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P-ROGCEEDI-NGS
(8:31 a.m)

| NTRODUCT| ON

CHAI RVAN DENNI NG  Good norning. The
neeting will now cone to order. This is a neeting of
the Advisory Comrittee on Reactor Saf eguar ds
Subconmi ttee on Power Uprates.

| amDr. Richard Denning, Chairnman of the
Subcommittee. Committee nenbers in attendance --
well, Dr. GGahamWallis isn't quite in attendance. He
woul d be here this norning. He was held up by the
fog. That is not a typical problemof Dr. Wallis',
being held up by fog. Dr. Tom Kress, retired head of
Applied Systens Technology from Gak Ri dge Nati onal
Laboratory. Dr. Victor Ransomis not here yet. He
will be here in a few mnutes, who is Professor
Emeritus, Purdue School of Nuclear Engineering;, M.
Jack Sieber, retired Senior Vice President, Nuclear
Power Division, Duquesne Light Conpany. W al so have
ACRS consul tants here today i n attendance: Dr. Sanjoy
Banerjee and M. G aham Leitch.

The purpose of this neeting is to discuss
t he ext ended power uprate application for the Vernont
Yankee nucl ear power station. The Subcommttee will

hear presentations by and hold discussions wth
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representatives of the NRC staff and the Vernont
Yankee | i censee, Entergy Nucl ear Northeast, regarding
t hese matters.

The Subcommittee will gather information,
anal yze relevant issues and facts, and formulate
proposed positions and actions as appropriate for
deli beration by the full Conmttee.

Ral ph Caruso is the designated federa
official for this neeting.

The rules for participation in today's
neeti ng have been announced as part of the notice of
this nmeeting previously published in the Federal
Regi ster on Novenber 14 and Novenber 28, 2005. The
neeting was also announced in an NRC press rel ease
i ssued on Novenber the 18th, 2005.

Portions of this nmeeting may be closed to
di scuss proprietary information. |In fact, they wll
be cl osed to discuss proprietary information.

A transcript of the neeting is being kept
and will be nade available as stated in the Federa
Regi ster notice. It is requested that speakers first
identify thenmsel ves and speak with sufficient clarity
and volunme so that they can be readily heard. It is
especially inportant today for people to speak up into

the mcrophones because this neeting is being
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broadcast via a conference call |link. The conference
call wll allow stakeholders to listen to the
di scussion today and tonmorrow, but we will not be

t aki ng corments over the tel ephone.

When it becomes necessary to close the
neet i ng to di scuss proprietary i nformation
st akehol ders on the conference call will begin to hear
recorded nusic and a nmessage explaining that the
neeting is closed until we return to open session.

W have received several requests from
nmenbers of the public to nake oral statenents today.
And they will have the opportunity to make those
coment s tonorrow afternoon

O her interested stakehol ders can submt
witten coments to the ACRS and at the NRC s
Washi ngton, D.C. address or by e-mail to M. Caruso at
the address |isted on the agenda. These conmments wil |
be provided to all of the nmenbers before the neeting
of the full Committee on Decenber 7th, 2005.

This is the second of two ACRS
subconmi ttee nmeetings that will consider the Vernont
Yankee power uprate request. On Novenber 15 and 16,
the Subconmmittee met in Brattleboro, Vernont. The
full ACRSis schedul ed to consider this application on

Decenber 7th, 2005 in Rockville, Maryland. And that
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neeting will also be open to the public.

W have a very packed agenda for these two
days and a nunber of nmjor issues to discuss. |
apol ogi ze to the staff and the speakers in advance.
At some point we are undoubtedly going to cut short
presentations if it |ooks |like those aren't the nost
rel evant issues. And | also ask you to give us some
hel p, too. |If there's sonething that is
strai ghtforward and does not | ook |like an issue, let's
go through it quickly to save tinme for the discussion
of the mmjor issues.

W will now proceed with the neeting. |
call upon M. Holden of the NRC staff to begin.

1. OPEN NG REMARKS

MR. HOLDEN. Good norning. M nanme is
Cornelius Holden. [|I'mthe Deputy Director of the
Di vi sion of Operating Reactor Licensing in the Ofice
of Nucl ear Reactor Regul ati on.

The NRR project nmanager for the power
uprate review is Rick Ennis. He will discuss the
specific agenda in a nonent. However, | would like to
note that we plan to discuss the areas of the review
not covered in the ACRS neeting held in Vernont two
weeks ago.

As | mentioned at the Subcommttee
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neeting, NRR just recently entered an organizati onal
restructuring. This resulted in numerous changes to
division branch names. Since the Vernont Yankee
revi ew was perfornmed using the review standard RSO 01
and the standard is organi zed by the previous branch
nanmes, we decided to use the previous organizati onal
nanmes i n our slides for the technical revi ew branches.

During the neeting in Vernont, there were
guestions rai sed regardi ng the NRR staff, when the NRR
staff was going to revise the safety evaluation, to
reflect sone recent supplenents to the application
t hat provided the licensee's risk assessnent
associated with crediting contai nment overpressure.

