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PROCEEDI NGS
(8:31:38 a.m)

DR. WALLIS: This is the first day of the
519'" Meeting of the Advisory Conmmittee on Reactor
Saf eguards. During today's neeting, the comittee
will consider the following: power uprate for
Wat erford Nucl ear Plant, m xed oxi de fuel fabrication
facility, and the preparation of ACRS reports.

This neeting is being conducted in
accordance with the provisions of the Federal Advisory
Commttee Act. Dr. John T. Larkins is the Designated
Federal Oficial for the initial portion of the
neeti ng.

W have received no witten comments from
nmenbers of the public regarding today's sessions. W
have received a request from M. Lynman, Union of
Concerned Scientists, for time to make oral statenents
regardi ng MOX fuel fabrication facility. That will be
t hi s afternoon.

Atranscript of portions of the neetingis
bei ng kept, and it is requested that the speakers use
one of the m crophones, identify thensel ves, and speak
with sufficient clarity and vol ume so that they can be
readily heard.

| have a few itens of current interest.

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

7

|"'m very happy to announce that Erik Thornsbury has
been sel ected as a Seni or Staff Engi neer for the ACRS,
and he will be joining us soon. Since Cctober, he's
been assigned to the EDO s Nucl ear Security Specia
Projects Team and we've heard sone of his
present ati ons.

Prior to that, Erik spent eight years as
a Reliability and Risk Engineer in the Ofice of
Research. His recent activities have been focused on
the assessment of potential vulnerabilities and
mtigation strategies for nuclear power plants for
security events. FErik also has significant risk
assessment experience in pressurized thermal shock,
digital instrunentation and control, and reliability
analysis. Erik has a B.S. in mathematics and physics
from Cunber| and Col | ege, Kentucky; an MS. in nucl ear
engi neering fromthe Chio State University, and is
currently working toward a Ph.D. in reliability
engi neering at the University of Maryland, so pl ease
wel cone Eri k.

A few itenms of interest have been handed
out. Notice that there are a few SRVs, press rel eases
on t he new conm ssi oners, and you nmay have an i nterest
in the draft programfor the regulatory information

conf er ence.
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|"d like to proceed with the neeting.

MR. DURAI SWAMY:  May | ?

DR WALLIS:  Yes.

MR. DURAI SWAMY:  The proposed schedul e for
the Quadripartite Meeting, take a |look at it.

DR WALLIS: Ch, we have a handout.

Pl ease | ook at the schedul e for Quadri partite Meeting
suggested here. We will discuss that |ater today.
Anyt hi ng el se, Sanf?

MR. DURAI SWAMY: That's it.

DR. WALLIS: Gkay. Tad Marsh, would you
get us goi ng, please.

MR. MARSH Yes. Good norning, M.

Chai rman. Thank you. M nane is Tad Marsh, and |'m
the Director of the Division of Licensing Project
Managenent in the Ofice of Nucl ear  React or
Regul at i on.

As you'll see, behind you we have a | arge
contingent of staff and nanagenent here to support
this neeting, and we are ready to di scuss any issue
that you' d so choose, but it's a full audience on this
si de.

The purpose of our briefing today is to
present to you our reviewof Entergy's application for

an extended power uprate for Waterford Unit 3. If the
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8 percent uprate is approved, it will be the | argest
power uprate, although not the only power uprate for
a PAR in the United States. Waterford 3 will be
operating at a core power level of 3,716 negawatts
t her mal

Qur review of the proposed EPU for
Waterford is the first one to be conpl eted using the
new revi ew standard, RS-001. W have presented this
to you several tines in the |ast year, including the
Standard Review Plan Section 14.2.1, which is a new
Standard Review Plan Section associated with |arge
transi ent testing.

The Staff's review of Waterford uprate
application was chal l enging, and the Staff required a
substanti al anpbunt of additional information fromthe
licensee to conplete its review. Even up to the |ast
few days, we've been dialoguing with the |icensee and
t he vendor on issues associated with this review

Now this was the first review associ at ed
with large transient testing for a Pressurized Water
Reactor, and the Staff set the standard high, and
foll owed the SRP associated with this issue. You wll
hear nore about that as we present to you the results
of our review.

The revi ew was thorough, and it foll owed
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Waterford' s application, and t ook a substantial anount
of Staff resources and |icensee's resources. W have
come to resolution on the open issues which we
described to you at the subcommittee. However, the

licensee will need to supplenent its application, and

the Staff wll need to amend its Draft Safety
Eval uation to address these issues. You will hear
today the information that will be contained in the

anmendnent and t he suppl enent safety eval uationitself.

Stepping back a little bit fromWaterford
EPU in particular, going to power uprate in general;
as | said, thisisthe first application of the Review
St andard, and we believe that the Review Standard is
a very thorough, very conpl ete docunment which hel ped
us in our technical reviews. However, we did notice,
and we discussed this at the subcommittee, that it
required nore Staff hours, and nore interactions than
we have seen before in past uprates. And this
experience i s borne out not just by Waterford, but by
the other ongoing EPU applications which we are
revi ewi ng.

W believe this nore than anticipated
Staff hours was caused by a couple of things. First,
this is a new Review Standard, and this is the first

application or the first tine the Staff has used 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

11

Revi ew Standard, so it's a thorough docunent, and it
has gui ded us appropriately, and it has |l ed us to nore
t hor ough, nore conpl ete docunentation, so we believe
that's an el enent.

W al so believe that the industry is being
guided by this first application of the Review
Standard; that is, its thoroughness, and its
conpl eteness has led to nore interacti ons needed with
licensees. W are seeing that. W al so have ongoi ng,
stepping back even one step further, concerns
expressed by the industry in general, not associated
wi th power uprate, about RAls, Request for Additional
Information, and the extent to which naybe the
| icensing process needs to be |ooked at in terns of
RAI's. That's another backdrop to this increased
i nteractions.

W do believe that is a very thorough
review, and it was conplete, and we are satisfied with
t he extent that this Review Standard was devel oped and
used. W intend on issuing, though, a Regulatory
| ssues Summary | ater this year to address t horoughness
and conpl eteness in applications associated with the
Review Standard, so we could end up with a nore
ef ficient process.

Thank you very nuch for the attention and
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the introduction, and 1'd Ilike to turn the
presentation over to the Project Mnager for Review
St andard, Kaly, who will be doing an introduction and
al so leading us in the presentation; unless there's
any questions, sir.

MR. KALYANAM Good norning. My nanme is
Kaly Kal yanam |'mthe Project Manager for Waterford
3, and I'mgoing to make a brief presentation on the
background and sone of the open itens we have fromour
| ast neeti ng.

Okay. The plant was originally |icensed
in 1985 for a reactor core power of 3390 negawatt
thermal. And back in 2002, we granted a recapture
uprate up 1-1/2 percent increase, not to exceed 3441
nmegawatt thermal. Now this current extended power
uprate requests an i ncrease of 8 percent power |evel,
the core power now takes it 3716 nmegawatt thermal

As Tad pointed out, this is the |argest
PWR i ncrease to-date. And sone of the mmjor plant
nodi fications that are planned are the high pressure
turbine is being upgraded, and the main generator is
being rewound and provided wth the associated
auxiliaries, install higher capacity circuit breakers,
di sconnect switches and press work, nain transforner

nodi fi cati ons are bei ng done, and the control rods for
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the heater drain system and the reheat system safety
val ves have been done, and the condenser tubes are

bei ng st ayed.

DR. WALLIS: You also have slightly nore
enriched fuel. |Is that right?

MR KALYANAM No, | don't believe so.

DR WALLIS: It's the same fuel ?

MR KALYANAM  Sane fuel

DR. WALLI'S: And the same steam

generators.

MR KALYANAM Yes, sir

The EPU Inplenmentation Schedule is as
follows; plants inplenent this in one increnent, and
conpletion of plant nodifications necessary to
i npl enent the EPU are planned prior to the end of the
refueling outage 13 in the spring of 2005, another
couple of nonths. Wth the approval of this |icense
anmendnent request, the plant will be operated at the
hi gher power |evel of 3716 negawatt thermal starting
in Cycle 14.

W briefly discussed the Staff review
approach. The first PWR EPU to foll ow the Revi ew
Standard 001, we replaced the Standard Review Pl ans
and used acceptabl e codes and net hodol ogi es. There

wer e requests for additional information. W received
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a total of 32 supplenents, and we did performaudits
and i ndependent cal cul ations in selected areas.

Now in the subcommttee briefing, we
tal ked about four issues that were on consensus path
and close to resolution, and let ne briefly touch
them The first one is the alternate source term
anendnent, and the revi ewer gave the presentation on
that. And to summarize that, the review is proceedi ng
on schedul e, and we do not anticipate any surprises.
And the AST anendnent will be issued by md-Mrch
2005. And it will be a prerequisite for EPU anmendnent
i ssuance, and the EPU Safety Eval uati on woul d refl ect
this, so we consider that this is no |onger an open
issue and it is closed.

The other three issues that were itens
referred as open last tine were the three-second tine
del ay bet ween t he st eamgenerat or tube rupture and t he
| oss-of -of fsite power, and potential aging effects on
reactor vessel internals, the EPRI, MRP report and
accounting for instrunent uncertainty.

These t hree i ssues have been resol ved and
closed with either a commtnent or condition in the
amendnment from the |icensee which is on the docket.
The staff essay will reflect this.

Now finally, as t he agenda woul d i ndi cat e,
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we have the boron precipitation issue and the |arge
transi ent testing issue which wi Il be presented before
the conmmittee by the |icensee, followed by the Staff
review. Also, we have the |icensee present the
conpari son between the Waterford 3 and Pal o Verdi
steamdryers. | believe this was an item of interest
in the | ast subcommttee briefing.

Wth this, | hand it over to —

MR MARSH M. Mtchell.

MR. KALYANAM  Yes.

MR. MARSH: Ckay. Thank you, M.
Chai r man

DR. WALLIS: Thank you. Please go ahead
when you' re ready.

MR. VENABLE: Yes, sir. Thank you. Good
norni ng, M. Chairman and Conm ttee Menbers. M/ nane
is Joe Venable. TimMtchell will be follow ng ne. |
amthe Site Vice President at Waterford 3. |'Il just
take a mi nute to conmuni cate ny views on Waterford 3's
power uprate, and then we'll get right into it with
M. Mtchell.

First, | really appreciate the review
process for this power uprate that we're undergoi ng.
It has been, as M. Marsh said, challenging

systematic, and very thorough. W' ve incorporated
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i ndustry | essons- | earned, extended our Entergy and NRC
revi ews, and expl ored new areas affected by this power
uprate. W have al so addressed sonme | ongst andi ng

i ssues, reactor-type specific, while doing this power
uprate evaluation. W'Ill discuss sone of those again
t oday.

Wat er f ord has perforned f ocused revi ews of
this uprate wth independent both internal and
external assessnents duringthe engi neering eval uation
and the design process. | ampersonally satisfied
that this is a safe uprate for Waterford 3, and
appropriate. This is inportant for Entergy Loui siana,
and a benefit for our customers. It is a key part of
the stabilization of the rates paid by our custoners
in our area, and as such it has key interest fromour
Public Service Comm ssion.

Thank you for your attention, and 1"l
turn it over to M. TimMtchell, and we can discuss
the issues at hand. Thank you.

MR. M TCHELL: Good nmorning. |I'mTim
Mtchell. 1'm Engineering Director at Waterford 3.
|"ve been with Entergy about 15 years in various
capacities, or a little over 15 years. | do have a
previ ous SRO on a CE unit, and of significance, | was

t he Ops Manager during the ANO2 power uprate.
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|"m going to provide a brief overview.
Some of this will be redundant with what we provided
in the subcomrittee neeting, so I'lIl keep it at high
| evel. We have a nunber of people here to support our
presentation and answer questions, and | will go
through and introduce the prinmary presenters. The

i ntroduction was provided by Joe Venable, and as |

stated, | am providing the overview. Boron
Precipitation, M. Jerry Holman w Il provide that
presentation; Large Transient Testing will be then

provi ded by David Constance; Steam Generator Dryers
will be Don Siska. |'d also like to note as part of
this introduction that we've had an extensive Staff
review. |'d like to concur that that Staff review has
been chal | engi ng and thorough, and | believe it has
resulted in a better product as a result of that

revi ew.

