthin the break
conpartnent, yes.

MR. BUTLER: There's very little debris
out si de that.

CHAI RVAN WALLI S: If it gets onto the
screen, who cares about its --

MR BUTLER That's correct.

The other thing that was not included in
t he cal cul ation they did was the coatings debris that
woul d be generated. That is just fiberglass
i nsul ati on on piping.

CHAl RMAN WALLIS: | think if soneone had
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gi ven us an engi neering perspective startingwiththis
ki nd of stuff fromthe very begi nning, we m ght have
come up with a quite different solution to the
probl em

MEMBER KRESS: You can't build a screen
bi g enough to take care of that problem

MR. LATELLI ER: I'd like to remnd the
conmttee that this kind of information had been
briefed earlier in the staff's presentation of
revisions to Reg. Guide 182 where we did present
spatial volunes and also debris estimates in the
t housands of cubic feet.

CHAl RMAN WALLIS: Thisisirrel evant, what
was presented before. You're making your final case
for a SER and a guidance, and it has got to stand on
its own, and it had got to be clear and convinci ng.

And when we see pictures like this, |
t hi nk we have t o wonder how you can cal cul ate away t he
probl em

Do you have sone nore?

MR GEM STRECK: No. That's it, sir.

CHAI RVAN WALLI'S: Interesting stuff. Do
you have a sol ution?

MR.  GEM STRECK: W do have sone

sol utions, yes. W believe they have their
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al ternatives.

CHAI RVAN WALLI'S: It woul d be very good to
see the enbodinment of a possible solution which
foll owed the guidance, to see how these 36 pickup
trucks of stuff went somewhere el se and didn't cause
a probl emor sonehow or ot her were handl ed by t he sunp
in sonme suitable way or whatever

DR. PETRANGELO Dr. Wallis, early on we
had thought about potential for a pilot for the
gui dance, and | think the staff saw sone val ue i n t hat
al so, but there just wasn't enoughtine todoit given
t he current schedul e.

| seethis thing, and it sends shudders up
and down my spine because you pile all of these
conservatisns on top of each other through every
different aspect of the evaluation and you cone out
with an answer. | think Dr. Kress cane to the
concl usion that you can't build a screen big enough to
handl e that pl ant.

CHAI RVAN  WALLI S: Yeah, | think we
suggested that long ago in a letter that you ought to
consi der that there are better ways to keep the core
cool or there are alternative ways to keep the core
cool, which mght well solve the long-term cooling

probl em which the real issue is: can you keep the
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core cool, not how do you handl e 36 truckl oads of
stuff.

DR PETRANCELO. That's right.

CHAI RVAN WALLI'S: If it doesn't affect the
core cooling, who cares? |If it's just lying on the
fl oor somewhere, it's not going to affect the safety
of the reactor.

The probl emi s you' ve desi gned a systemto
sort of flowit to the place where it does a |ot of
damage to the --

DR. PETRANGELO  Well, and some of the
early discussions tal ked about trying not to get to
t hat point where you'rein recirculation for the nore
i kely events, and maybe that will cone | ater through
t he change to 50. 46.

| hope it does because that's the nore
risk significant part, and | think that's where we can
have t he nost safety benefits with a change to the --

CHAl RMVAN WALLIS: | think it woul d be very
good if we started the presentation to the full
commttee by saying this is the problem Nowthis is
the fix that's suggested by the guidance and the
staff's SER, and we could see if it seens credible or
not .

Then we get sonething to sort of set the
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stage for it all. OQherwise it all seenms to be going
on in a regulatory space, which sonetines gets a
little different fromwhat | would call engineering.

MR. JOHNSON: Just recall, DR Wallis that
it'snot thestaff'sfix. It's the staff's evaluation
of the industry's guidance to evaluate the probl em

CHAl RMAN WALLI S: But if it can't be
appliedrealistically and get an answer, it's usel ess.
| said that before. You can't go through the notions
of constructing sone fantasy | and. You've got to face
the reality of this thing that we see up on the
screen.

MR JOHNSON: Wll, | mean, there are
fixes that are, | think, envisioned by the industry
that aren't just putting in a |arger screen.

CHAI RVAN WALLIS: That's what 1'd loveto
hear about, but we don't have tinme to do it today. |
t hink the beautiful thing would be for sonme engineer
to cone in and say, "This is the problem This is how
it's fixed." That | would | ove to see, but we're not
going to get there today. W may not get there for
ten years, but | just would love to see it happen.

It's now noon. Does the public have
anything nore to say?

MR. FEIST: | did have one hopeful ly very
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bri ef conment on one of the exceptions.

CHAI RMAN WALLIS: Who is this?

MR FEIST: M name is Chuck Feist.

CHAIl RVAN WALLIS: 1'm sorry.

MR. FEI ST: Comanche Peak.

One of the expectations, | believe, is an
error and i nconsistent with the reg. guide. When the
staff took exception to the guidance on secondary
breaks, steamline breaks, they were citing the use of
GDC-4, MEB-3-1, and |icensing basis. Fifty, forty-six
wasn't acceptable, and we don't disagree with that.

However, secondary breaks don't involve
50.46. They only involve GDC-4. So, therefore, their
argunment that you can't use it was invalid.

In addition, they said that you may take
credit for dose consequences, which is also not true.
For secondary breaks you use the outside contai nnment
breaks which are bounding for dose anal ysis.

So the only purpose of the containnment
spray recircul ati on for secondary breaks i f for 50. 49,
for equi pment qualification, not 50.46. So the
gui dance in the NEI guidelines is consistent with the
words in the Reg. CGuide 182, but the SER is not.

CHAI RVAN WALLIS: | guess the staff wll

take note of that and do whatever is appropriate.
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PARTI CI PANT:  Yes.

CHAl RVAN WALLI S: Do we have another
speaker? Go ahead.

MR. KOSTELNI K: Dr. Wallis, Mark Kostel ni k
from Constel | ati on Energy.

| just wanted to clarify that and make
sure the comnmittee knew that at |east one conpany,
Constellation anyway, is interested in an active
system W need NRC support to help bring that to a
possibility.

l'm representing Calvert diffs and
Gunnet, and we'd like to have that option, but in

reality we have the schedule, and in ny situation, I'm
probably as big an advocate in getting this done in
2006 and seven as anybody because | have an extrenely
short outage in 2008 and nine. W're on a 24-nonth
cycle, and | will add two to $5 mllion to nmy project
if I can't get this done in 2006 and ' 07.

That ' s unaccept abl e econoni ¢ i npact on our
part. So we are doing everything we cantotry to get
this done in '"06 and '07, and I'm here to tell you
that we are in extrem s right now W cannot tolerate
anynore delay of this SER or any other technical

decisions from where we're at. We're going to be

maki ng decisions with nore risk than we want to take
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to try to neet ny schedul e anyway.

"1l be just one conmpany. | think there's
others out there that may be in ny shoes.

CHAI RVAN WALLIS: | find that also very
hel pful to put sone perspective on this problem

Anybody el se? We may open t he doors here
with these hearings.

(Laughter.)

MR. QAKLEY: M nane is Russ Cakley. 1'm
with Duke Energy, and |I'm a sunp engi neer at Cconee
Nucl ear Stati on.

We have sone issues with coating that's
going on. | don't know how much the ACRS i s aware of
it. | know some of the folks here fromthe NRC are.

| just wanted to make the point of
yest erday' s. There was sone discussion about
unqual i fied coatings, and it conveyed the i npression
to ne that many people in the roomhave the i npression
that it's a sinple thing to make your unqualified
coatings qualified, and that is an untrue statenent.

That i s an i nsurnount abl e obstacl e t hat we
couldn't financially acconplish. W would sol ve that
probl emal nost certainly with nore sunp screen area as
opposed to we are spending a half mllion dollars this

fall on our Unit 3 outage just to reconstitute about
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25,000 square feet, which is a relatively snal
fraction of the entire contai nnent, as you well know.

So the economic inpact of that is just
much | arger than | think was under st ood.

The other issue that | have a great
concern about is the downstream effects that were
di scussed and the postulated induction of metallic
fragnents into centrifugal punps.

| don't know what the answer to that is,
and | don't know that anybody in this roomdoes. |
can't pick up the phone can call ny punp manufact urer
and have any expectation that he's going to tell ne
that that's going to be okay, and | don't know that
there is a punp design where you could get a
manuf acturer to say that that's okay.

MEMBER SI EBER:  Yeah, there is.

MR. OAKLEY: That they can digest netallic
fragnents and that's okay to their punp?

MEMBER SI EBER: For a relatively short
period of tine.

MR, QAKLEY: Okay. Well, | mean, that's
a problem | nean, don't have relatively short
periods of tinme. If the punp fails, it fails directly
when you open it on, right?

MEMBER S| EBER: Yeah, but it typically
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conmpletes its mssion before it fails.

MR. QAKLEY: But thisis the screeninthe
first hour.

MEMBER S| EBER: That's right. Your punp
can run for days.

MR QAKLEY: Wth no effect?

CHAI RVAN WALLI S:  Anybody el se want to say
anyt hi ng now?

MR. OAKLEY: Ckay. |'d be interested in
heari ng where you are getting that information from
because | don't hear it from--

MEMBER SIEBER Go to the Internet and
| ook up Goul d's punps.

MR. QAKLEY: Could's punps?

MEMBER SI EBER  Yes, and that's just one
manuf act ur er. There's a bunch of them You know,
pi ck a punp, vertical de-draft punp.

CHAl RVAN WALLI S: It's not really a
question of time, isit? If the right piece of netal
gets in the right place it stops the punp, and it's
hard to track.

MEMBER SI EBER:  Yeah, but if it's harder
t han the punp face.

MR, QAKLEY: | just don't understand what

the NRC s expectation there is, | guess is all I'm
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sayi ng.

CHAI RMAN WALLI S: | think it would be
wonder ful to have a ki nd of workshop where we heard a
| ot of these things fromindustry. W don't have tine
for it, and | think that input is inportant because
thisisn't the place for it. W don't have the tine.
| think it is, however, very inmportant. | w sh we had
the tine.

W' ve got to go to lunch. Usually we go
around the table and get sone sort of input fromthe
menbers.

Oh, soneone wants to say sonethi ng nore?
| don't think we want to go back to technical issues.
W' re sort of at the summary stage now.

Al'l right. | think the question that |
have, and | certainly want to get input fromall the
nmenbers before the full comrmittee neeting because |
have to wite a letter if we go forward with this
t hi ng.

| just wonder if you all have advice for
t he staff about whether to go forward with this andif
they do go forward with it, what advice you have for
them to nake things easier for them at the full
comm ttee nmeeting, or anything el se you want to say.

Coul d you each take a minute to give sone
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i mpressions to the staff of howyou' re thinking about
t hi s?

MEMBER SI EBER:. | think over the | ast day
and a half we have pointed out in this neeting a
nunber of defects in the safety evaluation as it is
now witten, and | think that the staff needs to
correct those defects to make themtechni cally correct
before they issue the SE

On the other hand, | don't see, other than
t he chem cal effects work, which isn't done, | don't
see major problenms with the content of the guidance
docunent or the SE, with the possible exception that
| think that the equations that they are using are
sort of a reach fromthe standpoi nt of describing the
physi cal phenomenon that's taking place.

And of course, you do have t he bi g probl em
that the data that supports the algorithnms used in
t hose equati ons doesn't match the operating condition
of the plant, and strictly interpreted neans you can't
use the curves.

So that sonmehow or other has to be
rationalized in sone way. So those would be ny
conment s.

CHAl RVAN WALLI S: Peter.

MEMBER FORD: | have t hree questions | ask
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nyself. So I'll just give you the three questions if
| answer.

The first question was: have all of the
rel evant phenonena been addressed? The answer is no.
Chem cal effects hasn't been addressed, and we don't
know an inpact of that.

Second question is: are there signed
anal yses of rel evant phenonena confirned by experi nent
and pl ant experience? The answer is a qualified no,
the qualification primarily because of a lot of
uncertainties into the nodel inputs. W have been
told that on all of those nodel inputs we' ve got
conservati smhooked ontoit. There's a question about
how those conservatisns have been achieved, the 40
percent reduction, for instance on the destruction
pressure.

So, therefore, the analyses are neither
realistic, as was stated. They are presumably
boundi ng. The question | have is: are they over
boundi ng?

The third question is: how do these
uncertainties in nodel and nodel inputs affect the
resultant NPSH and its variation, the margi n between
the upper limt of the wvariation and the

manuf acturer's punp specification?
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That has not been done, and until that's
done, we have no way of assessing the risk associ ated
with this NEI GR and the NRR SER

The bottom line is | question the
usef ul ness of going ahead with the full ACRS neeting
until we have got sone of these uncertainty anal yses,
until we have gotten some idea of the chem cal
effects.

"Il wite this out in nore detai

CHAl RVAN WALLIS:  Vic?

MEMBER RANSOM Wel |, | focused mainly on
the jet behavior and debris generation part, and |
still feel there's considerable confusioninterns of
howto relate this zone of influence to the ANSI jet
nodel, and the ANSI jet nodel itself may have
probl ens.

And so | would say at a very m ninmm
t hese technical issues need to be cleared up. | f
you're going to use the ANSI nodel pressure as a
nmetric for danmage, then to unanbi guously rel ate that
to the danmage pressures for the insulations, and so
that's the main issue that |'ve dealt with, and | see
it as a fairly big unknown actually.

CHAl RVAN WALLI S:  Tom

MEMBER KRESS: well, if you use the
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nmet hodol ogy, | think nost of the plants will end up
with nore debris than you can filter out. So they're
going to have to rely on sone reduction in the
conservati sns.

| have no i dea how conservative the thing
is, and I'll have no idea on which's an acceptable
reduction in the conservati sm

The two killers for ne, three possibly
killers of this whole thing is the thin bed effect,
the downstream effects. I have no idea how to
i npl ement their guidance on the downstream effects,
and | don't know how the industry will inplenent it.

Pl us the chem cal possibility. | suspect
the tests that are being done to | ook at the chemi cal
effects will tell us alot and may be useful in howto
deal with the chem cal effects.

| don't know howyou're going to deal with
the thin bed effect. | think the latent debris in
practically every plant is enough to give you a thin
bed effect, and howyou can argue it away | don't know
unl ess you can prove that there is a filter design
that won't exhibit a thin bed effect.

' mvery hopeful that the use of the risk
i nfornmed approach will help on a lot of these things,

particul arly on the maxi rumanount of debris that gets
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there. | think sone refinenent inthe spherical nodel
has to be done in order for that to help though. |
just don't like the spherical zone of influence nodel
at all. 1 think it is way too conservative. | think
it can be changed.

So there's enough of these type of things
in the methodology in the SER that nakes nme wonder
whet her we ought to bring it beforethe full commttee
at all.

So | would prefer at this tinme just to
wait and hear some nore fromthe ongoi ng research and
nore fromthe industry. | think the stuff we got from
the industry, although brief as it was, was very
hel pful. So I'"'min favor at this tine of not even
bringing it before the full committee.

CHAI RVAN WALLI'S: M advice to the staff
woul d be you're not ready, and if you go ahead with
this for a whole host of reasons, nobody is going to
be happy. And | would | ove to nake peopl e happy.
don't quite see how anybody on any side of this is
goi ng to be happy because | don't see the GSI really
being resolved this way at this tine. They may just
appear as another GSI or sonething equivalent
afterwards.

And | would hate to wite a letter which
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has too many critical evaluations of either the staff
or the industry or any other actors, but that nay be
what ACRS has to do because the ACRS has to tell the
truth, and we cannot really mnce words.

W'll try to be nice about it, but if we
see sonet hing which is inportant which the Comm ssion
ought to consider, | think we have to say it, and if
we think that this is the state of things, it's our
judgnment; then we have to give that proper judgment to
the staff and the Conm ssion.

So I'ma little unhappy about staff's
deci sion to go ahead wi t h sonet hi ng whi ch may t urn out
not to do them as nuch good as they would |ike.

MEMBER KRESS: Anot her comment is |' mvery
synpat hetic with the gentl eman who' s tal ki ng about an
active screen. | think that m ght be a sol ution that
could --

CHAl RVAN WALLI'S:  Yeah, | would love to
see that. | don't know why we haven't explored it.
We're always in regulatory space trying to sort of
regul ate the problem away when it may well be that
it's an engi neering problemand if you |l ook at it that
way and figure out is it worth spendi ng so nuch noney
tofix this and you can figure out howto showthat it

works, that's the way to do it.
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MEMBER KRESS: And to fix his probl em of

he can't wait, | don't know if the staff could do
sonething |ike separate out active screens from al
this other stuff and nake sonme sort of judgnent on
what needs to be done just to approve an active
screen.

It would be very hel pful to sone of the
utilities.

CHAI RVAN WALLI S: Al of the guidance
seens to be the industry has to go away and do a | ot
of analyses of lots and lots and lots and lots and
lots of things. That doesn't offer to nme sort of a
view of the light at the end of the tunnel or sone
sort of an answer com ng out.

But, anyway, |'d welcone your input
bet ween now and when we neet agai n, and some of us or
maybe all of us probably would want to read sone of
this material we've heard about which mght help to
clarify sonme of the things we're uncertain about. It

may actually make us much happier by the tine or it

may not .
MEMBER SI EBER: It may go the other way.
CHAI RVAN WALLI S: Because sonetines
readi ng nore makes things worse. | can't predict

which way it will go.
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If we take a |unch break until one, then
we can start the next GSI discussions, and Vic Ransom
will assune the chair. | will be very relieved to get
out of it.

| very much appreciate all of your efforts
totry to explain things to us in the last day and a
hal f. Thank you all very nuch.

W wll now take a break until one
o' cl ock.

(Wher eupon, at 12:19 p. m, the neeti ng was
recessed for lunch, to reconvene at 1:00 p.m, the

sanme day.)
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AAF-T-EERNOON S-E-S-S1-ON
(1:02 p.m)

MEMBER RANSOM  This is the continuation
of the Thermal Hydraulics Subcomm ttee neeting andthe
subject today is GSI 185 control of recriticality
follow ng small break LOCA and PWRs. There have been
several neetings held on this in the past and | won't
go into all the background of this general safety
issue. As | understandit, the purpose of the neeting
today is to discuss a draft New Reg that was prepared
by RES and relative to the resolution of General
Safety |ssue 185, and generally for the conmittee to
reconmend whet her t he New Reg report shoul d be i ssued.
| mght just briefly state what some of the concerns
are. | think nost of them have been transmitted to
RES al ready but the overriding ones seemto be the
report |acked a unified approach. It wasn't really
apparent and the possibility of | oop seal cl earing was
not really mentioned in the report.

The m xi ng nodel, the technical basis and
validation didn't seemthat convincing, | guess, and
we'd like to hear nore about that. Sone of the
assunptions and justification maybe need to be shown
to be conservative and generally, | think the logic

for resolution of 185, while it was in the report, |
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think we'd like to hear a consistent review of that.
And there were nunerous suggestions for the report
i nprovenent. | don't think we're going to go through
those in the neeting today but they' ve been
transmtted, | think in separate comunications. So
with that, why don't we proceed wi th t he agenda whi ch,
Dr. Rosenthal, | think is scheduled to give an
overvi ew of cal cul ation strategy and fol | owed by Dave
Di anond on the cal cul ati on of the neutronics part of

the accident and then Professor di Marzio to di scuss

the mxing nodel, | would inagine and thernmnal
hydraulic cal cul ati ons. Wth that why don't we
pr oceed.

DR. ROSENTHAL: My nane i s Jack Rosent hal .
| " mthe Branch Chi ef of the Safety Margi ns and Syst ens
Anal ysis Branch in the Ofice of Research. |'mgoing
to gi ve an overvi ew and t hen Dave Di anond wi | | present
t he mat hemat i cs cal cul ati ons, Professor di Marzo m xi ng
and then Dave Bassette really will put it together.
We're going to present nmethods and then results, but
| want to spend a few m nutes on this.

We're presenting the results to a Thernal
Hydraulic Commttee but | consider this a fuel danage
i ssue. You know, will we darmage the fuel? And we're

using for fuel damage limts insights that we' ve
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received from experinmental work that we've done as
wel | as Japanese work, some French work and especial ly
French work and so that the fuel damage limts that
we're thinking of are really not only for fresh fuel
but al so for burnt fuel and woul d tend to be far bel ow
the current regulatory limts. So | think that
t here' s enough experi nental basis nowto be reasonably
wel | - f ounded.

Well, in order to calculate fuel damage
limts you have to cal cul ate the enthal py deposition
in the fuel. In order to do that you do reactor
kinetics calculations and we can really see the
fruition of the investnment that we nade inthe ability
to do 3-D space tinme kinetics cal cul ations succinct
frompoint kinetics calculations to do norerealistic
anal yses which is a conmission to be nore realistic.

O course, one can chal l enge howwel | have
you don't those cal cul ati ons. Between t he conpari sons
of the 3-D kinetics, the point kinetics typically us
versus B&Wand t hen agai nst the Bars Code of Russian
Wrk which is totally independent in terms of
m croscopi c cross sections, | think we could argue
that the reactivity -- the kinetics cal cul ations are
wel | - f ounded.

MEMBER RANSOM Jack, when you nention
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fuel damage, are you talking any fuel danmage or is
there sonme anmount of fuel damage that would be
consi dered acceptable, | guess?

DR. ROSENTHAL: ['mgoing to | oop around
all the way to the end, but what we're seeing is the
old nunber of 280 calories per gram is based on
nmelting the fuel and you get a vol unetric expansi on of
maybe 130 percent and then you woul d burst the cl ad.
Then you've got to consider hot material going out
into the water and then you' ve got to worry about are
you goi ng to have a fuel coolant interaction. Well,
the way to take that off the plate is to give yourself
sone assurance that you' re not goi ng to expel hot fuel
into the water in the first place.

And for brand newpristinefresh fuel, you
can argue that the 180 calories per gramis a good
nunber but for high burn-up fuel, a nunber nore |ike
of the order of 80, 100, 120 calories per gramis a
good nunber and there what |'mtal king about is you
know, not as a rate guide safety limt which we my
conme back to you on a year from now, we've already
witten a research information letter on it, but
rather for the purposes of this analysis that we can
argue that you don't fail the clad, then that's the

end of that -- that term nates the event, so that's
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the kind of nunbers that we should worry about and
we'll talk about the extent inalittle while.

Okay, so | think that ny fuel damage is
based on experinent is on reasonably good ground. M
reactor kinetics, there's been a fair nunber of
compari sons and some publications cane out, so |l think
the reactor kinetics is on good ground and | think
that the investnent that we nade is worthwhile and
we' |l use that same nodel. This is coupled RELAP but
that's the same COX code that's couple to tray so
that's worthwhile. So then you have to ask, okay, how
good are the boundary conditions to the reactor
ki netics code do you have and that is how nuch dil uted
water can you nove from soneplace in the primary
systemintothe core and that's the thermal hydraulics
part of the assessnent.

We're tal king about a LOCA -- oh, and on
t he thermal hydraulics part, | think that we have done
sufficiently conservative work that we can say that
we're realistically conservative and, of course,
that's the hurdle that we'll have to prove this
afternoon. In terns of the recriticality analysis,
for Westinghouse and combustion, we did punp restart
calculations. The size of the piping and the | oop

seal is just plain smaller than on a B&Wpl ant with,
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you know, the steam generated. So that we predict
that you don't go recritical with a pessim stic slug
and if you don't go recritical with a pessimstic
slug, | think we've dism ssed -- you know, that that
concl udes the i ssue for West hi nghouse and CE and what
ni ce about that is, | believeit's reasonably robust.
| can go up and | can pick the pipe and |
say that pipe is five, 10 tines smaller than the B&W
pi pe and see it and so that's robust and as | say,
we're not going to go recritical. For Franmat one,
things are nore difficult. The volune is largely --
t he amobunt of slugs that you can put into the coreis
| arger. Professor diMarzo will talk about the slug
formation but at | east for Westinghouse conbustion, |
t hi nk we have a robust case. Framatonme we're nore
reliant on our understandi ng of our analysis.

CHAl RVAN WALLI S:  And Fr amat one t hensel ves
had sone anal yses whi ch showed | ar ge anount s of ener gy
close to the new fuel.

DR. ROSENTHAL: Right, and they did that
with coin kinetic cals and with 3-D space tine
kinetics you' re going to get |ower nunbers.

CHAl RVAN WALLI' S:  But their nunbers, what
they submtted was actually not very good fromthe

point of view of fuel damage, | understand, the
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nunbers they cane up wth.

DR. ROSENTHAL: Right, not very good in
t he sense that you woul d danage fuel.

CHAI RVAN WALLI S:  You woul d damage f uel,
right, sowhy is it uptothe staff to show that they
didn't damage fuel if they al ready predictedthat they
di d?

DR. ROSENTHAL: It's whatever the nunber
is, let the truth prevail.

CHAl RVAN WALLI S:  Yeah, but it seens to ne
you're doing to work for them

MR. DUDLEY: Noel Dudley fromthe Ofice
of Research. Even B&Widentified the fact that they
woul d have core damage, they put a criteriain their
ener gency response procedure where they wouldinitiate
natural coolinginitially tomtigate that condition.

DR. ROSENTHAL: So nowl et me just expound
onthat alittle bit. For Framatone, we predict that
yes, you can go recritical and tal king to ny peers for
exanpl e, that run a PKL, they're concerned about goi ng
recritical and they had stopped. What's different in
this analysis is that we said, "Okay, if you do go
recritical, what will the excursion be and what w ||
t he ent hal py of fuel be and can the fuel take it? So

thisis considerably different fromwhat t he Europeans
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are doing in the sense of we're taking it to next
step, next step, next step.

Natural -- restart of natural circul ation
whi ch you can't help. 1t's going to happen whenever
the tenmperature is -- is much slower than if you
restart the reactor coolant punp. And what we are
predicting is that for restart of natural circul ation
t hat you woul d have an excursion and you're going to
hear alot nore about it, but it would be sufficiently
beni gn that you won't damage fuel. For restart of a
reactor coolant punp faster, the nopst recent
calculation -- | nean, the cal cul ations we've done
show t hat acceptabl e results but nore severe. It's a
faster transient. You'll get nunbers |ater.

CHAl RVAN WALLI'S: One woul d suspect it
woul d be the other way. You can have a slug which
never m xed and you slowy nove it into the core, it
takes noretine inthere. It would be worse transient
because you don't punp it through quickly.

DR. ROSENTHAL: Well, David and | were
t hi nking, you know, Doppl er, you're thinking
mlliseconds, right? Fuel rods, you're thinking --
t he newer rods are thinner, so but a nore traditional
nunber m ght be seven, ei ght seconds is a typical fuel

time constant with newer rods, maybe six seconds for
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a time constant and then the mass transport that
you're describing is nuch, nuch slower. There's
plenty of tine for the Doppler feedback to work.

CHAI RVAN WALLIS: Wth the punp or the
circulation, it's still nore tine.

DR. ROSENTHAL: Well, surely nore tine
with natural circulation.

CHAI RMAN WALLI S:  Yes, much nore tinmne.

DR. ROSENTHAL: So you woul d expect a nore
benign result because there's nore time for the
f eedbacks to take place. GCkay, so and I'll speed up
because |'ve gone over this somewhat. We did couple
thermal hydraulic neutronics calculations and |I'm
proud that we invested in the tools because now we
have the tools to actually deal with the issues.
You'll hear fromDr. di Marzo in his m xi ng nodel s and
slug formati on which | thought at a prior subcommttee
neeting you were confortable with

And then Dave w Il discuss systens
anal ysis and end results and okay. Conclusions, no
recriticality procedure in Westinghouse. | woul d
argue that that's a -- we should -- that ends it. B&W
a problembut | thinkit's alowconsequence event and
so that regulatory action isn't needed. |'msorry,

|l et me go back. Ckay, so now we've --
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CHAI RVAN WALLIS: Has this problem been

resolved in other countries?

DR ROSENTHAL: No.

CHAl RVAN WALLI S: So it's still wunder
study in Germany or places like that or France?

DR, ROSENTHAL: In Germany there's PKL
Experinents, that's an OECD project contributed by
several other countries. The focus of that work i s on
the fluid transport in PKL where, as | said, they
haven't taken these additional steps.

CHAl RVAN WALLI'S:  Well, we went to see
t hemseveral years ago. They had CFT cal cul ati ons of
the --

DR ROSENTHAL: O the fluid.

CHAl RVAN WALLI S:  Yeah.

DR ROSENTHAL: But not of the neutrons.

CHAI RMAN  WALLI S: And they haven't
resol ved the problemyet?

DR. ROSENTHAL: It's still being studied
and we are participants in the COECD project which
focused on the -- as | say on the fluid dynam cs and
i npacts. Ckay, it focuses on the fluid dynam cs.

In the -- what we're tal king about is a
reasonably | ow probability event. You have to have a

smal | break LOCA. You have to term nate that LOCA
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You have to have a -- I'msorry. You have a snal
break LOCA. You interrupt ECCSi njection and t hen you
regain that systemand there's a window. In terns of
criticality it's got to be reasonably early in the
fuel cycle or the problemat end of cycle is no boron
left. So it has to be early in the fuel cycle.

CHAI RVAN WALLI'S: So was we go t o power up
rates for PWR --

DR ROSENTHAL: The wi ndow woul d becone
bi gger, worse.

CHAI RVAN WALLI' S: -- you get nore boration
i n the beginning to counteract the higher reactivity,
there would be nore tinme when --

DR. ROSENTHAL: The rate of fraction with
cycle, yes.

MEMBER SI EBER: |t depends on whet her they
use sol ubl e boron --

DR. ROSENTHAL: Gadol i ni umor dysprosi um
or God knows what el se.

MEMBER SI EBER: Right, and so you can't
say for sure exactly what --

DR ROSENTHAL: The w ndow woul d be.

MEMBER SI EBER:  Ri ght.