As | noted during the | ast neeting, there
are no open itenms in the draft safety evaluation. On
this issue, the staff made its findings based on its
own assessnent of the risk of crediting contai nnent
overpressure, as discussed in safety evaluation
section 2.13.

However, the staff requested Entergy to
provi de its assessnent based on generic di scussion of

this topic related to the proposed revision of reg

guide 1.82. Specifically, during the Cctober 7th ACRS

full Committee neeting, Dr. Sheron stated that as part

of the planned revisions to reg guide 1.82, the staff

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

10

proposed to take a nore risk-informed approach to
determine whether or not credit for containnment
overpressure i s acceptable. As part of this proposal,
the staff stated its intent to request |icenses
denonstrate that crediting contai nnent overpressure
neets the five key principles in reg guide 1.174.

Ent ergy' s suppl enents 38 and 39, issuedin
| ate Cctober, provided the |licensee's risk assessnent
of crediting containment overpressure using the
gui dance in reg guide 1.174.

The NRR staff has reviewed the |icensee's
suppl ements and issued a request for additional
information on Novenber 25th. The licensee has
schedul ed a response date of Decenber 2nd. Al though
this would not give the staff time enough to revise
the draft safety evaluation before the full Conmittee
for ACRS on Decenber 7th, we hope to have enough tine
to review the submttal and at |east provide our
findings verbally to the full Conmttee.

Any changes to the draft safety eval uati on
woul d further bolster our current finding. And it
woul d be consistent with the ACRS | etter of Septenber
20t h.

Unl ess there are any questions, | would

like to turn it over to R ck Ennis.
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CHAI RVAN DENNI NG | have a qui ck question
about this issue of 1.174. | notice in 39, the staff
states that they are mnmaking a risk-inforned
presentation. And in RSO 01, in the ol der version
there, it definitely says that these are not
ri sk-informed applications.

Help me again. |Is that a policy that is
changing as far as the staff is concerned? And can
they risk-informa piece of it and not all of it?

MR ENNIS: This is Rick Ennis, the NRR
proj ect manager.

| believe we discussed this a little bit
at the neeting a couple of weeks ago. It's not the
intent torisk-informthe entire EPU application, the
overall EPU. For this specific subject, we said that
if a licensee was going to request credit for
cont ai nnent overpressure, we woul d ask themto provide
risk informati on on that aspect of the EPU but not the
overal | EPU

CHAI RVAN DENNI NG But that's quite
consi stent with what RSO 01 says about howto use risk
i nformation.

MR ENNIS: Right, right.

2. | NTRODUCTI ON

MR ENNIS: Good norning. M nane is Rick
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Ennis. And | amthe Project Manager for the Vernont
Yankee EPU in the NRC s Ofice of Nuclear Reactor
Regul ati on, NRR

| would |i ke to discuss the agenda for the
neeting today and tonorrow. Today the first
presentation wll be a discussion by Entergy
pertaining to i ssues associated with the steamdryer
and reactor vessel internals.

And foll owi ng Entergy's presentation, the
NRR staff wll provide a discussion of the review
performed by the Mechanical and Civil Engineering
Branch, as di scussed in safety eval uati on section 2. 2.
Much of that discussion will focus on our review
pertaining to the steam dryer and potential adverse
flow effects at EPU conditions.

Entergy will then followw th a di scussion
related to the anal ytical methods and codes used by
their fuel vendor, General Electric, CGE, as well as
ot her reactor issues. The NRR staff will follow that
presentation with a di scussi on of the revi ew perforned
by t he Reactor Systems Branch, as discussed in safety
eval uation section 2.8. And a |large portion of that
presentation will focus on the GE nethods issues.

Tonmorrow Entergy and its contractors have

four presentations planned. Each will be followed by
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an NRR staff presentation on related topics. The
first Entergy presentationw |l be on fl ow accel erat ed
corrosion and pressure tenperature limt curves. That
will be followed by NRR s Mechani cal and Chem ca
Engi neering Branch's presentation related to the
review of areas covered in safety evaluation section
2. 1.

Next, Entergy will provide a presentation
on station blackout and grid stability. And NRR staff
will then present the review by the Electrica
Engi neeri ng Branch, as di scussed in safety eval uation
section 2. 3.

Entergy's third presentation will be on
operations training, emergency operating procedures,
operator actions, and operator time lines. The NRR
staff will then provide a discussion on the review
related to human performance, as discussed in safety
eval uation section 2.11.

Entergy's contractor, Erin Engineering,
will provide a discussion on probablistic safety
assessnent, PSA. The NRR staff wll then discuss its
reviewof its risk evaluation related to the proposed
EPU, as discussed in safety eval uation section 2.13.

| would like to note that the staff's risk

eval uation presentation will discuss the overall EPU
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and won't include the risk aspects of crediting
contai nnent overpressure since that topic was
di scussed two weeks ago up in Vernont. And, as M.
Hol den nentioned, the NRR staff wi Il provide further
discussion on the risk aspects of <crediting
cont ai nment overpressure at the ACRS full Conmittee
neeti ng on Decenber 7th.