Alittle bit on overview. This project
has been a significant project for us. W've had the
| arge resource commitnment, and nore than three years
of conmtnent to this project has had a significant
fl eet involvenent fromEntergy, as well, so it is not
just a single unit. W've got a |ot of expertise
within the fleet that we called in to support this

proj ect .
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A significant benefit fromthis for us has
been the i nprovenment in our design basis, not only in
understanding of the design Dbasis, but also
i nprovenents in design basis, bringing it up to
today's standards. W have focused a | ot on oversi ght
and rigor, we have a Director |evel, Project Manager
or Project Lead for this, M. Ted Leonard. And we've
had multiple corporate-led assessnments to make sure
that we were doing the right things. W kicked it off
with what was called the Red Team Assessnent to nake
sure that we started off with Lessons Learned from
t he ANO- 2 power uprate.

Last COctober we had a | arge assessnent to
review our readiness, as well. It warrants noting.
It was a 12-nenber team 11 of which had previous
upr at e experi ence, and four were fromout si de Ent ergy.
And we continued to nonitor engineering product
quality through this, and had several i ndividual
assessments on that product quality.

W have considered industry operating
experience as part of this effort, and have gotten a
lot of information through a nunber of sources,
including INPO.  And as | nentioned previously, we
also learned fromthe Staff review As Kaly noted,

this submttal was per the Draft Review Standard, RS-
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001, for extended power uprates.

Now | was going to cover a high-1evel
description of the plant. Kaly has already pretty
well hit this, but we are a conbustion engineering
plant, and we will be going to 3716 negawatts therm
with this project.

The project teamincluded Entergy, and as
| mentioned both Waterford people and fleet people,
West i nghouse, Enercon, and then Sienmens-Wstinghouse
for the turbine.

This is a repeat list of what Kaly went
over of significant nodifications associatedwiththis
effort; replacing the high pressure turbine steampath
is the nost significant of the nodifications here.
The rest of them including the generator rewind, wll
address sone issues with the plant and make the pl ant
nore reliable after a power uprate.

From engineering plant inpacts, safety
systens, you can see that we did not require changes
to these systens. | do want to talk briefly about the
fuel mninmumrequirenent. W did need to raise the
level in fuel oil tanks. As part of that, we have
creat ed an operat or burden for the operators refueling
t he tanks, and we have nmade a conm tnent by Decenber

of 2006 to provide additional storage capacity.

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

20

Froma saf ety anal ysi s standpoi nt, we have
globally revised the safety analysis for this effort
for extended power uprate, and we have rewritten the
safety analysis report. It was an extensive scope,
and we've had intrusive reviews by the vendors.

DR. BONACA: Did you have to adjust your
set points in the reactor protection systenf

MR. M TCHELL: W had one set point in the
reactor protection system the steam generator |ow
pressure, that was adjusted, and we have a tech spec
change that has gone through on that.

DR. BONACA: Ckay.

MR. M TCHELL: But only the one.

DR BONACA: You have now | ess DNBR
margin, a margin for loss of flow?

MR MTCHELL: [|'msorry?

DR. BONACA: You have | ower DNBR nargin
for loss of flow now?

MR. M TCHELL: Actually, | believe it
stays relatively constant. Jerry Hol man, can you
answer that?

MR HOLMAN. |'mJerry Holman with
Waterford 3. The DNBR margin for the |loss of flow
stays relatively constant. W did anal yze that event

explicitly, and it shows acceptable results.
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MR MTCHELL: GCkay. Now a little bit
about control room habitability. As previously
nmenti oned, we are going to alternate source term W
did do the tracer gas test back in April of 2004.
That subm ttal has been submitted, and is in review,
and it does neet 10 CFR 50.67 and general design
criteria, 19 acceptance criteria.

From a PRA standpoint, our conclusions
from that PRA is the nodel elenments reviewed for
i npact, we have a m nor reduction in operator recovery
times. Froman external event standpoint, a slight
increase in core danmage frequency, but it did not
change our operator response tine.

DR. APOCSTOLAKIS:  Wiich tinmes are you
referring to; the reduction in operator recovery
times?

MR. M TCHELL: Jerry, do you want to cover
t hat .

MR. HOLMAN:  Okay. |'mJerry Holman from
Waterford. The reduction in tinme is a function of the
hi gher decay heat. |It's really looking at a tine to
reach core uncovery following let's say a | oss of al
feedwater, so we changed — as a result of the higher
decay heat, that tinme changed roughly from83 m nutes,

| believe, to 68 minutes for power uprate.
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DR. APCOSTOLAKI S: For which action, for

whi ch sequence?

MR HOLMAN: That would be for the tine to
recover off-site power or —

DR. APOCSTOLAKIS: O f-site power.

MR HOLMAN: That is the tine for core
uncovery that's used in that recovery tine for off-
site power.

MR M TCHELL: Ckay. Alittle bit | want
to tal k about fromconclusions. W worked through the
i ssues, as Kaly tal ked about —

DR APOCSTOLAKI S: Excuse ne. Back to 12;
so you're showing the Delta CDF and Delta LERF. What
i s the baseline CDF?

MR. M TCHELL: Baseline CDF, 1'IIl let
Jerry cover that also.

MR. HOLMAN:. Baseline CDF for power uprate
was 6 tinmes 10 to the mnus 6.

DR. APOSTOLAKIS:  What do you nean "for
power uprate"? That was before the uprate, right?

MR. M TCHELL: The question is before the
uprate; what is it before the uprate?

MR HOLMAN: | don't have that nunber off
the top of ny head, but | can get it for you.

DR. DENNING You can see fromthat it
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doesn't change.

DR. APOSTOLAKIS: | know.

MR. ROSEN. Can you tal k about this slight
increase in the fire CDF, as well?

MR M TCHELL: Yes, sir

MR. ROSEN. What is that?

MR HOLMAN: The increase in the fire CDF
was al so driven by the very small changes in operator
action tines, and the change in tinme for core
uncovery.

DR. PONERS: | guess what we're struggling
alittle bit with is if 3.5 tinmes 10 to the mnus 7
gets put on the slide, howsmall is a slight increase?

DR KRESS: For the —

DR POVNERS: It nust be less than that.

DR KRESS: Yes. It was on the order of
10 to the minus 9, was the slight increase for fire
CDF.

DR. PONERS: You have an extraordinarily
preci se fire anal ysis, obviously.

DR. KRESS: Do you ever do a level 3 PRA
for this site?

MR. HOLMAN: No, we have not done a | evel

DR. APOSTOLAKIS:  Now your PRA has been
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reviewed by the industry that went through the NEl —

MR. HOLMAN: Yes, we have gone through a
certification review with the Omers G oup.

MR. M TCHELL: kay. Any other questions
on PRA?

DR BONACA: Well, | wasn't on the
subconmittee. | wonder if you explored — | nean, how
conplete is the PRA in addressing the effects of the
power uprate? There are certain issues to do with the
dryers and t hi ngs whi ch are di scussed | ater. Possible
frequency of failures of those conmponents, or inpact
of those margins are not really included in this PRA
Ri ght ?

MR. HOLMAN. W | ooked at all of the major
events for the PRA including initiating events,
failure rates of equipnent. W |ooked at success
criteria. W also did sone nore specific and detail ed
thermal hydraulic analyses to determ ne operator
action times. So we've |ooked at all of those
el enents and fol ded those changes into the revi sed PRA
nodel. As | nmentioned before, the only changes were
to the operator recovery tinme based on shorter tine to
core uncovery as a result of the higher decay heat.

MR. M TCHELL: And as an extensi on beyond

t he PRA, we've gone through and | ooked on a conponent
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| evel at various conmponents throughout the plant to
| ook at where their new operating ranges were, where
valves would be opening or cycling at different
positions, | ooked at mai ntenance hi stories, |ooked at
what we need to do in this upcom ng refueling outage
toensure their reliability, as well, so that's beyond
t he PRA.

DR, KRESS. Well, what would be a good
nunber for an average popul ation density around the
site?

MR M TCHELL: Wthin a five-mle radius,
there's roughly 13,000 people. Wthin ten nmles, it's
alittle larger. | don't have that exact nunber - we
can get it. W have information

DR. KRESS: How far away is New Ol eans?

MR- M TCHELL: New Oleans - | think we
di scussed that in the subconmittee - it's roughly 30
m | es away.

DR. BONACA: You gave us here a CDF
increase, LERFincrease. 1Is also late rel eases pretty
much the same for the plant uprated, or is there an
effect on that?

MR, M TCHELL: Do you understand the
guestion, Jerry?

MR,  HOLMAN: Yes. We concentrated our
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evaluation on the large early release. W did not
explicitly look at late releases. | would not expect
to see much of a change there.

DR. BONACA: Yes. M Iline of questioning
really is going in the direction of understanding to
what extent the nodel truly represents a risk increase
level in absolute, and whether or not there are
elenents that really are not nodeled here. And |
woul d daresay that there are sonme that are not nodel ed
because sonme we don't have experience about operation
of sone conponents in this kind of regines.

DR DENNING Let nme make a conment. |
think that you're absolutely right, Mario, that sone
of the things that concern us about the uprates that
could | ead to vi brati ons of conmponents and t hi ngs |ike
t hat, they woul d not have been included in the initial
PRA, and they're not included in the nodified PRA

DR. BONACA: Ckay.

DR. DENNING W've got latents | think
that core damage frequency is a pretty good surrogate
here for how big is the total inpact.

DR. BONACA: Yes, and | agree with that.

MR. HOLMAN. We'll also be performng
nmonitoring prograns, so we'll be able to detect any

changes as we updat e our PRA nodel, fold that into the
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updat es.

MR M TCHELL: And | think you'll see when
we provide the presentation on the dryers, that we' ve
| ooked at dryers, in particular, as well as a nunber
of ot her conponents, but we will — | think the dryers
will be representative of what we | ooked at overall.

DR. WALLIS: Gkay. Thank you.

MR. M TCHELL: Ckay.

DR. RANSOM | had asked a question | ast
ti me about the punps. You know, the punps and notors
are operating at about a 5 percent increase in power,
and |I'm wonderi ng what effect does that have on the
overal | accident frequency?

MR. M TCHELL: You're talking reactor
cool ant punps. Correct?

DR. RANSOM R ght.

MR. M TCHELL: Okay. Reactor cool ant
punps, essentially their nost severe load is in node-5
operation when the density of the fluid in the reactor
cool ant systemis cold, which is not affected by power
upr at es.

DR RANSOM That's where their maxinmm
| oad is seen.

MR MTCHELL: Right. So at full power,

there's not a significant different in the notors, the
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| oading on the notors or the punps. There's only —

DR. RANSOM About 5 percent, actually,
just due to the density increase of the fluid.

MR. M TCHELL: There is a mninum RCS
change, a flow nunber that we expect to change, or a
nunber that we expect to change. Actually, the actua
nunber we expect to change snaller than that 5
percent, so the change in reactor cool ant punp
performance is negligible. W wll not see a
significant difference fromthe old 100 percent to the
new 100 percent.

DR. RANSOM is there a basis for that, or
experience, or what?

MR, M TCHELL: Predomnantly, it's that
the severest load is, like | said, wunder cold
conditions when you're starting the punps for the
first time. Once they're up and running, and at ful
power densities, the Delta between those two is very
smal | .

DR. RANSOM  Ckay.

MR M TCHELL: Ten-mile cumul ative
population is 91,116, so that's help with |oca
popul ati on.

From a conclusion standpoint, we have

wor ked t hrough a nunber of issues. As stated, even up
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t hrough yesterday, we've continued to have di al ogue.
W have commitnents in place to address each. AST,
Alternate Source Term does remain on track for
conpl etion of Staff review on schedule, so with this
presentation, we will showyou that the uprate will be
a benefit to the plant, and is safe to go forward.
Now |I'm going to turn over t he
presentation to M. Jerry Hol man for discussion of
boric acid precipitation, consideration of voiding in
this topicis not a newissue. It actually dates back
some nunber of years. |It's not really an error, but
it was a conscious decision in that tinme frame to
sinplify the nodel. Jerry is going to talk through
sone additional work that we've shown to show the
conservatismin the long-term cooling capabilities,
and all this information has been submtted and
docket ed, and chall enged by the Staff. Even though
this information is on the docket, we wll provide

further clarification as an update to our |icensing

basi s, our design basis. And Jerry is going to
provi de nore details on that, so I'll turnit over to
Jerry.