MR. CARUSO You only | ooked at the | ower

| oop plants, not -- the raised | oop B&Wpl ants don't
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have that problemso -- this problem right?

DR. ROSENTHAL: W only |ooked at the
| ower .

CHAI RVAN  WALLI S: Because otherw se
they're up there and the water drains out and --

MR. CARUSO. Wl |, they don't have as nuch
vol une.

CHAI RVAN WALLIS: So it's a small nunber
of pl ants.

MR. CARUSO. Davis Bessieis araised]!|oop
plant, right?

DR, ROSENTHAL: Yes.

MR. CARUSO So this is an accident that
cannot occur at Davis Bessie, maybe the only one that
t hey can never experience in their lifetine.

DR. ROSENTHAL: Think in terms of cubic
nmet ers.

PARTI CI PANT: | would say that's correct
because Davis Bessie has a much smaller |oop seal.

MR. CARUSO You're sure there's no way
they can figure out a way to -- they're very creative
t here.

MR. BASSETTE: They'l|l figure out a way,
sure.

DR, ROSENTHAL: Okay, if you have 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

201

excursion then you have control rods in the reactor.
You're still at the reactivity excursion will -- if
t he maxi mum power occurs in a new fuel rod, then you

have -- then you're probably nore | i ke the 280 calorie

per gramlimt. |If the fuel pattern is such that the
maxi mum power ent hal py depositionis inthe -- is in
a high burn-up rod with -- conceivably could be, |

don't know what the rod patterns would be, sone tine
in the future, then you ought to use the |ower 80,
100, 120 calories per gramas a nmeasure.

CHAl RVAN WALLI'S: It doesn't matter what
the maximumis. It matters about whether or not the
new fuel has 280 and the old fuel has 80.

DR ROSENTHAL: Ri ght.

CHAl RVAN WALLI'S:  The new fuel woul d be
hotter than the old fuel and the old fuel is still at
risk. So it's not the hottest place that you worry
about .

DR.  ROSENTHAL: It's conmbined with --
right. That's the extent of it and al so we have an
extent of an axial limt, the extent axially of
damage, so that it's not the entire core that we're
tal ki ng about. We're tal ki ng about sone -- and you' | |
hear nore fromDave D anond on a |l imted extent of the

core radially and axially. The last thing is I'm
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tal ki ng about now an event in which |I have ECCS by
definition, okay. Soif | damage fuel, which we don't
think will happen, then it would occur in a system--
primary systemintegrity and ECCS as t he consequences,
we perceive, would be reasonably small.

Okay, the last thing is we think that the plant
with the problemis the B&WI ower | oop pl ant where t he
operators turn onthe reactor cool ant punps and that's
the very situationin whichoperating plant procedures
al ready exist. So when | put that together | can say
that | believe that the consequences of the event
woul d be reasonably small. Okay, so that's on the
techni cal stuff.

Now, just a couple of the admn --

CHAl RMVAN WALLI'S: Have you |l ook at from
the beginning of life to end of Ilife? Is the
begi nni ng the worse situation?

DR. ROSENTHAL: Right, Dave will --

CHAIl RVAN WALLIS: It's better as you go
on, | qguess.

DR. ROSENTHAL: Right, | nean, in the
limt, at end of cycle there's zero boron
concentration.

CHAI RVAN WALLI' S: Right, there's no boron.

DR. ROSENTHAL: So there's no i ssue. And
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t hen sonmewhere through the cycle it's an issue.

CHAl RVAN WALLI'S: Wl |, somewhere in the
cycle the control rods control. You don't need the
bor on.

DR ROSENTHAL: In PWR --

CHAI RVAN WALLI S: You really need the
boron for about half the cycle or sonething, whatever
it is.

DR. ROSENTHAL: In a PWRthe rule of thunb
is that half the reactivity is held dowmn by the rods
and about half by the solid boron --

CHAl RVAN WALLI S: At the begi nning.

DR, ROSENTHAL: -- at the beginning of
cycle. And you can -- even at the beginning of the
cycle, you can to down to like three, 400 F on rods
al one. Okay, now, I'mvirtually done. So we make
t hese presentations to the subcommttee and | think
t hat we were reasonably persuasive technical ly but we
had not witten up a conprehensive story. Do Dave
Bassette wote the new one which we provided in draft

form Your comments are wel | -taken. Dave's attenpted

to address or fix comments, issues. Marino is
prepared to speak. | nean, everybody is prepared to
speak to the issue but it was -- thank you. [''m
sorry.
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CHAI RMAN WALLI S: s a new draft

avai | abl e?

DR. ROSENTHAL: | did not produce a new
draft. And the -- and the reason is that | didn't
want to reset the clock on the process. | nean, we
can provi de you what we've witten.

MEMBER SIEBER: Is it on the website?

DR ROSENTHAL: Excuse ne. [It's not on
the website yet. [It's not published. Now, how you
want to handle -- | nmean, we can di scuss how you want
to handle Dave's rewites of sections is fine. I
didn't want to i ntroduce new material because as soon
as | introduce newtechnical material, then | think I
owe the committee, you know, a full time span to
reviewtechnical material for editorial clarifications
or nmovi ng sonme of the material fromthe main body to
appendi x, et cetera.

CHAI RVAN WALLIS: Well, | think you could
certainly -- whether it's new material or not, you
could certainly clarify sone of the assunpti ons about
m xi ng and the verification of those assunptions by
testing and perhaps a sensitivity to some of those
assunptions in a clearer way than we saw before.

DR. ROSENTHAL: Right, and diMarzo is

noddi ng hi s head up and down behi nd you that we think
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that we've done that, so I'mgoing to get out of the
way so you can hear technical talk. But in terns of
resol ving the i ssue, | think we have a -- you know, as
di stinct fromhow well is this report witten, that
we' ve now amassed all the information in one place.

CHAI RVAN WALLI S: Is this going to the
full commttee in a week, two weeks?

PARTI Cl PANT:  Yes.

CHAl RVAN WALLI'S: Well, how can we do it
if you don't have a final document?

DR. ROSENTHAL: Well, we've given you the

report.

CHAI RVAN WALLI S:  You' ve gi ven us the new
report?

DR. ROSENTHAL: No, we've given you a
report --

CHAI RVAN WALLIS: Well, that's not good
enough.

DR. ROSENTHAL: -- that contains all of
the information. |I'msorry, |I'm beginning to sound

argunentative, so | apol ogi ze.

CHAI RMAN WALLIS: So you want us to make
a deci sion based on --

DR. ROSENTHAL: On what we've given you

CHAl RVAN WALLI'S:  -- an unnodified report.
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DR ROSENTHAL: Right.

CHAI RVAN WALLI S:  Have you carte bl anched
it and nodified it any way you like? W usually like
to review the final thing, then we know what we've
done.

MEMBER KRESS:: Except if he's right and
all he's doing is nmaking editorial changes.

CHAI RVAN  WALLI S: If it's editorial
changes, but if it's sonething significant --

DR. ROSENTHAL: No, then you're right and

that's what |'m saying that we'd have to reset the

cl ock.

CHAI RVAN WALLI S: It's just editorial
changes.

MEMBER KRESS:: Reset what cl ock?

DR. ROSENTHAL: If | introduce -- in ny
owmn mnd, if |I introduced new technical materials
which altered this -- the technical substance of the

report, then | ought to resubmt that to you let a
coupl e of nonths go by and neet again with you. |If
the technical naterial is as we said and we're just
clarifying or noving text, et cetera, around, as an
editorial exercise, but not for the purpose of
changi ng the concl usions or the technical substance,

then we can do that.
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MEMBER RANSOM Wl |, the one thing that

seened i nadequate in the report was the di scussi on of
t he m xi ng nodel and what it was, howit was used, you
know, in the calculations and w thout that being
clarified, | don't see howyou coul d pass that report
because it is not convincing the way it is.

DR. ROSENTHAL: Let's -- why don't we
proceed i f that's okay, get sone substance up here and
then figure out what to do?

CHAI RVAN WALLI S You nmean, you gave us no
subst ance, Jack.

DR. ROSENTHAL: Now, comes the heavy --
no, | consider that an overview, but | hope --

MEMBER KRESS: : Jack, that was one of the
better overviews we've had.

CHAl RVAN WALLI'S:  Yes, | think it was.

MEMBER KRESS: : Now, are you a refined

di anond or a dianond in the rough?

MR. DI AMOND: In the rough. Good
af ternoon, gentl enen. I'"'m David Dianond from
Brookhaven National Laboratory and |I'm going to

expl ain to you howthe anal ysis of the boron dilution
transient was carried out using reactor analysis
capability that has been devel oped by RES. Let ne --

before | tell you exactly what |' mgoing to be doing,
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l et me just acknow edge ny co-workers at Brookhaven,
the people at Purdue who work on -- the people at
Pur due who devel oped t he code and who provi de support
to us on an alnost daily basis as we apply the code.
Peopl e at Penn State, | want to acknow edge, they've
provi ded the cross section data that we used in this
study and of course, ny colleagues at the NRC

MEMBER SI EBER:  The cross sections that
were provided, are they different that the ENDFB?

MR. DI AMOND: They' re based on t he ENDFB

MEMBER SI EBER: Ckay, so what's speci al
about then?

MR. DI AMOND: They' re processed down to --
as a matter of fact 1'Il explain that a little bit
this afternoon and hopefully, you'll be able to see
how they different. ENDFB are a very fundanental set
of data which has to be processed in the context of
the reactor that you're using it for.

MEMBER SI EBER:  That's right.

MR. DIAMOND: So you have to take into
account the energy spectrumin the reactor and the
spaci al distribution within the reactor in order to
reduce --

MEMBER SI EBER:  That's right.

MR. DI AMOND: Ckay, and I'Il explain this
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inalittle bit nore detail nonentarily.

MEMBER SI EBER:  All right.

VR. DI AMOND: As a matter of fact, |'m
going to spend very little tine talking about the
obj ectives of the study. Most of the time | wll
spend tal ki ng about the reactor anal ysis nethodol ogy
whi ch does involve generating cross sections. So
pl ease ask sonme nore questions at that time. [|'Il
spend a little bit of tinme tal king about the results
of the transient analysis that we did. | also want to
say a little bit about the fuel cycle and the
potential for boron dilution. You just started to
bring that subject up as Jack was finishing his tal k.
So I'll say sonething about that. That's ki nd of
i ndependent of PARCS relap but | think it m ght be of
interest to you and then I have sone concl usi ons t hat
|'"d like to state and | guess |'mgoing to have news
i nstead of bullets throughout. | hope |I don't have
any ot her surprises.

MEMBER SI EBER:  You'll find out.

VR. DI AMOND: Yeah. So our objective,
that is at Brookhaven, our objective was rather
strai ghtforward, to understand the consequences of a
boron dilution event as defined in GSI 185 and as Jack

just described. And what that neans is to provide
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determ ni stic calcul ations of the peak fuel enthal py
or the --

CHAIl RMAN WALLIS: O -- go ahead.

VR. DI AMOND: -- or equivalently, the
energy deposited into the fuel as a result of this
power exertion that can potentially happen --

CHAI RVAN WALLI S: | don't wunderstand
ent hal py being the vari abl e. You' re putting energy
in and it's not doing work. There's no flow. \Wy
does PV appear in --

VMR. DI AMOND: Okay, because generally,
when people talk about fuel behavi or, t hey
characterize whether or not you're going to have
damage accordi ng to what the i ncrease in fuel enthal py
isinthe pellet. This is for the type of transient
i n which you have a paracooling msmatch as a result
of having a rapid power excursion. Obviously, if you
had a paracooling msmatch caused by a decrease in
cool ant, and you had an increase in clad tenperature
as a result of that type of msmatch, then you
characterize the fuel damage according to DNB or
critical heat --

MEMBER KRESS:: | think you'll find out
that the enthalpy is CPT in this case.

CHAI RMAN WALLIS: So it --
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MEMBER KRESS:: So it doesn't --

CHAI RVAN WALLIS: It doesn't vary, it's
just the same as energy, internal energy.

MEMBER KRESS:: Yeah.

MR DIAMOND: Ch, it is. It is. That's
what we're tal ki ng about energy deposition, right.

CHAI RVAN WALLIS: So we won't get into
whet her or not enthalpy is the right word. W know
what you nean.

MEMBER KRESS:: Well, not maybe later if
you're going to calculate that gets done by the
expansi on.

CHAI RVAN WALLI S: This is the kind of
t hing that you ask at a doctoral examto find out if
the fundanental thernodynam cs are correct. I
under st and what you nean. | "' mnot going to quibble
but 1' mnot sure why you use ent hal py as the vari abl e.
That' s okay.

MEMBER SIEBER: It's traditional.

MR. DIAMOND: It's traditional and that's
as good a reason as any.

MEMBER KRESS: : And there's no reason not
to because it is just CPT.

CHAI RVAN WALLI S: See, you put the energy
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MR. DI AMOND: Correct.

CHAI RVAN WALLI'S: And it goes into energy
of the fuel also pushing back the surroundings.

Pushi ng back the surroundings is the PV part but that

doesn't stay in the fuel. It's gone out, it's been
gone, so it's really energy presumably but |'m not
going to qui bble about it. I1t's gone.

MR DIAMOND: It could be Jules, it could
be -- you know, it's energy. And as | say, because
the fuel damage limts are given in terns of the
increase in fuel enthalpy rather than Jules or
somet hi ng el se, that's the paraneter that we cal cul ate
and we define it as the average over the pellet.

CHAI RVAN WALLIS: Truly the tenperature
you care about.

MR. DIAMOND: It's the tenperature. It's
exactly the sanme thing that the parlance that we use
is fuel enthal py but you' re absolutely right.

CHAI RVAN WALLI S: Ent hal py never hurt
anybody but tenperature did.

MEMBER RANSOM Howis it depositedinthe
fuel nodel itself, you know, which has an energy
source term basically throughout the radius of the
pel l et and t hen conductionis -- thereis a conduction

nodel and out through the clad and so on.
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MR DI AMOND: Yes.

MEMBER RANSOM You say this is the
aver age.

MR. DIAMOND: It's the average ent hal py.
The energy i s deposi ted naki ng an assunpti on about its
radi al distribution across the pellet.

MEMBER RANSOM Is it uniformthen?

MR. DI AMOND: Yes, the assunption that we
make is that it is uniform However, we have done
paranmetric studies to |l ook at the effect of havingthe
ener gy deposition peaked towards the periphery of the
pel l et where -- as it is truly.

MEMBER SI EBER: That's just an artifact of
t he way you nodel ed it because you can actual | y nodel
the pellet as --

MR. DI AMOND: No, we could nodel it and we
have nodeled it.

MEMBER SI EBER:  Yes, right.

MR DIAMOND: And as | say, this is --

MEMBER KRESS: : It probably doesn't matter
much because when you devel op the acceptance criteria
that 80 through 100 sone calories per gram it's
cal cul ated this way and so you know, it washes out in
t he acceptance criteria.

MEMBER SIEBER: |If that's the benchnark,
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t hen you need to cal cul ate based on the benchmark.

MEMBER KRESS: :  You need to cal cul ate --
the way you do it, do the calculation to get the
actual damage state.

MR. DIAMOND: Right, and so you have to
calculate the pellet radial average. Whet her you
assune that the energy deposition in the pellet is
uni formor is peaked towards the edge is i s sonething
that we | ook at interns of paranmetric studies that we
do and it's not an inportant effect here.

CHAI RVAN WALLI'S: Wbul d this apply to MOX
field?

MR DIAMOND: It applies to any field.

CHAI RVAN WALLI S: MOX field which had
pl ut oni um not mxed in very well?

MEMBER KRESS: : There's sone question
about that but there's sone research going on.

MEMBER SI EBER  Well, there's sone self-
shiel ding that goes on. You can nodel that but nost
people don't. They just |ook at the overall --

MR. DI AMOND: The limts on fuel enthal py
were of course, derived for --

MEMBER SI EBER:  Urani um fuel .

MR. DI AMOND: -- yeah, for uranium fuel

and for burned -- you know, it's supposed to be
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applicabl e to burned fuel but obviously, not to MOX

CHAl RVAN WALLI' S:  The problemw th MOXis
if the plutoniumisn't mxed thoroughly in, you get
regions where it's different.

MR. DI AMOND: Sure, yeah. kay, so this
is what our objective is, to calculate the fuel
ent hal py throughout the core and, of course, we do
different parametric studies to determ ne the effect
of assunptions, one of which | just nentioned, nanely
the way the energy is deposited within the pellet.
Okay, flowrate i s anot her exanpl e of a paraneter that
we've |ooked at in the past, and of course, we've
| ooked at di fferent paraneters which descri be the sl ug
and al so describe the reactor.

MR. TRAI FORCS: Let ne ask you, David, did
you bottomup for resolution of this issue or top to
botton? | nmean the way |I'mtrying to say, have you
| ooked at all the slugs for a duration and the size
and concentration to see what kind of -- in the space
of duration of the -- | nmean the velocity of the flow
rate and concentration and the size basically?

MR. DI AMOND: We've | ooked at a vari ety of
cases sufficient in our mnds to give us an idea t hat
we understand what's going on given the boundary

condi ti ons.
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MR TRAI FORCS: So this statenment that

flow rate, lower flourate would be | ess severity to
clad is true?

MR DI AMOND: Yes, and --

MR. TRAI FORCS: Under all -- independent
of concentration?

MR DIAMOND: It's not totally i ndependent
of concentration but --

MR. TRAIFOROCS: Do they have a kind of
rel ationship --

MR. DI AMOND: Yes, but for the cases that
"' m going to show here, the answer is yes, that the
flow rate is key because as | wll show you -- why
don't | wait until | showthemto you? Ckay?

So |l et nme continue by digressingalittle
bit because |I'mgoing tal k now about the mnethodol ogy
whi ch has been devel oped by RES and just to give you
an appreci ation of the tools that we're using. And of
course, that nethodology is the coupling of RELAP 5
with PARCS and you're all intimately famliar with
RELAP 5. I'mnot going to say nuch about it but I
wi || tal k about PARCS whi ch, of course, cal cul ates the
neutron kinetics and hence, the pellet distribution
t hroughout the core as a function of tine.

CHAI RVAN WALLIS:  Well, RELAP |unps the
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core into certain regions, does it?

MR DI AMOND:  Yes.

CHAl RVAN WALLI S: But PARCS | ooks at
everyt hing, individual channels?

MR. DI AMOND: Yes, and PARCS | ooks at
everything as | will showyou and RELAP nodel s t her nal
hydraulic channels but it nodels nultiple thermal
hydraulic channels so that you can have a thermal

hydraul i c channel for each fuel assenbly and that's

how t he --

CHAl RVAN WALLI'S: So you' re actual |y goi ng
down to that detail, your nodeling each fuel assenbly
i n RELAP?

MR. DI AMOND: Yes, and |' Il showyou t hat.

CHAl RVAN WALLI S:  Ckay, thank you.

MR. DI AMOND: | have a list here of
capabilities in the code which | amnot going to talk
about. I'mnot even going toread this Iist but I put
it in your package there so you know that PARCS is
even nore sophisticated than what |'m going to
descri be to you. So these are not relevant to the
study today but if at sone other tinme, you want ed nore
i nformati on about those capabilities, we could talk
further.

So what | have to dois | have to tell you
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a little about the theoretical nopdels in PARCS, a
little bit about the cross section data and other
nucl ear data which goes into PARCS because this is
just as inmportant as the theoretical nodels. And
t hen, of course, the description of thereactor within
PARCS i s al so equal |y i mportant and | mgoi ng to t ouch
on all three of those things. So let ne start with
fundanental s. The equations that are sol ved i n PARCS
or the neutron bal ance equations for two neutron
ener gy groups and t hose neutron bal ance equations are
based on di ffusion theory which has been found to be
valid for oh so many | i ght water reactor core anal ysis
probl ens.

Di f f usi on approxi mati on, which you're all
famliar with, allows you to sinplify the Boatsman
equation down to the diffusion equation but for
kinetics in addition to that neutron bal ance for the
two neutron energy groups, you have to have the
neutron precursor groups and there are six of those
and so there are additional equations which couple to
t he neutron bal ance equati ons. And that all ows youto
solve for the flux in each of two energy groups, so G
equal 1 and 2 here. Andthat's a flux that's based on
Cartesian geonetry so it's a function of X, Y and Z,

and of course, it's a time dependent sol ution.
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PARCS has the ability to look at full

core, half core, different symmetri es which nakes it
useful. And it has the ability to | ook at different
boundary conditions at the outside of your solution
space. But, of course, what's nost inportant is that
you pick the boundary condition which gives you the
correct solution in the fueled part of the reactor
because as | wll show you, you actually nodel not
only the fuel part of the reactor, but the reflector
regi on adjacent to the reactor.

And t hen what it requires are honogeni zed
assenbly properties and ' mgoing to say alittle bit
nore about --

MEMBER RANSOM Are t here any
conservatisnms in the analysis or should this be
considered a realistic anal ysis?

MR. DIAMOND: It should be considered a
realistic analysis based on the limtations of the
nodel , yeah.

MEMBER S| EBER:  So what you' ve prescri bed
so far is like a PDQr.

MR. DI AMOND: Exactly.

MEMBER SI EBER:  Kind of cal cul ati ons.

MR. DI AMOND: Sure. So here is a plainer

view of a core and you see that it's napped into
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boxes. Each box is a fuel assenbly except that the
yel | ow boxes represent regions of the reflector. And
there is a whole bunch of stuff in those reflector
regi ons; steel, water, and the sane is true at the top
and the bottom You're going to have reflectors. So
each of these boxes is a fuel assenbly and the fuel
assenbly consists of many fuel rods. Wat we have in
t he PARCS representation is a honogeni zati on of these
fuel rods, so you no |onger have this hetrogeni ous
structure but rather the structure has somehow been
honogeni zed and 1'l| explain that.

MEMBER RANSOM  So you have |i ke a single
rod but it's nmultiplied by the nunber of rods that you
have in the systemin ternms of energy?

MR. DIAMOND: No, it's nore conpl ex than
t hat because t he bundl e i s not necessarily a repeating
array of signal rods. It depends on what the bundle
| ooks |ike and you can inagi ne VAR bundl es are, of
course, nore conplex than PWR bundl es but even a PWR
bundl e has different things in there. It may have
uni formenri chnent across here but over here t here may
be a control rod and in the center there nay be a
guide to, just for an instrunentation tube, so it's
not a repeating array. |It's a conplex hetrogeni ous

assenbl y. Nevert hel ess, it goes through a process
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which allows you to describe it wusing uniform
properties.

MEMBER SI EBER: Do you have the burn-up
gradient built into that honogeni zed cel |l ?

MR. DI AMOND: Yes, that burn-up gradient
will be represented at this | evel but when you do the
honogeni zation, it di sappears because the properties
are uniform everywhere in this honogenized fuel
assenbly and that's what goes into the PARCS
cal cul ati on.

MEMBER SI EBER:  So you actually can't find
the hot rod. You find that average assenbly power
whi ch i s an under-estinmate of whether you' re going to
get damage or not.

MR. DI AMOND: Actually, there is a
dehonogeni zation process that you can get to go
through and that's represented over here. Thi s
dehonogeni zati on process al | ows you to reconstruct the
detail power pin by pin --

MEMBER SI EBER:  So |' myour strai ght man,
right?

MR, DIAMOND: Yes. But --

MEMBER S| EBER: Why do they go to that
trouble? Wy don't they just carry it through like

the old fashi oned color --
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VMR DI AMOND: Ch, the old fashioned

because there's a big savings here.

MEMBER SI EBER:  You can do this on a PC |
take it.

MR. DI AMOND: Yeah, instead of 17 by 17 is
what 300 additional --

MEMBER SI EBER:  Ri ght.

MR. DI AMOND: -- pieces that you have to
keep track of. It makes the conputation difficult.
One day it will be done that way, but we're not there
yet.

MEMBER SI EBER.  Ckay.

MR. DI AMOND: And |I'mtal ki ng about even
for research tools, not just for production tools.

MEMBER SI EBER: Right. So thereis -- how
nmuch accuracy do you | ose t hr ough t he
honogeni zat i on/ dehonogeni zati on process because the
reason why you do that is to run it on a PC

MR. DIAMOND: Let's put it this way; you
are not -- for the case of interest today, the boron
dilution event, you're not sacrificing anything in
here because we're not interested --

MEMBER SIEBER: It's all relative.

MR. DI AMOND: Yeah, we're not interested

in such precision for this analysis that we need --
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MEMBER SI EBER:  You're actually | ooking

for the delta in enthal py as opposed to the absol ute
val ue.

MR. DI AMOND: Yeah.

MEMBER S| EBER: So you require less
precision to find the delta than you do that absol ute
val ue, in ny view because all these anonalies sort of
cancel out.

MR. DI AMOND: Yeah. No, all I'msayingis
though is that if the peaking factor across here is
you know, plus or -- you know, it's 1.2 plus or mnus
.2, that's within the accuracy of this cal cul ati on, so
| don't care.

MEMBER SI EBER:  Ckay, all right.

MEMBER RANSOM  Davi d, what | was aski ng
you earlier, | guess, how many rods are explicitly
nodel ed i n terns of conducti on, energy generati on, you
know, in this honbgeni zed nodel ?

MR. DI AMOND: kay, so there woul d be one
in the RELAP nodel .

MEMBER RANSOM  One.

MR. DI AMOND: There woul d be one average
rod nodeled for this fuel assenbly.

MEMBER RANSOM  Ckay.

MR. DI AMOND: Ckay, so nowl et ne get into
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t he cross section nodeling, which, as | said, is quite
inmportant. And first, |I just want to give you an i dea
of the conplexity. Wen we say we need cross section
sigma, well, what do we nmean by that? Actually, for
t he two-group equations there are nine cross section
types that need to be supplied to sol ve those neutron
bal ance equations. They need to be supplied at each
mesh at which the diffusion equation is being sol ved,
each nesh or each what we call fuel conposition. So
you need cross sections which represent the -- are
related to the absorption rate. They're related to
neutron transport and that's equivalent tothinkingin
terms of a diffusion coefficient.

You need things that tell you sonething
about the rate at which neutrons are produced, that's
Nu fission, the rate at which energy is generated,
that's Kappa fission. Kappais the energy for fission
and you need information about the scattering from
group 1, the fast group, down to group 2, the therma
group. So sigma nust be known for each nesh and
hence, it depends on the fuel type in that nesh and it
depends on the effect of burn-up. Now this is
i nportant because what you have initially is you have
a fuel rod that's got U235, it's got U238, it's got

some oxygen, but bam you put it inthere and after a
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day, you' ve got a dozen actinides inthere, you ve got
100 fission products and how do you keep track of
t hat .

And t he way i n whi ch we keep track of that
is to characterize burn-up wth very sinple
paraneters. The nost sinple paraneter is just the
exposure in ternms of gigawatt days per ton. That
tells you how nuch energy has been generated, that
tells you how many fissions there are, but that's not
sufficient because if those -- if that energy has been
generated in a neutron energy spectrumthat is nore
towards thermal energies or nore towards fast
energies, that makes a difference. And so we
i ntroduce a second paraneter to characterize the burn-
up which has to do with the spectral history and for
PWR that's convenient to choose that as noderator
density history.

And that says, ah, the fuel is burned at
the top of the core where the density is | ess than the
fuel that was burned at the bottom of the core.

VMEMBER RANSOM David, | don't want to
mnimze this part of the analysis but | think this
part was the part that was nost understood, trusted
and consequently there were not as many, | think

doubts or questions about this, so you can probably go
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alittle bit quicker and --

MR. DI AMOND: Ckay, sure.

MEMBER RANSOM - - unl ess sonebody real |y
has a concern with this.

MR. DI AMOND: Okay, | didn't want to get
up and | ecture, but, you know, it was felt that this
m ght be of interest, so let ne skip the --

VEMBER RANSOM I think the particular
aspects that we'd like to know about is howis this
patched into the rest of the anal ysis and are there --
what are the concerns there.

MR. DI AMOND: Ckay, and so even this m ght
be alittle bit peripheral so let me just continue.

MEMBER S| EBER: Wel |, the neutronics part
is just one elenment of the whole problem

MR. DI AMOND: Right, right. So okay, so
let's pretend we' ve gotten athorough under st andi ng of
thisand I'll say alittle bit nore about the reactor
nodel . | just wanted to show one graphi ¢ whi ch woul d
show you an application of this because it shows what
PARCS is able to do and what |'mgoing to show you is
a calculation of a steamline break and |'"mgoing to
show you the power as a function of radial position.
So this is average radial power during a steamline

break where first the primary circuit starts to cool
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Then you get control rods entering.

You get ECCS entering. Thereactor starts
to shut down but it's still being cool ed by t he broken
steam line, so the power starts to conme up again.
It's assumed that the cold water is comng in, in one
guadrant and in this case it's assuned that there's a
stuck rod in that quadrant. But this just can give
you an idea of the result of a calculation

And, of course, this is a visual that's
nice for --

MEMBER RANSOM Wl |, this is over tinme as
t he action progresses.

MR. DI AMOND: Yes, it's over tinme. It
gives you general information. Obvi ously, the
information that you really want out of the code is
something nore specific like you know, how many
calories per gramin that -- well, nmaybe not in this
case, but you know, what's the fuel tenperature here
or the noderator tenperature or whatever.

CHAI RVAN  WALLI S: What's the scale
vertically?

MR. DIAMOND: This isrelative power where
one i s nom nal power.

MEMBER S| EBER: That's 100 percent power.

MR DI AMOND:  Yes.
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MEMBER RANSOM  Can you show us one of

t hose for the boron dilution accident?