Tormorrow the NRR staff will al so discuss
t he i nmpact of the proposed EPU with respect to plant
systens, source ternms and radiol ogi cal consequences,
and heal th physics.

Unl ess there are any questions, | would
like to turn it over to Entergy for their discussion
on the steam dryer and reactor vessel internals.

CHAI RVAN DENNI NG One comment, and t hat
is at sone point there are going to be sone additi onal
di scussi ons of debris beds. And | know particularly
after Dr. Wallis gets here, | know the consultant has
some questions about this. Wiere do you see those
best fitting into this agenda?

MR ENNIS: There is no real best place.
It woul d probably be sonetine tonorrow, and we'll have
to take a | ook at the agenda. Maybe we coul d shorten
up sonme of our other presentations and put that in

t here.
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CHAI RVAN DENNI NG  Thank you.

MR NCHOLS: Good norning. |I'mCraig
Ni chols, the Entergy Vernont Yankee Power Uprate
Proj ect Manager.

Entergy would like to thank the Conmmittee
for this opportunity to continue our di scussion about
t he Ent er gy Vernont Yankee ext ended power uprate. For
today's first session, we will be di scussing the steam
dryer anal ysis, nodification, and nonitoring program

| have with me M. Brian Hobbs, our
engi neering anal ysi s supervisor; M. Enrico Betti, our
seni or structural engineer, who is the technical |ead
for the steam dryer anal ysis and nonitoring.

Agai n, we appreciate the opportunity to be
here today to continue our discussions. And, with
that, | would like to turn it over to M. Hobbs.

3. STEAM DRYER AND VESSEL | NTERNALS

MR. HOBBS: |'mBrian Hobbs, Entergy's
supervi sor of engineering analyses for the Vernont
Yankee extended power uprate project. This norning,
assisted by M. Enrico Betti, | will be providing an
overvi ew of Entergy's eval uati on of the Vernont Yankee
steam dryer structural integrity.

The topics | will present inthis overview

i ncl ude i ndustry steamdryer operating experience and
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regul atory oversight; Vernont Yankee steam dryer
i nspection results; Vernont Yankee steam dryer
strengt hening nodi fication; the main steamvibration
| evel s neasured at Vernont Yankee and predicted for
the future; structural integrity analysis of the
Ver mont Yankee dryer; and, finally, nonitoring of the
dryer during power ascension.

Entergy and our power uprate dryer team
consi sting of GE, LMS, Conti nuumDynami cs I nc., Fluent
Structural Integrity Associ at es, Ar eva, JAR
Engi neering, and University Specialists, have put in
a significant effort over the last 30 nonths on
anal yses, design nodification, i nspecti on, and
nonitoring to ensure continued Vernont Yankee dryer
structural integrity and EPU operating conditions.

DR. BANERJEE: Do you have the docunents
avai l abl e, the background analyses by Fluent and
Structural Analysis Associ ates or whoever they are?

MR. HOBBS: Those were all submitted on
our docket. So yes, those are avail abl e.

DR. BANERJEE: kay. Can we have a | ook
at those, Ral ph?

MR. HOBBS: As a result of this effort, we
have made mmjor strides in understanding the forces

acting on our dryer and sources of those |loads. The
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key conclusions of this work are: nunber one,
acoustic loads are the primary source of industry
dryer degradati on operating experience; nunber two, it
is inmportant to nonitor acoustic |oads to eval uate
their effect on dryer structural integrity; nunber
three, the acoustic circuit nmethodology used for
Ver nont Yankee and other BWRs can be used to project
mai n st eam system neasurenents onto the steam dryer
and, finally, higher steam flows at power uprate
conditions can exacerbate flowinduced vibration
vulnerabilities that exist at original |icense thernal
power .

DR. BANERJEE: What do you nean by
"acoustic | oads"?

MR. HOBBS: Acoustic |oads are | oads that
are created by acoustic excitation sources within the
mai n st eam system

DR. BANERJEE: Wi ch are what?

MR. HOBBS: For exanple, sheer |ayer
instabilities caused by the flow across cavities in
the main steam lines. For exanple, a safety relief
val ve or a safety valve or a branch line for a -

DR. BANERJEE: These are pressure waves
arising out of turbul ence, which then radi ate?

MR. HOBBS: Yes. That can be a source of
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acousti cs.

DR BANERJEE: So these are air acoustic
instabilities of sone sort?

MR HOBBS: Right. And we'll be talking
in some detail about acoustic sources and acoustic
| oads.

DR. BANERJEE: |1'd be very interested to
see how you cal cul ate these.

MR. HOBBS: COkay. And neasure them al so.

DR. BANERJEE: Al so, yes.

MR. HOBBS: Right.

MEMBER KRESS: |Is this a resonance
phenonenon?

MR HOBBS: W believe it is.

MEMBER KRESS: So do you have to cal cul ate
t he resonant frequency of the dryer itself?