MR. MARSH Jerry, this is Tad Marsh
Good norning. | just want to verify that there is no

proprietary information that's being discussed here.
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s that right?
MR. HOLMAN. We have no proprietary
information in the slides that we're going to present.

MR. MARSH. Thanks, Jerry.

MR. HOLMAN. Ckay. Good norning. |'m
Jerry Holman. |'ve been working at Waterford for 22
years. |I'mgoing to talk about the boric acid

precipitation issue. The long-termcooling analysis
is done to determne the potential for boric acid
precipitation after a large break LOCA. Boiling in
the core |eaves boron  behi nd, causing the
concentration of boric acid to increase in the core.
The post-LOCA |ong-term cooling analysis is done to
determne the tinme for operator actions in order to
prevent boron precipitation.

DR. WALLIS: | have a question about this.
When you say it's for the | arge-break LOCA only, you
are concerned about this?

MR. HOLMAN:. For the small breaks, you
refill the RCS and distribute the boron to the core
t hroughout the RCS

DR. WALLIS: But during the small break,
the core is uncovered for half an hour or sonething
like that, and it seens to nme that the liquid is

spl ashing up onto these tubes. And presunmably, when
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the steam goes off the liquid, what's left behind is
boron, so the tubes return the region of both the
pool , presumably gets spattered with boron over quite
a period of tine, don't they?

MR. HOLMAN: Joe, could you address that?

MR. CLEARY: M nane is Joe Cleary, from
West i nghouse. Yes, the observation is correct that
t hat woul d be a phenonenon t hat woul d occurring during
a small break LOCA, and that phenonenon, the general
eval uation of boric acid precipitation for such small
break LOCAs is not explicitly done. One of the nmjor
reasons for that is the high pressure associated with
a small break LOCA is at the point where the boric
acid solubility in the water woul d be essentially 100
percent, so within the two phase region there is no
potential for boric acid precipitation prior to the
reflood of the core. However, there has been, to ny
know edge, no assessnent of the anount of boric acid
buil d-up on the fuel rods during the period of tinme
for limting small break LOCAs —

DR WALLIS: Well, solubility doesn't
really matter because if you' re going to evaporate
all the water, then what's |eft behind has to be the
boric acid.

MR. CLEARY: | understand your —
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DR WALLIS: You have no concerns with
this? You say it's not really considered, but this is
sonmet hing which happens. But has it not been a
concern in the past? Does the Staff have any reaction
to that?

MR WARD: This is Len Ward fromthe
Staff. The eval uation nodel, CENPD- 254 t hat
West i nghouse has devel oped addresses snal |l breaks and
| arge break LOCA. To give you sone perspective,
si mul t aneous i njectionis a nmechani smthat i s designed
to control alarge break LOCA. That's where you split
the high pressure safety injection between the hot
side and the cold side, and it flushes it out for
| ar ge breaks.

For small breaks, because you're at
el evat ed pressures, when you switch to sinultaneous
injection, thereisn't enough floweither into the hot
side or the cold side to flush the core, so you have
to do sonething else. So what you do is you do an
anal ysis for a whol e spectrumof breaks, and these —
this is froma break size - the snallest break size
where charging just is — where the break flowis just
in excess of charging. That defines a really tiny
break. WE analyze all the way up to a doubl e-ended

br eak.
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Now |like | said before, because snal
breaks renmain at el evated pressures and we switch to
si mul t aneous injection, sinultaneous injection wll
not flush the core. So what you have to do is an
anal ysis of systemresponse, and what you can showis
for the small breaks, and you run them out - these

anal yses are run out to six, seven, eight hours. The

systemwi || refill. For those breaks which cannot be
flushed, they will refill, and you will re-establish
si ngl e-phase natural circulation. That will mx the

boric aci d t hroughout the primary system so you don't
have to rely on sinultaneous injection.

Now during these small breaks, 05 square
feet and the range that's uncovering, you' re not
concentrating alot. The injection into the systemis
from one hi gh-pressure punp. The boil-off is really
low. You are concentrating, and even if you do
concentrate sone fairly high val ues, because you're up
at two and three hundred pounds, the saturation
tenperature i s huge. You don't even get anywhere near
the precipitation limt. And because the system
refills and re-establishes single-phase natural
circulation, it disburses the boron.

That anal ysis is key ingredient into this

eval uation nodel. They have addressed snall breaks.

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

34

The real issue is the |l arge breaks where you're trying
todefineatinme to simultaneous injection, and that's
what we're focusing on here, is |arge break LOCA

DR WALLIS: | understand all of that, but
you didn't answer ny question about the spattering of
borated water onto these rods, and the drying out of
that, sane things happen in the superheated tubes in
the boiler, any kind of non-soluble material is left
behi nd when you dry out this Iiquid whichis deposited
on the tubes. This, apparently, hasn't been a concern
from NRC side or fromvendors' side. |s that true?

MR. WARD: That's true.

DR. WALLIS: Is it something which should

be | ooked at? 1'd |ike to know how rmuch of this boron
is deposited during this period when — a rather |ong
period where the tubes are steamcooled. It's not

really steam because it has liquid init.

MR WARD: Well, it's about a 45-mnute
period where the core i s uncover ed.

DR. WALLIS: That's right.

MR. WARD: That's the period where you're
concerned w th?

DR. WALLIS: That's right. And suppose
that you plug up those tubes with boron deposits

during that period, what happens when you t hen refl ood
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t hen?

MR. WARD: Well, | guess | would ask — we
woul d need t o ask oursel ves how much boric acid do you
need to plug the core.

DR. WALLIS: Yes, you woul d.

MR WARD: And | don't think you' re going
to — ny initial reaction to that is there's not
enough boron produced in 45-minutes to do that. |If
you l ook at the slides |I'mgoing to show you on how
much boron builds up in 45-nmnutes fromthe initial
concentration, it's not very much

MR. MARSH. M. Chairman, why don't —

DR WALLIS:  Yes.

MR- MARSH. This is Tad Marsh fromthe
Staff. W understand this question. Wy don't we
table this for the nonent, if we can

DR. WALLIS: You'll give us an answer
t oday?

MR. MARSH. Excuse ne?

DR. WALLIS: WII you give us an answer
t oday?

MR. MARSH. No, we won't give you an
answer today.

DR. WALLIS: Wwen will we get the answer?

MR MARSH What |I'd like to do is table
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this, if we can, until you hear his presentation.

DR, WALLIS: Ckay.

MR MARSH  And then we will discuss how
to go forward generically.

DR WALLIS: Sure.

MR. MARSH. (Ckay? Because this is not a
pl ant - speci fic issue.

DR. WALLIS: | agree, it's a generic one.

MR MARSH: Good. |If we can do that, that
woul d be great.

DR WALLIS: Yes. Sure, that's fine
Let's nove on then.

MR. HOLMAN. Okay. The Waterford 3 | ong-
termcooling anal ysis currently uses a col | apsed wat er
volume fromthe bottomof the —

DR. WALLIS: | want to ask you about that,
too. I'msorry. I'mtrying to understand. Does that
nmean that you include the fluid in the upper plenunf
It all collapses down into the core?

MR. HOLMAN: That effectively is what it
nmeans, that we —

DR WALLIS: The difference is that the
NRC says you don't count the stuff in the upper
pl enum you just count the liquid in the core. And

you mx in that volunme. 1Is that what the difference
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is?

MR. HOLMAN: That's correct. The NRC
Staff Revi ew focused on voiding in the core, and that
assunption of the collapsed liquid vol une.

DR. WALLIS: Wy is it expected that the
m xture on the upper plenum doesn't get involved in
t he m xi ng?

MR. HOLMAN:  Well, | guess the assunption
of the collapsed liquid volume was a sinplification
when the nodel s were devel oped, and it was eval uat ed
that that assunption was bounded by additional
conservatisnms. And in ny presentation here today,
we're going to quantify and show those conservati sns
and denonstrate that —

DR. WALLIS: Actually, your case is going
to be rested on the answer with | ots of conservatism
You're not going to take credit for the conservatism
You're going to say everything is okay, and it's
real ly better because.

MR HOLMAN: That's correct. W intend to
showthat there remai ns conservatisns i nthe anal ysis.

DR. WALLIS: So you're going to throw away
the mx, the fluid in the upper plenum [It's not
going to take part in the mxing. |Is that right?

MR. HOLMAN. The upper plenumw || have
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sone of that boric acid, and it will contribute to the
m Xxi ng vol une.

DR. VWALLIS: I n your conservative
anal ysis, you don't consider it.

MR. HOLMAN:. In the conservative anal ysis,
we do assunme the m xing volune up to the top of the
hot leg within the upper plenum

DR. WALLIS: That's all. That's the only
stuff which m xes.

MR. HOLMAN.  We're including, obviously,
the volunme in the core, and we're going to tal k about
the volune in the | ower plenum

DR. WALLIS: The top of the hot |eg.

MR HOLMAN: Up to the top of the hot |eg
in the additional calculations that I'mgoing to
descri be today. The current existing |icensing basis
cal cul ation assunes a col | apsed i quid volunme fromt he
bottom of the core to the bottom of the hot | eg.

DR. WALLIS: So you have to change your
I i censi ng basis sonehow.

MR HOLMAN:  And we'll discuss that.

DR, WALLIS: Yes.

MR. HOLMAN.  We perforned sone additional
suppl ement al cal cul ati ons and di scussed that with the

staff. These additional calculations explicitly
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account for voiding in the core. W account for
mxing in the lower plenum which we'll discuss somne
nore in just a nonent. W assune mxing of the boric
aci d makeup tank and the refueling water storage cool
wat er before it reaches the core. W're using a best
estimate 1979 ANS Decay Heat Values. W're also
crediting contai nment pressure of 20 psi in order to
el evate the — precipitate the solubility limt, and
we're also accounting for the effect of trisodium
phosphate in increasing the solubility limt.

DR. WALLIS: Now the container pressure
effect is on tenperature, presunably; a saturation
tenperature. 1Is that its effect?

MR, HOLMAN:  Yes.

DR. WALLIS: Only changes the solubility
limt. It doesn't change the actual concentrating
process.

MR. HOLMAN. There is a small secondary
effect on the —

DR WALLIS: But it's a small —

MR. HOLMAN. — boil-off, but it is a very
smal|l effect. The primary effect of containnent
pressure is on the solubility limt.

Ckay. Wth those assunptions, our

suppl ement al cal cul ati ons showthat we reached a boric
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acid concentration of 17.2 wt%at three hours. Three
hours is the | ongest tine that the operator woul d have
to take his actions to prevent boron precipitation.
That 17.2 wt % conpares to solubility limt of 40 wt%
so there's a large margin to the precipitation.

DR. WALLIS: The CE plan is equipped with
injection in both hot and cold | egs?

MR HOLMAN:. That is correct. Wterford
has the ~capability to inject in both |egs
si mul t aneousl y.

DR. WALLIS: So it's up to the operator to
mani pul ate this injection?

MR, HOLMAN:  Yes.

DR WALLIS: But he doesn't know what the
boron concentration is. He just has to follow sone
pr ocedur es.

MR HOLMAN: That's correct. He follows
the time after a LOCA.

DR. PONERS: Where you have cited the
solubility limt, didyou know what the source of that
is?

MR, HOLMAN: |I'msorry. Say again.

DR. PONERS: Do you know what the source
on your solubility limt is?

MR. HOLMAN: Joe or Bob Hanmersl ey.
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MR. HAMVERSLEY: Bob Hammersley from
Westinghouse. | think the question was what was the
source of the solubility limt? The solubility limt
was determ ned fromexperinments that we were doing to
investigate the inpact of TSP in solution with the
boric acid.

MR HOLMAN: W'l tal k about how we

determined the 40 wt% solubility limt in just a

nmonent .

DR. SHACK: You're taking credit for those
TSP.

MR. HAMVERSLEY: The basis is experinment.

DR. PONERS: | guess | was |ooking for a
little nmore. It's an experinment | can examne, or is

it one that was done in-house?