MR. DIAMOND: No, |I'msorry, | don't have
that. Jack eluded to the fact that PARCS has had a
| ot of validation. There's a list here of different
benchmar ks and t hese benchmar ks have been done in the
past . I wll say that the wvalidation process
continues to this day with other benchmarks, both
nunerical and experinental .

kay, let's get to the scenario of
interest. Wat we want to tal k about i s what happens
when you have either restart of natural circul ation or
an operator m stake when he restarts the punp. Slug
flows into the core. That's a reactivity insertion
and the question is, do we get fuel damage. So here's
our | owered | oop B&Wdesi gn and for the cal cul ati ons
that we're going to do, we're not nodeling this entire
system W're going to nodel what goes on here inthe
core. And so the RELAP nodel has a series of
paral | el , one-di mensi onal nodels. These are -- excuse
me, thermal hydraulic channels, these parallel thernal
hydraul i c channel s, each one of them represents an
assenbl y.

And we al so nodel the inlet plenumand t he

outl et plenum
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MEMBER RANSOM How many parallel

channel s?

MR. DI AMOND: There are 29 in the core and
one for a by-pass region and the reason that we can --
we do t ake advant age of t he one-eighth symetry inthe
reactor. That's the reason there are 29 rather than
177 thermal hydraulic channels.

MEMBER RANSOM So you won't be -- this
assunes that all the steamgenerators are behaving t he
same, | guess, right, in terns of boron?

MR. DI AMOND: No. One steamgenerator is
initiating this event but we're assum ng sufficient
m xi ng so that the distribution across the --

MEMBER RANSOM  The core is uniform

MR DIAMOND: -- core inlet in uniform

CHAl RMVAN  WALLI S: Isn'"t that a big
assunption? If you have -- boron cones i n one si de of
this, goes down a --

MR DIAMOND: It is an assunption but --

CHAI RVAN WALLI S: It's supposed to mx
uniformy right across the |ower plenunf?

MR. DI AMOND: Yeah, we're goingto di scuss
this at length and I don't know whet her Marino wants
to say sonething now or |ater.

CHAI RVAN WALLIS: Well, the report seens
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to just assune it happens.

MEMBER SI EBER: That it m xes.

MR. DUDLEY: This is Noah Dudley fromthe
O fice of Research. That is sonething that Professor
di Marzo will go into in his presentation of the slug
formation.

CHAI RVAN WALLI'S: Did this happen first
because you wanted to have an eighth of a core and
di Marzo was asked to justify it?

MEMBER SIEBER: Wl |, | think alot of the
m xing has to do with whether it's force punping or
natural circul ation

CHAl RMVAN WALLI'S: No, but did you assune
m Xxi ng because t hat was t he easi est way to anal yze t he
core or because it was really therealistic assunption
because --

MR. DI AMOND: The realistic assunption

CHAI RMVAN WALLI'S: -- if youdidn't m x the
| ower plenum you'd have to analyze the whole core
presumabl y.

MR. DI AMOND: No, actually in the parts
nodel , we actually nodel 177 fuel assenbli es.

CHAI RVAN WALLIS: So there would be no
problem for you to do that.

MR. DI AMOND: So we actually do an
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aver agi ng of eight assenblies to get the input to the
RELAP t herrmal hydraulic channel. So we coul d have --
albeit it would certainly make it nore conputati onal
i ntensive but that was not our intent.

CHAI RVAN WALLI' S:  So di Marzo has evi dence
that if you put cool water on one of the hot |egs,
uni f or mbl ue wat er woul d get into the core everywhere?

PROF. di MARZO No, what we basically did
is that the input boundary condition that we supply
for code is bounding all the evidence that we have
from CFD cal cul ati ons.

CHAI RVAN WALLI S: The worst case is to put
the slug right across the whole core.

PROF. di MARZO No, you'll see what we
put. 1'Il show you in detail when | cone up.

CHAI RVAN WALLI'S:  You did the bounding.
And you show what happened if the slug only came in
one-half of the core?

PROF. di MARZO No, I'Ill show you where
t he slug goes and how nuch you got and then what we
did --

CHAI RVAN WALLI'S:  You said bounding. |
just wondered if you --

PROF. di MARZO You'll see what | nean

because we have a distribution of concentrati ons and
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you'll see where the curve that we feed on this.
MEMBER RANSOM  Wel |, Dave showed that
steam |l ine break which clearly showed an isonetric
behavior in terms of the cold water comng into the
core.
MEMBER Sl EBER: No, no, no. That was
because of the stuck rod.

MEMBER RANSOM Was it assuned t hat way or

MEMBER SI EBER: Wl |, there was an assuned
stuck rod which gave you the peak in one quadrant.

MR. DI AMOND: Yeah, the idea of that
cal cul ati on was to show as severe an event as possi bl e
in order to denonstrate the capability --

MEMBER RANSOM (Ckay, the isonetric energy
deposition was due to the stuck rod, not the --

MR. DIAMOND: No, it was due to both in
that case, but as | say, the idea there was to show
the capability of PARCS, not to discuss what the
m xing was in the | ower plenum

MEMBER SI EBER  But that was a natural
circul ation context, where you don't get m Xing.

MR. DI AMOND: Ckay, so if we can cone back
to the mxing, let ne go forward.

CHAI RVAN WALLI S: So agai n, what did you
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j ust say.

MEMBER Sl EBER: Vel |, in natural
circulation you don't get the degree of m xing that
you do with pump circul ation

CHAI RVAN WALLI S: He's going to still
assune mxing in his natural circulation scenario,
isn't he?

MR DI AMOND:  Yes.

CHAI RMVAN WALLI S: So you' ve j ust sai d what
you think happens was not in the nodel ?

MEMBER S| EBER: | think there is |ess
efficient m xi ng under natural circul ati on conditions
t han t here i s under punped conditions, just because of
t he turbul ence.

CHAl RVAN WALLI'S: | would think so, too.

MEMBER SI EBER:  Yeah.

VR. DI AMOND: For whatever it's worth,
we' ve | ooked at steamline break fromApex and you see
uni f ormt enper ature di stri butions around t he downconer
despite the fact that, you know, the generator is
broken so that indicates quite a bit of m xing.

CHAIl RVAN WALLIS: If you actually draw a
picture of the lower plenum it's a little bit hard
for me to imagi ne what cones in one side --

MEMBER SIEBER: Gets to the other side.
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CHAl RVAN WALLIS: -- gets to the other

side and m xes uniformy. | would think when you
first get that boron slug in one side, sone of it is
going to gointo the core before any of it gets to the
ot her side of the |ower plenum

PROF. di MARZO. | have sonet hing on that.
| have a couple of slides on that.

CHAI RVAN WALLI S:  Ckay.

PROF. di MARZO W' || address that in sone
detail in a few mnutes. So let nme go through what
our nmodel is. W nodeled a B&W designed core, it
happened to be TM-1. And this is at the begi nning of
cycle, because as was discussed, that's the npst
inmportant tine in terns of severity of the event. W
nodel -- actually each assenbly i s nodel ed as a two by
two nmesh, 28 axial meshes and the starting point for
the boron dilution transient is that all banks are
inserted, control is shut down. The fuel in the
noderator at 25 K, 2500 PPM of boron is assuned to
come in as a result of the ECCS having turned on
during this event. So you're about 15 hours shut
down.

Three percent flow is -- well, that's
where we start our calculation and then we assunme

certai n boundary conditions. W assume that the boron
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concentration in the |l ower plenumhas a certain tine
dependence and that's based on the nodel which
Prof essor di MARZOw || tal k about. And then we assune
the flow rate based on either natural circul ation or
one-punp restart. So hereis the core layout. Again,
the 177 assenblies. In this case | showthe presence
of control banks and these banks are all inserted at
the tinme of the dilution event because you' ve had t he
reactor trip. And because of the symmetry, we only
have to nodel one-eighth of a core in the RELAP
anal ysis and --

CHAI RVAN WALLI S: It |ooks different.
Does it relate to the core?

MR DI AMOND:  Yes.

MEMBER RANSOM |' mki nd of wonderi ng why
you didn't go ahead and nodel the steamgenerated and
put it on this and then you woul d have had the entire
| oop nodel at once.

MR. DI AMOND: Wll, then we'd have to
worry about the mixing ability in the analysis. You
nmean to anal yze starting -- starting fromthe boron
transient or starting fromthe whol e snal |l break LOCA?

MEMBER RANSOM Wel |, both actually, but
right, you woul d have to i ncor porate t he m xi ng nodel ,

whatever that is and into this cal cul ati on.
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MR. DI AMOND: Yeah, that woul d be a nuch

nore ambi tious cal cul ati on.

CHAI RVAN WALLIS: So it's nore than an
ei ghth of a core because the m ddl e one is shared by
all of these segments. The m ddle one is unique.

MR. DI AMOND: The center of the core is
ri ght here.

CHAl RMVAN  WALLI S: Yeah, and you're
actually nodeling nore than an ei ghth because those
ones that -- if you take your |aser and nove it
hori zontally --

MR. DI AMOND: Well, vyes.

CHAI RVAN WALLI S: -- the plainof synretry
goes hal fway through that.

MR. DI AMOND: Ckay, you have one-eighth
core symretry. You have one-eighth core symetry.

CHAI RVAN VWALLI S: That's true. Ri ght,
that's true.

MR. DI AMOND: | n order to nodel one-eighth
core symetry --

MEMBER SI EBER:  You' ve got to nodel nore.

MR. DIAMOND: -- you have to nodel nore
t han one-eighth times 177.

CHAI RVAN WALLI S:  Thank you, that expl ai ns

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

237
MR. DI AMOND: Ckay, because you nodel the

center assenbly even though it is -- you don't nodel
one-eighth of the center core assenbly. Ckay, but
again, this is just in the thermal hydraulics. The
PARCS neutronics actually is cal cul ating the sol ution
in 177 fuel assenbles. So thisis -- it's convenient
to think of this as our solution --

CHAI RVAN WALLI'S: And PARCS gives you a
symmetrical solution anyway so --

MEMBER S| EBER:  Yeah.

MR. DI AMOND: Yes, it does and as a matter
of fact, that's one of the things that you al ways | ook
at to nake sure that your PARCS neutronics is doing
what it's supposed to because it dammed wel | better be
t he same here as over there.

CHAI RVAN WALLI S: You hope there's no
oscillation of this type.

MR. DIAMOND: Well, that's the case when
you don't have a good code. That's the sane way when
you start up a reactor and you do a symmetric
measur ement because you want to make sure --

CHAI RMAN WALLIS: In this time scale you
don't get any of those oscillations.

MR. DIAMOND: No, no. No, it's a stable

type of cal cul ation
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CHAI RMAN WALLI S: And, of course, the

thermal hydraulics is stable.

MR. DI AMOND: O course. The vyel |l ow
assenblies here are where there are control rods
present. |'ve just witten down here the burn-up for
t hese particul ar assenblies and | just marked in --
that's orangyish, brownish |I don't know what col or
that is but there are no control rods here and as you
can see, this is the -- these are the fresh fuel
assenblies and this is where the peak power occurs
when we do the transient and the peak power also
occurs at the bottomof the reactor. And here is the
result where the flowis three percent of nom nal and
if we |l ook at the blue curve first, the blue curve is
t he boron concentrationinput intothe cal cul ati on and
you see it starts at 2500 ppm and goes all the way
down to zero and then cones back up. W're talking
about on the order of 100 seconds.

MEMBER RANSOM  Now, what is that input
into the | ower plenunf

MR. DI AMOND: Yes, uh-huh.

MEMBER RANSOM And so level 5is an idea
m xing nodel so the lower plenum is going to be
honbgenous and the progress up the channel.

PROF. di MARZO I'lIl address that in
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detail, too.

MR. DI AMOND: Yeah, we'll tal k about that
alittle bit nore.

CHAI RMAN WALLI'S: This is three percent
flow.

MR. DI AMOND: This is three percent flow,
so the time scale is quite |ong.

CHAl RVAN WALLI'S: It is conmpared with the
fuel but if you have 100 percent flow, this would
presumably | ook quite di fferent because t hings happen
very quickly in a few seconds.

MR. DI AMOND: Yeah.

MEMBER S| EBER.  Three seconds, two, three
seconds.

MR. DI AMOND: Yeah, let ne showthat in a
nonent. The correspondi ng curve of reactivity versus
time in dollars is shown here and it goes from bei ng
quite shut down to -- actually to being pronpt
critical at this point, about 35 seconds. And then it
goes through a bunch of oscillations as you have the
struggl e betweenthe dilutionthat's occurring andthe
feedback from fuel tenperature, feedback, Doppler
f eedback and noderator density.

CHAIl RVAN WALLIS: Does the --

VMEMBER S| EBER: Is that what stops the
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punp,
Doppl er ?
MR. DI AMOND: Yeah, what stops -- and --
MEMBER Sl EBER: Wll, there is a tine
constant associated with Doppler. It's short.
VR, DI AMOND: 100. It's pretty snmall
yeah.

CHAl RVAN WALLI'S:  Does the border boil?

MR. DI AMOND: Yes, uh-huh.

CHAI RVAN WALLI S:  So you have to consi der
voids and all that sort of stuff.

MR. DIAMOND: Yes. Power here is --

MEMBER SI EBER:  That's hel pful .

CHAl RVAN WALLI S: Does t hat al so shut down
t he reaction, the nuclear --

MR DI AMOND:  Yes.

MEMBER SI EBER:  Yeah.

MR. DIAMOND: Yes. Power is in red and
that initial reactivity spike where it goes pronpt
critical causes the power really to junp up. This is
a logarithm c scale here. So you're going fromquite
shut down to above nom nal power, 100 percent, and in
a very short time, so this is -- you know, this is
like arod ejection accent or sonething that's really

i ke --
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CHAl RVAN WALLI'S:  This actually doesn't

dunp nmuch fuel power, much enthal py in this.

MR. DI AMOND: No, and then it goes t hrough
-- thisis total power recognized and it goes through
a series of oscillations to reflect that fact that,
you know, you have this conpl ex behavior in the core
because of the boron dilution and the feedback
effects. What | have in blue is the maxi mum fuel
powered enthal py in calories per gram So this is a
| ocal quantity and you can see that the initial junp
here is not very nuch. [It's only about 20 cal ories
per gramas a result of that real --

MEMBER S| EBER:  Pronpt.

MR DIAMOND: -- that real hit.

CHAl RVAN WALLI'S: It doesn't matter how
rapidly it's put in.

MR. DI AMOND: Okay, if you're worried
about how rapidly it's put in, this is your fuel
ent hal py increase, but if you're interested in what
the maxi mumis over tine, you see that the maxi mumis
about 90 cal ories per gram

CHAI RVAN WALLIS: | worry about the rate
it's put inif it's put in nuch faster than the sort
of relaxation tine for conduction in the fuel and so

on. You're going to have to worry about peaks in the
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fuel .

MR DIAMOND: Well, but this --

CHAl RVAN WALLI'S:  That's very sl ow.

MR. DIAMOND: This represents the fuel
enthal py in the fuel.

CHAl RMAN WALLI S: Average across the --

MR. DI AMOND: Across the pellet.

CHAl RVAN WALLI'S: Because if it were a
very, very rapid transient, you' d bits hotter than
ot hers.

MR. DI AMOND: Yeah, uh-huh.

MEMBER SI EBER: and that's the i nterval of
t he power.

MR. DI AMOND: That's right, that's right,
but it's only about 90 calories per gram in this
particul ar case.

CHAl RVAN WALLI S: No, it's not just
interval of the power because you had sone cooling.
O herwi se you woul d continue to go on.

MR. DI AMOND: Yes, uh-huh, I'msorry, of
course. The conduction is inportant here.

CHAI RVAN WALLIS: O herwi se it woul d go up
t hrough this whole transient.

MR. DI AMOND: Absol utely.

MR. CARUSO Is that the enthal py for the
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peak pell et over time or is that the conmposite maxi mum
ent hal py of any pellet in the core? Did you follow
one pellet through tine?

MR. DI AMOND: No, no, no, no, we followed
t he maxi mum

CHAI RVAN WALLI S: This is the worst
pel | et.

MR. CARUSO. So it changes -- the |l ocation
changes at different tinmes then.

MEMBER SI EBER  Yes.

MR, DI AMOND: Correct.

MR. CARUSO That's what | was wonderi ng.

MR. DIAMOND: The reality is that it's at
the bottom of the core and generally in those high
burn-up -- excuse ne, |ow burn-up fuel assenblies.

CHAI RMAN WALLIS: So this is calories per
gramin one of the fresh fuels.

MEMBER SI EBER:  Ri ght.

MR DI AMOND:  Yes.

CHAl RVAN WALLI'S: What is the worst in
terms of the ol dest fuel. Presunmably, that's -- you
al so worry about that. | nean, you couldn't -- 80
calories per gramin an old fuel is nmuch worse than 90
calories per gramin a new fuel.

VEMBER S| EBER: It's not as reacti ve.
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MR. DIAMOND: Right, and --

CHAI RVAN WALLI'S:  Yeah, but 1'd like to
see what it is, though.

MEMBER SI EBER  Yes.

CHAl RVAN WALLI S: Di d you check every fuel
assenbly for --

MR. DIAMOND: No, if we were | ooking at a
criterion which was a function of burn-up then what
you' re saying woul d certainly be applicable. Inthis
particul ar case, the burned fuel -- | have to | ook
back at that diagram

CHAI RVAN WALLI'S:  The criterion is not a
function of --

MR. CARUSO So you' d have really high
bur n-ups there.

MR. DIAMOND: Yeah, | think that all of
the -- in this reactor all the high burn-ups have
control rods in them and therefore, they will be at
the | ower power |evel.

MR BASSETTE: In this particular case
t hese ent hal py i ncreases are bel ow the threshol ds of
-- or high threshol ds.

CHAl RVAN WALLI S:  But you' ve got sonme on
the edge at 48. You don't have the control rods in.

MR DI AMOND: Yeah, that's correct, but of
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course that's on the edge, so the power is alittle
bit |ower because it's on the edge but you're
absolutely right, inorder to-- if your criterion was
a function of burn-up, you would have to --

CHAl RVAN WALLI'S: So these guy's criterion
is not a function of burn-up?

MR. DI AMOND: The present criterionis not
a function of burn-up.

CHAI RVAN WALLI S: Al t hough Jack Rosent hal
told us that the danmage is a function of burn-up.

MR. DI AMOND: Yeah.

MR BASSETTE: The proposed limts or
threshold required in failure has some functions of
burn-up init and it goes down with burn-up but these
-- the enthal py increases you see here are bel ow t he
t hreshold for high burn-up fuel.

MR. DIAMOND: So in this particular case
it's safe to say that we don't expect --

MR. BASSETTE: Even though these are for
| ow burn-up assenblies, even if it was for a high
burn-up assenbly.

CHAI RVAN WALLI'S: So your criteriais how
many cal ories per gramto nake it acceptabl e?

MR, BASSETTE: It's for -- well, I'll go

into that in ny presentation.
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CHAI RVAN WALLIS:  Well, is it about --

MR. DIAMOND: Let's put it this way, it's
nore than 77.

MR. BASSETTE: For hybrid or pure it
i ncreases about 80 cal ories per gram

CHAI RVAN WALLI S:  But what we sawin your
figure was nore |ike 90.

MR. DI AMOND: Yeah, | apologize, this is
the increase in fuel enthal py and the new criteria
t hat people tal k about nowrelate to the increase in
fuel enthal py rather than the absol ute fuel enthal py
so you have to subtract off 17 cal ories per gramfrom
your old thinking to get to the new think.

MEMBER S| EBER: Now, this nunber is
probably subject to change as people continue to
consi der experinmental data, right? That's not sone
firm-- that nunber there is sort of new, within the
| ast two years.

MR. DI AMOND: Wi ch nunber?

MEMBER S| EBER:  Sevent y- seven.

MR. DI AMOND: This is what we cal cul at ed.

MEMBER S| EBER: Oh, okay, | nean, the
limt, the limt.

MR. DIAMOND: The new limt that's been

proposed is, of course -- is a function of oxide
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t hi ckness and so it's -- there isn't a one to one
correlation to burn-up but it'sinthis range for very
hi gh.

MR. DUDLEY: This is Noah Dudl ey again.

At this point, the NRClimts that you are famliar

with are the same |limts that are required of
operating plants. The new limts that we're
di scussing come out -- are they in New Regs, the Reg
gui des?

MR. DIAMOND: Right now, they're in the
formof a research information letter.

VR. DUDLEY: So the new limts we're
tal king about are sinply in a discussion stage here
and do not represent the requirements that the NRCis
pl aci ng on |icensees.

MEMBER S| EBER: Yeah, but if you were to
pl ace those requirenents on | i censees now, that woul d
have an inpact on the Appendi x K cal cul ati ons?

VMR, BASSETTE: No. Not on Appendix K
These are reactivity insertion accident type limts.

MEMBER SI EBER.  Ckay.

MR. DI AMOND: Ckay, so let ne nove onto a
case --

CHAI RMAN WALLI S:  So how nuch of the sl ug

has got into the core by the tinme you' ve reached this
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peak? It's only a piece of the slug, isn't it?

MR. DI AMOND: Yes, because -- let's see.

CHAI RVAN WALLI S: So you don't need as big
a slug as they have in order to cause this to happen
because only a piece of it's gone in by the tinme you
got to 45 seconds or sonething.

MR. DI AMOND: Yeah.

CHAI RVAN WALLIS: So the fact that it's a
| onger slug doesn't apparently nake any difference as
long as it's a certain size because the peak is early
in this transient.

MR. DUDLEY: Can you go back a slide that
has the boron concentration reactivity?

MR, DI AMOND:  Sure.

CHAI RMAN WALLI'S: Yeah, there, you see,
where the slug is continuing to conme on, decreases
itself down to 80, but the peak is at 45 in terns of
cal s per gram

VR. DI AMOND: That's right, yeah. And
again, you have -- this now is a long enough tine
frame where you do have conduction out of the fue
el ement .

CHAl RVAN WALLI S: But this indicatestone
that if we had a slug that was half the length, it

woul d be just about as effective because you don't
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have to wait for 80 seconds. You just get that 40-
second slug. It does the job.

MR. DI AMOND: Yeah. Let nme show --

MEMBER RANSOM \What you're saying is you
can get it with a smaller slug, but it doesn't make it
any wor se.

CHAI RVAN WALLIS: It doesn't make it any
worse, but |I'm just saying you could get it with a
smaller slug. So you could back off a bit on the
amount of water that's stored in the steamgenerator
and so on.

MR. DIAMOND: To a certain degree, but
when you get down to an order of magnitude of a
smal ler slug --

CHAI RVAN WALLI'S: Then it doesn't work,
right.

MR. DIAMOND: -- it makes a difference.
And here's a case now where the flow rate is 25
percent of nominal and here is the -- the blue again
is the boron over here, boron concentration and in
this case the mninmumval ue is only about 400 ppm of
bor on because there's nore m xi ng as Prof essor di MARZO
will explain.

CHAI RVAN WALLI'S: Because you' ve turned

t he punp on, you' ve stirred things up at |east in the
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punp.

VMR, DI AMOND: Yeah. Vell, it's nore
conplicated than that, but -- and again, you have a
simlar reactivity signatureinthat it starts out and
startstoclinbupto pronpt critical and t hen you get
t hi s bal anci ng of feedback versus the forcing function
and the result in terns of power, the red curve, is
qui te di fferent because now you get a spi ke that goes
up to about 2700 where --

CHAI RVAN WALLI S: Twenty-seven tines
nom nal power ?

MR. DI AMOND: Twenty-seven tinmes nom nal
power, yes. Ckay.

MEMBER Sl EBER: For a short period of

MR. DI AMOND: Yes, for avery short period
of tine.

MR. CARUSO Is that interval core power
or is that the maximumin the --

MR. DIAMOND: Interval, thisis interval,
this is total.

CHAl RMVAN WALLI'S: Now, |'vereally noticed
that when | read this, maybe this is naive but 27
ti mes nom nal power even for a short tine, sounds

pretty exciting.
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MR DIAMOND: Well, in termof calories

per gram that first rise is about 25.

CHAl RVAN VWALLI S: Yeah, but it nmeans
you' ve got to shut it off pretty darn quick. You' ve
got to shut that off pretty darn qui ck when you have
the 27 tines the --

MR DI AMOND: Well, yeah.

MEMBER RANSOM  Doppl er feedback i s what
shuts it down?

MR. DI AMOND: Doppl er feedback, yeah

MR. CARUSO Did you have anyone | ook at
t he power behavior with those sort of peaks.

MR. DIAMOND: Wth those paraneters.

MR.  CARUSO You're just assumng an
aver age val ue.

MR. DIAMOND: That's right.

MEMBER SIEBER: The increase in stored
energy is not very nuch, so that when --

MR. CARUSC -- really high peaking
factors inside the pellet and --

MEMBER SIEBER.  Well, it won't have the
sane profile that it would under steady state
conditions | would think.

MR. DI AMOND: But this is the bottomline

here in ternms of the peak pellet.
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MR. CARUSO | mean, in order to get the

Doppler to turn it around that fast, it must be
getting awfully hot very quickly, right?

PROF. di MARZOC Yeah, but don't --
locally, thisis the maxi rumthat you' re seeing. This
is core-wide so there's -- you know --

MR. CARUSO Is that a real nunmber, is it
real ?

MR. DI AMOND: Yes, that is a real nunber,
yeah.

MEMBER RANSOM Wl |, you presunably can
show the clad tenmperature for these situations. Has
it changed appreciably?

MR. DI AMOND: | don't think the clad
t enper at ure woul d change appreci ably here. 1t would
certainly change out here.

MEMBER SI EBER: At around 12 seconds.

MR DI AMOND:  Yes.

CHAI RVAN WALLI S: How far has the slug
gone in, inthat time when you get the peak? Not very
far presumably, because it's such a short -- well, |
guess t he sl ug has gone i n but the concentrati on which
is enough to do anything hasn't been achieved. It
seens to ne, you're already at the flat part here, are

you?
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MR DI AMOND: Yeah.

CHAI RVAN WALLI'S:  And yet it's enough to
make this -- because you've got it in far enough.

MR. DIAMOND: That's right, you have to
take into account the dynam cs here. This is com ng
in much faster, so at this point here, you' ve pushed
alot nore than you have when it's only three percent.

CHAI RVAN WALLI' S:  When you' ve got it how
far up the core does it suddenly go critical?

MR DIAMOND: Well, | nean, the entire
core goes critical. It peaks at the bottom

CHAl RVAN WALLI S: But the sl ug has cone in
maybe a core away or sonething up the core?

MR. DI AMOND: You nean whereis the front?

CHAl RVAN WALLI S: Yeah, where is the
front.

MR DIAMOND: At this point in time --

MEMBER SIEBER: It's seven seconds.

MR. DI AMOND: Seven seconds in.

CHAl RVAN WALLIS: It's gone quite a |ong
way, hasn't it?

MR. DIAMOND: | forget now how many --

MR. BASSETTE: The water is going about
three feet a second.

CHAI RMVAN WALLIS: So it's gone 20 feet.
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It's gone all the way through the core? It's gone
t hrough the core?

MR. DI AMOND: Yeah.

CHAI RMAN WALLIS: That's why --

MR CARUSO That's nom nal .

MR BASSETTE: No, three feet a second is
at 25 percent flow.

MR. CARUSO COnh, okay.

CHAl RVAN WALLIS: Soit's gone throughthe
core.

MR. CARUSO. | know what ny concern is.
Go back to the other one. Doppler is a function of
t enperat ure. Enthalpy is also a function of
tenmperature, right, or it's --

MR. DI AMOND: Enthal py is tenperature.

MR. CARUSO Enthal py is tenperature. So
why isn't the -- | guess what's disconcerting nme is
t he ent hal py doesn't followthe tenperatureto my m nd
here because it seens |ike the --

CHAI RVAN WALLI'S: It's the interval.

MR. CARUSC -- turnover in Doppler
because it's reached a high tenperature which nmeans
hi gh ent hal py. Is there something |I've -- nmaybe |
don' t under st and.

MR. DI AMOND: Vell, how high is high
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enough, | guess.

MEMBER RANSOM David, explain, in
neut roni cs, you have vibrations is what effects the --
neutronic vibrations effects the Doppler and that's
not necessarily sensible heat. | believe that's --

MR. CARUSO Ckay, that's what |' maski ng.

MEMBER RANSOM So the tenperature is
going up but the Doppler is not sensible heat. It
doesn't have to get up to --

MR DIAMOND: No, it is sensible heat.

MEMBER RANSOM Wel |, that's true because
it has the --

MR DIAMOND: It is sensible heat.

CHAl RVANWALLI S: It's the kinetic energy.

MR DIAMOND: It's the kinetic energy.

MEMBER RANSOM But you don't have to get
up to 1, 000 degrees -- a delta of 1,000 degrees aft to
get it to turn over.

MR DIAMOND: Yeah, | think that's the
bottomline, is howmuch tenperature ri se do you need
t hroughout the core in order to get it to cone back.
Doppl er has a very strong effect.

CHAI RVAN  WALLI S: Doppler is the
tenperature of the neutrons essentially.

MR. BASSETTE: Doppler is the tenperature
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of the U 02.

MR. DIAMOND: It's the tenperature of the
fuel, primarily U 238 actually.

CHAI RVAN WALLIS: Well, Ralph's point is
it's hardly gone up.

MR. DI AMOND: But it has gone up
sufficient to cause the feedback.

MR. BASSETTE: It's probably gone up from
300 c to 1,000 c or sonething.

CHAl RMAN WALLIS: It's vibration of the
fuel nol ecul es that does this.

MR DI AMOND: Yes, uh-huh, and that's
i nst ant aneous j ust about.

MEMBER RANSOM The fact that t he ent hal py
went up to a lower level, at the sanme tinme the
reactivity went up even hi gher, you know, 27 tines as
high, it still shut down.