MR HOBBS: Yes. And we also calculate
the resonant frequency of the potential excitation
sources. So we'll be tal king about those.

| ndustry experience shows that increased
mai n steam and feedwater flow associated with power
uprate results in increased flowinduced vibration.
Fl ow-i nduced vibration causes fatigue of plant
conmponents, including steam dryers. And industry

operati ng experi ence has shown that fatigue can cause
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flows potentially |eading to conponent degradation

such as has occurred on steamdryers at several plans,
some at pre-EPU conditions and sonme at power uprate
condi ti ons.

Results of a survey of 13 BWR units
currently operating at EPU conditions showed that
i nstances of significant dryer degradati on occurred at
4 units and were attributed to operating at EPU hi gher
steam flow conditions. The remaining nine EPU units
reported no significant dryer degradati on.

MR. LEITCH  Are you going to discuss your
steamline velocities at Vernont as conpared with the
rest of the industry?

MR. HOBBS: W can di scuss that, although
steamline velocity is not as inportant a factor as we
once thought it was. |It's nore inportant to | ook at
the potential for acoustic excitation.

And we did | ook at specific velocities for
Ver mont Yankee relative to excitation frequencies for
acoustic resonators. So we believe that it's possible
to have excitation at velocities that, you know, nay
not be very high velocities but just happen to
resonate a potential acoustic excitation source.

MR, LEITCH. But could you give ne an idea

of what are your velocities --
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MR. HOBBS: Sur e.

MR. LEITCH -- conpared with Dresden or
Quad Cities, for exanple?

MR. HOBBS: kay. The pre-EPU, the
current rate of steam velocity at Vernont Yankee is
approximately 139 feet per second. The EPUrated
velocity for 120 percent power at Vernont Yankee wil |l
be on the order of 168 feet per second. That value is
approximately the original rated steamflow at the
Quad Cities and Dresden units, approxi mately 168 feet
per second.

Their steamvel ocity at EPU conditions for
those units is slightly over 200 feet per second.

MR. LEITCH  Ckay. Thank you.

MR. HOBBS: Entergy has been closely
involved in industry efforts to evaluate steamdryer
susceptibility to flowinduced vibration, including
ext ensi ve oper ati ng experi ence, revi ew, and
benchmar ki ng, devel opnent of a sophisticated
conmput ational fluid dynam cs nodeling tool to ensure
di verse anal yti cal nethods, playing a key role in EPU
BWR owners' group and actively participating in
i ndustry dryer neetings.

W have i ncor porat ed appl i cabl e operating

experience into our anal yses, conducted two extensive
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dryer i nspecti ons, proactively i nstal |l ed a
dryer-strengt hening nodification, and developed a
conpr ehensi ve power ascensi on-nonitoring plant. These
will be discussed in this presentation.

W have al so responded to nore than 150
NRC staff requests for additional information, which
posed chal | engi ng questions and required thoughtful
answers.

Let ne briefly reviewthe configuration of
t he Vernont Yankee steamdryer. The dryer is |ocated
at the top of the reactor vessel. On the outlet of
the steam separator, it's a static structure nade of
stainless steel that provides final renoval of
noi sture before steamfl ows down the main steamlines
to the turbine generator.

MEMBER S| EBER: W don't have these
slides. You will have to provide themfor the record.

MR HOBBS: Vernont Yankee has a BWR 3
square hood dryer design which is simlar to other
BWRs whi ch have experienced significant degradati on.

Next slide. The dinensions of the Vernont
Yankee steam dryer are approximtely 62 inches high,
upper dryer height, and 201-inch diameter. The
reactor steam flows through the five chevron dryer

mai n banks with approximately 10 percent quality at
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the inlet of the dryer and greater than 99.9 percent
quality at the outlet. The noisture is renoved by
internal drain pipes and ten drain channels.

Al though this is not a safety-related
conmponent, the dryer is designed to wthstand design
basis event |oads w thout generating |oose parts.
Dynamc flowinduced vibration |oads have only
recently been anal yzed for BWRs such as Vernont
Yankee' s dryer.

A conprehensi ve visual inspection of al
Vermont Yankee dryer internal and external |ocations
was performed in 2004 in order to obtain baseline
information on current material condition.

This was the first conpl ete i nspection of
a steam dryer prior to operating at EPU conditions.
| ndi cations observed were either repaired or left as
is justified by an eval uation, which concluded there
woul d be no structural inpact at either current
license thermal power or EPU operating conditions.

| nspection of the dryer conpl eted a recent
refueling outage in 2005 | ooked at all the repaired
and nodified areas and indications left asis. The VY
dryer-strengt hening nodification, which | will
describe nonentarily, was found to have no

i ndi cati ons.
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The indications found in 2004 were found
not to have growmn. W also perforned an augnent ed
i nspection of the dryer vane bank endpl at es based on
di scovery of additional mnor indications as a result
of enhanced vi sual inspection techniques.