MR. HAMVERSLEY: It was an experinent that
was done following the subconmttee neeting, when
t hose questions were asked, so it's been done and
docurnent ed since that neeting to before this neeting.

MR HOLMAN. We'll provide a little nore
di scussi on of how we cane up with that —

DR WALLIS: So it's been done in the |ast
coupl e of weeks?

MR. HOLMAN: The effect of the TSP has

been —
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DR. WALLIS: Deternmining the solubility
limt? So you' ve been boiling boric acid m xtures?

MR HOLMAN: That's correct.

DR. WALLIS: And did you also | ook at the
effect of the concentration on the drift flux and the
formability of this stuff as it gets concentrated?

MR. HOLMAN: Let nme get to that part of
the presentation, and we'll go over those questions.

DR. WALLIS: Ckay. Thank you.

MR. ROSEN. Could I hold you here? 1It's
instructive to me to look at your left diagram in
relation to the discussion we had before about what
you i ncl ude are the upper plenum In the upper plenum
you said it's included up to the top of the hot |eg,
if I"mcorrect; which nmeans it's included basically.
I's that correct?

VR. HOLMAN: I n the suppl enent al
cal cul ati ons, yes.

MR. ROSEN:. Because the top of the hot |eg
is up at the top of the upper plenum al nost.

MR HOLMAN: That's correct.

MR. ROSEN. Ckay.

MR. HOLMAN. Ckay. As | nentioned, in our
suppl ement al cal cul ati ons we took credit for mxingin

the lower plenum That result conmes prinmarily from
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the BACCHUS test results. Bill Brown from

Westinghouse is heretotalk alittle bit nore detai
of the BACCHUS test results.

MR. BROAN: Bill Brown from Westi nghouse.

DR WALLIS: Welcome back, Bill. W' ve
seen you before.

MR BROM: H guys. |'ma thermal
engi neer wi th Westi nghouse. |'ve had about roughly 25
years of experience in testing design therma
hydraulics. Early years spent primarily with the
Seawol f and Trident class submarine designs and
testing, and Japanese PWRs, thereafter; nost recently
with this illustrious group with AP600 and AP1000 for
the last 10 or 15 years.

| want to talk a little bit about the
BACCHUS test facility, which was atest facility which
was designed by Mtsubishi. They had interest in
studying mxing within the reactor vessel, a PWR
They were |l ooking primarily at the m xi ng between t he
core region relative to the | ower plenumthat was of
specific interest, so what they did was they
essentially have a slab-type geonetry, which really
represents a vertical slice through the reactor. |It's
full-scale, full-height. It's roughly 9 neters tall.

The slices may be roughly a half a nmeter w de,
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represents roughly a fuel assenbly. The fuel
assenblies are fairly prototypic in their nodeling,
and as you notice in the diagram we have a full
simul ation al so of guide tubes and structures within
t he upper plenum as well as within the | ower plenum
and the core. There is a downconer. The hot |eg off
to one side with a separator to separate the phases,
and there is instrunmentation located in 24 |ocations
t hroughout the facility to nmeasure both tenperature
and boron.

DR. WALLIS: To understand, Bill, if you
took the BACCHUS facility and put it in the core it
woul d ook like that little rectangle.

MR. BROAN. Yes. Right. Basically, this
slice right here is what you're seeing. So
essentially in this facility, you're not |ooking at
neasuring the circunferential effects. Primrily
you're looking at the lateral or the radial, and
primarily the vertical effects.

The anti ci pati on was, which al so the data
i ndi cates, that the primary nechanismbeing that it's
really a density-driven, it's a really-type
instability, so they were really concerned to nake
sure that they had everything in the vertical axial

direction scaled as well as they possibly coul d.
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DR, WALLIS: Wiy would mixing inalittle

thin slice like that be the sane as mxing in a big

vessel ?

MR BROWN. In the vertical region, in the
axial plain, | guess, since it's essentially a
density-driven phenonmenon, | nmean the only thing

you're really mssing here is anything that's
primarily a circunferential node, which | would not
expect to be very large at all, and probably m ght
even help. But, essentially, you're really talking
about sort of a 2-Dtype of effect, andit's primarily
driven by density.

Basically, the core boils off enough
concentration of boron to the point where you offset
the Delta T, and when you get to that bal ance where
you overcone the density effect of the concentration,
the boron starts to fall into the | ower plenum

DR. DENNI NG And what do you think that
cell size looks Iike? | nean, if it falls — it's a
critical question, | think, as to what do you really
picture in your mnd as to what that cell size |ooks
i ke over which the circul ation occurs, because if
it's going down one area, it's going up sone other
area. Right?

MR BROMWN: Yes. | nean, if you certainly
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picture this - | mean, it's simlar to thinking what
happens in ocean circul ation, essentially replace the
sun warm ng the surface of the water and evaporation
with the core heat boiling that away, and repl acing
salt with boron. And in those situations, and
certainly at noderate really nunbers you woul d expect
to see sulfinger type of patterns. But | think at the
velocities and the high raily nunbers, if you use the
— if you were to imagine the full | ength of the upper
and |ower plenum as a cell, you end up with somne
pretty high raily nunbers, so | would expect at that
point that it probably would actually transition into
sonmething that's certainly nore turbulent than just
sul fingers. |t probably would get into another
instability which would start to m x those, as well.

DR. WALLIS: | should point out to the
full conmmttee that we didn't see any of this at the
subconm ttee neeting. The reason we have such a | ong
neeting this norning is that we're being presented
with material which nornmally we would first see at the
subconmittee neeting, but since we have the tineg,
we're having it presented this norning.

DR. KRESS: Speaking as a nenber of the
Thermal Hydraulics Subcommittee, | think you can be

sure that a two-dinensional nockup of a three-
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di mensi onal phenonena for m xing can be shown to be
conservative

MR. BROWN: Conservative, yes.

DR KRESS: And | think that's the key
part of what you said.

MR. BROMN: Right.

DR, KRESS: It actually mght help if you
had the three-dinensionals, but | think you haven't
shown that. You're just setting that. | think
woul d |ike to see sone anal ysis sonehow. | think in
a relatively sinple analysis you can show t hat.

MR. BROMN: Yes. In thinking back, some
of the AP presentati ons when we were |ooking at the
contai nment, and we started off with the 2-D slices,
and we went to the 3-D slices at the behest of Dr.
Wallis, we showed that the mxing was, in fact,
i nproved in additional nodes where —

DR. KRESS: | recall that. That's why |
said that, yes.

MR. BROMN: Yes. And | guess that's why
| " musing that experience, as well, to —

DR. WALLIS: Are you going to take credit
for this m xing process, or are you just going to say
that it's an additional conservatism and if we did

take credit for it, things would be better? You're
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actually going to try to take credit for it.

MR. BROWN. The calculation is taking
credit for —

DR. WALLIS: |Is taking credit for —

MR. BROMN: Fifty percent of the | ower
pl enum vol une, not the entire | ower plenum vol une.

DR. WALLIS: And you need that in order to
nmeet your solubility limt?

MR BROMN: 1'Il let Jerry answer that
guesti on.

MR. HOLMAN. Crediting the volune in the
| oner plenumcertainly increases the margin to the
precipitation. If we were to not credit any of the
| oner plenum volune, it would still be less than
precipitation —

DR. WALLIS: | thought that was your
conclusion. R ght. So you don't have to take credit
for it. It's just reassuring that you' ve got a margin
t here.

MR. HOLMAN:  Suppl enrental cal cul ati ons
that we present do take credit for 50 percent of the
| oner plenum —

DR. WALLIS: Okay. Well, we'll see those
inawhile, | guess.

MR, HOLMAN: Yes.
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DR. WALLIS: But you don't have to take

this credit.

MR. HOLMAN:  Qobviously, the margin is nuch
reduced without credit for |ower plenum m Xxing.

DR. WALLIS: But you still neet the
requirenents.

MR HOLMAN: But it would still be bel ow
the precipitation |evel.

DR. RANSOM In the test facility, where
is the fluid injected?

MR. BROMWN: Essentially, they start off
filling the system from the top and filling the
downconer, and the | ower plenum vol unes.

DR. RANSOM  You continue to inject in the
downcorer and then boil-off through the —

MR, BROMN:. Yes, yes, yes. M ran
actually two tests, primarily. One started off at a
base condition of about 3000 PPM and then they ran
anot her test that was started off at around 9000 PPM
and both tests showed that when the Delta
concentration - you can go to the next slide - in both
the tests, when you hit about 8-1/2 percent weight,
t he bal ance, the critical density inversion point was
reached, and you get to see both the thermal couples

and all the thermal couples all the way through the
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entire | ower plenumall the way to the bottombegin to
mx, as well as the boric acid —

DR. WALLIS: Now they say that m xing
occurs at sone point. There's no criterion or
sonmet hing for that?

MR BROMN: Well, if you really knew the
link scale very well you could probably — at MH, we
have tried to capture that with the raily nunber, and
| ooking at cell size. Unfortunately, we do not
actual |y have enough probably visual —

DR, WALLIS: So we don't know where to put
t hese curves for a real reactor. W don't know where
the same — where to put this mxing initiates in a
real reactor. W assune sonething simlar happens,
but we don't really know when m xing initiates,
because we don't have a criterion.

MR. BROMN: Essentially, I'msaying this
is the criteria. It's really —

DR WALLIS: At a certain density
difference will produce m xing?

MR BROMN: Yes. And, in fact, |I fee
even stronger about this because when |I've al so | ooked
previously at the Finn's that ran a VEERA facility,
which is essentially a VDER-type scale, full-height,

full -pressure, full-tenperature-type facility;
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interesting that the density difference when it
reached | believe about 7-1/2 percent is what | see in
that data - again, the sanme phenonena occurs that the
entire | ower plenumbegins to mx. So again, it was
primarily independent of the time in which you get
there. You could take 100 hours to get there. |It's
really dependent on when you reach the critical
concentrati on —

DR. VWALLIS: It's not just the
concentration, it's tenperature, too. The tenperature
is different in the |ower plenumthan in the core.

MR BROMWN: Yes, it is.

DR. WALLIS: So that affects the density,
as wel | .

MR. BROWN. Yes, it is, and you have
of fsetting — right. Wat you have to do is you have
to get that point where you bal ance the —

DR WALLIS: You have to overcone the
tenperature difference.

MR. BROMWN: Right. That's right.

DR. WALLIS: Wiich is why it doesn't start
at the begi nni ng.

MR. BROAWN: That's exactly right. That's
where it is.

DR. WALLIS: So you think there would be
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acriterion which says that Delta T, Delta Rho due to
tenperature, and Delta Rho due to Delta C have to
sonehow be in bal ance.

MR. BROMN: Yes, | have that on this slide
that | pulled in here for just brevity of the
presentation. Essentially, that's what |'ve got. So
in the delta fluid due to the concentration
differences is offset by that due to the tenperature.

DR. WALLIS: Does that explain when m xing
initiates?

MR. BROMN:  Yes. Yes.

DR. WALLIS: Now you're giving us a
physi cal argunent.

MR. BROMN:  Yes. Yes.

DR. WALLIS: Are you going to actually
show us those nunbers?

MR. BROAN. No, |I'mnot going to show you
MH 's proprietary data. That's why |I've drawn this
nice little cartoon today. However, it is in the
BACCHUS report, which the Staff has, if you're
interested in | ooking at the actual data.

DR. WALLIS: So the nunber that says that
the density difference due to tenperature change is
bal anced by density difference due to —

MR. BROMN: Concentration, yes.
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DR WALLIS: It's in the report that we

have here?

MR. BROAWN: There is a sunmary of that in

DR WALLIS: It seened to be al
di scussion. | didn't see nunbers |ike that.

MR BROMN: | don't know if you have the
BACCHUS report there or not, but we've given that to
the Staff.

DR, WALLIS: |If we do, naybe you can point
to it at the break.

MR. BROWN. Again, that docunment was
primarily intended as a summary docunent to
denonstrate to the Wstinghouse Owmers G oup

MR MARSH M. Chairman, this is Tad
Marsh. 1'mbeing told that we have provided that
report to you.

DR WALLIS: You have?

MR MARSH |I'mbeing told that we have
provided that to you. |Is that right? Ralph is
shaki ng his head yes.