MR. DI AMOND: Well, because what happens

is, | nean, the higher this goes, the narrow the
pul se. So you have to -- you're not |ooking at the
sane pulse here. It |looks like the sane pul se but

this time scale, you know, we're talking about
mlliseconds here and we' re tal ki ng about you know, a
difference of, I'm going to guess, you know, a

difference of 50 mlliseconds between one pul se or
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another could be the difference between half the
energy. So the time scale that we're tal king about,
you know, if you -- if the pulse width drops by so
many mlliseconds, that's a nmajor difference in --

CHAI RVAN WALLIS: Isn't it so short, the
one end of the core neutronically doesn't know what
the other end is doing. | nean, the neutrons don't
actual ly effect the top because it takes awhile for
t he neutrons on the bottomto have sone effect on the
top of the core.

MR. CARUSO Vell, 1I'm |looking at the
other -- 1 also | ook at the other spikes there and t he
ot her power spikes and the enthal py rises that are
associated with them | guess they're so broad so
that's the inportant thing. So why don't they turn
around the power -- there's nore to it than just
Doppl er turning it around.

MR. DI AMOND: No, there's the density
f eedback as wel|.

MR. CARUSO  Ckay.

MR. DI AMOND: But what happens i s that the
fuel enthal py now goes up to quite | arge val ues. Now
we' re tal king about getting into a range where you're
certainly going to have central |ine nelting. To what

extent that nelting progresses, you know, we really
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don't know but the bottomline is we're up in a range
here where we can assune or we should assune fuel
damage as a result of the energy deposition into the
pellet. This is what's bothersone here.

CHAI RVAN  WALLI S: Can you show us
somet hi ng about the tenperature and flux profiles
axially in this thing? Is that --

MR. DIAMOND: | don't have those with ne,
but --

CHAI RVAN WALLIS: | nean, is there a big
variation axially?

VMR, DI AMOND: There is a variation
axially.

MEMBER SI EBER:  It's probably skewed.

MR. DI AMOND: Because -- | mean, the power
starts togrowfirst inthe bottomof the core. There
also is another quirk with this reactor in that the
control rods inthis reactor don't go down to the end
of the fuel region. There's another little quirk in
this reactor but so yeah, certainly you' re going to
have a bottom -- you know, |'mjust drawing a curve
here, but --

CHAI RVAN WALLI S: So this max enthal py
occurs somewhere near the bottom of the core?

MR DI AMOND: Yeah, uh-huh.
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MR. SCOTT: Wasn't that extrenely short,

David. | nean, it's only a few --

MR. DI AMOND: Yeah, it's at the bottom of

t he core.

MR. BASSETTE: | think the peaking actor
is about 10 in this calculation, wasn't it, if |
r emenber ?

MR. DIAMOND: | honestly don't renenber.
You're probably right. 1'd have to go |ook at the
nunbers. Yeah, I'msorry, | just don't renenber that
nunber .

MR. BASSETTE: | guess the whol e reason

for presentingthisistosay with 25 percent flow, we
woul d expect fuel damage.

MR. DI AMOND: Exactly. This increase in
fuel enthal py at the peak val ue i s bot hersone. The --
you know, appropo of our conversation about that
peaki ng, you'll notice that the peak reactivity here
is 1.44. Before it was like 1.14 calories and the
increase here is only up to about 33 calories per
gram This is for the initial increase in enthalpy.
And again, | want to point out that you just can't
| ook at the top of that power spike. You've got to
| ook at the width of the spike as well.

MEMBER SI EBER:  Ri ght.
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MR. TRAI FOROS: You aren't very sensitive

tovelocity. Has any cal cul ati on been done on bor at ed
water going in to see what is the threshold on
velocity that less than that you don't have any
probl enf?

MR. DI AMOND: No, we never did that.

MR.  TRAI FORCS: | would think that
cal cul ati on woul d be useful, you know, what kind of
vel ocity goes to the core that we don't have to worry
about the slug.

PROF. di MARZO: Can | interject a thought
here? |If you have a maxi mumcircul ati on, you have a
maxi mumvel ocity which i s what he's done. And then --

MR.  TRAI FORCS: No, | want mnimm
vel ocity, not maxi numvel ocity. If you have unborated
wat er because anot her paranmeter here is concentration
of boron, so if | want -- if | wanted to -- | nean,

we'd better understand it if we know the | ower

vel ocity. |'m asking if your natural circulation
fluid is over-estimted whether -- how nmuch of |ow
velocity -- if you have very |low velocity no matter

what concentrati on we have, we don't have a problem
PROF. di MARZO Right, | nmean, if you have
seen three percent velocity, you could go |like to one

percent velocity or even less, it would be even nore

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

261
m | d.

MR.  TRAI FORCS: No, if you bring the
concentration dowmn. The reasonif you -- you seethis
effect is that you put atime constant to m xi ng which
is a RowV of lower plenumdivided by flowrate. Now
by decreasing the flow at the same tine you are
i ncreasing your tinme constant of the dilution, so you
have two effects. By lowering the fl ow you have | ess
concentration of boron going to the core.

PROF. di MARZO. W went to zero down in
the concentration. How can it be |lower than zero?
We're going from2500 all the way down to zero, so we
cannot have | ess than zero.

MR. TRAI FORCS: No, |'m talking about
concentration. You are bringing -- you are not -- you
are mxing whatever slug you have with the |ower
pl enum so you are not going to have to go to zero
t hen.

CHAl RVAN WALLI S: Wl |, there nust be sone
vel ocity because it doesn't mx very well, because
it's going into --

MR. TRAI FOROS: That's exactly ny point,
at a certain velocity you may not have --

PROF. di MARZO Ri ght, yes, but if you

want to --
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MEMBER S| EBER: You're saying a sharp

i nterface.

PROF. di MARZO If we're not going to
zero, you want a conment on that because you gave ne
a comment on that situation. |If we never reach those
| ow concentration, what happens then?

MR. DI AMOND: Well, |I nean, | was goingto
say something about this nonentarily but the
consequences of the event do depend on the m ninmm
boron concentrati on.

MR.  TRAI FORCS: Exactly, my concern is
suppose if we don't have that much mxing on |ow
vel ocity, what kind of m ni mumconcentration you have
that you don't -- mninmmvelocity?

VR. DI AMOND: But we saw that with --
okay, we don't have a mni num but we spanned --

MR.  TRAI FORCS: You spanned between 72
kil ogram per second to -- | nmean, three percent to 25
percent but initiation of natural collision my be
| ower and you may not have enough m xi ng. Not that |
am saying there's not enough mxing but vyour
assunption that there is no m xing in the downconer,
no mxing in the ECCS. Now, if you don't mx all of
it and it cones from downconer, the flowis low, it

doesn't penetrate all the way to |lower plenum it
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cones to the core. That may be | ower vel ocity but ny
question was kind of interesting to know what ki nd of
-- at the same tinme, the argunent is that |ower
vel ocity you don't have that nmuch severity. But what
istherelationship between the concentrationvelocity
here, kind of -- suppose you have diluted conpl eted
unborated water. s there any velocity that |ess
than that you don't see any probl enf?

MR DIAMOND: Well, we didn't do those
anal ysi s.

CHAl RVAN WALLI' S:  Rem nd ne, the non-boron
or the pure water --

MR, TRAI FOROS: Yes, pure water.

CHAl RVAN WALLIS: -- it's cold, is denser

MR. TRAI FOROS: Not necessarily because --

CHAl RVAN WALLI'S: It doesn't have boron,
because it's colder. | think that's a bigger effect
t han t he boron.

MR. TRAI FORCS: Yeah, but not necessarily

because when you have condensate, the condensate are

on saturation tenperature. |If you don't assunme any
mxing, a lot -- we are doing repeat phase of the
smal | --

CHAl RMAN WALLI S: But since it --

MR. TRAIFORCS: -- we are doing a | ot of
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i njection has cone to | ower plenum Now | ower pl enum
and downconer is colder than the slug.

CHAI RVAN WALLI S: Because of the i njection
flow.

MR,  TRAI FORCS: Because of injection.
That has been actually observed in PKL experinments.

MEMBER RANSOM You're saying the
condensate is hotter than the downconer.

MR TRAI FORCS: Exactly.

MEMBER RANSOM So it would tend to stay

CHAI RMAN WALLIS: Wthout mxing at all.

MR. TRAIFOROS: |If you are consistent in
your assunptions. |If you don't assume any mxing in
t he core and downconer, then the exact tenperature --
we follow the tenperature, that would be hotter.

VMEMBER RANSOM "' m wondering, do they
have any cal cul ations of the accident to show what
these tenperatures are like or conditions where you
could get that?

MR. DI AMOND: B&Wdi d sone cal cul ati ons,
RELAP cal cul ati ons during the event to show what ki nd
of tenperatures and pressures woul d be expect ed and of
course, theentireprimary is at | ower tenperature and

pressure due to the assunptions of the small break.
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But whether there are significant differences between
the tenmperature in the vessel versus the tenmperature
inthe cold leg at that point in time, | don't know.

VMEMBER RANSOM ['"m curious why you're
sayi ng PKL experinment actually saw this?

MR.  TRAI FORCS: PKL has done -- what
they' re doing --

MEMBER RANSOM  \What they're doing --

MR. TRAI FOROS: -- alot of conbi nation of
equi pnment. | mean, they had one | oop break and they
-- on sone tests they see this hot coming in and --

VMEMBER RANSOM Vell, you're fairly
boiling in the core.

MR.  TRAI FORCS: Not -- 1'm |ooking at
condensing i nthe steamgenerator i s usually is during
refuel doesn't see that nmuch of the injection. The
i nj ection goes to downconer and | ower pl enumso that's
cool er. Wien you restart -- re-establish natura
circulation, so this would be hotter coming to the
core.

MEMBER RANSOM So it's mainly the
downcormer tenmperature  versus t he condensat e
tenperature that you have to worry about.

MR TRAI FOROS:  Yes.

CHAI RVAN WALLIS: The injection is still
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going on while this is taking place?

MR.  TRAI FORCS: If you don't have
injection, you don't have refuel to restart natural
circulation. The level has come down.

CHAl RVAN WALLI'S: The injection m xes with
t his boron.

MR. DIAMOND: That's right.

MR. TRAI FORCS: For Westinghouse, yes. It
was the back-flow and --

CHAl RVAN WALLI'S: -- really mtigate the
whol e t hi ng.

VR, DI AMOND: Well, that's right. e
didn't take credit for that --

MR. TRAI FOROS: But again --

CHAl RMVAN VWALLI S: Well, how does B&W
i nject?

PROF. di MARZO. B&Winjects into the cold
leg at a high velocity.

CHAI RMVAN WALLI S: So this will help to
stir everything up and mx up with the --

MR. TRAI FOROS: But B&Winjection is on
the sl ope side of the cold leg, so all the injection
goes toward downcomer until youreally bringthelevel
up.

VR. DI AMOND: Yeah, but for natural

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

267

circulation --

MR. TRAI FORCS: So you don't see that
much.

MR. DIAMOND: -- the HPI would mix with
any flow fromthe | oop seal.

CHAl RVAN WALLI'S: | woul d t hi nk t hat woul d
prevent any --

MEMBER RANSOM Let ne poi nt out that PKL
also has alot -- | nmean, doing the experinents, they
have a ot of -- they have a hard tinme formng -- and
then moving it. Froma physics standpoint, the worse
thing I could do is put in a lot of cold water, so
you' re tal ki ng about anything that's warner it's nore
beni gn.

CHAI RVAN WALLIS: But don't you have to
shut off the injection and start the punp to get the
wor st case?

MR. DIAMOND: That's right.

CHAI RVAN WALLIS: So they have to do two
t hings. They have to shut off the inject and stop the
punp to get the worst case?

MR DI AMOND: Yeah, in fact, PKL, they
couldn't maintain adiluted | oop seal when they turned
HPI  on. The | oop seal disappeared, the dilution

di sappear ed.
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CHAI RVAN WALLI S: It hel ped punp the sl ug

into the core, but mx it on the way.

MR. TRAI FORCS: Yeah, we | ook at the PKL
experience and to itens canme out of that.

CHAl RVAN WALLI'S: | guess we're getting
onto your part.

VR, DI AMOND: | have one other subject
that I was going to discuss but | don't knowin terns
of tinme whether it's appropriate that | start or not
and that's how the reactivity bal ance inpacts this
event and why this means that the event is only of
interest inthe first portion of the fuel cycle. Do
| have tine to, Jack?

DR. ROSENTHAL: If the staff it -- I'm
sorry, if the ACRS is happy with that, we don't have
todiscussit but it's their choice. Dr. Ransom it's
your choi ce.

MEMBER RANSOM Go ahead, it | ooks |ike 10
m nut es.

MR, DI AMOND: I'"'m going to go to
conclusions then. 1'd be happy to cone back and gi ve
a lecture on that some other tinme when you have nore
time.

MEMBER RANSOM  All right.

MR. DI AMOND: The conclusions are firstly
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that RELAP via PARCS is a viable nethod of analysis

for this particular problem Secondly, fuel enthal py
increase only significant if the volune of the diluted
water is large enough and that's based not just on
what | showed today but on the fact that we did
cal cul ati ons of these events assum ng the vol une you
woul d expect in a Westinghouse and conbustion
engi neering plant. And also the fuel enthalpy
increase is only significant if the rate of injection
is large enough.

CHAI RVAN WALLI S: Now, wait a mnute.
Suppose that you took a huge vol une of diluted water

and injected it slowy forever, would there never be

a probl enf?

MR. DI AMOND: Well, no.

CHAI RVANWALLI S: There nmust eventual |y be
a problemif you're injecting pure water. It just

cures itself?

MR. DI AMOND: Wait a mnute, if you
totally -- yes, | nean, if you conpleted elimnnated
all the boron in your plant, you woul d have a probl em
That's why you need sol ubl e boron.

CHAIl RVAN WALLIS: That's what --

MEMBER S| EBER:  But you woul dn't get the
pronpt j unp.
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CHAl RVAN WALLI S: Taking yours to the

[imt here, if you injected slowy for a long tine,
you say the rate of injection is not |arge enough, so
there's no problem

MR. DI AMOND: Ckay, let ne put a proviso

CHAI RMAN WALLI S: But you can't go on
forever --

MR DI AMOND: Let nme put a proviso here.

CHAl RVAN WALLI'S:  -- water in the core.

MEMBER SI EBER:  You'd go to power.

MR, DI AMOND: For -- for the range of
volumes that we're interested in.

DR. ROSENTHAL: You slowy dilute, you
slowly warm up, you slowy turn on the negative
noder at or tenperature coefficient, youslowy turn on
Doppl er, and you end up at sone power, | think it's

hot full power maybe in which it all bal ances out.

CHAl RVAN WALLI S: | think these two
vari abl es are not independent. | f you have enough
wat er and then you can inject slowy and you still get

the effect, because if you had a huge reservoir of
diluted water and just inject it slowy, eventually,
you'd run into trouble.

PROF. di MARZO No, but you go to power.
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You don't get into trouble.

MR. DI AMOND: | nean, eventually, if you
wi pe out all of the boronin the vessel, youw || have
a probl em because --

MEMBER S| EBER. Wl |, your reactor wl|
heat up to around 400, 425 degrees and |evel off
t here.

CHAI RVAN WALLI'S: So you don't need this
excess reactivity control fromthe boron at all?

MEMBER SIEBER: Well, it will clinb to an
equilibrium tenperature where the reactor is just
critical and that's something bel ow normal TF.

MR. DI AMOND: The mai n reason t hey operate
with the boronin the water is they can keep the rods
out that way.

MEMBER SI EBER:  Yeah.

MR. DI AMOND: And that takes the place of
the rods for reactivity control during nornmnal
operation and you' d rat her use sol ubl e boron t han burn
out your control rods fast.

MR. BASSETTE: But you want to al so have
this with or without punps on, you know, so that you
can have cooling for, you know, what power |evel.

CHAI RMVAN WALLI'S: This is so that you can

control at shut-down. That's what it's for. As |long
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as it's at power it's all right.

MR. DI AMOND: That's right and for nmaking
sure that you're in cold shut-down, you need sol ubl e
bor on.

CHAI RMVAN WALLI S:  So you coul d have a huge
slug and inject it forever and it wouldn't do any
harm 1t would just heat up the reactor to sone sort
of |evel.

MEMBER SI EBER:  That woul d put the turbine
on.

MR. DI AMOND: | woul d say the plant woul d
be in trouble but not because it had experienced --

CHAl RVAN WALLI'S:  You couldn't shut it
down.

MR. DI AMOND: Not because it experienced
fuel danage as a result of energy deposition.

CHAl RVAN WALLI'S:  But you couldn't go to
any kind of cold shut-down.

MR. DI AMOND: Right, exactly. Exactly.

MEMBER  RANSOM Davi d, in your
cal cul ati ons, have you accounted for the increase in
boron concentration due to the boiling off of the
water in the core?

MR. DI AMOND: No, we haven't.

CHAl RVAN WALLI S: Isn't that the whole
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t hi ng?

MEMBER RANSOM Do you know how nuch
margi n that provides?

MEMBER SI EBER: That takes a long tine.

MEMBER RANSOM Wel |, if you can boil off
enough water to get the slug build-up, all the boron
that was in that water is going to be left in the
core.

CHAI RVAN WALLI'S: Well, | think the water
di spl aces the borated water when it cones in, that's
t he whol e i dea.

MR. DI AMOND: Yeah, so you're absol utely
right and had I shown the slides that | didn't, |
would have nmade the point that it really is
i ndependent of where your ECCS is at. Wat's really
nost i nportant i s what PPMyour reactor is critical at
and in other words, npbst reactor cores now are
designed with the initial boron concentration, you
know, in the nei ghborhood of 1500, 1700 ppm You can
only go through this event down to about maybe 1200
ppm In other words, there's only this w ndow of
opportunity at the beginning of the cycle and | got
off the track here as to what the point | was nmaking.

CHAl RVAN WALLI S: Well, the point is that

t he debor at ed wat er pushes out the borated water so --
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MR. DIAMOND: Ch, that's right. So what

you have there initially is less inportant than -- in
ot her words, what you have there is a result of the
ECCS system is |less inportant than two factors. One
i s your reactivity of the systemor your initial boron
concentration when you' re at operating conditions and
the other is what that slug cones in at. Does it cone
in at zero ppmor 400 ppm that's also inportant?

MEMBER RANSOM  So t hi s energy deposition
is pretty much a l|local effect. It depends on the
| ocal concentration of the boron in the flow?

MEMBER SI EBER:  No, huh-uh.

MR. DIAMOND: Well, we -- it's a loca
effect inthat, yeah, | nean, the reactor is | arge and
t hings happen with different rates and different
positions.

MEMBER RANSOM And |I'm not sure |
understand then, why the initial boron concentration
in the core itself is not an inportant factor

MR. DIAMOND: The initial reactivity of
the core and hence, the hot operating powered boron
concentration is inportant. The fact that you
increase to sone | evel during this even and t hen come
back neans that it doesn't matter what you increase

to. Soif youincrease to 2500 but naybe your RAST is
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really -- maybe the tech spec is at 2400, that's not
i mportant.

MEMBER RANSOM The thing | was asking is
you've been in this boiler condenser node for sone
period of time. During that tine, you're increasing
t he concentration of boron on the core itself.

MR DI AMOND: Right.

MEMBER RANSOM And then finally, the
deborated slug is going to displace sone of this
borated water, but | believe you said that your
cal culations do not include the -- you know, the
i ncrease in global boron concentrationin the core as
a result of this boil-off.

MR. DI AMOND: Yeah, well, what |I' msayi ng
is that it doesn't matter, because you are that nuch
nore shut down as a result of -- say you're not at
2500. Say the concentration went up to 2700. You're
t hat much further shut down but then you cone back up
t hrough t hat anyway because your slug is assuned to be
at a much | ower concentration. So it doesn't matter.

MEMBER RANSOM  Well, that's what | was
asking, the reactivity is nore a local effect, |
guess. It doesn't matter what the boron concentration
in nmost of the core is like.

MEMBER S| EBER: The whol e reactor goes
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pronpt critical as opposed to for exanple, a naval
react or where you have really high enriched fuel and
they can go critical --

CHAI RVAN WALLI S: | think Vic is right,
but you have to push out that borated water, don't
you? The slug actually fills the core. The clean
slug pretty well fills the core. So it flushes out
your borated water.

MR. DI AMOND: Yeah.

CHAl RVAN WALLI'S:  But | think the reason
you get the spike is because the Doppler thing is so
core-wide and yet the local heating is intense in
certain places.

MR. DI AMOND: Well, you get the spike
because you reach a point where you're pronpt
critical.

CHAI RVAN WALLI S: Ri ght.

MR. DI AMOND: And t he neutron ki netics are
such that once you reach that point, power just tends
to take off and it's --

MEMBER SIEBER: It shuts you down.

MR. DI AMOND: Right, but you have --

CHAI RMVAN WALLI S:  You have to heat up the
whol e core to get the Doppler

MEMBER S| EBER: Wl |, the heating of the
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core is the integral of the power.

CHAl RVAN WALLI'S:  But the heating of the
particul ar place you re worried about is the spike.

MEMBER S| EBER:  Yeah, but the spi ke occurs
t hr oughout the core. The whole core pul ses.

CHAl RVAN WALLI'S:  Yeah, but the hottest
poi nt goes off much nore rapidly.

MEMBER SI EBER:  You end up with a profile
that's bottom skewed.

MR. DI AMOND: The hi ghest power heats up
the ferris, but nost of the heating is the uranium
daught er products, U 02 daughter products. Those are
deposited over very |ocalized area.

CHAl RVAN WALLI S: W hope.

MEMBER RANSOM We' d better nove ontothe
m xing. Wiy don't we get back at five after 3:007?
W' || take a break.

(A brief recess was taken.)

MEMBER RANSOM  We're back in session.

PROF. di MARZO | am Marino di MARZO from
the Departnment of Research and |'mgoing to try to
illustratetwothingsinthis presentation. |'mgoing
totry to figure out how RELAP, as presented by Dave
D anond actual ly represents the m xing in the vessel

the way it has been described and then I'm going to
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tal k about how do we generate the boundary condition
to that nodel, to the RELAP and t hen been coupl ed with
PARCS. So these are the two things that 1'mgoing to
try to touch upon.

So I"'mgoing to spend nost of the tine
here in the first item because we need to get the
sense from sone experinmental evidence that we have,
sone CFD cal cul ati on t hat have been performed and from
sone ot her evidence as to what's happening and how
wel|l are we representing that.

MEMBER RANSOM By the RELAP nodel, |
assume you're including the m xing considerations.

PROF. di MARZO. The RELAP nodel --

MEMBER RANSOM | know RELAP and what it
does.

PROF. di MARZO: No, no, but the RELAPfile
that David Dianond has just showed you, it's
essentially a time dependent vol une feeding --

MEMBER RANSOM  Ri ght, right.

PROF. di MARZO. -- that represents | ower
head that feeds into a junction and that feeds in al
t hese channels. That's basically what is there.

MEMBER RANSOM Ri ght. | hope you're
going to tell us howyou get those conditions to feed
in.
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PROF. di MARZO That's right. That's one

part but the other part is we have to realize what
t hat nodel does as coded because that's part, integral
part of the deal. So I'"'mgoing to -- first of all
|"mgoing to follow a |l ot the cooments that Vic, you
made, and you'll see down here at the bottom of the
slide all the references to the question that you
raise.

But the first thing I'mgoing to do is
review the mxing nodel which it's kind of a
hi storical tool that enables us to sinply understand
what's going on in the different conponents of the
systemor in a way to interpret that. And then |I'm
going to tal k about what happens inside the vessel,
speci fically what happens in a core channel, one of
t hose vertical core channels, in the | ower head and
the nost inportant in the conbination of downconer
| ower head in terns of mxing. And then I'mgoing to
tal k about what do we feed to the vessel through the
cold leg fromthe outside. So this is the breakdown
of what I'mtrying to talk about. And you have seen
this -- some of this in bits and pi eces but I'mtrying
to give you sonmething a little bit nore organi zed
her e.

So this is the plant. Again, we are
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| ooking at lower loop. This is the area where the
st eam generator tube, steam generator outer plenum
the cold |l eg suction to the punp is the regi on where
the slug will be stored or forned, | should say, and
pl aced. Then it could be noved sonmewhere and
eventually it could be noved towards the core. But
that's the volune where we're going.

So the first itemis to reviewthe m xing
nodels. This is just historical because it's 1962
whi ch was some tine ago. |'m going by Levenspiel,
which is the guy I know-- | nean, was taught to ne in
school, sothat's -- but |'msure that there are other
versions of this and other fornulation. The man
identified two extrenme case, the plug fl ow situation
where basically if you have a step function, you just
translate that and then the back mx flow which is
also known as the m xing cup, the perfect mxing
reactor, anything youwant. 1It's just an overfl ow ng
cup in which you feed. You know, so these are just
two conceptual idea of the extreme possibilities.

CHAl RVAN WALLI S: Back mi x flowappliesif
you have a vol unme in which you can mi x things, if you
have a plate, then you have sone other --

PROF. di MARZO If you have a pipe that is

extrenely well agitated by some nechani cal nmeans --
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CHAI RVAN WALLI S: You take that was a

m xing --

PROF. di MARZO. That coul d be a wel | - m xed
vol une.

MEMBER RANSOM One of the other ternms is
infinitely stirred reactor.

PROF. di MARZO And infinitely -- yeah,

there are --

MEMBER RANSOM  Honopbgeneous.

PROF. di MARZO Yeah, it's just alittle
box with a little propeller inside. And so the

formulation for the back mx flowis basically this.
What you have is an initial concentration in the
vol ume and then as time progresses you have a forcing
function and you have a curve and you do a convol uti on
of this thing and that gives you the concentration
that trickles out of the cup. So that's basically
what that is.

CHAI RMVAN WALLIS:  Thank you. | haven't
seen an equation in some tine.

PROF. di MARZO Now, this goes to say
because we were asked what do we do with this. The
first thing we did was to define the transit tinme.
That transit time is the volune of the slug divided by

the flownetric flowrate. So essentially, it's the
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time it takes for the slug conpletely unm xed to go
t hrough a cross section. COCkay? So that is basically
t he non-di nmensi onal tinmne.

CHAI RVAN WALLI S: It's related to the
m xing transient time and the m xi ng vol une.

PROF. di MMARZO. Right, so in a sense if
you let two and a half -- if you go back to this
equation here, if youlet two and a half transit tine
go by, you have swanped t he vol unme. Once you have put
two and a half times wine in a glass of water
basically, it's all w ne.

CHAI RVAN WALLIS: So inthe slug it takes
one time to sweep everything out and in the m xing
thing it takes two or three tines --

PROF. di MARZO Two or threetines, that's
the area. So the transit tinme enables us to now non-
di nensionalize, | nean, the tine and the equation
beconmes this. The nice feature of this is the tine
has gone away in a sense and you have now t he vol une
of the slug conpared to the vol une of the conponent as
the termthat you can call a time constant, a non-
di mensi onal tine constant and that essentially says
that if the slugis far | arger than the conponent into
whi ch m xi ng has occurred, you'll swanmp it. On the

other hand, if the slug is smaller than the conponent
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in which you are going in, you will never --

CHAl RVAN WALLI' S: You' Il just m x the ends
of it.

PROF. di MARZO That's correct. Sothat's
very physical for me to understand what goes on. |
mean, | can understand in this formulation the --

MEMBER RANSOM  Are you proposing like in

the thermal hydraulic code franework, volume by

vol une?

PROF. di MARZO You'll see. | cannot do
t hat because that is -- that's in fact what B&Ws
owner's group did, Framatone did but thereis -- inny

opinion thereis anintrinsic flow there because you
deci de how nuch you segnment or whatever it is, and
once you deci de how nuch you segnment or whatever it
i's, you are i nposi ng the m xing, and so that is not an
accept abl e way of doi ng busi ness.

MEMBER RANSOM  So your volume of slugis
the entire --

PROF. di MARZO  Yeah, it's a conponent.
It has to be a conponent.

MEMBER RANSOM A conponent ?

PROF. di MARZO Yes, it coul d be t he punp,
it could be --

MEMBER RANSOM V sub S, what is V sub S?
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PROF. di MARZO. V sub S is the vol ume of

the slug the original slug.

MEMBER RANSOM The entire slug.

PROF. di MARZO Yes, the entire slug. And
this is the volume of the conponent in which we
arbitrarily decide there is full mxing. Again, this
is an interpretation tool. It doesn't have to be a
predictive tool at all. |It's just a way to | ook at
t hi ngs and t o defi ne whether they're well m xed or not
wel | m xed or in between. Nowthere was a question as
to how do we inplenment this and obviously, it all
depends on how sinple this forcing function here is.
If it's very sinple, it's an analytical formyou can
just integrate. If it's not that sinmple, well,
basically what you do is you take your slug and you
divide it insay 100 little chunks and then it becones
a sunmati on type of process where now each segnent of
the slug is sent through and the whol e process.

CHAI RVAN WALLI S:  Each one has a pi ece of
i nfl uence on the other?

PROF. di MARZO Right, a parcel, alittle
parcel and you parcel it all out, you know, and at
this point you get your concentration this way. So
when the slug is not sinple, in other words, not as

step, it's nothing sinple, we use this formulation
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which is a little code. So you're asking, are you
using a code? Yes, |I'musing a what 20-line quick
basic code, yes, to do this.

MEMBER RANSOM  Ckay.

CHAl RVAN WALLI'S:  So everything is going
to be either types or vol unme of sonething. You' re not
going to have any sort of tailor mxing where you
| eave behind boundary layers and all that, nothing
i ke that.

PROF. di MARZO No, nothing l|ike that.
The pipe -- you' |l see what the assunptions are. Now,
go back to the fornulation that David D anmond put
forward. This is what is connected to PARCS. Thisis
the RELAP 5 coding that is interfacing wth PARCS.
That's what happens there. There is not downconer.
There is just the lower plenum that's it and this
box, we'll have to figure out what it does, okay? And
these things we'll have to figure it out what they do.