MEMBER RANSOM  You i ndicate where these
| oads that you're tal king about are caused by vortex
sheddi ng. There are nmany opportunities in a conpl ex
configuration like this. |'mwondering, can you
identify the major ones that are the cause of the
frequenci es that are of concern? Are they the |ips or
t he dead regions or where are they?

MR. HOBBS: W devel oped a conputati onal
Fluid Dynam cs nodel, which gave us pressure | oading
as a function of vortex shedding on the steam dryer.
And we will be tal king about that nonmentarily.

But what we find is that t hose
hydr odynam c forces there are not the key contri butors
to structural |oads on the dryer. W find that it is
the acoustic loads in the system that are Kkey
contributors.

MEMBER RANSOM  The interesting thing is,
t hough, the acoustic |oads have to have a driver.
Sonmething has to cause the pressure forces to be

created. Normally those are the vortices that are
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shed. And so the frequency of those nornmally will be
consistent with the source.

MR HOBBS: That's correct.

MEMBER RANSOM  And resonance, of course,
i s achi eved when you have a matching i npedance and a
driver. | would be interested to know how wel | you
have identified those sources.

MR HOBBS: Right. And we will be talking
about both the vortex sheddi ng, hydrodynam c sources
and the acoustic cavity sources nonentarily.

MR. LEITCH  Could you say again what you
did in the Spring of '04? | nissed that. Was that
just an inspection or --

MR. HOBBS. Yes. |In the Spring of '04, we
conducted a conprehensive internal and external
i nspection. And that's also when we installed the
strengthening nodification that | will be describing
shortly here.

MR. LEITCH  Ckay.

MR HOBBS: So we did find sone
i ndications on the dryer. Those indications were
identified primarily as being caused by IGSCC. And
there was no way to tell since we had never done such
a conprehensi ve inspection previously how | ong those

i ndi cati ons had exi st ed.
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MR. LEITCH  There were no mssing parts,
t hough.

MR. HOBBS: There were no nissing parts.

MEMBER SIEBER | would like a little nore
detai|l about your inspection. This is an enhanced VT
i nspecti on.

MR. HOBBS: The 2005 inspection that was
conpleted earlier this nonth was an enhanced VT1
i nspection. And that's how we found additional m nor
i ndi cations on the dryer vane bank endpl ates.

MEMBER S| EBER:  And so all of these
i ndi cations would show up in a VT as surface cracks.

MR. HOBBS: Right.

MEMBER SIEBER: Did you do anything to
characterize the cracks as far as norphol ogy, depth,
ligaments, that kind of stuff?

MR. HOBBS: Enrico, can you --

MR. BETTlI: | don't think any of the
cracks in the areas where they were deened as not
structurally tight are not significant to the
structure. There was no follow up evaluation in terns
of the --

MEMBER SIEBER. (Okay. So you didn't
characterize any of these? Wuld that be a fair

st at enent ?
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MR. HOBBS: W did characterize. Do you

want to do that link there?

MEMBER SIEBER. Well, one way to
characterize is to grind it out and repair it.

MR. HOBBS: Right, right.

MEMBER SIEBER So that tells you
something. What did it tell you in this case?

MR HOBBS: Right. And here is some nore
detail about our 2004 indications. W did have two
i ndi cations of cracks on the steamdans, which you can
see on this diagramhere are near the lifting lugs for
the steam dryer. And we did grind those out and
repair those indications. Those were two.

MEMBER SI EBER. Wy did you choose those
two and not others that m ght have been simlar?

MR. HOBBS: W chose these 2 because they
were actually different than the other 18 indications
from 2004. And the reason we chose these is because
t hese essentially could have been fatigue-related as
a result of we think original manufacturing, the
construction of the dryer. And because this was an
area of potentially higher stress based on a |oad
definition, we thought it was appropriate to grind
t hese out and repair these.

MEMBER SIEBER: Ckay. Now, the steam
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dryer is not a pressure vessel. So it doesn't fal
under the typical ASME pressure vessel code or piping
or anything. |It's just an entity that's out there.
And so you don't have a standard to apply to it.

On the ot her hand, VT is not doi ng nuch as
far as doi ng under st andi ng what the conditions of that
structural piece are because you don't know depth.

Do you think that -- and you'll have to
tell ne why you think it if you do -- what you're
doing i s adequate to determ ne whether this structure
of the steamdryer will be strong enough to withstand
potential fragnentation, sheddi ng parts, degradati on,
distortion, or any of those kinds of phenonena that
woul d hi nder the operation of the reactor?

MR. HOBBS: Well, you know, | think that
we did perform the nobst conprehensive pre-EPU
i nspection. | think that the approach we used, which
was a visual enhanced inspection, is the best
technique that is currently provided by the industry
gui del i nes, such as GE 6.4 --

MEMBER SI EBER  Ri ght.

MR HOBBS: -- tal ks about recommendati ons
for inspecting your dryers. But this is part of a
conprehensi ve program for ensuring dryer structural

integrity. And this is kind of a lagging indicator if
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we had structural integrity chall enges.