DR. WALLIS: Ckay. So when Ben gets up
and presents he can cite a page which we can | ook at
or something. GCkay. W need to nove on, but | think

it would be very useful if there is sone kind of
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guantitative criterion which is believable.

DR. DENNING Can | ask anot her questi on,
G ahan?

DR WALLIS: Yes.

DR. DENNING The bypass regi on, based
upon what you're saying here, your feeling is that
that has no real significance towards this effect?
What do you think is happening in that bypass region,
and are you telling us that it's your belief that that
really doesn't affect this m xi ng behavi or?

MR BROWN: | think that it has a second
order effect conmpared to this m xi ng mechani sm and as
wel | as any perhaps potential entrainnent - whil e they
may exist, | don't think they're the primry
mechani sms.  And again, |ooking at these different
tests at different scales, there seemto be a fair
anount of consistency wth looking at t he
concentration density effect between the upper plenum
core region relative —

DR. DENNING Wn't that bypass region be
prototypic of Waterford? Does it |ook basically the
sane as it does in the MH —

MR BROMN:. No. Inthis facility, | would
say that the hot leg region does not reflect that.

The focus was primarily on the core upper plenumwith
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the guide tubes and the |ower plenum and the
downconmer. That was the primary enphasis. |t was not
trying to denonstrate hot |leg gap or entrainnent,
whi ch certainly are present, but this nechani smseens
to explain quite well both the BACCHUS test and the

Fi nni sh VEERA test.

DR KRESS: This cartoon indicates to ne
that you have sone sort of initial concentration in
t he | ower plenum

MR. BROAN. Yes, you have whatever the —

DR. WALLIS: Watever the cold |l eg feeds
into it.

MR. BROMN: That's right.

DR. WALLIS: That's where you get that.

MR BROWN. That's right. And | said, in
the one BACCHUS test, it was initially 3000 PPM and
t hen when they ran another one, it was 10,000 PPM

DR, WALLIS: Ckay.

MR. BROAN: They had very | ong sw tch-over
times in Japan, so they were interested what happened
very far out in a post LOCA environment.

DR. RANSOM These experinents have a
radi al power distribution, | assunme, sinmlar tothe —

MR. BROMN: Yes, they do have sone.

DR. RANSOM And boiling is going on, so
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you think the boiling would be the major density

difference in the system that woul d  cause
recirculation. | know you're assum ng a coll apsed
| evel , but —

MR. BROWN: Well, within the core region,
yes - but not necessarily the |ower plenum This is
the nmechanismthat — | nmean, you could boil all day
long and it isn't going to affect the | ower plenum

DR. RANSOM The point is really you up-
fl ow t hrough sone parts, and down-fl ow t hrough ot her
parts.

MR. BROMN:  Yes.

DR RANSOM And that's what |eads to the
m xing in the | ower plenum

MR BROMN: Once it gets started, |I'm
saying this is the initiating mechanism Once that's
started, this certainly enhances it, but this is what
gets the ball rolling.

DR. WALLIS: Your slide is hibernating.
Does it hibernate in the summer, too?

MR. ROSEN. There's a natural |ength of
time that we can dwell on any subject.

DR. WALLIS: Are you going to proceed?

MR BROMWN: | think I've nade ny case, and

| wel come any nore questions.

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

57

DR. WALLIS: Are you going to tal k about
this TSP and the basis for your solubility Iimt?

MR BROWN. No. M primary purpose is to
di scuss the BACCHUS test. Jerry will pick up the ret
of the presentation after this.

DR. WALLIS: So we're supposed to believe
that you have sonme criterion for the |l ower plenumto
get involved in the m xing?

MR. BROMN:  Yes.

DR WALLIS: And we're not going to see
any nunbers?

MR. BROWN: Well, what you can do when you
see the report is, for interest, M has actually
tried to use this facility to benchmark a conputer
code they call EXLOBOCON, and they have used the raily
nunber criteria and played with the length scale to
try to match the data. And there is sone plots within
t he BACCHUS test report that —

DR. WALLIS: Yes, | sawthat. |It's just
that this is not a code which is approved by the NRC
or anythi ng?

MR BROWN: No, right. This is purely
MH 's code. You've never seen this before.

DR. WALLIS: Right. Could you explain to

nme what is going on technically now? The conmputer is
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bei ng sabotaged by sonme software of sone sort?
(Si mul t aneous speech.)

DR. DENNING Could you restate basically
your premse? | think your prenmise is that normal
density in core region exceeds the density in the
| oner plenumthat you mx. |Is it that sinple?

MR BROMN: Well, it's really when the
density effect due to the concentration of boron
within the core region exceeds the tenperature
difference in that region relative to the | ower
pl enum The difference in density due to the
tenperature difference. Wen you hit that point, then
you basically have a hot or cold situation. | nean,
you could l ook at it in a crude sense as even when you
have a situation that raily originally | ooked at when
you had essentially a col d surface over a hot surface,
and you initiaterule cells, for exanple, in that type
evaluation | i ke that. And what's happening here is it
t akes sonme tine to get enough boil-off to increase the
density due to the concentration of boron acid
solution with the water to get to that point where you
actually are unstable, and you get that disability
mechani sm

DR. DENNING Well, | think what you just

said is there are two conmponents to the density; one
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is tenperature, and the other is —

MR. BROM: Yes, and the other is
concentration. That's correct.

DR. DENNING But you say taking those
into account, when the density is greater in the core
than it is in the | ower plenum then you m x.

MR. BROMN: Yes, absolutely.

DR. DENNING But you do that for
col | apsed water level. |Is that a true statenment, as
opposed to accounting for some boil-up frothing —

MR BROM:. You're referring to the
cal cul ati on.

DR. DENNING Yes, the calculation. Wen
you determ ne the density in the core region —

MR BROWN. Well, | would say at this
point intime, w're probably - keepinmnd, we're in
a large break LOCA. Qur pressures are rather |ow, and
our pressure differences going out the vessel are
relatively small, so we're alnost to the point of a
static bal ance, and so what ever void fraction that you
have, whatever water |evel you have above the core
essentially is going to be dom nated by what's in the
| oner plenum so there's not a big inpact as far as
the gravity head is concerned. It certainly wll

affect the m xture | evel that you have, which |' msure
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DR. WALLIS: | think what you really are
saying is that they' re above the holes in the plate
there, and there's liquid. It's not totally a
m xture.

MR. BROMN: That's right.

DR. WALLIS: So if that's heavier than the

l[iquid below, it's going to go down.

MR BROWN: It drops. That's right.

DR. KRESS: Wen you nmake this N TSDI
calculation in the upper plenum do you assume any of
the boric acid goes with the steamas it goes out, or
do you just leave it all behind?

MR BROWN: Well, | didn't nake that
cal culation, but | think in the calcul ations, |
bel i eve you probably assune that the —

MR. HOLMAN: The cal cul ati ons do not
credit any boron acid renoval —

MR. BROMN:. Right, with the steam Right.

So it's basically steam

DR. KRESS: "' mworried about that because

it's not a credit, it's a debit, because it affects
this density calculation you' re naking in the upper
pl enum

MR BROWN. | would say in the case of
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BACCHUS, we certainly got the real fluid —

DR. KRESS: Ch, I'msorry. | was thinking
about the cal cul ati on.

MR. BROMN: Yes, |'m saying —

DR. KRESS: You did add the energy.

MR BROM: Right. And |I'msaying, with
respect to —

DR. KRESS: So did the BACCHUS experi nent
properly do it at the right pressure?

MR. BROWN: Yes. Wat I'msaying, this is
a full-height, full-tenperature, full-pressure boric
acid solution test.

DR. KRESS: (kay.

MR. BROMN: Yes. That's why |'m saying
that the real stuff is in there —

DR KRESS: It would show up in the —

MR. BROMN: Yes. And | would say the sane
thing about any drift flux questions that nay cone
about, as well, possibly fromsone —

DR, WALLIS: On, yes. W're going to ask
t hat question, too. Now do we have to nove on before
the conputer gremin decided to hibernate things
agai n?

MR. BROWN. Do you have any nore

guestions?
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DR. WALLIS: W nay conme back to you.

Let's nove on for now

MR. BROMN: Ckay. Thank you.

MR. HOLMAN. All right. Let's nove on and
tal k about the solubility limt. Trisodi um phosphate
is used in the Waterford 3 containnment in the sunp
water to control pHpost LOCAto a value near 7. It's
stored in granular formin baskets in the floor of the
containment in the Waterford 3 contai nnment.

Ve per f or med tests W th a TSP
concentration that's representative of what would
exi st at Waterford 3. W added boric acid and brought
the solution to a boiling tenperature, continued to
add boric acid until we reached the solubility limt,
and determned that that limt was at a concentration
of 36 W% That's at atnospheric pressure.

DR. PONERS: Let me ask a question. It's
nmy experience extraordinarily difficult to tell when
you' ve saturated when you have a concatenating NI and
a liquid that roughly 11 nolal, and they're two
difficulties that you encounter; one is that the
sol ution can superheat if you have it in glass vessels
when you're doing this kind of experinent, glass or
silici, either one. And the second is that you can't

visually tell that you' ve formed coll oids before you
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think precipitation has occurred. So when you say you
went up to saturation, how did you determ ne what
saturati on was?

MR. HOLMAN:. Bob Hamrersl ey, can you
answer that?

MR. HAMMERSLEY: The experinment was
performed by starting with a nass of boric acid that
corresponded to the solubility Iimt in water at 100
degrees C, say a standard reference. So we started by
putting that in the flash in the water, put it on a
heat plate and brought it up to tenperature of 100
degrees C. During that tine, we had a stirrer,
stirring or agitating the solution until we could get
all the boric acid crystals dissolved, soit took some
time, of course, one - to heat the fluid, and two, to
get all the crystals dissolved.

At that point, we added the amount of
Tri sodi um phosphate, the solution was crystal clear.
The Trisodium phosphate went imediately into
solution. W continued to heat the solution until we
get to the normal boiling point. This was all done at
at nospheri c pressure.

DR. PONERS: When you say it was crysta
clear, was that based just on visual observation, or

did you do a Tyndall effect on it?
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MR. HAMVERSLEY: We did that by visual

observati on.

DR. PONERS: So you couldn't tell if there
were col | oi dal suspensions in there.

MR. HAMMVERSLEY: Not with ny eyes, no.

W did take Tyndall neasurenents during the entire
testing sequence. Once we had the TSP in solution, we
now started to add addi ti onal boric acidin controlled
amounts of nass.

DR. WALLIS: Wiy did you keep addi ng boric
acid? Wy didn't you add nore TSP?

MR HAMVERSLEY: Because we wanted to see
the increase in the solubility limt of boric acid in
the presence of TSP at the normal boiling point. W
were able to add additional boric acid that —

DR. WALLIS: So you used a round of
initial TSP as a variable in this, severa
experi ment s?

MR. HAMVERSLEY: W did repeatability
tests. We did two tests at the TSP concentrations
that woul d be expected in containment. W did one at
a reduced concentration of TSP.

DR WALLIS: The TSP and the boric acid
are all m xed up together in the containnment, aren't

t hey?
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MR. HAMVERSLEY: Yes.

DR. WALLIS: Then you just keep putting in
a bit nmore of each and boiling off. 1Isn't that what
happens in the reactor?

MR. HAMVERSLEY: No, the TSP, there's a
fixed anmobunt that's in containnent that goes into
sol uti on.

DR, WALLIS: Yes.

MR  HAMMVERSLEY: That's all that's
avai l abl e during the entire transient. Likew se, the
boron, once the primary system and the water storage
tank and the accumul ators have all exhausted, then
there's no addition of the chem cal species.

DR. WALLIS: So you just put this in a
beaker and keep boiling it until it changes color. 1Is
t hat what happened?

MR. HAMVERSLEY: That's right.

DR. WALLIS: |Is that what you do? Just
put it in a beaker and boil it until it changes col or?

MR. HAMVERSLEY: Well, we put nore and
nore boric acid until it would go into solution.

DR. WALLIS: You kept trying to dissolve
nore solid boric acid in it?

MR. HAMVERSLEY: Yes.

DR. WALLIS: So you did a reversal. You
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didn't boil it down until it precipitated, you kept
building it up until it wouldn't dissolve any nore.