CHAI RVAN WALLI S:  This | ower plenumis --

MEMBER RANSOM Vell, it has a [|ower
pl enumand t hen the branch, too, that has sone vol une
in there.

PROF. di MARZO. It has the branch andit's
got thisthing, and I'mtrying to figure out what they

do by just -- because | asked David to sending a step
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function which is known as an F function in Levenspi el
| anguage and then | | ook at RELAP itself when this
t hi ng goes through and then based on that, | nake an
interpretation and say, this is what it |ooks |ike.

CHAl RVAN WALLI S: RELAP actually has a
wel | m xed pl enumso it puts the sane concentration of
boron into each channel .

PROF. di MARZO: Into each -- well, it
depends then on flow, yes. At this point, yes.

CHAI RVAN WALLI S: Because there's no
mechani sm of doi ng anything el se.

PROF. di MARZG  Yeah.

MEMBER SI EBER: O any lateral.

PROF. di MARZO There is no lateral here.
This is a junction.

MEMBER RANSOM But it is a m xing vol une

t hough.

PROF. di MARZO This is the m xing vol une,
yes.

MEMBER RANSOM Wl |, the other one is,
t 00.

PROF. di MARZO:  Thi s?
MEMBER RANSOM  Yeah.
PROF. di MARZO: This is just junction.

MEMBER RANSOM It's what?
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PROF. di MARZO A junction.

CHAI RVAN WALLI S: | junction with no
vol une.

MEMBER RANSOM Ch, it's a junction.

PROF. di MARZO It's a junction.

MEMBER RANSOM Wel |, then actually, all
of those pipes are connected to the m x vol une down.

PROF. di MARZO. Yes, yeah. So, | nean,
I|'"'mtrying to give you that because | want to now
anal yze what that does the sanme way | woul d anal yze a
chem cal reactor by sending in a tracer. That's
basically what we're doing here. So let's first of
all | ook at these channel s, okay. So Taylor is saying
that if you put in a channel fluid Bfollowing afluid
A with a sharp interface, as this noves al ong and
spreads and di ffuses away, the di stance between the
pl ane i n whi ch you have Point 1 concentration and the
pl ane where you have 99 percent concentration is S.

CHAI RMAN WALLI'S: This is Tayl or m xing.

PROF. di MARZO This is Taylor mxing.

CHAI RMAN WALLI'S: This is okay.

PROF. di MARZO This is in the channel.

CHAl RVAN WALLI'S:  Yeah, this is in the
pi pe.

PROF. di MARZCO In the pipe, in the
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turbul ent pipe, so Sis basically how much you have
snmeared this initial flow Initial Sis zero and as
you nove al ong.

MEMBER RANSOM  And that will depend on
the run --

CHAI RVAN WALLI'S: How rmuch is it spread o
out ?

PRCF. di MARZO  Exactly.

CHAI RMAN WALLI S: And you've got some
nunbers for this?

PROF. di MARZO Yes, so, our nunber is --
our -- once you put all the nunmbers that you know
essentially the channel dianeter, you put in your V
start over -- your V start being some shear at the
wal | divided the density of the fluid, square root of
that. You put all thisin. This is what you are |left
with. S equals 0.57, square root of X for our case,
X being how far you have gone into the channel

CHAI RVAN WALLI'S: It's al nbost universa
because V star over U doesn't vary very nuch.

PROF. di MARZO Right, sothat's theidea.

MEMBER RANSOM Now, what is the velocity
assuned?

PROF. di MARZO The velocity is the

vel ocity that was given to nme in the cal cul ation that
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| use this again, so | think it was one neter per
second or 1.3 neter per --

MEMBER  RANSOM I mean is that
representative of the reflux phase?

PROF. di MARZO It's representative of the
ki nd of velocity that we will see, the three feet per

second t hat Dave was tal king about. The start of the

punp.
MEMBER RANSOM  Start of the punp?
PROF. di MARZO:  Yeah, one punp.
CHAI RVAN WALLI'S: So i f you have one punp
it's about --

PROF. di MARZO So it's 1.3 neters per
second, sonething like that, but the point is, | asked
David Dianond to send me a step in concentration on
top of this flow And then | |ooked at the RELAP
results to see what we were --

CHAl RVAN WALLI'S:  You're an SI unit.

PROF. diMARZO I'min SI unit.

CHAl RVAN WALLI S: Because you've got S
equal s square root of X. You've got to be sonme unit.
It's SI unit.

PROF. di MARZO. Sl unit. Now, anot her way
to do this is along with Levenspiel which talks in

terns of di spersion, dispersion being a paraneter that
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| ooks I'i ke Dover U, Dbeing basically this nolecul ar
-- sone sort of a dispersion term which he doesn't
define very will but L and Uthe length --

CHAl RVAN WALLI'S: A diffusing nunber.

PROF. di MARZO.  Yeah, it would be sone
type of diffusing type of nunber. So | can use al so
that terms and | have a chart which "Il just showyou
t hat gives ne this value and then nothing else is but
di aneter di vided by | ength. The i nportance of thisis
we are over here. That's where we are in this
particul ar situationinthe chart and you can see t hat
Taylor's theory is this line over here, right? So
once yougoalittle bit beyond fivetento the fourth
here, Taylor and the experinental data are the sane.
So what I'm trying to say here is that there is
experimental evidence that what we are getting here
fromthe filler side of things --

CHAI RVAN WALLI'S:  This is for the core?

PROF. di MARZO This is for the channels

in the core.

CHAl RVAN WALLI S: The channels have
spacers.

PROF. di MARZO: No, this is just --

CHAI RVAN WALLI S:  That screws everything
up, it changes everything. Taylors is for the
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strai ght pipe.

PROF. di MARZO This is for the straight
pi pe.

CHAI RVAN WALLIS: I'msorry to introduce
such conplications but --

PRCF. di MARZO  Yeah, but | just took --

CHAl RVANWALLI S:  The spacers actual |y m x
everyt hi ng up.

PROF. di MARZG | know but | just took
what RELAP does. That would be nice. You will see
that's very nice what you're saying.

CHAl RVAN WALLI S: The spacers actually

make it --
MEMBER SI EBER:  The grids would even --
PROF. di MARZO  Wich is good because it
will bring RELAP closer to reality in a strange way
but --

CHAI RVAN WALLI S: So you're taking a
l[imting analysis here --

PROF. di MARZO. Exactly.

CHAl RVAN WALLIS: -- as if there were not
spacers.

PROF. di MARZO, Correct, but now the
problemis, as you will see, RELAP has got this thing

cal l ed nunerical diffusion that we go the ot her way,
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so let me show you what we get. Now, you can do
another thing. You can take the answer from RELAP
too, right, and you can essentially cal cul ate that
t here are two standards devi ati on bet ween t he si xt een
and ei ghty-fourth percentile. This is, again, along
with Levenspiel. So you can calculate what this
standard deviation is and you can get the dispersion
fromthe actual data com ng out from RELAP.

So the theoretical nunber fromTaylor is
0.0011. The nunber that you get from RELAP, 0.0020.

CHAI RVAN WALLI'S: Does this depend upon
t he node size and that sort of thing?

PROF. di MARZO That depends on the node
si ze, yeah, but that's what RELAP has done. And what
RELAP has done is about twi ce what Taylor is saying
for a pipe straight.

CHAI RVMAN WALLIS: | think actually it's
bi gger than that because of the spacers.

PROF. di MARZO Correct. So Taylor is not
0011, it's probably higher, closer tothis, but that's
not really very inportant. The other thing you can do
is go back and calculate the S according to Tayl or,
t he di stance of the sneared slug and again, here are
two sets of nunbers for aft core and end of core.

CHAI RVAN WALLIS: It snears out quite a
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bit.

PROF. di MARZO It snmears out quite a bit.
Now, the point of all this is that Levenspiel calls
smal | dispersion anything that is |less than 0.002.
What he neans is whatever is |ess than 0.002 is close
to a plug flow.

CHAl RVAN WALLI S: Wth the spacers it
m ght be 005 or sonething |ike that.

PROF. di MARZO. It woul d be nore m xed,
that's fine, but what 1" msayingis that we are inthe
nei ghbor hood of what i s defined by Levenspi el as bei ng
a smal |l amount of dispersion in this --

CHAI RVAN WALLI S: Actually it wll be
actually nore but again the spacers have sone
i nfl uence.

PROF. di MARZO The spacers have sone
i nfluence, we didn't go there but what I'msaying is
if these nunbers are -- all I"'mtrying to say is tha
the nunerical diffusion in RELAP is not doing us a
t remendous di sservi ce.

CHAI RVAN WALLI S: They don't have any
effect, since we're on this topic, that tota
di spersion is because the velocity of the m ddle of
the --

PROF. di MARZO  Yeah, it will just diffuse
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one nore and -- yeah, the representation of that wll
be a plug flow and then a little mx reactant.

CHAI RVAN WALLI S: A boundary | ayer which
stays behi nd.

PROF. di MMARZO. Ri ght .

CHAI RVAN WALLI S: And the spacers nay
actually mx that up and prevent that.

PROF. di MARZO Stir it upalittle bit.
Yeah, but the point is that we are in the real of what
is defined as snmall dispersion. So we are in the real
closer as you will see closer as you will see in a
figure that 1'll show you.

CHAI RMVAN WALLIS: As |ong as the spacers
don't make it --

PROF. di MARZO:  Yeah, fairly close, as
| ong as the spacers don't stir up everything, we are
closer toaplugflow Sothat's the first part. And
that's what | nean. This is a small anmount of
di spersions, 0.002 is this curve here.

CHAI RVAN WALLIS: Is there experinental
evi dence of mxing, axial mxing in the core?

PROF. di MARZO.  No.

CHAI RVAN WALLI S: There's no experi nment al
evi dence what soever ?

PROF. di MARZO Not that | know.
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CHAI RVAN WALLI S: That's sort of strange,

because peopl e have tested rod bundl es ad nauseamf or
all kinds of purposes.

MEMBER RANSOM  Well, there's a little
bit, I think on the heat transfer effects. You know,
t he spacers agai n, they' ve seen significant effects on
t he heat transfer of the rods but --

PRCF. di MARZO  That woul d have been --

MR. BASSETTE: | thi nk when peopl e | ook at
DMBin the core, you get some i nformati on as to spacer
effect.

PROF. di MARZO. The net sense of all this
is that the core channels are around here. So the
representation of the flowin the channel by RELAP 5
connector 2 partsis reasonable, that's nmy concl usion.

Now, |l et's tal k about that node, that node
t hat represents the | ower head.

CHAl RVAN WALLI'S: It's the ot her extrene.

PROF. di MARZO Ri ght, the node that
represents the | ower head | just take what comes out
of RELAP agai n, goi ng t hrough t hat node, and this |ine
here is on this plot what that node does to a step
function. And this line hereis theinfinitely m xed
vol ume or the back m xed vol une, the one represented

by those equations that | showed you.
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CHAI RVAN WALLIS: But the RELAP is very,

very, very close to the back m x flow.

PROF. di MARZO Right, inthe sense, | ook
at --

CHAl RVAN WALLI' S:  The equati ons | ook j ust
like the back mx fluid equation | would think that
RELAP sol ves.

PROF. di MARZO. |'m not so sure because
there are some options inthere. |1'mnot so sure what
t he options have been exercised in that node.

CHAI RVAN WALLI S: Maybe it's this forward
and backward differencing in the --

PROF. di MARZO That's right but | didn't
gointothat. | took the result and | said, |ook, if
it was an unknown reactor to ne, this is what it does
and | can say, well, if | make this assunption here of
this volume, | amclose inrepresenting what it neans.
So all I"'msaying is --

CHAI RMAN WALLIS: So it's reality.

PROF. di MARZO. Exactly.

CHAl RMVAN WALLI S: Not just RELAP but
reality.

PROF. di MARZO. Exactly, we'll get there.

MEMBER RANSOM  You' re saying the RELAP 5

is close to just a propagated --
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PROF. di MARZO. The one single node --

MEMBER RANSOM  No, no, well-m xed.

PROF. di MARZO That node that represents
the I ower head is very close to a weld steel reactor
and the channel are very close to a plug flow

MEMBER RANSOM  Ri ght.

PROF. di MARZO That's what that nodel --

CHAI RVAN WALLI'S: It pretty well has to
because that's the whol e nmat hemati cal equati on.

PROF. di MARZO That's the deal, right.
So, I"'mnot sure that it applies, sol nean, that's ny
interpretation of that. Now, what is reality we have
to figure out still.

MEMBER RANSOM M . di Marzo, one t hing you
m ght say, you know, on the RELAP 5 it's a transient
cal cul ati on. It goes tine step to tinme step, so
t hings tend to be propagated every tine step sonewhat
whi ch results in diffusion.

PROF. di MARZO. That's right.

MEMBER RANSOM  And |'m wondering if it
runs at the material limt, thenit's propagating only
as the velocity and but theoretically, if youranthis
thing avery small tinme step, you woul d see very rapid
di ffusi on. How do you account for those differences?

PROF. di MARZO That | don't know because
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we didn't do and we didn't went into that |evel of
detail fromthe cal culation. David, do you have sone
i dea of what --

CHAI RVAN WALLI' S: It depends on node size
and time step and all kinds of things.

PROF. di MARZO  Yes.

MEMBER RANSOM well, it would be
interesting to know, | guess what tinme step these
cal cul ati ons were run at then, so that you woul d know
whether this is --

PROF. di MARZO I don't know that
calculation. That's a very good point but what we
t ook was the gl obal outconme of that cal culation. So
that was to get the sense for what we are actually
coupl i ng wi th PARCS because that is sonething that we
have to get conscious of. So nowin the follow ng,
what are we trying to do now W are trying to get
some experinmental evidence and sone neans to figure
out what's reality which is exactly the question that
Graham posed. And we don't have any nean to separate
downconer froml| ower head, per se, unless we coul d.

So we will ook at the whole in vessel
thing in the end, so let me progress step-w se and
show you what experinental evidence we have.

CHAI RVAN WALLIS: Sowhy is it a plug fl ow

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

299

nodel of the downconer?

PROF. di MARZO, The downconer is not
exi sting.

CHAl RVAN WALLIS: Does RELAP not exist?
| mean, RELAP has a nodel for the downconer, doesn't
it?

PROF. di MARZO.  No.

CHAI RVAN WALLI'S: No, RELAP doesn't say
t he downconer exists?

PROF. di MARZO No, thereis no downconer.
W're feeding in the | ower head.

CHAI RVAN WALLI S:  How does RELAP get the
flow into the | ower plenunf

PROF. di MARZC From a tinme dependent
node.

CHAI RMVAN  WALLI S: It just appears
magi cal Iy from somewhere?

MEMBER RANSOM | t hi nk one thing needs to
be clarified. He's tal king about RELAP 5 in the sense
that the one that's used with the PARCS nodel .

CHAI RMAN WALLI S: Ri ght.

MEMBER RANSOM Now t here coul d be a RELAP
nodel of the entire system which --

PROF. di MARZO There is no downconer in

that --
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CHAI RMVAN WALLIS: | doesn't go that far

back.

PROF. di MARZO That's right, so the
guestion now is, is that good enough or should | do
sonet hi ng?

CHAI RVAN WALLI'S: But it's not clear that
it has a plug fl ow nodel of the downconer. It accepts
what ever you tell it comes in.

PRCF. di MARZO  Correct.

CHAI RVAN WALLIS: So if | assuned that all
that is nodeled in the vessel is what was presented in
the condition is essentially that I'msaying that the
downconer has to operate like a plug flow nodel. Do
you see what |'msaying because it's just sinply not
t here.

CHAI RVAN WALLIS: Are the inputs the sane
as the input fromthe --

PROF. di MARZO Tinme shifted that's all.
That's what we look |like at this point, okay? And
again | don't know whether that is true or not or
whet her that is real or not. | have to figure it out.

CHAI RVAN  WALLI S: | can run wth
concentrations of stuff as well.

PROF. di MARZO Sure, but what |I' msaying

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

301
CHAI RVAN WALLI' S:  What does RELAP do with

t he downconer if you nodel a downconer in RELAP?

PROF. di MARZO, A downconer would be
conplicated because you'd have to have a three
di mensi onal presentation of the downconer and that is
deemed probl ematic, highly problemmatic.

CHAl RVAN WALLI S: So RELAP thinks the
downconer is a pipe.

PROF. di MARZO. | f you put down a pi pe,
t hen basically you don't have nmuch to do with what's
going on here, so | don't know exactly how you woul d
handle that with RELAP but we can handle it wth
fluent in the CFD nodel .

CHAI RVAN WALLIS: It depends on how many
nodes you have in a downconer. |If you have just one
big node, then it's like a m xed vessel. |If you --

PROF. di MARZO. You can have one stack on
node and that's a representati on and you coul d have a
t hree di nensi onal representation but then there are
ot her issues.

MEMBER KRESS:: The PTF programfound it
to be well m xed.

CHAI RVAN WALLI S: Yeah, but that's not
saying it is.

PROF. di MARZO Look, RELAP is not a
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m xi ng tool for a three dinensional space.

CHAI RMVAN WALLI S: We're tal king about
reality.

PROF. di MARZO  Right, exactly. So we
don't want to go there. Finally it's now what do we
have?

CHAI RVAN WALLI' S: | think you' Il probably
say it's conservative to have no mxing in the
downconer.

PROF. di MARZO Sure, sure. | mean,
that's -- what we've seen better, what do we have. E
have a CSNI experinent at Maryland, which | didn't
run, so it's independent.

CHAI RMVAN WALLIS: Were is this place,
Mar yl and?

PROF. di MARZO. Sonewhere in -- sonewhere
on the Beltway. And then we have a research CFD
calculation of the same thing, okay, and that was
performed within that CSNI operation, so we're going
to tap into that. So the experinment wasn't done in
concentration. It was done in tenperature but since
t here was not nmuch heat | osses, basically there was an
equi val ence between the two and the idea was to send
in a cold front of 12 degrees C in a 72 decree

centi grade downconer at seven liter per second, the
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downconer is around 100 liters, just to give you an
i dea.

CHAI RVAN WALLI' S:  You' d duplicating food
nunber or sonet hi ng?

PROF. di MARZO Yes, there is a whole
report and details and whatnot. Then we have af fl uent
cal cul ati on done by research of that space wi th about
half a m1lion node which where is that will give you
aresolutioninthelatter part of the downconer where
the cold legs are inserted essentially around ei ght
nodes across and then bel ow t he expansi on, 14 nodes
across three di nensional .

CHAIl RVAN  WALLI S: | hope that the
transcript records affl uent cal cul ati on, not effl uent
cal cul ati ons the way t hese wor ds soneti nes get screwed
up.

PROF. di MARZO. Yeah, CFD cal cul ation
affluent is a commercialism so CFD. Ckay. And
basically the pressure drop -- this is very inportant
because we're going to go to that again later. In
order to nodel the various sets that are between the
| oner head and the core a pulse neter was inserted
there and you will see that in the future slides just
to give you a better sense of that, to nmatch the

pressure drop that was observed in the --
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MEMBER RANSOM Are t he sane tenperatures

assunmed for --

PRCOF. di MARZO  Sane everyt hi ng.

MEMBER  RANSOM -- the affluent
cal cul ati ons, though?

PROF. di MARZO Right, that was basically
aninitial conditionfairly well nonitoredinthe cold
| eg which was given to affluent and then it's --

MEMBER RANSOM So it's cold water going
down into --

PRCOF. di MARZO  Col d water going down.

MEMBER RANSOM -- hot water, right?

PROF. di MARZO Experi nents have been done
to correct for the cold water by salting the hot
water. | nean, all kinds of variation and gyration
have been done there. | nmean, we've got data.

MEMBER RANSOM One t hing we need to keep
in mnd, Dr. Norbush has brought up that naybe it's
hot wat er.

PROF. di MARZO. It coul d be hot water and
-- we have all the data on that kind of a thing but
you'l | see what kind of happens. So let's tal k about
what is in the | ower head because that's a rel evant
problemhere. Inthelower head thereis a free space

and angul ar -- | don't say angul ar, but there's a gap
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here in the hem sphere, a free-flowing gap with the
exception of the neasurenent instrunentation here.
Then there is a first distributor, afirst perforated
pl at e.

CHAl RVAN WALLI'S: It's a col ander.

PROF. di MARZO. A col ander, yes. Above
that there is a distributor plate, okay. Then above
that there is basically a big spacer plate wth
perforation again. Then there is another distributor
pl ate and then anot her perforated plate. That is the
reason why this whole contraption here in the CFD
cal cul ati on has been |i ke a porous nedi a | ooking |ike
a hem sphere.

MR. TRAIFOROCS: Basically a perneability
tensil e has been devel oped there?

PROF. di MARZO Yes, and so that was the
way it was represented because there was no way to do
t hi s thing.

MR. TRAIFOROS: Soit's not isotropic type
of porous media. There's tensile in there.

PROF. di MARZO. Yeah. Sothat's basically
what has been done. And that explains also the kind
of results that we're getting from Maryl and where we
do have a duplication of all of these things. W

don't have all these porous sets but | nmean, we have
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sone of them So these are all the grids through
which the flow should go through. Now, there were
several tests run at Maryland, |I' mtol d because agai n,
| didn't doit, but basically they were done one after
the other in simlar conditions, okay. And then the
results of these tests were averaged out, 16
identical, quote unquote "identical" repeat tests
aver aged.

That expl ains why there is an error bar.
An error bar, we shouldn't call it an error bar.
There i s a bar here because there are 16 experinments.
This i s the average val ue and those are the vari ati on.

CHAI RVAN WALLI'S: This is fromthe CF --

PROF. di MARZOG No, this is experinents.

CHAI RVAN WALLIS: One is --

MEMBER RANSOM  This is hot water, cold
wat er ?

PROF. di MARZO These are t he experinents,
okay? Now, what can change? Well, the tenperature
m ght change slightly, the way it's injected my
change slightly and so forth. The inportant part,
whi ch goes to the point, is that the maxi numvari ati on
is not down here nor in the beginning but in this
i nternedi ate portion.

CHAI RMAN WALLI S: What do you nean by
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normal i zed tenperature? Were is this tenperature?

PROF. di MARZO This is -- renenber there
is atenperature pre-existinginthe vessel, whichis
one. And there is slug that has a tenperature zero.

CHAI RMVAN  WALLI S: And this is the
tenmperature as the --

PRCF. di MARZO As tine goes by --

CHAI RMVAN WALLIS: -- as the liquid goes
into the vessel.

PROF. di MARZO. This is one downconer
worth of Iiquid.

CHAl RVAN WALLIS: As the liquidconesinto
t he vessel .

PROF. di MARZO Into the vessel and two
downconers --

CHAI RVAN WALLI S:  But whereabouts across
the cross section of the bottom of the vessel?

PROF. di MARZO. Ckay, the liquid comes in
in one cold leg. And this the averaged --

CHAl RMVAN  WALLI S: It's the average
tenperature going into the vessel.

PROF. di MARZO No, not going into the
vessel, at the bottom of the downconer.

MEMBER RANSOM It's at the --

PROF. di MARZO There are a bunch of
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t hermal coupl es at the bottomof the downconer and t he
aver age val ue of those.

CHAI RVAN WALLI S: So it's the average
val ue. How nuch does it vary around the --

PROF. di MMARZO 1'Il get there. | have
that. Now, | have that at the entrance of the core
fromthe --

CHAI RVAN WALLI'S: So this is expediential
behavi or, right?

PROF. di MARZO. Yeah, this is basically
what you have. The variations here which are | arger,
are due to the fact that --

CHAl RVAN WALLI S:  Your expedi enti al m xi ng
nodel woul d give sonmething very simlar

PROF. di MARZO. No, it's nore conplicat ed.
W did sone nore --

MR,  TRAI FORCS: You' re neglecting this
m xing in your nodel.

PROF. di MARZO  Yeah, yeah, but let ne
rephrase. There are several possibilities depending
on the density. Wen the flow enters the upper
downcomer, it can go around and si nk on t he ot her side
or it can just go down. That depends a little bit on
the densities. Thenthereis another tw sting factor.

When -- renmenber that the | ower head is enpty. Wen
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the streamhits the | ower head on the other side you
basically get an upward. Since you're averaging in
t hat plane, you're getting also the inflow --

CHAl RVAN WALLI'S: Well, this | ooks as if
t he downcomer is behaving like a pretty good m xer

PROF. di MARZO. Not really. In order to
match this curve, it's very conplicated.

CHAI RVAN WALLI S: But if there are no
m xing, it would just be a step function.

PROF. di MARZO Yes, but the point is
this; there are two factors. You have to introduce
two conmplications in the mxing formulation in order
to get the curve that | ooks like this. You ve got to
i ntroduce a dispersion now, which is not zero, not
infinity, aninternmediate di spersion andthen you have
to introduce the concept of participating volune
because not 100 percent of the downconer is
participating in the mxing but the portion is so-
cal |l ed stagnant feature. So once you introduce these
two variables into the process, then you can get the
curve that nmatches this. So it becones very
conmplicated very qui ckly. We didthat extensively but
there is a whole different deal.

CHAl RVAN WALLIS: If it mixes in half the

vol ume, then things will happen tw ce as fast.
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PROF. di MARZO That's right but there are

two extrenes.

CHAl RVAN WALLI'S:  So you --

PROF. di MARZO. If the flow conmes in and
goes down li ke crazy |ike that, it m xes alot but the
participating volune is very small.

CHAl RVAN WALLI S: Did you showt hese t hree
t heori es superinposed on the data?

PROF. di MARZO Yes, we did that but the
problemis this --

CHAl RVAN WALLI'S: Are you going to show
t hat ?

PROF. di MARZO. No, no, because the point
issueisthis; thisis areduced scal e experinment. So
if I make a reduced scale experinment like this, and |
want to denonstrate the scaleability of a reduced
scal e experinent like this to plant, at this stage of
game, | have basically no hope. So | cannot go with
an i nternedi at e di spersion and a partici pating vol une.

CHAl RVAN WALLI'S:  Well, 1'd rather have
anot her figure where you showthe MMas well as the --

PROF. di MARZO. Exactly, hang in there.

CHAI RMAN WALLI S: That's what we' re goi ng
to get to.

PROF. di MARZO. Exactly.
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MEMBER RANSOM No, the CFDcal cul ationis

agai n, an average?

PROF. di MARZO. The CFDcal cul ationis the
average in the pl ane.

MEMBER RANSOM  And the error bars that
you have there are --

PROF. di MARZG Well, let nme show you on
t he next slide, because | didn't want to put --

MEMBER RANSOM  All right.

PROF. Di MARZO: But what |'mtrying to say
here is the CFD calculation is a fairly good

representation of that data at reduced scale. That's

the point |I'm driving at. So renenber the CFD
calculation is not just the downcomer. It includes
also a lower head. It includes this porous portion
that represents that. | will make use of that

cal cul ation exactly w thout touching anything to
infer what's happening at the entrance of the core
because it does very well the downconer. [ 11
continue it and extract data at that plane.

So this is a question that | don't know
how to answer conpletely but in a sense we have use
the Maryland facility in a nunber of situations in a
nunber of scenarios, | nmean, thereis anpleliterature

onthis since 82. Sointernms of the representation
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of plant fromthe Maryland facility and the scaling
and so forth, there's an anple anmount of literature
that in different situations in different transients
can gi ve you an i dea of howrepresentative that m ght
be.

But let's go to the slide that Grahamis
t al ki ng about because thisisinportant. Soif | take
-- make the assunption that the downcomer is totally
unm xed, and that |ower head is, as we said, a fully

m Xxed node, this black line here is what that MM --

that mxing nodel wll give ne. It's just a
mat hematical expression. It doesn't nean any nore
t han t hat.

CHAI RVAN  WALLI S: This is for the

concentration going into the core or --

PROF. di MARZO This is the concentration
or tenperature whichever --

CHAI RMVAN WALLIS: In the | ower plenumor
wher e?

PROF. di MARZO One is the pre-existing
concentration. GCkay, this is at the entrance of the
core.

CHAl RMAN WALLI'S:  Entrance of the core,
whereas the previous --

PROF. di MARZO Was at the end of the
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downconer. Entrance of the core. This tinme | have
plotted here -- what |1've plotted -- in that plane,
okay, there are a nunber of nodes, so | essentially
took the 10 percent of those nodes that show the
| owest tenperature and |'ve seen at what tenperature
that is and | took 10 percent of the node at the
hi ghest tenperature and | neasured t he tenperature and
t hese are these two points.

CHAl RVAN WALLI'S:  So actually, if you fit
the curves with an expediential, your nodel is about
twice the Krate of the CFD.

PROF. di MARZO  Yeah, but let's | ook at
this first and then 1'|ll get there, but this point is
t he average on the plane. These two points represent
a 10 percentile discarded on the | owest tenperature
and the highest tenperature. The first thing that
junps out is that it's skewed. Wat does it nmean? It
basically means that there are fingers of |ow
concentration comng into the core, if you wish in
this region here, at this concentration | evel. Then
it narrows down again pretty uniform

Now, go back to the presentation that
David D anmond had Dbefore. What are the two
fundanmental problenms? First is how sharp is the

i njection because that determnes the initial pulse.
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So at high concentration, concentration is not an
issue. What's an issue is how fast you decrease the
boron concentration. GCkay, so in this region here,
what matters is how sharp this thing comes down. In
this region here, what matters is how | ow you go.
Now, this mathematical representation here, very
sinplistic mathematical representation, essentially
skirts the m ni num val ues of the cal cul ation.

CHAI RVAN  WALLI S: | think in David
D anond' s not hi ng much happened unti | t he
concentration got quite | ow

PROF. di MARZC Exact ly. But renenber
that initially what's inportant is how fast you drop
and that's giving you the spi ke. Remenber that there
was two sets of slides, one at three --

CHAl RVAN WALLI S:  Three percent.