W just want to make sure that the dryer
today is in good shape. And we think as a result of
the visual inspection, that it is. And certainly
conpared to inspections of other steamdryers that
have been at EPU conditions, we believe that our dryer
is intact for that.

MEMBER SIEBER: W thout the sufficient
characterization, youcan't do the fracture nechanics,
right, unless you nake a | ot of assunptions about it?

MR. BETTI: Enrico Betti.

But for a surface evaluation in the ones
that we had seen and that we did evaluations on, the
surface fracture was assurmed to be through all cracks
for that eval uation

MVEMBER S| EBER: Ckay. So
that's conservati ve.

MR. BETTI: That's conservative.

MEMBER S| EBER.  Ckay.

CHAI RMAN DENNI NG These particul ar cracks
that we see here, they're not normally in a
| oad-bearing region? This is just related with the
lifting of and replacenment of the steamdryer. |Is
that your interpretation as to what the origin of

t hose cracks may be?
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MR. HOBBS: The interpretation relative to
the origin is that the way that the dryer is put
together at the site during its original construction,
you know, you create stress because you take two
pi eces and wel d them toget her.

W think the fact that these two
i ndi cations are 180 degrees apart indicate that it was
due to that joining together of the parts and wel di ng
those in the original construction that caused sone
residual stress that relieved itself during initia
operation, nost likely the dryer, and resulted in
t hese indications at this |ocation.

This is not a structural nenber, although
t he st eambands do need to basi cal |y channel the steam
as it cones up out of the dryer vane banks. So they
are inportant froma functional perspective.

MEMBER SI EBER  What material is used to
build the dryer?

MR. HOBBS: Stainless steel.

MEMBER SIEBER: And it was not heat
treated after well fabrication? That would be pretty
tough to heat treat stainless steel, right?

MR. HOBBS: No, it was not.

MEMBER SI EBER  Yes. At the job site, I'm

not sure how you could do it.
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CHAI RVAN DENNI NG  Ckay. Conti nue.

DR. BANERJEE: | have a coupl e of
guestions. How inportant are the CFD cal culations to
the case you forward? Are they just there as a sort
of suppl enent or --

MR HOBBS: Yes.

DR. BANERJEE: -- are they sort of centra
t o under st andi ng sonet hi ng?

MR. HOBBS: They are both. They are both
t he suppl enent and they are central to understanding
t he vortex sheddi ng phenonmenon that's occurring inthe
vessel. And we'll be tal king about how we devel op
t hat CFD nodel and what we learn fromit.

Basically the NRC st af f asked t he questi on
about vortex shedding nore than a year ago. And we
said we needed a tool to understand what the effects
of vortex sheddi ng and hydrodynam c | oads are.

DR. BANERJEE: So then let me ask you a
suppl ementary question. There is a conputational
error acoustics set of benchmarks, which every code,
which is sort of qualified to do these collocations.
This is set up by NASA. Has this code been tested
agai nst those to see if it works, actually?

MR HOBBS: The benchmarks?

DR. BANERJEE: Yes.
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MR. HOBBS: The code we used is the Fluent

code. And | would ask you when we get in that point
of the discussion --

DR. BANERJEE: Sonebody is going to tel
us what this is --

MR. HOBBS: Right.

DR. BANERJEE: -- and how it runs and why
you think it's right?

MR HOBBS: Yes.

MEMBER S| EBER: Before you | eave this
picture, it seens to ne that | recall that this dryer
does not have the perforated nmesh plates in it that
lighter dryers have and that you intend to install
them Can you show nme where those would fit on here?

MR. HOBBS: W do not plan to instal
perforated plates. W have a steam separator that is
highly efficient relative to other BWR-free units. So
our steamquality com ng out of our separator is high

enough that we can work wi thout having a perforated

pl at e.

MEMBER S| EBER: Ckay. That is one reason
why you would install it, is to inprove the steam
qual i ty?

MR. HOBBS: Right.

MEMBER S| EBER: Anot her reason is as a
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debris catcher. So you don't feel a need for that
ei ther?

MR. HOBBS: Right because our overall goal
relative to dryer structural integrity is not to
generate debris.

MEMBER S| EBER:  That woul d be a good first
st ep.

MR. HOBBS: Right, right. A debris
catcher, again, would be sort of a defense-in-depth
that we don't want to get to.

MEMBER S| EBER: Do you have sonet hi ng
agai nst def ense-in-dept h?

MR HOBBS: No, no. | think
defense-in-depth is very appropri ate.

DR. BANERJEE: At Brattleboro, they said
that -- | don't know howtrue thisis -- in one of the
Quad Cities, pieces of the dryer fell on top of the
core. |s that true?

MR HOBBS: That is not true.

DR. BANERJEE: (kay.

MR HOBBS: The initial Vernont Yankee
dryers fl owinduced structural anal ysis conbined with
operating experienceresultedinEntergy's decisionto
proactively nmodify the dryer at Vernont Yankee in

order to strengthen it for operation at EPU
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condi ti ons.