MR. HAMVERSLEY: That's correct.

DR. WALLIS: Is that the same experinment?

MR. HAMVERSLEY: That's the experinment we
ran.

MR. HOLMAN: That should show t he sane
behavi or.

MR. HAMVERSLEY: Right.

MR. HOLMAN:  We're not nodeling the actua
behavior in the coreinthis test. W're just trying
to determine the solubility limt in the presence of
TSP. And you can see fromthis picture —

DR, WALLIS: So you dissolved it. D d you
boil it while you were dissolving it, or you just had
some hot water, and you put crystals in and stirred
until they dissol ved?

MR HAMVERSLEY: W boiled it as we added
nore crystals.

DR. WALLIS: You boiled it as you were
addi ng.

MR. HAMVERSLEY: This is a photograph that
actually the surface that that beaker is sittingonis
the hot plate. There is a nmagnetic stirrer bar in the

bottomthere. O course, we turned it off to try to
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get a picture. Boiling is actually going on there.
It's hard to see sone of the bubbles that are rising
up along that, but this is the solution near the
solubility limt with the additional boric acid beyond
the normal concentration that you woul d expect, that
has now been concentrated to the solubility Iimt in
the core and we' ve added additional boric acid beyond
that and TSP. So this is a mxture of the boric acid
and the TSP at boiling near the solubility point.

DR. WALLIS: So you're doing an experi nent
that 1| was tenpted to do in ny kitchen

DR. PONERS: Well, hopefully you woul dn't
spill so much as is spilled here. | presune that's
what they are.

DR. WALLIS: So you're boiling, you're
heating this thing fromthe bottom

MR. HAMVERSLEY: Right. During that
process we have the stirrer bar mxing it. And we've
noni tored the tenperature, of course, as we go al ong.
And the other thing that we wanted to observe from
this is that there's no — we didn't observe any
foam ng tendency of this solution.

DR. RANSOM What was the solubility noted
at zero TSP?

MR. HAMVERSLEY: The solubility when we
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started out is like 27.5 wt % boric aci d.

DR. DENNING |If you continue to add TSP,
does the solubility inprove? Because as G aham was
pointing out, in a real system you not only
concentrate boric acid, you also concentrate TSP.

MR. HAMMVERSLEY: In this experinment, we've
concentrated TSP the sane anount that the boric acid
woul d have been concentrated in the boil-off process
in the core.

DR. WALLIS: And you said sonet hi ng about
foam ng, it didn't foanf

MR. HAMMERSLEY: This actually undergoi ng
boiling in this photograph. There's no tendency for
it to foam

MR. HOLMAN:  This is near the
precipitation limt.

MR. HAMVERSLEY: Yes.

DR WALLIS: So you don't know what
happens when you boil it to the point where it begins
to precipitate.

MR HAMVERSLEY: W do. W continued to
add boric acid until we got to that point. Wen it
sinply wouldn't dissolve all the crystals, the
solution would get cloudy, and you woul d actually

start to formsone crystals or — especially on the
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surface where probably the tenperature grading was
such that it would tend to do that.

DR. WALLIS: You built up a skin on the
surface?

MR HAMMVERSLEY: Yes, we called it a scum
Yes.

DR, KRESS: This is an atnospheric
pressure test?

MR. HAMVERSLEY: That's correct.

MR. ROSEN. That's a question | was going
to ask. On your slide 20, you tal k about a m ni mum
cont ai nment pressure of 20 psia. That's five-pounds
gauge. That has the effect of increasing the
solubility by 4w %

MR. HAMVERSLEY: Correct.

MR. ROSEN: Now is this the only place
where you take credit for contai nnent over-pressure,
or in your LOCA anal ysis?

VR. HOLMAN: I n the suppl enent al
calculations, the primary effect is to elevate the
solubility limt. There is a secondary inpact on the
cal cul ation of the schem ng rate and the voi ds.

MR. ROSEN: No, but | was tal king nore
generally, globally. |Is the degree to which you take

credit for containnent over-pressure limted to this
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analysis, or is it typically taken in other parts of
the —

MR. HOLMAN: I n other anal yses?

MR. ROSEN. — plant's analysis, yes.

MR. HOLMAN:. Specifically, we do not
credit over-pressure for net positive suction. There
is a pressure that's cal cul ated for ECCS perfornmance
peak cl ad tenperature in accordance with the approved
nodel s.

MR. ROSEN: Though in the peak cl ad
tenperature cal cul ations, but not MPSH cal cul ati ons
for the sunp.

MR HOLMAN: That's correct.

MR. ROSEN. So there's sone precedent here
at Waterford for taking credit for over-pressure. And
here's anot her case where you have to do it to get the
solubility limts high enough, not to have this —

VR. HOLMAN: I n our suppl enent al
calculations only we're showing that margin. 1In the
i censi ng basis anal yses, we do not credit that over-
pressure.

DR WALLIS: How is this heated? What is
t he source of heat?

MR. HOLMAN: There's a hot plate.

DR WALLIS: It's a hot plate. And it's
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a glass beaker, so there are very few nucleation
sites. You probably get |arge bubbles fromone or two
nucl eation sites. It doesn't seemto me this is

typi cal of boiling on a host of fuel rods.

MR. HOLMAN:  Again, what we were trying —

DR. WALLIS: Wre you asked to extrapol ate
t his experinent to what happens in boiling?

MR. HOLMAN:  What we're trying to do here
is determine the solubility limt —

DR. WALLIS: So you're saying here there
was no foam ng, and there was no — you don't think
there was a change in the drift flux, and so on.

MR. HOLMAN: That's correct.

DR. WALLIS: You' ve got a very speci al
case. You're boiling in a glass beaker with very few
nucl eation sites. You don't have a possibility to
make a | ot of small bubbl es.

MR. HOLMAN: We don't see that behavior in
this result. W would not expect that behavior.

DR. WALLIS: You didn't boil it in an
al um num pan or sonething, or sone sort of material
with lots of nucleation sites. It's an interesting
experiment. It just seens to be an extraordinarily
crude one on which to hang a |licensing decision.

MR. ROSEN. And as you say, it's inverted.
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It's not the situation we're really dealing wth.

DR, WALLIS: Ckay. Wll, maybe you shoul d
nove on. Are you going to show us a picture of it?

MR. HOLMAN. Ckay. Let ne talk alittle
about our calculations. Qur calculations that were
done to address the nmargins that are avail abl e assune
50 percent of the | ower plenumin the m xing vol une as
supported by the BACCHUS test. W cal cul ated an upper
pl enum | evel , two-phase | evel that existed up to the
top of the hot leg at three-hours. Qur calcul ated
average void fraction in the core was 0.66, and we're
using a 1979 Best Estinmate ANS Decay Heat val ues.

Wth those assunptions, we calculated a
boric acid concentrati on —

DR WALLIS: Well, the void fraction in
your little beaker was nothing |like 66 percent.

MR. HOLMAN: That's correct. Wth those
assunptions, we cal culated a boric acid concentration
of 17.2 wt % at three-hours. That conpares —

DR. WALLIS: | thought you were going to
tell us that you didn't need to assune this 50 percent
i nvol venent of the |ower plenum

MR HOLMAN: |If we were to assune no
credit for | ower plenumm xi ng, we would still come in

bel ow t he 40 wt % —
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DR, WALLIS: Wat is the nunmber you get

with no | ower plenum m xi ng?

MR. HOLMAN: Joe, do you have that nunber?

MR. CLEARY: This is Joe Cleary from
West i nghouse. At three-hours post LOCA with zero
credit for mxing in the | ower plenum the
concentration in the m xi ng vol une was approxi mately
32 wt %wi th the Appendi x K Decay Heat curve. Wth the
Best Estimate Decay Heat curve, it was approximately
27 W %

DR. WALLIS: Are you going to show us sone
graphs or sonething which gives wus all these
conmpari sons so we can see these results?

MR. HOLMAN. | don't have those graphs
with me in this presentation. However, they were in
the report that we've docketed with NRC

DR WALLIS: So should we have them
sonewher e?

MR HOLMAN: | believe the ACRS does have
that information

DR. WALLIS: Because | think we m ght be
interested in |looking at sort of the worst case
assunptions or sonething else, so we're not just
| ooki ng at your nunber of 17.2.

MR. HOLMAN. What we're trying to show
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here is that there exists on a Best Estinmate basis,

significant margin between the calculated boron
concentration at the tinme the operator would take
action and the precipitation [imt. There's a |arge
margin there, and that's the point of these

cal cul ati ons.

DR. DENNING And again, three hours is
the point intime in the energency procedures i n which
it switches over. 1Is that —

VR. HCOLMAN:.  Yes. The energency
procedures require the operator to swtch-over
anywhere between two and three hours, so three hours
is the latest tine.

Okay. We've subnitted to the NRC and
docket ed these suppl enental calculations that we've
di scussed. W intend to clarify that the Waterford 3
updated licensing basis long-term cooling analysis
wi || be based on these suppl enmental cal cul ations. The
updated licensing basis analysis will include these
assunptions; will include explicitly voidingthe core.
W used 50 percent of the |ower plenum m xi ng vol une
for mxing the boric acid makeup tank with the
refueling water storage pool water. Also taking
credit for the effect of TSP on the solubility limt.

That concl udes the presentation. Are there any other
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guestions?
DR. DENNI NG Question about range of LOCA

sizes, and is it clear that the specific conditions

over which — | nean, there's a large LOCA and then
there are internediate LOCAs. |Is it clear that you
really have the nost limting case with regards to

when you'd switch over to sunp recircul ation, al
t hose things? Have you | ooked in some sense at that?

MR.  HOLMAN. The long-term cooling
anal ysis does | ook at the whole spectrum of break
Si zes.

DR. WALLIS: So the only thing you have on
effects of concentration on when you're boiling, on
drift flux and soonisthislittle beaker experi nent?

MR HOLMAN. We did sone additional
sensitivity calculations on the effect of drift flux
and —

DR WALLIS: You also submtted, | think,
a Fauske report, Fauske bubbled air through boric
acid. Those were very dilute m xtures, only 3000 PPM

MR HOLMAN: That's correct.

DR. WALLIS: That doesn't tell us anything
about what happens at 30, 000 PPM

MR HOLMAN: That's correct.

DR. WALLIS: And so the suspicion — if |
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boil a surface solution or sonething down, | would
eventually get to boil over, because it would sinply
froth up. But boric acid boils differently?

MR. HOLMAN. We did not see any evidence
of frothing fromthe tests that we did. It was a
clear m xture right up the solubility limt.

DR WALLIS: | think it depends on the
rate of boiling and the nucleation characteristics,
and all sorts of stuff.

DR RANSOM Al so, the anount of enbedded
structure, too. | nmean, it's different in a rod than
in a beaker.

DR. WALLIS: So we still don't have a very
good answer to what happens in terns of drift flux, as
you boil the concentration of this material on the
surface of the bubbles, because as water evaporates,
it | eaves behind the skin.

MR. HOLMAN:. Joe, could you describe the
sensitivity calculations that we did with varying
drift velocity?

MR. CLEARY: Yes. This does get to the
heart of the question about what the effect of
i ncreasing concentrations are on the drift velocity,
but it may shed sone light on the situation. Wat |

did was performsone sensitivity studies to determ ne
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what the effect of a change in the drift velocity is
on the cal cul ated concentration. And in a sense, this
could be looked at as the effect of change in any
paraneter that affects the void fraction within the
m xi ng volune. |t was convenient to do it in terns of
a nultiplier on the drift velocity. And the
concl usi on of the study was that any reasonabl e change
indrift velocity has an affect on the maxi mum boric
acid concentration at three-hours. That's small in
conparison to the margin that the supplenenta
calculation is showing to the solubility limt.

Wth that very qualitative statenent, |et
nme give you a specific exanple. And | could pull off
nore fromthe curves | have if you would IiKke.

DR. WALLIS: Wen you boil up a sugar
solution and reach a point where it froths up with
very smal|l bubbles. If it's maple syrup, the sugar is
all brown and you get frothy stuff, and if you don't
do somet hing pretty darned qui ckly, you | ose t he whol e
thing because it boils over, and it doesn't detach
and t he bubbl es don't burst, and the whol e thing just
froths up and is gone. Now if this happened in the
core, presunably you'd be <carrying over |arge
guantities of liquid. It wouldn't just be a drift

flux phenonenon, it would be a foamng-type
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phenonenon.