PROF. di MARZO -- three percent and 25
percent, so that addresses this part of the curve.
And then the other part of the curve is how | ow you
go. So essentially, thisrepresentation, which again,
| don't claimany physical -- how can | say -- any
physical direct truthtoit, okay, but as the power of
giving you a sharp variation at this point where
sharpness is an issue and it gives you a |low

concentration on this portion where | owconcentration
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is an issue. So that is what we say conservative in
a sense.

MR. TRAI FORCS: But the reason for your
sharp because your boundary condition here is sharp.
You did not put the values that out of the downconer
m Xi ng com ng out as an input. |f you woul d have put
it, it would not be --

M5. MUR No, no, if you put --

MR. TRAI FORCS: The boundary conditions --

PROF. di MARZO. -- if you get to this drop
here, right?

MEMBER RANSOM Well, if | understandit,
you're mxing nodel is two volunmes, right, the
downconer and the | ower head.

PROF. di MARZO That's absol utely correct.

MEMBER RANSOM The downconmer is plug
fl ow, meaning no m xing and then good mxing in the
| ower head.

PROF. di MARZO  That's right and by no
means, this is not the physical representation of --

MEMBER RANSOM | understand that.

MR. TRAI FORCS: But the datais mxingin
t he downconer plus mxing in |ower plenum

PROF. di MARZO.  Absol utely.

MR. TRAIFOROCS: So in actuality, if you
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wanted to seethe validity of well-m xed | ower pl enum
you have to put input to this nodel the output from
t he downcomer experi nent.

MEMBER RANSOM  Well, the CFD is doing

t hat .

MR TRAI FORCS: No.

MEMBER RANSOM  Yes.

PROF. di MARZO The whole thing. CFDis
not -- CFis artificial where you break. It's a --

MR. TRAIFOROCS: In away you aretryingto
scale up some of the mxing in the downcomer giving
credit to the | ower plenum m xing.

PROF. di MARZO That's correct.

MR TRAI FORCS: But you nentioned that
there is a question of a scalability of this.

PROF. di MARZO, No, | didn't scale
anything. This is -- this is Uscale is done by CFD
under U scale and the nodels are the nodels, a
mat hemati cal expression so it doesn't have really
scal e.

CHAI RVAN WALLIS:  But | think he has a
point that if thereisn't conplete mxinginthelower
pl enum but you get sone credit for mxing in the
downcomer and then you attribute it all to --

MR. TRAI FORCS: To | ower plenum
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CHAI RVAN WALLI S: -- you may be over-

estimating the | ower plenum

PROF. di MARZO  And underestimating the
ot her one, yes. But the matter of fact of that is
t hat the i npact on PARCSis quite conservative because
down here you are under-predicting essentially the
aver age val ue but boundi ng t he m ni rumand ot her hand,
you are over-predicting the sharpness of the front
which is crucial to get that initial reactivity
i nsertion.

MR TRAI FORCS: Isn'"t CFD -- not CFD,
uni versal --

PROF. di MARZO.  No.

MR. TRAI FORCS: -- because you assinilate
it. You don't have neasurenment of those coring --

PROF. di MARZO. No, no, it's not
accessi bl e.

MR. TRAI FORCS: No t enperature
nmeasurenents in | ower plenum

PROF. di MARZO: There's too nuch stuff in
there toget. If we had that it would have been very
ni ce.

MEMBER RANSOM Wl |, could it be argued
this is a conservative nodel then because if you

i ncl uded m xing in the dowmconer, it woul d spread out
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this effect even nore than --

MR. TRAI FORCS: Yeah, | think extending
the m xing i nthe downcomer of the nodel of University
of Maryland to the full power, full power -- full
pl ant basically.

PROF. di MARZOG No, wait a mnute.

MR. TRAIFORCS: You are using CFD as a
scaling way of --

PROF. di MARZO No, no, this is all at
reduced scal e.

MR. TRAI FOROS: But you are validatingthe
m xing in the | ower plenum

PROF. di MARZO. Reduced scale --

MR, TRAI FOROS: Your assunption is | ower
plenumis well m xed, okay?

PROF. di MARZO  Yes.

MR. TRAIFORCS: So if that's indeed the
case, input to the lower plenum the concentration
t hat you have neasurenents fromUni versity of Maryl and
in the downconer.

PROF. di MARZO:  Yeah, the but the problem
is this, I"'mnot claimng --

MR. TRAI FORCS: You woul d not have been
conservative, so you don't have fully mxing in

downconer, in |ower plenum
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PROF. di MARZO. Yes, but | do have mi xi ng

i n downconmer fromwhich I don't take credit. So al |
| " msaying here i s the conbi ned ef fect of having a no-
m x downconer and a full mx which is a nmathenati cal
expression is not -- it doesn't have any per se
nodel ing quality.

MR. TRAI FORCS: And this is independent of
scal e of the University of Mryl and?

PRCF. di MARZOG No, no, this is --

MEMBER RANSOM  These are hi gh Reynol ds
nunber .

PROF. di MARZO  Yeah.

MR. TRAI FORCS: That's not ny point, high
Reynol ds nunber.

MEMBER RANSOM No, high Reynolds is
simlarity is easier, | guess.

PROF. di MARZO All we are saying at this
stage, all we are saying --

MEMBER RANSOM So the only other one is
geonetric simlarity.

PROF. di MARZO Exactly, all we are sayi ng

is --
MEMBER RANSOM  So we have bot h of those.
PROF. di MARZO. All we have said so far is
that these nodels -- nodels is not the right word,
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t hese mat hemati cal expressions i s probably the better
word, they're fake of a reality which is nuch nore
conpl ex and represented reduced scal e by experi nent
and CFD. That's all we are saying at this stage.

MEMBER RANSOM The one thing that woul d
be worried though is your comment about stratified
conditions would not be representative.

MR. TRAI FORCS: No, the high Reynol ds
nunber buoyancy is not of inportance. | nmean, these
are very high fluid.

MEMBER RANSOM Right, not in this case
but if you |l ook at the |lower flow case.

MR. TRAI FOROS: Agai n, what we are argui ng
if CFDneet critique sonething at the downconer, | can
make the conclusion that it will predict other aspect
of the problemthe same accuracy.

PROF. di MARZO Ckay, yes. That's a wel | -
t aken poi nt but the structure of the fl ow between the
downconer and the |ower head, you're arguing is
conpletely different and | don't know if CFD does a
good job, is that what you're saying?

MR. TRAI FORCS: Exactly, that's one of ny
guesti ons. | mean, you are -- a code has -- for
exanple, the way you nodel the downconer is quite

di fferent than you nodel the |ower plenum
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PROF. di MARZO. We don't nodel -- you nean

t he CFD.

MR. TRAI FOROS: The CFD, yeah. So since
you know how t hese --

PROF. di MARZO | don't think there is a
difference in nodeling. It's just the --

MR. TRAI FOROCS: You have a porous nedi um
nodel for --

PRCOF. di MARZO  For that portion, yes.

MR TRAI FOROS: Ckay, so you are -- you
may have a code, have two aspects of an experinent
predict well and the --

PROF. di MARZO  Yeah, but the reality is
this. As it stands today, we collectively do not have
a m xi ng code assessed within this regul atory space,
if you wish that we can use to say if this is
according to scale, | nowamgoing to plant with it.
There is no such a thing around here.

MR TRAIFOROS: But at the same tine we
are using the knowl edge of the downcomer mxing to
extrapolate it is a well-mxed | ower plenum

PROF. di MARZG: No, the lower plenumis
not --

MR TRAI FORCS: That is not the case.

PROF. di MARZO  The | ower plenumis not
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wel |l -m xed, it's doing this.

MR. TRAI FOROS: Because your input -- so
this is basically what you are saying that if | don't
use mxing in the downconer and well mx in |ower
pl enum effectively --

PROF. di MARZO: This is what you get.

MR TRAI FOROS: So you are not --

MEMBER RANSOM It's a conservative
result.

PROF. di MARZO  Yes.

MR. TRAI FORCS: But at the sanme time, you
are stating in your report you don't give any credit
t o downconer m xi ng.

PROF. di MARZO In this black |ine here,
no. In the CFD cal culation, sure, thereis mxingin
t he downconer and there is mxing in that | ower head.
Al 1"msaying is that this mathenmatical expression
provides nme with a representation of reality if you
want to call it that, at reduced scale. Now t he
benefit of this is very sinple. Once | have a
representation and this is where the --

MEMBER RANSOM Let me ask you one nore
guestion about this.

PRCF. di MARZO  Sure.

MEMBER RANSOM  This is high fall, you
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know, with a punp on. \What about restart of natural
circul ati on?

PROF. di MMARZO. W have no data yet on
that. We have data but we don't have a CFD of that.

MEMBER RANSOM So everything you're
saying is addressing only the restart of a punp.

MR. TRAI FOROS: Your assunptionis that --
you have used the sanme assunption for the natural
situation.

PROF. di MARZO  Yes, yes.

MEMBER SIEBER: It's the sane thing.

PROF. di MARZO. Renenber the --

MR TRAI FORCS: Wuldn't natural --

PROF. di MARZO: Yes, but the problemis
this; remenber that the natural circulation which has
| ess m xi ng has al so a benign front because it cones
in much slower. So the problemis that the natural
circulation situation you have to keep in mnd,
al t hough t he sl ope could be comng in very slowy and
everything, whatever, as far as fuel danage is
concerned, not as far as restarting the reactor, |
nmean, you're going to go to full power. There's no
guestion about it. |If you don't do anything, you're
going togoto full power but the point is that you're

going to go there w thout damagi ng the fuel.
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CHAI RVAN WALLI S: In reality, there is

m xi ng in both the downconer and the | ow pl enum

PROF. di MMARZO. Ri ght .

CHAI RVAN WALLI S: In order to have an
i nput to PARCS, you have to have conplete mxing in
the |lower plenum otherwise you would be putting
different --

M5. MORRIS: Absolutely.

CHAl RVAN WALLIS: -- indifferent parts of
t he reactor.

PROF. di MARZO Absolutely, | have no
choi ce.

CHAI RMVAN WALLIS: And they can't handl e
that so you have no choice and you're trying to show
that if youdo it with the have no choi ce part and put
all the mxing in the | ower plenum you get sonething
whi ch is conservati ve.

PROF. di MARZO. Right, that's exactly what
|''msaying and the part that is --

CHAl RVAN WALLI S: You're not trying to
represent thereality, you' retryingto showthat your
representation is conservative.

PROF. di MARZO. Now, in ternms of scale, |
don't know what to add, because | cannot do anyt hing

to this thing, to the mxing nodels, to introduce
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scal e except through the vol unes, through the actua
vol unes because --

CHAI RVAN WALLI S: The reality may be
ef fected by scale.

PROF. di MARZO. That part there remains --

CHAI RVAN WALLI S: That's why you use
things |ike food nunbers and all that.

PROF. di MARZO Yes, but those things are

scaled and are reasonably well, so that's the only
thing you have. So to summarize here, | got
downconer data in Mryland, and | got the CFD
cal cul ati on of the same, so this has been there. | am

extrapol ati ng since this cal cul ati onthough, includes
t he | ower head and t hen conparing that wi th what cones
from the top and what cones from the top is a
representation to these m xing nodels that | showed
you, the no-m x downconer and the fully m xed | ower
head which is basically what this PARCS has in it.

CHAl RVAN WALLI'S:  That's as conservative
as you coul d get because if you put sone mxinginthe
downconer, it would nake it --

PROF. di MARZC. Ri ght, renenber that I
cannot --

CHAI RMAN  WALLI S: --  which vyou're

constrai ned to do.
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PROF. di MARZO Remenber that this |ine

here is a line of great uncertainty no matter what |

do. Because if you cone with a partially m xed vol une

across this line, | frankly don't know how to defend
it, whatever nunbers do | get or a partially
participating volune across this line. It would be

very hard to say that 30 percent of the downconer is
unparticipating in Maryland and then therefore 30
percent of the real downconmer would be in the sane
situation. | have no way to nake that argunent, nor
do | have an argument to make about the dispersion
t hat they woul d be equi val ent of sonmething. You see
nmy predi canent here

So that is basically the first part.

MEMBER RANSOM I ncidental |y, your m xi ng
nodel is just a sinple code |I guess.

PROF. di MARZO Yes, it is a sinple code.
it is conservative and the intent is to elimnate the
scal ing norass which I don't want to go i nto because
we have no tools to address that. so in the end what
| " msaying is that the RELAP PARCS r epresent ati on t hat
we have and as far as the vessel is concerned, is a
conservative representation but reasonable. That's
all 1" m concl udi ng.

MEMBER RANSOM There RELAP 5 neani ng t he
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RELAP 5 PARCS nodel .

PROF. di MARZO  Yes.

MEMBER RANSOM  Because the other nodel
woul d have m xing in the downconer.

PROF. di MARZO  Yes, but then again, how
good is RELAP doing it, how do you go scaling, you
know, whatever, how nuch do you want to believe that,
all those --

MEMBER RANSOM | assume eventual ly you
want to extend this to include the cold | eg and all
the rest of --

PROF. di MARZO. Ckay, so nowwe are at the
vessel. Now we have to go and feed sonmething from
that cold leg into the vessel and that's the second
part of ny talk.

CHAl RVAN WALLI' S: You have to go actually
talk to us about m xing in the punp and all that.

PROF. di MMARZO. Right, that's the second
part.

CHAI RMVAN WALLIS: That's going to take
sone tine, isn't it?

PRCF. di MARZO No, no, | hope not.

CHAI RVAN WALLIS:  Well, never get to M.
Bassette.

PROF. di MMARZO It's a six-slide thing.
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| hope you read the paper, what can | say? Now, |'m
maki ng again assunptions, assunptions as good as
anyt hi ng, okay? And the assunptions are that pipe
don't m x and that the only two things that m x i s the
punp and t he steamgener ator for outer pl enum Again,
remenber what |'mtal ki ng about here, a nmathemati cal
expression, sotheonly thing|l'msayingthat thereis
a volune which is well-m xed and that's okay because
you haven't defined what that volune is, okay.

You can nake it as big and as small until
you fit the data. |'msaying that that volunme is the
whol e steam generator for outer plenumand it's the
punp vol unme. Now, obviously, one can say, well, wait
a mnute, the mxing generated by a punp happens
downst reamof punp because you' ve started the fl owand
t he m xi ng happens down there. Yes, granted, thereis
a volume in which this mxing occurs that you can
t hi nk of as a way m xed vol une of a certain size. Al
" massum ng i s that volume of certain size is of the
size of the punp. That's all |I'msaying. Again, you
an argue this is not right or this is right but --

MEMBER RANSOM Are you i ncl udi ng t he col d
leg in that as --

PROF. di MARZO No, no, just the vol unme of
t he punp.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

329
MEMBER RANSOM  Ckay, fine.

PROF. di MARZO. Again, it's an assunption.
It's good. kay, but go back to what was done in the
scaling of the steam generator. The idea was |I'm
going to try sonething on you and then I'mgoing to
conpare it with the data and as | ong as it works, what
' mdoing is okay. The nunber | picked is okay.

CHAI RVAN WALLI S:  So you have no mi xing in
the cold | eg.

PROF. di MARZO: No mixinginthe cold | eg.

CHAl RVAN WALLI' S:  You have noinjectionin
the cold | eg?

PROF. di MARZGO No injection in the cold
leg. No, there is no injection in this experinent.

CHAl RVAN WALLI'S: And there's this uniform
slug in the steamgenerator which it doesn't matter if
it mxes or not because it's uniform

PROF. di MARZO Yes. So first of all, let
nme gi ve you a sense, okay? The slug that 1'mgoing to
| ook to validate this assunption is of the order of
470 liters. Ckay, |I'msorry, the scale of the slugis
470. The slugis 56 liters or so. In other words, if
you take the volume where the slug sits in the plant
and you take the volunme where it sits in Mryland

facility. Theratiois 470. The typical ratio of the
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facility is around 500.

These are the conponent. The steam
generator tubes are 48 liters in Maryl and and 41 cubic
meter in plant with aratio of again, around 500. The
steam generator outer plenumis smaller in plant.
It's bigger in neasurenent because those are the
pi eces you can buy. The cold |leg suction is about
right. The punmp is a little bigger in Maryland but
then -- bigger inplant, |'"msorry. And then cold |eg
dischargeisalittle bit smaller. GCkay, so these are
t he nunbers just to give you a sense.

So let's | ook, this is sonething you were
referring to at the beginning. The slug is a cold
wat er slug which is represented by this white portion
here, injected artificially fromthe bottomof a cold
legwith a hoseandit fills up the steamgenerator up
to here and this up to here. And at that point it's
closed and this punp is started.

CHAl RVAN WALLI S: So what's the black
stuff?

PROF. di MARZO  The bl ack stuff is what
was there which is original water.

MEMBER SI EBER:  Original water.

PROF. di MARZG Original a warmwater, so

we inject a colder water under it and we push it up
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and then tinmes zero we start the punp.

CHAI RVAN WALLIS: No, inreality there's
not hi ng above this slug. This is --

PROF. di MARZO No, no, this has nothing
to do with bottommxing. This is sinply to say --

CHAl RVAN WALLI'S:  Nothing to do with --

PROF. di MARZO Nothing to do with bottom
mxing. It's just totry to think where there m xing
only in those two vol unes anal ytical .

CHAl RMVAN WALLIS: It's to test out your
t heory --

PROF. di MARZC It's to test out the
t heory.

CHAl RVAN WALLIS:  -- with sone kind of
experiment which isn't --

PROF. di MARZO Doesn't have anything to
do with bottom m xi ng, okay. But the nice inportant
t hi ng about this experiment is that this part will be
punped only through the punp. The front of the slug
will only go through the punp.

CHAI RMVAN WALLI S: This is a kind of system
ef fects denpnstrati on of the nodel fitting sone data.

PROF. di MARZO. Correct. But the point is
that the front of the slug goes only through the punp.

See? But as the tail has to go through the steam
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gener at or outer plenumand t hrough the punp, so it has
to do that two in series. So that is the test that |
want to run.

CHAI RMVAN WALLIS: This is just a test.
There is no vessel, there is no --

PROF. di MARZO There is no considering
anything. Now, initially the slug is here. Ckay,
what you' ve got there are all the liters as where the
slug is and as you start punping, you're going to
start noving the slug and at the very end, it's all in
t he vessel and we can go into the details, but I don't
t hi nk we have the tinme nor interest. This describes
what it is. Wienit'slikethis, it's a m xed thing,
so | don't know how nmuch of each is inthat particular
pi ece of equi pnent.

So the nmodel is close form in this
particul ar case and the expressions are very sinple,
so | don't want to bother you with that. but this is
what you get. The front goes only through the front
which is a very small volune, so it's al nbst a shel
front. The tail goes through both, goes through a big
m x volume and then the punp, so it's nuch nore
gradual because of the subsequent m xing. And that's
basically the data on top of it that you measure at

that | ocati on.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

333

Now, the problemwas that we wanted to do
a blind of this using OSUand that unfortunately never
happened.

MEMBER RANSOM  One part of this scenario,
this assunes that you' ve refilled the system before
you start the punp, | guess, right?

PROF. di MARZO No, no, the punp punps and
then that's it.

MEMBER RANSOM But | thought you said
there was borated water sitting on top of the de-
borated water?

PROF. di MARZO. Yes, you punp t hat through
and then it will end.

MEMBER RANSOM  Right, so the systemis

full.
PROF. di MARZO. No, no, no, the system--
MEMBER RANSOM  Ful | of water.
PRCF. di MARZO No, no, not really.
MEMBER RANSOM  You nean it's partially
voi ded?

PROF. di MARZO.  Yeah, the systemis full
up to here. Wen you flush all this stuff out, there
is nothing left.

MEMBER SI EBER:  Ri ght.

MEMBER RANSOM Wy is the borated water
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sitting on top of the de-borated --

PROF. di MARZO It's not borated, it's
war mer wat er.

MEMBER RANSOM  Huh?

PROF. di MARZO It's just warmer water.
Way do we have water there?

MEMBER RANSOM Wl |, vyes.

PROF. di MARZO, W have water there
because we want to know how the tail m xes, how the
back of the slug m xes and we need sonet hi ng above it
to mx it with.

CHAI RVAN WALLI'S: He's not nodeling the
reality of it.

PROF. di MARZO. It doesn't have anyt hi ng
todowthwat |"'mmxing. It's attenpt to validate
t he assunptions nmade, that's all.

MEMBER RANSOM Wl | does the tail have
any significance as far as the accident i s concerned?

PROF. di MARZO None what soever. It's
just as --

MEMBER RANSOM So it doesn't matter then.

PROF. di MARZO But it's a tool to show
that if you pass it through these two vol unes, you get
the right results.

MEMBER RANSOM  Ckay.
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PROF. di MARZO That is the only purpose

of this.

CHAI RVAN WALLIS: Did you do any tests
where you went on fromthis to put it through the
vessel --

PROF. di MARZO.  No.

CHAI RVAN WALLI'S:  You didn't couple this
piece of it wth the vessel part?

PROF. di MARZO.  No.

CHAI RVAN WALLIS:  That would be a nice
test. You didn't do that. The guys didn't give you
enough noney or sonethi ng?

PROF. di MARZO The reason |'mbehind is
at the tinme --

CHAl RVAN WALLI'S: It wasn't big enough,
maybe this part wasn't big enough.

PROF. di MARZO. Right, at the time it was
not bi g enough.

VEMBER S| EBER: Maybe they bid it and
didn't come out.

PROF. di MARZO So the problemis this,
t he si npl e i dea of consi dering those m xi ng vol une and
the other on-m x provides you with results that at
that scale, at |east, work. And so that is the

rationale for then using this in general for that. we
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do realize that this partial.

CHAI RVAN WALLI S: You're show ng that
havi ng sone m xi ng vol umes and sone pi pes connected
t oget her sort of duplicating your nodel, can work out
in terms of the experinmental theory.

PROF. di MARZO And the point again --

CHAI RVAN WALLI S: Really, as | ong as your
nodel is true enoughtoreality, | think we'll believe
it. W probably would have believed it before as
long as it's true enough to reality.

VMEMBER S| EBER: | think one of the key
assunptions there is that the mxing volume is the
conmponent vol une.

PROF. di MARZG That's right, that's
right.

MEMBER SIEBER: And if that wasn't avalid
assunption, these curves would not match the --

PROF. di MARZO Right, but now the
component vol ume has t he di sti nct advantage t hat t here
is a conmponent here and there is a conmponent at the
proper typical scale. But as you first start saying,
oh, gee 72 percent of the punp volunme, we're going to
start |aughing here first, so that isn't going to go
anywhere in a sense. Do you see what |'m saying?

It"'sclearlya--it'sclearly asinplerepresentation
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of the process but at this level, now, what are the
alternative to that? Well, first of all, we could
have done sone nore data to assune blind and see
whet her we were getting that. We were trying but we
didn't succeed in that at that tine.

O her options, there are not because RELAP
isnot ina position of giving us information on this
because again, it depends on generalization so we
can't go anywhere. CFDthere is no question that you
cannot do this thing for the level of detail, so
that's that in a sense. And so that's what's been
used to feed into the RELAP PARCS.

CHAl RVAN WALLI'S:  This is an interesting
and probably useful nodel. Is there some way you can
do sone sensitivities or something? Well, you can't
real |y because you' ve got to have perfect m xing here
and no m xing there. You can't do partial things to
do sensitivity studies.

PROF. di MARZCO W have done a |ot of
partial m xing, okay?

CHAl RVAN WALLI'S:  You have?

PROF. di MARZO W have but ny problemto
you is the scaling issue. So | can play with it and
we did and we did experinment in pipes and things |like

that but again, | cannot conme here and say, okay,
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guys, this is going to scale, because it's not going
t o happen.

MEMBER RANSOM I n the report there was a
ot of information on this international standard
probl emwhi ch was related to the same thing. Are you
going to say anything about how that data was --
information is useful or --

PROF. di MARZO The i nformati on concerni ng
t hat was used here to validate the CFD cal cul ati on
The only purpose of that piece of information there
was to show that the CFD cal cul ati on was representing
well thereality that it was trying to nodel. That's
t he purpose of that data. There is no real other
pur pose of that.

DR. ROSENTHAL: Marino, |et nme just review
this to make sure that | understand it. | take the
maxi numvol une of slug that | can formby the geonetry
of the real player. | assune --

PROF. di MARZGO  Wth any other vol une,
what ever you want, yes.

DR. ROSENTHAL: Gkay, but I'mtaki ng a max
sl ug.

PROF. di MARZO  Yes.

DR. ROSENTHAL: | then mx that slug in a

conponent - -
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PRCF. di MARZO In two conponents

DR. ROSENTHAL: | don't mx it inthe cold

leg. | don't mix it in the downcomer, both of which
woul d be conservative. | solely mx it in the | ower
pl enum

PROF. di MMARZO. No, at that tine you're
done. You feedit topipesandit's fully m xed, yes.

DR, ROSENTHAL: And then | nean,
logically, and | fully mx it in the downcomer
equi val ent and so I' mconservative, conservative unti |
the -- until the | ower plenum

PROF. di MARZO Yes, no, the conbination

DR. ROSENTHAL: But everybody here is
sayi ng, but hey for a high Reynol ds nunber, we would
expect --

PROF. di MARZO.  No, downconer to |ower
head I showed you what it does.

DR. ROSENTHAL: Ever ybody, I nmean
intuitively or whatever is saying we woul d expect it
to be rather well mxed. | just can't quantify --

PROF. di MARZO Right, | nmean, if you want
to go nore --

DR. ROSENTHAL: That's ny punp fl ow case.

So that the argunent is that overall it seens |ike
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it's areasonabl e or reasonably conservative, total --

PROF. di MARZO That's the bottom i ne.
And so now, with this tool conbi ned wi th PARCS RELAP,
Dave is going to cone in and essentially run you
t hrough the results, the so-call ed consequence. Now,
there is one part which Jack alluded to which hasn't
been told about which is how big is the slug. And
that is what you are referring to are you doi ng sone
sort of a best estimates cal culation and that's the
part which |l think is very relevant inall this and --

CHAI RVAN WALLI S: In this mxed |ower
pl enum you may have a collander and you may have
perforated plates, but so if you see how the stream
| ines cone froma downconer, they're comng from al
around t he downconer and --

PROF. di MARZO.  No.

CHAl RVAN WALLI'S:  Just one side of the
downconer ?

PROF. di MARZO  Yes.

CHAI RVAN  WALLI S: One side of the
downconer ?

PROF. di MARZO  Yes.

CHAl RMANWALLIS: It'sstill difficult for
nme to see how stuff comng in one side mxes wth

stuff way on the far side.
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PROF. di MARZO. There  m ght be

di stribution.

CHAl RVAN WALLI S:  Ckay, but you know, if
it just follows streamlines it's going to be very
difficult for stuff flowing in here to go around the
ot her si de.

PROF. di MARZO. Sure, absolutely, but
remenber fromthe data it shows that there are fingers
at different concentration. It's not that there are
maj or streanms at different concentrations. So when
you go through all this col anders wi th sonet hi ng that
is not really very large you get LOCA m xi ng.

CHAI RVAN WALLIS: Is this spread here --
I"m not sure, is it the fingers as a result cause
this spread here?

PROF. di MARZO: No, this spread here, the
spread you're tal king about this one.

CHAI RVAN WALLI' S: Is that because sone of
t hese are fingers on one side of the downcomer and
sonme on the other?

PROF. di MARZO. Yeah, the -- | got data on
that. When the slug comes in, the downcomer is |ow
flow resistance in that angular part, in that open
part. So when you're com ng fromthis side, it would

show up on the other side if we go all the way
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t hr ough. Renmenber that there is a very strong
resi stance to going to the core.

M5. NEWMAN: It doesn't all go t hrough but
there's a lot of it peels off on the way.

PROF. di MARZO  Fine, but the problemis
there is very little resistance in that region
conmpared to how much resistance is here.

CHAl RVAN WALLI'S: It still peels off on
the way, so this --

PROF. di MARZO. It does peel off on the
way but it's like having a manifold with extrenely
| arge resi stance on each --

CHAI RVAN WALLIS: You're saying it's a
real ly good distributor.

PROF. di MARZO Correct, it's a big
mani fold with very strong resi stance at each outlet,
that's what it is.

VMEMBER RANSOM  Maybe one way to answer
t hat question would be just say what happens if it
does not well m x?

CHAI RVAN WALLI'S: Well, then you' re going
to have trouble --

MEMBER RANSOM Most of the cold water
goi ng up one portion of the core --

PROF. di MARZO Right, if the cold water
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goes down, it i mediately gets suckedintothe corein
one | ocation, yes, but the problemis that --

MEMBER RANSOM  What woul d t he neutronics
say about that situation? |s that worse or --

MEMBER SI EBER:. Wl |, non-m xi ng case it
t he conservative case.

PROF. di MARZO. But renenber that you're
feeding into himthe m ni mumof the m ni mum not the
average. If we were fitting into --

MEMBER Sl EBER: -- cold water or the
deborated water --

PROF. di MARZO. Yeah, but Vic, we are --

we can --

DR. ROSENTHAL: For the transcript, why
don't we --

MEMBER SI EBER: One at a tine.

DR. ROSENTHAL: -- one at a time. Your
turn first.

PROF. di MARZO (Okay, we understand that
there is a variation at the entrance to the core, but
we are feeding the | owest concentration. W're not
feeding the average. This curve is not here, it's on
the mnimum So nowit's as if you are feeding the
nm ni mum concentrati on everywhere.

MEMBER RANSOM  Ri ght, right.
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CHAl RMAN WALLI'S: Wiich is conservati ve.

PROF. di MARZO  Wich is conservative.

CHAI RVAN WALLI S: I |ike your argunent
about the distributor plate but if the resistance
t hrough t he col ander i s governi ng everythi ng conpared
with the resistance on the outside --

PROF. di MARZO. There are five col anders.