The VY dryer nodification installed in
April 2004 consisted of strengthening of areas
adj acent to the nmain steam|line nozzle shown here in
the highlighted |ocations, which are vul nerable, as
shown in other BWRs with square hood dryers.

The nodi fication consi sted of repl acenent
of the original half-inch outer hood vertical plate,
whi ch you can see here is the area on the vertica
portion of the front hood.

Al so, we repl aced t he origi na
guarter-inch-thick | ower horizontal cover plate with
five-eighths-inch-thick plate. W added 3
55-inch-tall gussets to the outer vertical plate and
cover plate junction to increase stiffness.

We renoved t he out er bank i nternal braces,
which were determ ned to concentrate vertical plate
stress. And we replaced the tie bars that connect the
dryer banks together with a nore rugged design.

MEMBER RANSOM  Coul d you poi nt out where
the steam nozzles are relative to those?

MEMBER S| EBER: Yes, right there.

MR. HOBBS: Yes. The steam nozzles are
j ust about adjacent to the gussets, those triangul ar

shaped conponents there.
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MEMBER RANSOM What? There are two on

each side?

MR HOBBS: Two steam nozzles on each
side, right. And that is actually when you end up --
you have a flat spot on the dryer there to allow the
steam to conme off the dryer and exit to the steam
nozzl es.

Next slide.

MEMBER SI EBER:  And the steam flow at that
point is down, --

MR HOBBS: Yes, the steam --

MEMBER SI EBER: -- which aids in carrying
the noisture, any remaining noisture, away from the
steam | i ne.

MR. HOBBS. Right. This is a photo of the
nodi fication being installed in 2004. And this shows
the conpleted Vernont Yankee dryer-strengthening
nodi fication. Here you can see the new gussets and
t he new faceplate and the | ower cover plate.

CHAI RVAN DENNI NG  When you tal k about
strengt heni ng, basically what you're doing is you are
[imting the vibrational node. 1Is that what is really
going on with this, that there is a vibrational node?
And | don't know if you're going to get into what

t hese vi brational npdes | ook |ike.
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And you are |limting the anmount of
defl ection that occurs in that vibrational node. 1Is
that what you're doing when you tal k about
st rengt heni ng?

MR HOBBS: Yes.

DR. BANERJEE: Has this strategy been
found to be useful in other dryers?

MR. HOBBS: Yes. Oher boiling water
reactors with square hood dryers have installed this
sane nodification here. And it has been shown to
i nprove the strength of the dryer.

DR. BANERJEE: Now, if you don't renove
what ever is causing the vibration, this is going to
continue to vibrate, right? And eventually it wll
crack again or not?

MEMBER SIEBER Well, it will be
different.

MEMBER RANSOM Vi brate at a higher
frequency, though.

DR. BANERJEE: Have you changed sonet hi ng
whi ch woul d actually prevent it from cracking? You
haven't renoved the excitation, right?

MR BETTI: Well, | think we're making the
assunption -- this is Enrico Betti.

Thi s was a proactive nodification. And we

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

36

at Vernont Yankee didn't have any evi dence, |ike sone
pl ants have that have had a | ot of problenms, of sone
hi gh-anplitude resonance in the steam system in
react or dones.

So this nodification takes care of sone of
t he | owfrequency excitations that typically can occur
inside the domes thenselves. And it noves the
fundanment al vacancy of this dryer face well above the
standard frequencies, driving frequencies. So it
keeps the structure coupling with the --

DR. BANERJEE: So you've changed the
natural frequency response.

MR. BETTI: Right, yes, brought it up
above --

DR. BANERJEE: Right.

MR. BETTI: -- what is typically the --
for nost BWRs, what they see is a vibration signature
in the steam systens.

DR BANERJEE: Now, when this is done in
ot her systens, has it actually proved successful ? |
nmean, cracking hasn't continued after that. Has this
actually proved successful in sort of reducing the
problem after it's done and operated? Wat has
happened?

MR. BETTlI: Yes. There have been m xed
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results with this kind of nod. Certainly if you were
to have a system say, that had 30, 40, 50 current

vi bration sources, thisis a great nod. It neans the
resonance frequency above those functions. So this

dryer design won't respond.

But if you were to have a resonance show
up at higher steamflows that was in tune with one of
the response frequencies of this nodification, then
the stresses could get large and you could have a
problemw th this nodification.

DR BANERJEE: So what has been the
experience, actually? Were has it been successful ?
Where hasn't it been successful ?

MR. HOBBS: This nodification was actually
first install ed on Vernont Yankee and was subsequently
installed at Dresden. GCkay? And what was found at
Dresden, which operated for 2004 and 2005, extended
power uprate condition, is that they did find probl ens
with portions of this nodification. And that was
partly due to the fact that their final el enent nodel
incorrectly nmade the connections between this
nodi fication and the dryer. So they did find
i ndi cations on portions of this nodification here, but
we addressed that specific issue for our nodification.

And, in additionto that, Dresden and Quad
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Cities both have high loads in their plants. Now, the
Brunswi ck plant has installed a simlar nod to this.
And they have been operating at 120 percent updated
conditions. And they have not seen problens with this
nodi fi cati on.