MR HOLMAN: Fromthe tests and the
cal cul ations that we've done, we state that the
operator action would be well in advance of reaching
the precipitation limt, and would prevent any of
t hose types of behavi ors.

DR WALLIS: Wwell, | knowwith mny
experience with boiling over the maple syrup, that if
you boil nore rapidly, it's nore likely to boil over.
| f you boil very gently you just get a few bubbl es,

then you could be okay. So it's not independent of

how rapidly you're boiling. | hate to say this stuff
is like maple syrup. | don't knowthat it is. |It's
just that | don't think you've really done very

convincing tests.

MR. HOLMAN. Fromthe tests that we did,
we did not see that type of change in viscosity. It
woul d | ook very nmuch like just boiling water, so we
woul d not expect to see those types of behaviors. The
cal cul ations that we've done show a | arge anmount of
mar gi n.

DR. WALLIS: Now there is no experinental
basis, and there's nowhere in the literature or NRC
that someone has actually boiled concentrated boric

acid solutions at different rates and observed what
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happens?

MR HOLMAN:  Not that |'m aware of.

DR. DENNING | think, G aham we are
wandering into a generic issue area that's not their
responsibility to neet.

DR. WALLIS: Yes, | think that it may be
appropriate for the conmttee to draw attention to
this as a generic problem That's ny feeling, too.
| think we may have identified sonething generic, but
| just don't know what we do about its inplications
for this particular application.

MR HOLMAN: For Waterford, we believe
we've shown significant margins to the solubility
l[imt. W have operator actions that will occur well
in advance of the tinme that we would approach the
solubility limt —

DR. VWALLIS: You obey the regul ations
usi ng the nmethods which have been used up to now.

MR HOLMAN:  Well, further than that, we
have quantified the conservati sms and denonstrated t he
mar gi ns that do exist, so we believe our actions wll
absol utely prevent boron precipitation.

DR WALLIS: WII absolutely prevent, so
do you want to take a bet on what happens if you do

the right experinent? Can we nove on to the Staff
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concl usi on here?

MR, HOLMAN:.  Ckay.

DR. WALLIS: Thank you very much

MR. HOLMAN. Ckay. Len Ward is going to
be di scussing the Staff Revi ew

MR WARD: If it's okay with the Chairnan,
| would prefer to use the overhead, because if | need
to junmp around with slides —

DR WALLIS: You can use whatever visual
aide, just as long as we can read it.

MR. WARD: | renenbered you asked for
bi gger letters, so | did that.

DR, WALLIS: Wich is why we have a
conpl ete blank in terns of our handout fromyou, or is
it somewhere else?

MR WARD: It will follow It's in this.

DR WALLIS: So we al so have the benefit
of the hard copy version we can | ook at.

DR KRESS:. Page 7.

DR. WALLIS: You're on page 7. That's not
very good. Can we turn off the conputer so we don't
get that big shadow on there. Now when you presented
to the subcommittee, we asked you to increase your
font size. D d you get that message?

MR. WARD: That's not big enough?
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DR WALLIS: Well, it's better.
MR WARD: |I'mstarting off on the wong
foot already. Well, ny nanme is Len Ward. |'mwith

React or Systens Branch. Wat | want to do is show you
some cal cul ations that we did to give us a feeling for
what the di fference between alicensing calculationis
and where we think this situation really is.

DR. WALLIS: But you base your |icensing
deci sions on licensing cal cul ations, presumably.

MR WARD: Yes. That's right. [1'Ill get
tothat. |In the subcomrittee neeting, | tal ked about
feed | i ne break cal cul ati ons and snal | break LOCA, but
because questions were on boric acid precipitation,
|"mjust going to focus on that one. So we're just
going to tal k about boric acid precip.

Now as Jerry nentioned, post LOCA |ong-
termcooling, the purpose of that is to identify when
you would precipitate. And I'mjust talking about
| arge break LOCA here. This is the doubl e-ended
break. This is the one that's going to boil the
fastest because you get to the Decay Heat curve
earliest.

DR. WALLIS: The criterion is initiation,
it's not how much precipitation. [It's initiation of

precipitation.
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MR WARD: Right. It's — yes.

DR WALLIS: \Whereas, in the small break
LOCA when you' ve got deposits of boric acid on the
tubes due to splashing and drying out, that has
already initiated, and your argunent was well, there
isn't going to be nuch of it.

MR WARD: Well, if you remenber that core
uncovery transient, it was uncovered for 45-m nutes.
| mean, that's alarmng. But remenber, that's an
Appendi x K calculation. If | get rid of the 20
percent Decay Heat, the two-phase | evel is up near the
top of the core. It's only uncovered for maybe 15-
mnutes. |If | have two HPSI punps on, which is
probably what's going to happen, there's no uncovery
at all. You don't see it, it goes away. So | nean,
maybe | could help you with a little perspective on
t hat .

DR. WALLIS: | don't know. If I'musing
the regulations, | should probably use Appendi x K
That's what's being used. And the fact that the
reality is different and the regulatory world is
irrel evant.

MR WARD: Well, the way to | ook at these
calculations is the Appendix K analysis is — what

it"'s really going to do, it's going to allow you to
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identify the wearliest tinme you can switch to
simul taneous injection. And froma safety standpoint
that's really good, because what happens, the
concentrations are really low. And |I'mgoing to show
you some curves. | nean, we've tal ked about m xing
volunmes and Decay Heat, and all these different
various plenuns that can contribute. |I'mgoing to
show you what effect they have on the cal cul ations
just so you can get an idea of — when you're up here
inlicensing - well, you're really down here in the
best judgnent world. And that's what | hope to show
you. | want to show you that. W're pretty far away
still. Even though there was a non-conservative
input, it can be conpensated for other itens, and I
can show you what they're worth. And that's what
hope to acconpli sh.

Now what happened was, | was doing a
calculation to try to predict the boron concentration
in the Westinghouse licensing calculation, and they

were showi ng a precipitation tine of about four-hours

in the licensing calculation. In order to predict
that, | had to steadily increase the anount of liquid
in the core until | assumed zero liquid, and then |

predicted their calculation. But when | put in the

void fraction that's consistent with the anpunt of
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steam in the core at three-hours, there's about 35
per cent liquid in the core, it shifts the
precipitation tinme to one-hour. Nowthis is a
licensing calculation, andit's alarm ng but bear with
nme. Let ne get through this to get to the neat,
because | know | alarmed you last time, and this is
al ar mi ng.

Let me show you what | just said, what it
| ooks like. This is the licensing calculation with
zero liquid fraction. And, basically, what | did is
| used their licensing —

DR WALLIS: Zero void fraction

MR WARD: | nean, I'msorry. |It's pure
liquid. Pure liquid.

DR. WALLIS: At the collapsed |evel?

MR WARD: Well, the whole mxing vol unme
is full of liquid, and that included —

DR. WALLIS: Al full of liquid.

MR. WARD: That's what they assune.

DR WALLIS: No bubbles in there at all?

MR- WARD: No bubbles. | nean, that's —

DR. WALLIS: A very strange assunpti on.
Just look at it.

MR ROSEN. If it looks right to you,

it"ll be right.
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MR. WARD: kay. There we go. \What they

assumed, the m xing volume consisted of the core and
t he upper plenum bel ow the bottom of the hot |eg, so
just mxing it — we're just mxing in this region.

DR. WALLIS: And it was all solid liquid?

MR WARD: And it was all pure liquid.
Ckay.

DR. WALLIS: How did they ever get away
with that?

MR WARD: Well, it was a non-conservative
input. W found it. Let's wait until we get to
the —

DR. WALLIS: I'mnot sure they did that.
| thought they used the collapse |evel.

MR WARD: Well, that's the way they
characterized it. | nean, the m xing volume was ful
of liquid. | nean, | can't control what they're
calling it.

DR, WALLIS: Ckay.

MR. WARD: So now when you put the correct
void fractionin, it shifts us back to here. And this
is precipitating in an hour. Nowthis is a licensing
cal cul ati on.

DR. WALLIS: Sinply because there's |ess

['iquid.
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MR. WARD: Yes, that's right. That's

right. So it's going to shift it to the earlier tine.
DR. WALLIS: No core flushing nmeans that
what ever cones in, evaporates and doesn't flow out.
MR WARD: That's right. Everything is
concentrated in there. Now Wstinghouse has shown
margins in their calculations, and what they did is
they took credit for additional m xing volunmes to show
that there's still a lot of nmargin there. And
basically, if | can list what they did, this is
consistent with Jerry Holman's slide. They took
credit for | ower plenummxing, half of it, the core
i ncludes the upper plenum up to the top of the hot
|l eg, near the top of the hot leg. GCkay. They're
rai sing the contai nment pressure to 20 pounds and t hat
is based on a GOTHI C cal cul ation, that's their |icense
contai nnment calculation. They ran it in a mninmm
pressure node. And when you do that, and if | |ook at
their results in that report that you have - |
extrapolated it to include the entire | ower plenum
and that's what | have in one of nmy slides. And I'm
only mentioning this because | want to show that what
they would calculate is consistent with what | —
we're in the sanme ballpark on that curve, and |'I|

show you that curve in a mnute. But it's just for a
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reference point to show consistency between our
mar gi ns.

Now the calculations that I'm going to
show you —

DR. WALLIS: In the licensing world,
aren't there specific rules about what you're all owed
to consider to be m xed here?

MR WARD: It's not specific.

DR. WALLIS: No specific —

MR. WARD: What you justify —

DR. WALLIS: — regulation that says you

shoul d not consi der the | ower plenumor anything like

t hat ?

MR. WARD: Not hi ng says that.

DR, WALLIS: Ckay.

MR WARD: | nean, it hasn't been —
vendors do different things. |It's a generic issue

that we want to settle, but everybody makes different
assunpti ons based on what they justify.

MR MARSH Just a little clarification.
This is Tad Marsh. There's a topical report that's
approved. That gives an approved net hodol ogy.

MR WARD: That's correct. This is based
on CENPD- 254, which was approved.

MR MARSH: So |licensees follow that
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topi cal report and the guidelines thereof.

MR. WARD: That's right.

MR. MARSH  They can take exception to
what's in the topical report, as long as they justify
it.

MR, WARD: That's right. That's right.

MR. CLEARY: This is Joe Cleary from
Westinghouse. ['d |ike to expand upon the procedure
we used in applying our CENPD 254 nethodol ogy. The
topical report in question is not explicit in what
physi cal volume constitutes the m xing volune. It
nerely states that a conservative value is used. In
recent years, that conservative value has cone into
guestion with the NRC Staff during previous reviews.
And questioned specifically was the fact that we
hi storically had credited 100 percent partici pation of
the |l ower plenumin the m xing vol une.

For Waterford, we did not do that, but
rat her taking a cue froman NRC eval uati on of anot her
power uprate, which explicitly allowed crediting of
the collapsed liquid level in the core and upper
plenumto the bottomof the hot |eg, we used the sane
definition of the mxing volune in the Waterford
calculation, i.e., a collapsed liquid volunme fromthe

bottom of the core to the bottom of the hot |eg
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el evation inside the reactor vessel.

MR. WARD: Well, what | want to do is show
you sonme of the calculations that the Staff did. |
want to show the effect of the additional m xing
vol unes, we've got hot |egs, upper plenum regions,
| oner plenumregions. Wat's the affect of the higher
cont ai nment pressure? Wat's the affect of the Decay
Heat mul tiplier, just to show you how t he
concentration profile with time changes.

Now al | the calculations that | did had a
mul tiplier of 1.2 during the whole transient. There's
no credit for liquid entrainment. During the
i njection phase, you've thrown out a | ot of mass, and
probably for the first 15 or 30 m nutes, you're not
going to see nuch of a concentration rise at al
because it's all going out. W're assuming it stays
inthere and it increases during that first hal f-hour.
No credit for anything going in the bypass.

Now, also, what | did, the boric acid
makeup tanks, and these concentrations in these tanks
are twi ce the RABT; 6187 PPM \What | assuned is that
went directly into the core, didn't m x anywhere, and
t hen what — any additional boil-off —

DR, VWALLIS: Were was that injected?