CHAl RVAN WALLI' S: -- then you woul d expect
it to be apretty uniform-- once you've got all these
littlejets squirtingintothe space, things are goi ng
tomx up pretty well, abit |ike the steamgenerator.

PROF. di MMARZO | would imagine it's very
close to -- ny vision of it is a manifold with very
strong resistances on each --

CHAI RMAN WALLIS: | think that's a very
good argunment and | think if you -- are we going to go
tothe full conmttee withthis? | think you ought to
make that argunent there and explain very clearly,
this stuff flows in and squirts in there pretty
uniformy through all those hol es.

MEMBER SI EBER  You can't say that in the
natural circulation case. That's only the punp case.

PROF. di MARZO. Yes, because the pressure
drop isn't there.

CHAl RMVAN WALLI S: Yeah, and that's the
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circulation, naybe the buoyancy effects wll be
i mportant.

MEMBER S| EBER: Yeah, and the Reynol ds
nunber is |low and --

CHAI RVAN WALLI'S:  But then there's al so
t he Ri chardson nunber.

PROF. di MARZC, But the natural
circulation is a power up. Renenber the issueis fuel
damage. Natural circulation is a power up, it's not
the --

CHAl RVAN WALLI'S:  It's not the problem

PROF. di MARZO It's not the problem

CHAI RVAN WALLI S: Vell, | think we're
going to get to that.

MR. TRAI FOROS: The mixingin | ower pl enum
is the problenf

PROF. di MARZO. No, no, because if you go
slowy as you would go in natural circulation, you
essentially don't have that initial spiking in
reactivity.

VR. TRAI FORCS: But the m ni num
concentration was inmportant, too.

PROF. di MARZO. Absolutely, but that's a
power up --

MR. TRAI FORCS: It's not only the
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vel ocity.

PROF. di MARZO We are not sayi ng that you
are not going to power up. W're just sinply saying
that you' re not going to nmaster the fuel

MR. TRAIFORCS: But if you have natura
circul ati on, you expect | ower concentration t han what
you are cal cul ati ng now because this is validation.
It's for the punp case or a |lot of --

PROF. di MARZO Not necessarily, | don't
know. | really don't have any idea.

MR. TRAI FOROS: No, you don't knowbut I'm
saying that --

PROF. di MARZO. | would imagine it would
be not too different fromthis.

MR. TRAI FORCS: Can we extrapol ate your
result of mxing to | ower flow?

PROF. di MMARZO: M result of mxing are
not based on velocity because, again, its nodel --

MR, TRAIFORCS: It's run -- you vali dated
-- University of Maryland has high velocity tests.

PROF. di MARZO: Yes, but the problemis
t he mat hemati cal expression, the velocity is gone.

MR.  TRAI FORCS: Yes, but the reality
natural circulation, I understand, you're not | ooking

at LOCA effects, but in reality when you have | ower
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flow, your validation of your sinplified nodel nmay be
guesti onabl e.

PROF. di MARZO That's correct.

MR. BASSETTE: Under natural circulation
t he Reynol ds nunber is still up around 100,000 in the
downconer.

PROF. di MARZO Yes, it's still very high
i n Reynol ds.

MR. BASSETTE: The Maryl and experi nment
with the punp had Reynol ds nunbers in the downconer
simlar to what the plant has in the natural
circul ati on.

CHAI RVAN WALLI S: | don't think it's a
Reynol ds nunber probl em

PROF. di MARZO.  No.

CHAIl RMVAN WALLI S: It has to do wth
buoyancy, buoyancy versus --

PROF. di MARZO Be sure buoyancy has been
expl ored and that's a rel evant i ssue but there are --
we have experinent on very buoyant slug and very m xed
slug and so forth but --

CHAI RVAN WALLI S:  You do?

PROF. di MARZO -- yes, but in terms of
overall results, it's not that different.

CHAI RVAN WALLI S: Because i f you di d have
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a very buoyant slug it would certainly squirt through
on one side of the core.

PROF. di MARZO But you see a difference.

CHAI RVAN WALLI S: If you blew a bubble
down t he downconer, very big density, it's not going
to distribute itself uniformy across the core.

PRCOF. di MARZO  Absol utely.

CHAl RVAN WALLIS: It will squirt in on one
side and --

PROF. di MARZO No, it would conme out --
a very buoyant slug would tend to cone in from all
sides. Avery buoyant slug fl oats down al |l together.

CHAl RVAN  WALLI S: Oh, Dbecause it's
stratification. So that limt is okay, too.

PROF. di MARZO It woul d be okay. | mean,

| don't see -- we don't see nuch of adifferent inthe

two cases.

CHAI RVAN WALLI S:  Ckay.

DR. ROSENTHAL: Dr. Ransom Dave had about
an hour's worth of presentation. So -- and | assune

he can tal k fast.

CHAI RVAN WALLIS: | think he m ght take
| onger with questions.

DR. ROSENTHAL: | nean, it's your -- |

mean including sone questions and then | think it
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would be really good if we could just take five
m nutes at that end to just decide what to do with all
this, so -- | mean, we're your servants.

CHAl RVAN WALLI S: | think we're so far
along that we're pretty well committedto goingtothe
full comnmttee; isn't that the case?

VMEMBER KRESS: : I think so. Don't you
t hi nk so?

CHAl RVAN WALLI'S: We can't sent it back
agai n.

MEMBER RANSOM | have very little
experience in this so l'mgoing to depend on you two.

MEMBER KRESS:: We'll have to see things
that are far enough along that they're -- we can say
yes or no on themand | think this one is.

MEMBER RANSOM  You're pretty happy wth
this then?

MEMBER KRESS: : Ch, | like what |'ve seen
so far.

CHAI RMVAN WALLI S: It's far enough al ong we
can say yes.

MEMBER KRESS: : Yes.

MEMBER RANSOM It's unfortunate the
report didn't convey a lot of this.

MEMBER KRESS: : | know, but this clarified
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alot of it.

MEMBER RANSOM  But there still seens to
be some open issues, | guess, natural circulation.

MEMBER KRESS: : Wel |, | think what di Marzo
said about the natural circulation is fairly well --

MEMBER RANSOM In other words, the
Reynol ds nunber bei ng hi gh?

MEMBER KRESS: : Yeah, and the buoyancy
effects that are accounted for and the way it cones
down to the downconmer. |"m pretty happy with the
t hi ng.

CHAl RVAN WALLIS: Al right, if you're
happy with it. Now, let's see if you' re happy with
what Dave has to say.

MEMBER KRESS: :  Yeah, | et's hear what Dave
has to say.

MEMBER RANSOM | don't have any probl em
with staying | ate tonight because |I' mstaying over.

MEMBER KRESS:: Me too.

CHAl RVAN WALLI'S: W have to nove on.

DR. ROSENTHAL: We can discuss the
docunentation issue at the end.

MR. BASSETTE: So |'mgoing to tal k about
consequences and probability to foreign dilution

events. |'Il start off with what's on the books ri ght

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

351

now in ternms of regulatory basis for this kind of a
reactivity insertion accident. The general design
criteria 20 through 29 concern thensel ves wi th vari ous
aspects of radioactivity control and the one nost
rel evant of these is GDC 28 which says, "Reactivity
control systens shall be designed with appropriate
limts, potential anount of rate, and so on, to assure
t hat such events don't result in danage to t he react or
cool ant systempressure boundary greater thanlimted
| ocal yielding", that's pretty severe.

And "Nor should the sufficiently disturb
the core, its support structures or other reactor
vessel internals to inpair core coolability". Aside
fromthere is no direct regul atory gui dance for boron
dilution accidents but we do have regul atory guide
1.77 which was witten with rod ejection accidents in
mnd. And this reg guide 1.77 identifiesalimt for
a peak fuel enthal py, that's average enthal py of 280
calories per gram Andthislimt was determ ned from
experinmental data that existed in 1974 and basically
it corresponded to the point at which we start to get
significant LOCA U-02 nelting and cladding failure
basically by nelting and plastic floating cladding.
This 280 cal ori es per gramwas based on the way they

nmeasured enthal py in these experinments where they
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actual Iy nmeasured total energy deposition and rat her
t han a peak.

They di dn't measure fuel pellet enthal py.
They neasured total enthalpy deposition through
cool ant tenperature neasurenments. And when you use
li ke some sort of a fuel code to back out fromthat
280 cal ori e per gramwhat the peak fuel enthal py was,
you get a nunber |ike 230 calories per gram So
basically at 280 cal ori es per gramwhen identified in
reg guide 1.77 should really be interpreted as a peak
fuel pellet enthal py of 230 cal ories per gram That's
what's on the books.

So what are the basic probability
consi derations for boron dilution event you have to
start off with a small break LOCA and we're talking
about a break size of about 1.4 to 2 inches and the
frequency for that type of event is about 2Ea4 per
year.

MEMBER KRESS:: \Were does that nunber
cone fronf

MR. BASSETTE: This is the -- you seethis
kind of number in different places over the years.
this 2E41'mquoting fromthe SECY 04-60 | think it
is, the SECY that was issued earlier this year --

MEMBER SI EBER:  For LOCAs.
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MR BASSETTE: -- for LOCAs, yeah, it

tal ks about the frequency of LOCAs for different
categories of break size fromvery small breaks up
t hrough very | arge breaks.

MEMBER KRESS:: That was in the expert
opi ni on.

MR. BASSETTE: That was in the expert
opinion which is still going on and still being
finalized sothis is the nunbers in the SECY that was
i ssued this year.

CHAI RVAN WALLIS: It seens like a pretty
| ow nunber.

MEMBER SIEBER It's a pretty small part.

CHAI RVAN WALLI S: Just for the event
itself with no mtigation or anything.

MR. BASSETTE: Yeah, that's exactly so.
You're starting off wwth a | ow nunber. You al so have
to include this category of events which is --

CHAI RVAN WALLI' S: That's al so a smal | LOCA
really.

MR BASSETTE: -- which is also a snall
LOCA, exactly the sane right size the you' re | ooking
for.

CHAI RVAN WALLI'S: That's the frequency?

| mean at the tinme of TM it seened to be happening
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every few nonths.

MR. BASSETTE: Well, you m ght have had
val ve --

CHAI RVAN WALLI S: We had | ots of probl ens
with torbs in those days, that's all been fi xed now so
it doesn't happen any nore?

MEMBER KRESS:: That's per plant.

CHAl RVAN WALLI'S:  Oh, that's per plant,
okay.

MR. BASSETTE: Per ECY year, soit's |ike
one --

CHAl RVAN WALLI'S:  There's 100 pl ants.

MR. BASSETTE: -- one every five years.

CHAI RMAN WALLI S: Oh, so things have
i mproved since --

MR. BASSETTE: Yeah, things have i nproved
since the TM. So the other thing is the initiating
event itself is not alone to cause -- by itself does
not cause substantial dilution of |oop seals. The
reason is there is insufficient time spend in a
di  uti on node and t here nust be additional failures or
operator errors. So from these nunbers you have a
subset of what we call boron dilution small break
LOCAs of a | ower probability and for exanple, one of

the things you' d probably need to do is conpletely
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fail HPI and to do that, you're tal ki ng about a factor
of 10-2to 10-3.

CHAI RVAN WALLI S: By bl ocki ng t he sun, for
i nst ance?

MEMBER SI EBER:  No for high pressure.

CHAI RVAN WALLI'S:  So dilution cones from
sonewhere el se.

MEMBER SI EBER:  Not for high pressure.

MR. BASSETTE: It's basically like a
station bl ackout or sonet hing.

CHAI RVAN WALLI'S:  HPI does not come from
t he sunp.

MR. BASSETTE: It cones -- your first --

MEMBER SI EBER  RWST.

MR. BASSETTE: Your first hour of HPI is
not comng fromthe sunp, it's comng fromthe storage
t ank.

MEMBER KRESS:: So it's 10-s or 10-7.

CHAI RMAN WALLI S: Before you' ve even
started to anal yze it.

MR, BASSETTE: So, yeah, before you've
gone too far, you're down to 10-e¢ or thereabouts.

CHAl RVAN WALLI S: Also it's only at
certain tinmes in the fuel cycle.

MR. BASSETTE: Yes, yes.
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CHAI RVAN WALLIS: W're going to nake

this thing go away before you' ve even done
anyt hi ng.

MR, BASSETTE: Yes.

MEMBER S| EBER:. That was the pl an.

MR. BASSETTE: So this was where we
started off with a couple years ago when we did a
prioritization study when it's first -- this GS
was first proposed and in that study these are
the nunbers that were wused, 10-s for the
initiating event, this is early in the fuel
cycl e.

CHAl RVAN WALLI S: That should be
hi gher than that, shouldn't it? |It's not just a
few days. |It's actually quite a long tine.

MR, BASSETTE: In their study, it was
about -- looking at an 18-month cycle, it was
about two weeks or so?

CHAI RVAN WALLI'S: That's all?

MR, BASSETTE: Yes.

CHAI RMVAN WALLIS: That's anmazi ng. I
t hought there was a |lot nore reactivity in the
bor on.

DR. ROSENTHAL: It's okay, it's okay,

because that's the nunber that was used in the
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prioritization, five percent that we heard from
Dave Di anond that a better nunber mght be 20
percent.

CHAI RMVAN WALLIS: That's nore like it.

DR. ROSENTHAL: So let's bunp it up on
order of magnitude, you know, in our mnd, and
conti nue on.

MR, BASSETTE: VWll, we can put a
mul tiplier of four on there if we want to.

CHAI RVAN  WALLI S: That's nor e
reasonabl e.

DR, ROSENTHAL: kay, meke it 5E:
i nstead of 5E.2. Continue on.

MR. BASSETTE: The probability of slug
formation the initial study assuned it was one and we
are giving it a probability of about 10 --

CHAl RVAN WALLI S: That's because the
operators wouldn't do the right thing to make it
happen?

MR. BASSETTE: Yeah, because you have to
fail HPl or sonething |like that.

CHAI RMVAN WALLI S: Al'l sorts of stuff,
yeah. And the operators have to do things, too,
right?

MR. BASSETTE: Yeah, and t hen when you're
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| ooking at their punp restart, this was given a
probability of .1 and we di d sone actual human factors
anal ysi s at Brookhaven and at Sandia and they both
cane up with a nunber like .01 probability that the
operator would turn on the reactor cool ant punp when
he was totally not supposed to.

MEMBER KRESS:: Sothisis adropopriority
t hen.

MR. BASSETTE: The initial prioritization
it was kind of a marginal event to begin with. It's
5E.6 and we see it nore |like E-s

MEMBER S| EBER: VWhich after our
adj ustments, E-7.

CHAl RVAN WALLI'S:  And that doesn't take
account of the -- that accounts for all the
probabilities of a punp start and all those things
whi ch m ght damage the fuel ? The punps were all self-
anal yzing and everything on top of this.

MR. BASSETTE: Well, punprestart is here.

CHAl RVAN WALLI S: Okay, so it accounts for
everything he's done, too.

DR. ROSENTHAL: And | et ne rem nd you t hat
the -- this is the estinmate of an event that nay
damage sone fuel and we're normally interns of -5, -6

for damage.
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CHAl RMVAN WALLI S: That's based on t hese 19

calories per gramor sonething |like that?

MR BASSETTE: Yeah, I'Il get into that.

CHAl RVAN WALLI'S:  You will get into that.

DR ROSENTHAL: Ckay, noving on.

MR BASSETTE: So i n the consequences, we
did sone sensitivity studies on the -- we're focused
now al ready on the -- fromhere we can see we start to
focus on B&Wbecause we did sonme sensitivity studies
on different slug sizes and bel ow about 11 or so cubic
neters, we don't go recritical. And with CE and
Westi nghouse plants we're dealing wi th maxi mum | oop
seal volunes three and a half cubic neters, so we're
wel | below the possibility of going recritical.

At 14 cubic neter slug, thisis all with
restart of the reactor coolant punp, we start to go
recritical. The peak centerline tenperatures are at
about 2,000 degrees C which is normal operating
conditions. Increasedit sone noreto 18 cubic neters
is when we start to see consequences. SO you can see
where the dividing lineis on the slug size. W start
t o see peak ent hal pi es of about 175 cal ori es per gram
W start to expect centerline nelting. W're still
below the reg guide 1.77 limt.

But -- and we're still bel owour cl addi ng
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failure threshold that we've put in the research
information letter earlier this year. And these are
for increases of 170 calories per gramfor basically
| ow burn-up or nearly fresh fuel and it is a decrease
in tw steps down to 100 calories per gram for
i nt er medi at e burn-up and 75 cal ori es per gramfor hi gh
burn-up. And this burn-up basically is a surrogate
for prior oxidation of the claddi ng, hownuch cl addi ng

is oxidized before you start this event.

MEMBER KRESS: : These are acceptance
criterias.

MR BASSETTE: Excuse ne?

MEMBER KRESS: : These are acceptance
criteria?

MR. BASSETTE: These are threshold -- you
m ght say these are threshold criteria for when you
m ght start to see clad cracks.

MEMBER KRESS: : So there's not Dbee
acceptance criteria for --

DR ROSENTHAL: Yeah, we have to be
regulatorily careful here. The reg guide 1.7 are the
regulatory limts. Research wote a research
information letter fromResearch to NRRwhich they are
acting on, which says that we believe that | ower

nunbers for increnental enthalpy rise are nore
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appropriate to avoid what we called cladding failure
threshold limts. Sone tinme in the future the
regul atory nunbers ought to get straightened out.
There's also an EPRI docunment before the staff for
review. But for the point of this presentation, we
just would like you to conpare those nunbers to the
50.

MR BASSETTE: Yeah, these lower limts
are associated with the cracking of the cladding.

CHAl RVAN WALLI S: Why are we conparing it
with 50 and not 175? The step is 50.

MR. BASSETTE: The step. Well, see --

DR. ROSENTHAL: W tal k about ductility

MR. BASSETTE: Yeah, that's anot her thing.
These failure thresholds are associated with step
increases in enthal py because that's the way these
reactivity insertion accidents are run. They have a
power pulse. They have a single step --

CHAI RMVAN WALLIS: Infact, the nelting has
nothing to do with the step. It has to do with the
absol ut e ent hal py.

MR, BASSETTE: Yeah, these limts are
basically a high stress, lowductility failure of the

cl addi ng, cracking of the cladding. If youallowtine
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for the cladding to heat up and becone ductile, you
won't get -- you won't see these kind of failures.
You' Il seefailures fromneltingof entire enthal pies.

CHAI RMAN WALLI S: Now, when you go to
faul ti ng why does the peak enthal py step go down?

VR. DI AMOND: Excuse ne, | think there
m ght be a typographical error on that slide and the
30 applied to the 18 cubic neter slug and the 50 to
the 40 cubic neter sl ug.

CHAl RVAN WALLI'S:  That woul d nmake nore
sense but is that true?

MR. BASSETTE: 1'd have to | ook again to
make sure --

CHAl RVAN WALLI S: Staff never makes
t ypographical critical errors |like that.

MR. BASSETTE: This is what | recall from
when | | ast saw this.

CHAl RVAN WALLI S: Does it make sense

t hough? You've got nore slug and you' ve got |ess

effect.
MR DIAMOND: If we |ook at the --
MR BASSETTE: No, it's a coupled thing.
MR. DIAMOND: As a matter of fact, it'sin
your slides here. It looks like it goes up to 50.

CHAl RMAN WALLI'S: Wasn't there a 90 that
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cane fromwhat we heard earlier? Were did that cone
fronf

MR. BASSETTE: That's the restart of
natural circulation. These are all restart reactor
cool ant punp cases. W ran restart reactor cool ant
punp feeding these different slugs.

DR. ROSENTHAL: So this is not the natural
circul ati on case.

CHAl RVAN WALLI S: D anond had both of
them didn't he, earlier on today?

MR. BASSETTE: Yeah, he had showed -- but
he didn't show this. He showed this bottom one.

CHAl RMAN WALLI S: He showed 90 for a
natural circul ation.

MR BASSETTE: Yeah, and he showed this

one for --

CHAl RVAN WALLI S: Well, we had 180 or
somet hi ng

PROF. di MARZO 180 is the other, total.

MR BASSETTE: Yeah, this is the one he
showed.

CHAI RVAN WALLIS: It's changed from1l0to
180 so the change is 1707
PROF. di MARZO: No, it's the 190.

CHAI RVAN WALLI'S: Well, what's this peak
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ent hal py step got to dowth things? | nmean, it goes
up i n steps but what you care about is howfar it gets
to, don't we?

MR. BASSETTE: Well, you care about both.
you care about both because a step -- your first step
especi ally, determ nes whether you get these -- you
have to worry about these failure thresholds for the
cl adding. So basically you start to | ook at the peak
ent hal py and --

CHAl RVAN WALLI'S:  Well, there nmust be a
limt, some exceptions for the peak enthal py. You're
still going with 290 for the peak?

MEMBER SI EBER 230.

MR. BASSETTE: This says 230.

DR. ROSENTHAL: If you nelt the fuel, |
bel i eve you get a volunetric expansion of about 130
percent or some nunber like that.

MR BASSETTE: It's not that nuch.

DR. ROSENTHAL: It's smaller, and that
fails the clad, so that is just done. Now, these
activity insertionevents, you' re tal king about a very
fast time scale in which the fuel is heating up and
the clad can't heat up fast enough to growto get out
of the way of that clad and that's why the i ncrenents

are --
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CHAI RMAN WALLIS: That's the step.

DR ROSENTHAL: That's the step.

CHAl RVAN WALLI'S: We tal ked about that
earlier, yeah, the step nust have sone role in all of
this.

MR. BASSETTE: Yeah, because these
t hreshol ds are associated with step increase andit's
because you're dealing with a different failure
mechani sm here than you are here. This is -- this
kind of failure nechanismis basically --

CHAI RVAN WALLIS: Well, is this problem
goi ng away because the probability is 10-s or because
t oget her wi th t hese somewhat uncertai n consequences of
190 not being too far away from 230 is acceptabl e?

MEMBER KRESS:: No, it's a regulation on
t he book and it --

CHAI RMAN WALLIS: It's a comnbination of
t he two.

MEMBER KRESS: : No, you go -- it goes away
on a generic i ssue because they drop it because of the
| ow probability but it's still on the books as a
regul ation.

MR. BASSETTE: Yeah.

MR. DUDLEY: This is Noah Dudl ey.

MR, BASSETTE: The thing you're still
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worried about is core coolability that was GBC 28. So
and how do you measure core coolability? Well, you
start to say, let's to a failure --

MR. DUDLEY: Yeah, this is Noah Dudl ey and
| suggest that the staff s approaching the
justification for closing the CSI based on
consequences being | ow and based on --

MEMBER SI EBER:  Probability being | ow

MR. DUDLEY: -- the probability being | ow
and then taking a | ook at the consequences and what
we' re | ooking at here i s the consequences and we find
t hose | owor negligiblefor Westinghouse and CE and we
do find there are consequences of fuel danmage fail ure,
probabl e damage for B&Ww th a punp start.

MEMBER KRESS: : But they neet thecriteria
that are in the regulations right now

MR DUDLEY: That's correct.

MR. BASSETTE: And this slide says we have
all this criteria and for the natural circulation
restart for B&W their below these limts so the
consequences are negligible.

CHAI RVAN  WALLI S: So even if the
probability were 8-4 you'd still say it was okay
because the consequences are okay.

MR. BASSETTE: Yeah, so you mi ght worry if
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it was | ow probability, high consequence but if it's
| ow probability, |ow consequence then it's a --

CHAI RVAN WALLI S: It's just the |ow
consequence part seens wi shy washy that we tal k about
there isn't really a regulatory position and this
cones from sonewhere el se fromreactivity insertion
accidents and in fact, there's certain kinds of old
fuel which m ght be danaged at | ower peak ent hal pi es
and all that. So it's a little bit uncertain.

MR. BASSETTE: Well, | don't knowif it's
wi shy washy but it's conpli cated.

CHAl RVAN WALLIS:  Wwell, it's not clear
what the limt should be. If you had old fuel with
t hi s bei ng zapped wi th 190 cal ori es per gram it m ght
wel | | eak.

MR. BASSETTE: But then old fuel doesn't
get to 190 either.

MEMBER KRESS:: It can't get there.

CHAl RVAN WALLI S: Because it's in a
certain place in the --

MEMBER KRESS:: Because it's old.

MR. BASSETTE: It's low reactivity.

CHAI RVAN WALLI S: Low reactivity so it
doesn't produce so nmuch heat.

MR. BASSETTE: That's right. This color
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doesn't show up so well.

CHAI RVAN WALLI S: It would be good,
perhaps, if you could show sone results for the old
and new fuel in the same table there instead of just
havi ng one nunber. Wuldn't that hel p?

MR. BASSETTE: |'IlIl have Dave D anond send
nme that. This is basically the |oop seal volune.
It's kind of highlighted here. I1t's the lower third
of the generator along with the cold leg piping upto
the |l evel of the punp.

CHAI RMAN WALLI S: That's the 40 cubic

nmeters.
MR. BASSETTE: That's the 40 cubic neters.
CHAl RVAN WALLI'S:  And the volume of the
reactor is -- the volume of the core is --

MR. BASSETTE: The volune of the core is
about 40 cubic neters.

CHAl RVAN WALLI'S:  About the same.

MR. BASSETTE: And t he downconer and | ower
pl enum are together about 40 as well.

MEMBER RANSOM What is the inventory
fraction? | guess | could figure it out but do you
know? About 65 percent or |ess?

MEMBER RANSOM  For this inventory?

MEMBER RANSOM The inventory that you
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were -- when it's filled to the cold | eg?
MR. BASSETTE: Onh, it's about 60 percent.
MEMBER RANSOM Okay, and the natural
circulation cessation is around 65 percent | guess.
MR. BASSETTE: It's conplicatedinthe B&W

plant. For a Westinghouse CE design, you |ose two-

phase natural circul ati on at about 60 percent. In B&W
because of the el evations and all that. It'salittle
nore conplicated. It depends. The secondary site

| evel only goes to about 20 feet but then at tinmes
they'Il have the auxiliary spray on, auxiliary
feedwater on and if feedwater is on, this conmes in
t hrough spray nozzles out here. So it really depends
if feedwater is on or off as to where your tendencies
for natural circul ation but basically you lose liquid
conti nuous natural circulation once the |evel drops
bel ow the top of the candy cane, so that's about 90
percent or so. And then you regain circulation when
your |evel drops here which is about 85 percent but
you're in a boiler condenser node. Your natura
circulation is by producing vapor and condensing
vapor .

CHAI RMVAN WALLIS: And it restarts when you
fill the systemup enough so that you can get up over

t he top agai n?
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MR. BASSETTE: Yeah, so eventually when

you turn HPlI on, you're going to get the level up to
where it's up here again.

MEMBER S| EBER: There i s no vent up there,
t hough, so it's hard to do.

CHAl RVAN WALLI'S:  Wel |, when that starts,
doesn't it begin to dilute the back end of the slug?

MR, BASSETTE: Yes.

CHAl RVAN  WALLI S: Well, is that in
di Marzo' s nodel ?

MR. BASSETTE: W don't take credit for
t hat .

CHAI RVAN WALLIS: Wwell, it takes quite
awhile to get that slug out.

MR. BASSETTE: Chances are it's going to
destroy the slug before you start up a natural
circul ation.

MEMBER RANSOM |t | ooks to nme that you go
t hrough some cycles of HPI injection, you know, | oss
of natural circul ation and HPI injection whichputsin
a |l ot of borated water well ahead of ever getting down
to this 40 cubic neters of deborated sl ug.

PROF. di MARZO: Just if | can comrent on
natural circulation, you have two possibilities in

natural circulation. |If you refuel very fast, that
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means you have a |l ot of subcooling going on in the
system In that situation, our experience has been
the natural circulationstartsintermttently because
you got the warmup and then noves a little bit and
stops and goes. |If you start novi ng and st oppi ng t hat
slug, you're not going to find nuch of it left by the
time it gets down there. The other option is to
restart natural circulation refuel slowy in which
case you can start natural circul ati on at once and go.

But in that case, as soon as you start
putting water on top of the slug, because you're doi ng
it slowy, you're goingtomx it and so that's |ike,
Graham said, you're going to chew the tail of the
sl ug. So it's kind of a conprom se but the end
results say for exanple in PKL 2 is extrenely
difficult to get this thing together and go into
natural circulation

MEMBER RANSOM  Yeah, what |' mwonderi ng
is if there are other degrees of conservatism that
haven't been consi dered.

MR. BASSETTE: Yes, there has been serious
doubt about whether you'd even have these slugs to
begin with. These are the boron concentration
boundary conditions we fed to the RELAP PARCS

analysis for the four basic sets of scenarios we
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| ooked at, Westinghouse, CE and --

CHAI RVAN WALLI S: Thi s non-di mensi onal
slug transit time overenphasizes the Wstinghouse
effect. The Westinghouse slug is very nmuch smaller
but it | ooks sort of conparable here because of the
way it's non-di nensionalized, isn't it?

MR. BASSETTE: That's right, yeah. Yeah,
it makes these plants |ook simlar when, in fact,
they're much different. | think Dave D anond showed
this one or sonething quite simlar.

CHAl RVAN WALLI S: Thi s one, he showed t hi s
one.

MR.  BASSETTE: This is the boron
concentrati on. This is for a restart of natural
circulation in B&W The boron concentration drops to
zero and this is in terns of the boundary condition
we feed to RELAP PARCS and then we feed the power
hi story here, basically introduci ng power for about 40
seconds or so while the slug is being transported to
the core. This is the maxi mum fuel pellet enthal py
fromthat trace. Now, this is the 90 cal ory per gram
you' re renenbering. This is fornmed the natural
circul ation case. You see this step increase of about
25 cal ories per gramand anot her increase up to about

90 and then so on.
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This is the -- that was the natural
circulation restart. This is for the punp restart.