It's not injected —
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MR WARD: It's injected into the cold

| egs.

DR WALLIS: So it mxes with all the
material on —

MR WARD: It would go in the downconer,
| oner plenum before it gets in the core. |It's going
to spread out, so |'ve got —

DR. WALLIS: You're assum ng that what
goes into the bottom of the core, comes down the
downconer, 6187 —

MR. WARD: Yes. |I'massuning that the
three charging punps punping in that concentration
directly into the core. And then the rest is made up
by the RWST, which is 3000 PPM

DR WALLIS: Now there was a GSI 185 that
| ooked at boron m xing and nore realistic.

MR WARD: Well, | nean, | could — I'm
going to —

DR WALLIS: It seens to nme that the NRC
doesn't have some sort of accepted way of doing it
right. You're inventing sonething —

MR. WARD: |'m naking a conservati ve.

DR. WALLIS: PSI 185, sonething el se was
done, and the vendors were all owed to do what ever they

want to do.
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VR. WARD: |'mjust doing this
conservative. This is the worst situation. It's not
going to be this. I'mgoing to nake it concentrate
fast, as quick as | can.

DR, WALLIS: Ckay.

MR WARD: | nean, I'moff to the extrene
here. I'mnot real in that regard. The upper plenum
pressure is going to be higher than the contai nment
pressure by the | oop pressure drop, and during this
transient out to three-hours, that's anywhere from
about 6 or 7 psi to about 2.8 to 3. The water during
the i njection phase i s sub-cool ed. There's a sub-cool
| evel at the bottomof the core. There's pure liquid
down there in about the bottomquarter. |'m assum ng
it's going in saturated. kay.

So these are the assunptions that | made
that 1'Il make in the calculations that | did. And
just to describe this slide, if we separate these
curves here, these are what | call |icensing-type
calculations. | nmean, the Decay Heat nultiplier is
1.2. Down here since these have nultiplier of 1.0,
let's try to call these best judgnent, nore towards
where | really would expect we really are.

DR, WALLIS: Oh, | don't understand this

busi ness of the circles and the squares, contai nnment
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pressure 14.7 —

MR. WARD: Okay. Well, 1'll get to that.

DR WALLIS: Because we asked the
West i nghouse fol ks, and they said there's no effect,
very little effect of containnent pressure on the
m xi ng processes and the concentration. It's all in
its effect on saturation tenperature. That's what
your horizontal line —

MR. WARD: Those are the two |lines there.

DR. WALLIS: You seemto be show ng an
effect on the entire transient.

MR WARD: Well, there is an effect there,
because what they do is they're assum ng the m xing
volune is fixed during the whole event. And what |'m
doing is, I'mtrying to do it right. |'m bal ancing
the hydrostatic heads between the downconer and the
core with the | oop pressure drop. So in the beginning
when your steanming is high, the two-phase level is in
the mddle of the core. This is the start of this
reflood transient. And as the Decay Heat drops, the
t wo- phase level will nove up the core into the upper
plenum And it gets up into that region around 1-1/2
hours. (Ckay. Between one and 1-1/2 hours, so as |long
as the two-phase level is up there synonynous wth

their licensing calculation, we're consistent, but
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before that, we're not.

DR. WALLIS: Wiat | read in the
Westinghouse, this report on BACCHUS, is the
conclusion that says it's expected that containnment
pressure assunption woul d have only a small inpact on
the calculated core region boron concentration
transient. That's a different conclusion than you're
reachi ng.

MR. WARD: Yes.

DR. WALLIS: You have a huge inpact.

MR WARD: Well, here is the licensing-
type cal culation with the non-conservative assunption
repl aced, nothing el se, sane m xi ng volune. Now if we
assume — if we go to a 20 psi containment, |'m
assumng 20 psi in the upper plenum It's really
hi gher than that, because it's a | oop pressure drop,
but let's assune it's 20. That shifts the curve down
to here. Gkay. That gives this result right here.

Now al | of that — this just includes the
core and the upper plenumup to a region near the top
of the hot leg. |'mstaying about a half a foot bel ow
the top of the hot | eg because the steamthat you're
producing is going to bleed out there. And once it
reaches that point, | just leave it there, even t hough

the | oop pressure continues to drop.

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

94
DR. WALLIS: W haven't studied the basis

of Westinghouse's statenent that contai nnent pressure
has no effect. W haven't studied your analysis which
has a big effect, so | don't know who to believe.

MR. WARD: | don't think they need to take
credit for that inthe long run, but let's — you nmay

not even ask that question when we see where we're

going here. If now!l throwin the hot leg in the
m xi ng volune, |'ve got nore volune to m x. The two-
phase | evel is now near the top of the hot leg. It's

going to delay the precipitation tine, and i f we | ook
at three-hours, | nean, we're down around 24 percent.
And if we're using a 14.7 limt, a 20 psi limt, or
with the TSP, the limt is up here.

Now this is a licensing-type cal. Ckay.
Now i f we renove the hot | eg m xing volune, and now go
fromthe base case and just throw | ower plenum m Xxi ng
in —

DR WALLIS: That's the entire | ower
pl enunt

MR WARD: That's the entire | ower plenum
| mean, you're here. Nowif | go to a Decay Heat
multiplier of one, I"'mhere. Nowif I fill the hot
leg in there in addition, so | have the hot leg, the

| oner plenum this is about as best as you're going to
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get, let's say. | nmean, |I'mnot taking credit for
subcooling entrainnment. |If | did that, this curve
woul d shift over here, shift this down naybe anot her
30- m nut es.

The point I'"'mtrying to make is, here's
where we are, somewhere in this band in here. kay.
Based on what Jerry Hol man gave for a list of
assunptions that he's taken credit for half the | ower
pl enum they're going to be somewhere in here. |
woul d expect their cal culation when they subnit it is
going to show sonmething inthis range. Now if we take
the TSP, what is that - that's beyond six hours.

W' re switching back here two to three hours, when t he
concentrations, even without the 20 psia, you're still
okay for the containnent.

DR. WALLI'S: You said sonething about the
Westinghouse - | guess it's the Westinghouse
cal cul ation that when they subnit it, so they have not
yet submitted that?

MR WARD: Well, they're going to submt
an anal ysis of record.

DR WALLIS: So we're going to nmake the
deci sion based on sonething which has not yet been
subm tted?

MR WARD: Well, I'm— if | look at their
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assunptions —

MR MARSH. Well, let ne interrupt. The
answer is no, M. Chairman, we're not going to nake
a deci sion based on sonething that's not docketed.
No, we'll get it docketed. W'IIl look at it. And as
| said, we'll supplenment the safety evaluation too.
This is the information that we've heard over the
tel ephone, in neetings, in raw form W need to get
the information docketed to |look at it.

DR WALLIS: I'mjust alittle concerned
about this commttee nmaki ng a deci sion that everyt hing
i s okay when so nuch seens to be work-in-progress.

MR. CLEARY: This is Joe Cleary from
West i nghouse. Entergy has docketed the suppl ement al
cal cul ation, and what we will be doing is identifying
one of the specific points in that cal culation as the
new licensing basis calculation for the Waterford
uprate. The point that credits the appropriate anount
of conservatisnms and renoving sone of the other
conservatisnms that we relaxed over the full range of
calculations, that is identified in the suppl emental
i nformati on.

MR WARD: Well, all I want to do is show
you an envel ope, and based on their |ist, we expect

they're going to fall somewhere in here. | nean, that
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remains to be seen, but I wanted to give you an idea
of where they are. And this is about where they are.

DR WALLIS: How nuch of this is due to
the uprate? W' re tal king about an uprate, and you
seem to be tal king about a generic problemwth al
such systens, which this doesn't address the question
of what's the effect of the uprate on all this. Does
the uprate make any difference to these curves?
That's what we're talking about is a power uprate.
VW' re not tal king about —

MR. WARD: That's correct.

DR WALLIS: — whether or not there's
some kind of a glitch in the way in which this boron
mxing is evaluated. Do you have it in the
per spective of the power uprate decision?

MR. CLEARY: The power uprate has a
relatively small effect on all of this. You could
determ ne that froml ooking at the effect of changing
the Decay Heat nultipliers from realistic to Best
Estimate. Any percent change in Decay Heat would
effectively represent the effect of the power uprate
on this topic.

DR WALLIS: So we should have a DH
mul tiplier of 1.08 or sonmething, and that would do it?

DR. DENNING | thought we also had a
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hi gher boron concentration?

MR. CLEARY: The maxi mum val ues used in
boric acid precipitation analysis did not change in
t he power uprate, sone of the m ni mumval ues | believe
in the plant increased.

DR. WALLIS: | think it had nore boron in
t he tanks than before.

MR. CLEARY: Actually, for the | arge break
LOCA analysis, as a result of that analysis, we're
decreasing the maxi mum | evel of the safety injection
tanks in order to get nore nitrogen and to increase
the initial flow rate. That was addressed at the
subconmittee neeting two weeks ago.

DR. WALLIS: So is it conceivabl e that
with the power uprate you're better off?

MR. CLEARY: The safety injection tank
contribute to the boric acid precipitation anal ysis or
the change in the maxi mum | evel is very, very snall
and | would consider it insignificant.

MR.  HOLMAN. The |l ong-term cooling
anal ysis done for power uprate uses maxi mum boron
concentrations in all of the tanks. Those really did
not change.

MR. ROSEN. So for me, the bottomline of

this is, you' re showing, nmaybe if | don't want to
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credit over-pressure, you're showing they read the
14.7 psia limt - | don't know where you put your -
maybe five hours.

MR. WARD: Yes, right. Five hours.

MR. ROSEN. And they switch over by
operator action in three hours.

MR WARD: Two to three. 1In this range
here.

MR. RCSEN. So | have a nmargi n when
swi tch-over of we say a factor of two in tine.

MR WARD: Right. | mean, if this stuff
was up here, then we wouldn't be tal king right now.
kay.

MR. CLEARY: Len, |I'd nake one clarifying
statenent. Maybe it's an obvi ous statenent.

MR. WARD: Ckay.

MR. CLEARY: Al these calculations are
obvi ously usi ng Decay Heat based on t he uprated power.
| believe Len's fourth and fifth Iines are the down
point to triangles and t he di anonds show t he ef fect of
change in Decay Heat nultiplier of either 10 percent
or 20 percent, dependi ng upon the downward pointing
triangles, so that would be the effect of — nore than
the effect of the power uprate.

DR. WALLIS: So with all these curves,
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what is your official position on which curve is
accept abl e?

MR VWARD: Well, they need to show a
licensing calculation that precipitates beyond their
switch tine. And based on their assunptions, if |
take that, they're going to be sonmewhere in here. And
that's acceptable. That says they're switching early
when the concentrations are really |ow, but not too
early. | can't switch before two hours, because then
the injection can't match the boil-off, so you don't
want to go beyond that. But after that point, the
earliest time you switch is going to be the safest
because the concentrations are the |owest. And
remenber, | haven't taken credit for subcooling or
entrai nnment, or anything. That's going to bring these
curves down even nore.

DR WALLIS: |Is there any downside to
switching too early?

MR WARD: Yes. If you switch too early
when the Decay Heat is too high, you can't nake —
then you're losing half of your high pressure
injection. The other half better match boil-off.

DR. WALLIS: So there's sonmething that the
operators are told that —

MR WARD: Two to three hours they switch.
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DR WALLIS: Two to three hours?

MR. WARD: Right here, during this tine
frame.

DR. WALLIS: That goes for all break
si zes?

MR. WARD: That's right.

DR. WALLIS: They nust not switch before
two hours, but they must switch before three, in-
bet ween two and three hours.

MR. WARD: Between two and three hours.
To mai ntain those margins, yes. That's right.

MR. HOLMAN. This Jerry Holman. That's
correct, and that's the way the energency operating
procedures are witten.

MR WARD: So | guess what | —

MR, HOLMAN: In termse — this is Jerry

Hol man again. In terns of the updated |icensing basis
analysis, the last slide that | presented provides
some of the assunptions that will go into what we're

goi ng to docket as our updated |licensing basis

analysis. And all of those cal culations cone fromthe

suppl emen