CHAI RVAN WALLI S: And the log scale
enabl es you to capture the peak power.

MR BASSETTE: Yes, where you'll notice
it's up at 2500. So this is the boron concentration
in the power. You can see this very high first peak
and thenit's -- it stays roughly around 100 percent,
50 percent and 200 percent. And this is the peak
pel l et enthal py for the punp restart case. You see it
goes up. The first increase is about 20 cal ori es per
gramand t hen of course, in about four seconds it goes
up to about 185 and then goes down again. And so
basically the slug transit tine here is about six
seconds through the core from beginning to end.

To give you sonme reference points, for
t hese ent hal py nunbers, at standby conditions let's
say for everything is at 550 F, about 15 cal ori es per
gram At full power, core average enthalpy is 50.
Again at full power to peak pellet radial average is
about 100. And the peak pellet radial average for
onset of central line nmelting is about 150.

CHAl RVAN WALLIS:  You get that in sone
operational transients, don't you? You get actually

up to that?
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MR. BASSETTE: There are centerline
melting, | think that's one of the design limt
criteria --

MEMBER SI EBER:  You aren't supposed to.

MR. BASSETTE: -- is to avoid centerline
nelting. It's one of the basic design criteria. And

here's the reg guide 1.77. The limt is 230 and this
is --

CHAI RVAN WALLIS: Is that a very old reg
gui de? That's one of these that hasn't been revised.

MR. BASSETTE: Since 1974.

CHAI RVAN WALLI S:  Yeah.

MEMBER KRESS:: \What is that nunber?

MR. BASSETTE: This is the actual U 02
nelting point, it's 267.

MEMBER KRESS:: 267 what?

MR. BASSETTE: Calories per gram

MEMBER S| EBER: That' s an ent hal py, right?

MR. BASSETTE: Enthal py, yes. So that's
i ke 5000 F at that point.

CHAl RMVAN  WALLI S: That's distributed
uni formy across the whol e thing?

MR BASSETTE: Well, wherever it is.

MEMBER SI EBER:  \WWerever it is.

CHAI RVAN WALLI S: What happens to the
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cl addi ng by then?

MR. BASSETTE: So basically this old reg
guide 1.77 I|limt you can see that for these
experiments quit a bit of the fuel has probably gone
-- had reached nelting.

MEMBER S| EBER: In these pulse type
transients, however, the clad is probably not nuch
different after the transient than before becauseit's
so short.

MEMBER KRESS: :  Yeah, it doesn't have tine
to transfer the heat.

MEMBER SI EBER: I n fact, these pul ses, if
you | ook at the plutoniumparticle size data where you
put a pulse into a plutoniumfuel rod and it can burst
t hrough the clad, these pul ses are 100 tinmes shorter
t han the required pul se width, pulse length, to cause
a clad perforation by that nechani sm So these are
really, really short pulses.

CHAI RVAN WALLI S:  Now, you m ght get sone
fuel danmage but there's really no --

MEMBER SIEBER: It's going to be in the
pel l et though, as opposed to the cl ad.

CHAl RVAN WALLIS: -- there's no --

MEMBER S| EBER: Wl --

CHAl RMAN WALLIS: -- so there's no real
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risk to the public. There's a risk to the owner of
the reactor, you' d want to clean things up a bit and
fix things.

MEMBER KRESS: : The regul atory guide 1.77
[imt at 230. Above that, you start getting fuel
cool ant interactions. You mght blow sonething.

MR. BASSETTE: Yeah, that's howthe limt
was established because above those enthal pies, you
started to see pressure pul ses inthe cool ant inthese
experiments. Below there was no pressure pul ses.

CHAI RVAN WALLIS: This is all based on
what happens to the uranium not what happens to the
cl addi ng?

MR. BASSETTE: Well, it's both, it's both.

CHAI RMVAN WALLI S: When you tal k about
centerline tenperature and so on, what's happening to
the cl adding? |'mpresunedit's still being cool ed by
the water w thout going through DVB?

MR,  BASSETTE: well, 1'lIl show you.
That's on this --

MEMBER SIEBER: It depends on where you
started that.

MR. BASSETTE: It's right here. So we're
| ooki ng basically nowat B&Ww t h t he maxi num sl ug of

40 cubic nmeters. Here's the consequences for restart
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of natural circulation and restart of the punp. The
maxi mument hal py at 90 cal ori es per gramhere. That's
definitely -- that should be 185 cal ories per gram

CHAl RVAN WALLI S: You' ve got to clean
things up here. You' ve got to fill in that blank
space, too.

MR BASSETTE: Yeah, | asked Dave Di anond
toget ne that. | haven't got it yet. | think that's
2500.

MEMBER SI EBER  Yes.

MR DI AMOND: Yes, it's 2700.

MEMBER SI EBER: That's the big one.

MR. DI AMOND: And the 85 cal ories should
be about 185.

MR. BASSETTE: Yeah, it should be 185,
that's right. Fuel centerline tenperature of 2000
degrees C here which is basically normal operating
condi tions and here you've got -- you're definitely
getting nelting and the cladding, the mnimm DVBR
here's 1.3 so you haven't entered dry-out and here,
obvi ously, you're in dry-out.

MEMBER SIEBER: It's al ready happened.

MEMBER RANSOM | have one concern. How
confident, | guess are you in the 40 cubic nmeters per

sl ug and based on your previous discussion of where
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natural circul ation ceases and, you know, boils down
tothis cold leg | evel, why can't you get a situation
where you fill up the steamgenerator and there woul d
be some flow back into the core too, but as high as
t he candy cane, whi ch presunmably woul d gi ve you a nuch
| arger slug of water and --

PRCF. di MARZO | can address that.

MEMBER RANSOM |s that inpossible?

PROF. di MARZO It' s inpossible becausein
order have BCM you need to have virtually -- you need
to be at md-level of the steamgenerator roughly in
terns --

MEMBER RANSOM  You need what ?

PROF. di MARZO. The col | apse liquid | evel
in the primary shoul d be around the m d-1evel of the
steam generator or so. |If you exceed that, you're
going to start getting carry-over on top of the candy
cane and you're going to m x what you're generating.
So in order to have a clean slug --

MEMBER RANSOM Why do you get carry-over?

PROF. di MARZO. Because it is a two-phase
flow off that cold leg -- off that hot |eg.

MEMBER RANSOM  Hot | eg?

PROF. di MARZO Yes, so basically, you

start spilling over. And so then you deborate
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essentially. So in order to keep --

MEMBER RANSOM (Ckay, you've got to keep
the hot |eg clear.

PROF. di MARZO. You' ve got to be very | ow.

MEMBER RANSOM  Yeah, | renenber t hat now.

MR. BASSETTE: There's al so, you get a | ot
of in-vessel circul ationin B&Wbecause you have about
ei ght square feet of bed val ve area and t he RELAP for
these small braces are about 200 kil ograns a second
fl ow goi ng through these vent val ves.

MEMBER RANSOM  Those are i n t he downconer
areas, right?

MR. BASSETTE: Yes, to that you get a | ot
of in-vessel circul ation.

MEMBER RANSOM  Ckay.

CHAI RVAN WALLIS: Does this help dilute
t he slug, too?

MR. BASSETTE: It woul d.

CHAI RVAN WALLI S:  Yeah.

MR. BASSETTE: We didn't take into account
HPl in-vessel circulation and so on.

CHAI RVAN WALLI' S:  So your 40 cubic feet is
based on the worst possible case where the level is
somewhere up the steamgenerator? It's half way up.

| thought it was just --

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

380
MR. BASSETTE: It's one-third of the way

up the steam generator

CHAl RVAN WALLI'S:  Actually one-third of

t he way up.

MR. BASSETTE: Yeah, to the |level of the
cold Ieg.

MEMBER SI EBER:  The col d | eg.

CHAI RVAN WALLIS: So it's a dropped st eam
generator. It's down.

MR. BASSETTE: That's right. So we took
that as our maxi mum vol une and said we can't be any
wor se than this.

MEMBER RANSOM | think, isn't there sone
di scussion, too, about the length of time it would
take to actually achieve this and --

MR. BASSETTE: Yes, |I'll get to that.

MEMBER SIEBER: It's in the --

CHAI RVAN WALLI S: Maybe you start the
punps before this has ever happened.

MR. BASSETTE: So what do we need to form
a-- dilute aloop seal? W have to have smal | break
LOCA, wellinginthe core. The steamgenerator has to
be the heat sink and the liquid |level on the primary
side has to have declined sufficiently to prepare the

vapor phase condensation path to get the dilution
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effect.

CHAI RVAN WALLI S: And this has never
happened bef ore?

MR. BASSETTE: Not too much. Oddly enough
TM had these idea conditions and in fact, there was
sone dilution seen at TM.

MEMBER SI EBER: Wl |, they tried to start
t he cool ant punp a nunber of tinmes and eventual ly was
successful and that got the core average tenperature
down but not the peak.

MR. BASSETTE: But it is interesting that
TM di d achi eve these conditions for awhile. But even
if you achieve them it's difficult to nmaintain them
because they're a function of decay heat, break flow,
HPI flow, all of which are varyingwith tine. So what
do you need --

MEMBER RANSOM Wl |, did TM achieve this
partly as a result of shutting off the HPI?

MR. BASSETTE: They shut of the HPI. They
had a break that they had open and then closed and
they had intermttent feedi ng of the generators while
they -- with a |ow | evel .

MEMBER SIEBER: And they had a level in
the cooling systemat right about the right place.

MR. BASSETTE: So they had the necessary
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conditions. Now if they had fed the generator nore
than they did, they wouldn't have had the accident.
t hey woul d have had enough decay heat renoval

CHAl RVAN WALLI'S: If they hadn't left the
trellis closed --

MR BASSETTE: Yeah, could have, should
have, woul d have.

MEMBER S| EBER:  But they still woul d have
depressuri zed the cooling systemwhich was --

CHAl RVAN WALLI S:  Eventual ly.

MR. BASSETTE: So decay heat nust exceed
t he energy renoval fromthe break and for break sizes,
what we are dealing with. |If the break is open, it's
sufficient to renove decay heat. And in addition,
HPI, if it'son--it's actually alittle surprising,
it's the best sensible heat capacity, HPlI flow to
renove decay heat. And as | said, primary | evel nust
be bel ow secondary | evel to have a condensi ng surface
and contrary to TM, the | evel nust be above the top
of the core or else you have other things to worry
about. So the best way to get these conditions is
open a small break, keep HPl or at |east degrade it
until the inventory drops into the hot leg which is
about 60 percent as | nentioned in initial. Then

cl ose the break where gain, you force the generators
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to act as a heat sink.

CHAI RVAN WALLI S: How do you cl ose the
break if it's a broken pipe?

MEMBER RANSOM  Cl ose the val ve.

MR. BASSETTE: Well, the best process is
a stuck open valve that you close. But that's why
sinply having a small er break LOCA is not going to do
it for you. You have to have sone LOCA that you
i sol ate.

MEMBER SI EBER: Wl |, you don't get the
separ ati on phenomena.

MR. BASSETTE: Yeah, you have the break in
order to | ose the inventory. You have to keep the HPI
off and then you've got to close the break still
keeping HPI off. And then you operate in boiler
condenser node for approximtely one hour and the
experinments at PKL, it took them one hour to dilute
the |oop seals fromthe initial value of 1,000 ppm
down to 50 ppm The University of Maryland they did
the sane -- they used boron in these experinents,
sol ubl e boron. The Maryl and experinments used salt.
It took them 70 to 90 mnutes to dilute the |oop
seal s.

CHAI RVAN WALLI S: Wl |, the best prospect

is a stuck open pressurizer or would they actually
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cl ose the bl ock val ve and then t hey get nervous about
sonething else and turn off the HPR and it just gets
-- at TM they succeeded -- they didn't close the
bl ock valve, see doing a lot of things which you
woul dn't have expect ed.

MR BASSETTE: Yes. Yeah, at TM they
cl osed the bl ock valve at 140 m nutes.

CHAl RVAN WALLI'S: Too | ate.

MR. BASSETTE: At HPI lost all the tine.
They had a line partially where a bl ock val ve was open
but anyway they did get sone dilution at TM.

CHAI RMVAN WALLI S: The | evel was too | ow by
then to --

MR. BASSETTE: Yeah, the |l evel was al ready
bel ow the top of the core by then.

MEMBER SI EBER: Wel |, and t hey weren't too
fast in closing the bl ock val ve because it was in the
next shift.

MR. BASSETTE: That's right.

CHAI RVAN WALLI S: Until the next shift
arrived.

MEMBER SI EBER:  They had to go through a
shift change.

MR. BASSETTE: So break size, of courseis

a factor. Very small breaks HPI is sufficient to
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conpensate for break flow to maintain control of
t hi ngs, keep -- the punps aren't tripped. Thisis the
breaks range that you're interested in. It's big
enough to | ose sub-cooling which the operators trip
the punps. Wth an ordi nary short break you may have
a short period of tine where you have natural
circulation. The duration depends on the size of the
break. And this will continue as long as the primary
system tenperature is above the secondary system
t emper at ur e.

MEMBER SI EBER: And the RCS is full.

MR. BASSETTE: And the RCSis pretty full,
yeah. Anyway there's alimted tinme inthis ordinary
sequence to mai ntain quality condenser node or refl ux
condensation. You get to breaks much | arger than two
inches, and the inventory and pressure decrease SO
rapidly that you just won't have any substantial rate
of natural circulation. W |ooked at -- we had rel ap
cal cul ati ons avail abl e for all three vendors for break
spectrum So for a 1.4 inch break, we didn't |ose
inventory control. W don't [ ose force circul ation.
| f you doubl e the break size to two inch, nowthis is
break dianeter. So you double the break area to a
two-inch break. If you're just -- all your decay heat

was going into boiling, this is the kind of vapor
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generation rate you get.

I n the RELAP cal cul ations, it's difficult
to say exactly but you're in BCM for about 1,000
seconds and the reason you're in BCMat all basically
is you get alot of -- you' re dealing -- nost of your
energy source is not the decay heat as nuch as it is
the initial systemenergy that you're still tryingto
get rid of. And we see --

CHAIl RVAN WALLI'S: Well, you're still on
your small proportion there at the 35 kil ogram per
second ends up as condensate in 1,000 seconds, it's
only one kil ogram per second that condensate?

MR. BASSETTE: Yeah, well, some of it is
goi ng out the break.

CHAl RVAN WALLI'S:  Yeah, but that stil
seens a small anount.

MR, BASSETTE: Well, let's see, assuning
you're getting let's say -- | nmean, potentially you
coul d have 3,500 kil ograns, no 35, 000.

CHAI RVAN WALLIS: Thirty-five thousand,
that's a |l ot nore than one.

MR. BASSETTE: So nobst of it's going out
the break or -- but -- all right, so this is what we
get from RELAP. But this tinme in BCM you've got to

reali ze nost of the energy producing i s going out the
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br eak.

CHAI RVAN WALLI'S: 1t's funny because with
t he bi gger break, 22.8 i nches, you apparently build up
nore condensation, so you have |ess going out the
break. It doesn't seemto make sense sonehow.

MR BASSETTE: It's doesn't which --

CHAl RVAN WALLI S: | wonder if that 1400 is
a different typo.

MR. BASSETTE: It's difficult to get this
out of RELAP. | don't trust the -- | got this from
| ooking at the vapor generation but | don't
particularly trust these nunbers. But | think --

DR. ROSENTHAL: Let's rip that slide out
and nove on.

MR. BASSETTE: So at any rate, for a B&W
steam generator with decay heat levels and so on,
you're looking at roughly 60 mnutes or so boiler
condenser node to dilute the |oop seal and that's
apparently on the same order of what we've seeninthe
experi ments.

CHAI RMAN WALLI S: What do you have on the
previous slide, the one you're goingtorip out? You
had - -

MR. BASSETTE: ©Oh, the previous slide it

said -- the previous slide as best as | can tell from
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RELAP, which I'mnot quite -- | don't quite trust, we
saw dilutions of about three to five percent.

MEMBER RANSOM  Are those dil utions, that
col um?

MR. BASSETTE: Well, what | should say,
t he condensate as a percent of the vol une.

MEMBER RANSOM It's three percent of the
vol ume of the | oop seal ?

MR. BASSETTE: Yeah.

CHAl RMVAN WALLI S:  So the vol une when you
get the 40 cubic foot slug, how nuch nmass is that?

MR. BASSETTE: That's 35,000 kil ograrns.

CHAl RVAN WALLI S: So that's t he worst case
and you need to get to the worse case to have any
consequences.

MR, BASSETTE: Yes.

CHAI RMAN WALLIS: So your nessage here
woul d be that you never get to the worst case?

MR. BASSETTE: That's right. If you
remenber earlier in the slide | --

CHAI RVAN WALLIS: If the nunber is right
for two-inch -- the nunber for two-inch may be 4100
and not 2200 -- 14, it's not a typo.

MR. BASSETTE: In one of the earlier

slides | said that you don't start seeing significant

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

389

recriticality until you get to about a 14, 000 ki | ogram
slug and then the maxinmum is 40,000 or 35,000,
what ever .

CHAI RVAN WALLI S: And you never get a
vapor generation with a very small break, repeat why
that is.

MR. BASSETTE: Because you don't | ose sub-
cooling. HPI is sufficient --

CHAIl RVAN WALLIS:  Wwell, but your HPI is
lost in order to get this to happen.

MR. BASSETTE: Yeah, | was just | ooking at
it. These are strictly vanilla LOCA cal cul ati ons.

CHAl RVAN WALLI'S:  But if you turned off
the HPI, couldn't you get this happening with a
smal | er break?

MR BASSETTE: You coul d.

CHAl RMVAN WALLI S: So this is a bit
m sl eadi ng because that's the condition for it to
happen anyway, isn't it?

MR. BASSETTE: Well, you know, then you
have to start postul ating how | ong you keep HPI off
and so on. This was sinply a break structure that we
did. Now, this is the procedure that's in place. W
t al ked about the possibility of punprestart. Thisis

t he procedure that's in place at the B&Wpl ants. | f
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you have a smal|l break LOCA and you' re thinki ng about
punp restart, this is what the plants will do.

They nust have stabl e sub-cool ed natura
circul ation.

CHAI RVAN WALLI'S:  And how do they know
t hey' ve got that?

MR. BASSETTE: They have a -- well, of
course, they knowthey' re sub-cool i ng because t hey' ve
got the neter in the control roomnowinstead of, you
know, the time at TM.

MEMBER S| EBER  And you can | ook at TH and
TCto deternm ne whet her you' ve got natural circul ation
or not.

MR. BASSETTE: Yeah and --

CHAI RVAN WALLI S: How do you knowt he fl ow
rate?

MEMBER SI EBER:  You don't.

MR. BASSETTE: You don't.

VEMBER S| EBER: You don't care either.
You can calculate the flowrate fromthe tenperature
di fference.

MR. BASSETTE: You can see how nuch wat er
you have in the feed --

CHAI RMVAN WALLI S: As long as the core

isn't heating up, yeah. So they can pretty well be
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sure t hat they under st and when t hey have achi eved this
stat e?

MR, BASSETTE: Yes.

CHAI RVAN WALLI S:  Because t he one probl em
at TM was they didn't know it was going off.

MR. BASSETTE: Yeah, they had no notion of
sub-cool i ng and so on.

DR ROSENTHAL: | think that the point
about it being, you know, typically an hour or nore to
get into this condition. By that tinme the TSC is
t here, so now you have procedures for the operators,
you have instrunmentation for the operators and the
operators have all the help in the world and that's
why we gave it a mnus twoish probability that they
still mess up.

CHAl RMAN WALLI S: You only get this
natural circulation if you have the HPlI off.

MR. BASSETTE: You've got to refill the

system

CHAl RVAN WALLI S: You' ve got torefill the
system

MR. BASSETTE: You've got to refill the
system

CHAI RMAN WALLI S: O herwi se you' ve got

anot her problem You' ve got to have the HPlI off for
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awhi | e and then you' ve got to put it on or somet hing.
You' ve got to do an awful |ot of things.

MR. BASSETTE: That's right. So the
objectiveis, of course, to prevent punp restart until
wel | after any possible --

CHAI RVAN WALLIS:  You said there's a 99
percent chance that will happen.

MR, BASSETTE: Yes.

CHAI RVAN WALLI' S:  They have to know what
their break size is in order to make this decision?

MR. BASSETTE: No. No, there's nothing --
that's the other thing the operator has no way of
knowi ng is howbig the break is, sothisis -- | nean,
that's the good thing about using sub-cooling and --

CHAI RVAN WALLIS: | think you' ve got to
have very good procedures, well-thought out, probably
not msinterpreted and so on.

MR. BASSETTE: Yeah.

MEMBER RANSOM  Coul d you go back one nore
slide? 1 didn't understand what you had on that one.
What are those -- once your steam generator slug
vol une and then you' ve got the tinmes. Do you nean t he
time to forma slug?

MR. BASSETTE: Yeah, basicallythetineto

forma conpl ete slug volune, you know, 40 cubic feet
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of slug vol une.
MEMBER RANSOM  And what's the ot her one
that's about three or six cubic nmeters for the U 2?
MR. BASSETTE: U2, yeah. You're dealing
with, of course, nmuch smaller tines.

VEMBER RANSOM What were the vol unes,

t hough?
MR. BASSETTE: It's three and a half
nmeters. |It's about one-tenth the volune of a B&W
MEMBER RANSOM  Ckay, | understand it.
CHAI RVAN WALLI S: This is a relevant
slide, really? | think you' ve got an awful lot -- to

much information here for the full conmttee.
DR. ROSENTHAL: Ch, way, way too mnuch.
MR. BASSETTE: So this is just repeating
human error probably for punp restart. You have
estimates done by BNL and Sandia. So concl usions --
CHAI RVAN WALLI S:  So you have very little
experience that verifies any of these predictions for
what operators would do in the event of an accident.
MR. BASSETTE: Yeah, of course, | think
i ke Jack says at this point there woul d be energency
response center activated and so on and so forth.
MEMBER SI EBER:  Yeah, let's hope that's

hel pful .
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MR. BASSETTE: So basically we're dealing

with a probability of something around 10-s for this
punp restart.

MEMBER RANSOM On your first probability,
does that include the fact that it has to be only
within a certain range?

MR. BASSETTE: The first oneis sinply the
occurrence of the event, the stuck open val ve or the
br oken pi pe. The second is the fact that it happened
in the first two weeks or so --

MEMBER RANSOM | was aski ng though, did
you consider the fact that not all small break LOCAs

MR. BASSETTE: Yeah, the third is not all
small break LOCAs end up with a large |oop seal
dilution and then the fourth is that the operator
doesn't follow procedures and starts his punp --

CHAI RVAN WALLI'S:  And then you coul d put
in a fifth which is relative fuel damage even when
t hi s happens.

MR. BASSETTE: Yeah. Well, that's the --

CHAI RVAN WALLI' S:  That m ght be sonet hi ng
you' d want to do i nstead of being so wi shy washy about
all these calories per gramand stuff.

MR. BASSETTE: Well, here's consequences.
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MEMBER KRESS:: The probability in the

first two weeks, you've got that by taking the yearly
probability and nultiplying it by the ratio and the
time.

CHAl RMVANWALLI S: The easi est cal cul ati on.

MR. BASSETTE: Yeah, it's a sinple this
amount of tine over a total fuel cycle. These are
consequences, no recriticality, B&Wdivided up into
restart, natural circulation in the punp. So this
maxi mum sl ug now, you've got recriticality but fue
enthal py within normal full power operation, DNB not
reached, no fuel damage. Restart of the punp, core
cool ability, there's no inpact based on being bel ow
the 230 cal ories per gram

Cl addi ng damage, you can't rul e out that
some fuel m ght get cladding cracks. This is, again,
for maxi mumslug size. Sone fuel centerline nelting,
as well in the high power rods.

DR, ROSENTHAL: Done.

MR. BASSETTE: Done and then these were
the assunptions. This is the last slide. The
follow ng value for slug size, zero concentration in
the | oop seal of boron, no boron left in the |oop
seal. Marino tal ked about --

CHAI RVAN WALLI S:  The Mari no magi c, yeah.
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MR. BASSETTE: -- tal ked about

RELAP/ PARCS. We used the up to date estimates of
smal | break LOCAs and stuck open val ves. Initial
probability that you'll get a large scale seal
dilution, took into account early cycle life and we
i ncluded current estimates for fuel damage t hreshol ds
fromreactor --

CHAI RVAN WALLI'S:  So this coul d probably
be summari zed i n about five slides? | think we could
summari ze your stuff in five slides. Marino, |I'mnot
sure how nmuch of that we need to have presented to the
full comittee. It's a long story, really, to get
t hrough and i f you get through alittle bit of it, you

end up with all sorts of questions.

DR. ROSENTHAL: Well, | nean, it trulyis
anmulti-disciplinary thing. | wanted to introducethe
fuel damage limts at |east here. | think we

bel abored them Just to make the point that you know,
for those who know about Cabri, yes, there's emerging
evi dence and we thought about it and even so, and
stopped there and then --

MEMBER SI EBER:. We're going to bring it
up.

DR. ROSENTHAL: Well, that's why | mgoi ng

to nudge, yes, and even so and then stop there and
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t hen when Dana has his fuel neeting, we're goingto be

di scussing that in detail

MEMBER Sl EBER

t her e.
DR. ROSENTHAL:

MEMBER S| EBER

DR, ROSENTHAL:

pessimstic limts, we

reasonabl e, peri od.

MEMBER S| EBER

t hi nk that

So --

Dana won't let you stop

Dana will not |let you stop there.

He won't let ne.
He will dig in.
So even wusing nore

the story is

Yeah, well, that's what

he's been pushi ng for because there is data out there

that justifies a lower limt and you've got it.

DR, ROSENTHAL:

MEMBER S| EBER

MEMBER KRESS: :

story, Jack.

MEMBER S| EBER

DR,  ROSENTHAL

t hank you

the conmmttee? I want

docunent ati on

MEMBER KRESS: :

VEMBER RANSOM

agenda.

MEMBER KRESS: :

Hal f hour?

Yeah.
It's taken a long tine.

| think you have a good

Yeah, it's good enough.

Ckay, now how rmuch --

How nmuch time do you think we have with

to get some of the

What's on the agenda?

| have to go | ook at the

Yeah, we probably al ready
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have it set up.

MEMBER S| EBER: Yeah, the agendais inthe
Federal Register notice.

MEMBER KRESS:: You've got an hour and a
hal f.

DR. ROSENTHAL: And you're saying Dave
gets condensed down to five slides, Marino to --

CHAI RVAN WALLI S:  Fi ve.

MEMBER SI EBER:  One equation per slide.

DR ROSENTHAL: That's good.

CHAl RMAN WALLI'S:  Two m nutes, and then
t he ACRS ask questions for half an hour.

DR. ROSENTHAL: And Di anond, do you want
to hear from hin®?

CHAl RVAN WALLI'S:  That needs to be cut
back.

MEMBER SI EBER:  We ought to be not in the
editorial node.

MR. CARUSO. Fifteen slides, all together

MEMBER SI EBER:  For the full committee we
should not be in the tutorial node. This should be
i nformation transfer.

DR ROSENTHAL: Ri ght.

MEMBER KRESS:: And | think you ought to

make Dudl ey give the whol e talKk.
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CHAI RMVAN WALLIS: What's he doing here

anyway ?

DR. ROSENTHAL: Now, in fairness, on the
report, you know, and these slides refer to specific
pages in the report, the fact that it took us this
much tine to explainis proof positive that Dr. Ransom
was right, that we had not been as clear as we shoul d
have been. One way to do it is to just -- is to
staple the slides onto the draft report as further
expl anati on.

MEMBER SIEBER:  No, | wouldn't do that.

CHAI RVAN WALLI S:  Maybe have sone backup
sl i des.

DR. ROSENTHAL: At sone point, w thout --
| would like at some point to go into the public
docket that a year from now that there should be a
better report than | have now. Ckay? And | would |ike
to take the report that you have --

MR. CARUSO. We have a report. You don't
want to revise that report at all?

DR. ROSENTHAL: Yeah, | want to revisethe
report but | want to go to the full commttee. I
don't thinkit's--1 want togotothe full conmttee
as qui ckly as we can cl ear sone PTS out of the way to

free up Dave, we want to take Dr. Ransomi s comments.
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W want to editorially revise that report.

CHAI RVAN WALLI S: Bring it back to the
subcommittee and we can --

DR ROSENTHAL: No.

CHAI RVAN WALLIS: -- make a report to the
full commtteethat you ve fulfilled your obligations?
DR, ROSENTHAL: No, no, no.

CHAI RVAN WALLI S: | don't think we want to
go to the full conmttee with a revised report where
t here's not nuch substantive di fference than there was
bef or e.

DR ROSENTHAL: No.

CHAl RVAN WALLI'S: It's not worth it.

DR ROSENTHAL: Ri ght.

CHAI RVAN WALLI S:  But you m ght want to go

to this subconmttee for maybe just send it to us.

DR.  ROSENTHAL: Send it to you for
courtesy.

CHAl RVAN WALLI'S: W can look at it and
say --

MEMBER KRESS:: That woul d be the thing.

CHAI RVAN WALLI'S:  -- whatever we want to
say.

DR. ROSENTHAL: But | think we can get on

in regulatory space with the draft report and these
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slides are all public informtion.

MEMBER KRESS: : Yeah, | think you can.

MEMBER SI EBER: We can't wite areport if
the full commttee doesn't hear the presentation.

MEMBER RANSOM | think it woul d behoove
you to clean up that report. It had a | ot of probl ens
init and certainly your nessage could be made nuch
nore crisp and | think, then, this issue would go
away. so | guess we're all in agreenent. The session
is closed then.

(Whereupon, at 5:21 p.m the above

entitled matter concl uded.)
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