So | think it is a combination of doing
the nodification right and nodeling it correctly and
al so does your plant have high l|oads that would
chal I enge this nodification

DR. BANERJEE: Wat do you nean by "high
| oads" ?

MR. HOBBS: W have a slide com ng up
here, two slides, that show what our |oads are
conpared to Quad Cities. And you will see --

DR BANERJEE: But is it load in terns of
velocities that you' re tal king about or what is the
| oad here?

MR HOBBS: Well, it's a conbination of
hydr odynam ¢ | oads due to vortex sheddi ng phenonena.
And it's al so acoustic | oads as a result of excitation
from vortex shedding or from excitation of a
resonat or.

DR BANERJEE: Well, we wait to see when
you descri be that.

MR. HOBBS: All right.
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MEMBER RANSOM  Qut of curiosity, you have

frequencies associated with, say, the horizontal
di mrension of the plate that you stiffen and al so the
vertical dinmension. Do you discrimnate in terns of
whi ch one you were trying to stiffen and raise the
frequency, | nmean, the horizontal node of vibration or
the vertical flexing?

MR BETTlI: This is Rico Betti.

The nodification had a few effects. The
vertical plate that used to be a half inch is now one
inch. The cover plates previously a quarter are now
five-eighths.

MEMBER RANSOM  Ri ght.

MR BETTI: And so that thickness of
mat eri al noves the resonant frequency between the
gussets to well beyond what we see as signatures in
our steam system

MEMBER RANSOM Right. The gussets were
not there before, right?

MR. BETTlI: Right. The gussets take care
of the fundanental dishing notor that --

MEMBER RANSOM  Ri ght.

MR. BETTI: They hel p raise that frequency
up to about 80 units.

MEMBER RANSOM |s that associated with
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t he horizontal dinension you nmean or --

MR. BETTI: Not conpletely because it's a
plate structure and the top plate there acts as a --

MEMBER RANSOM  Stiffener.

MR BETTlI: -- a wide stiffener, it's --

MEMBER RANSOM  Sure.

MR BETTlI: -- nore of this structure is
wel | -supported in normal to that vertical plate.

MEMBER RANSOM Wl |, its fundanmental node
woul d be like a drum head node and just --

MR BETTI: Yes.

MEMBER RANSOM And, of course, the
gussets will stiffen that.

MR. BETTI: And the skirt itself provides
uplift resistance to those gussets; thereby, instead
of having, say, -- you could have had a gusset that
was maybe current and just working on the plate's
fundanmental node, this GE design realized to bring
sormre of the | oad down to the base of those gussets and
to convert it back into the skirt.

MEMBER RANSOM In a situation |ike this,
the thing you would li ke to hear is that you were abl e
toidentify where the fundanental node was com ng from
and that you stiffened it and rai sed that frequency to

a high enough frequency that now it is coupled with
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what ever resonant phenonena exists in the rest of the
system

MR, BETTI: Right. W didn't have
problenms in this dryer in this area prior to the
nodi fication, but we based it based on what CE felt
was a design that woul d take its fundanental frequency
above what typically for BWR systens are the
recogni zed frequenci es of concern.

But what we'll showyou alittle later on
is what we neasure at VY currently to be our
frequenci es of concern and how we'll nonitor for any
changes in those frequencies in the steamsystemas we
come up. And then we'll be able to evaluate the fact
that those frequencies are in this dryer structure.

DR. BANERJEE: Addi ng those gussets, of
course, gives you additional vortex sheddi ng because
the fl ow goes across themnow. So you've added sone
additional sort of nopdes due to those gussets
t hensel ves, --

MR BETTI: W did. And --

MEMBER RANSOM -- acoustic nodes.

MR. BETTI: Brian is going to present
somet hi ng that shows our eval uation of those | oads.

MEMBER RANSOM  Ckay.

MR. BETTI: But, in short, you're talking
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about | ocal forces on a one-inch pl at e,
five-eighths-inch plate. And the effect of those
| ocal i zed forces was not significant.

MEMBER RANSOM  Anot her source that was
tal ked about initially is when you have two outlets
that are close together, unlike these two. There's a
stagnation zone that exists between the two. And
oftentinmes it itself will oscillate and cause, you
know, frequenci es.

And sonetinmes adding splitter plates or
something like that has been a solution to that
problem So it's |ike what you've done in that
regard.

MR. HOBBS: Yes. W'II| be tal king about
that. So the bottomline, this nodification was
installed for a potential vulnerability at Vernont
Yankee, not an existing vulnerability.

MR LEITCH Just so I'mclear, this was
installed in "04. And you took a look in 'O05.

MR HOBBS: Yes.

MR. LEITCH And it's still okay?

MR. HOBBS: No indications, right.

MR. LEITCH  Ckay. Thank you.

MEMBER SIEBER: This turns out to be a

pretty conplex geonetry. And a calculation that you
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woul d do to predict all of these forces and resonant
frequencies i s not going to be perfectly exact because
of that conplexity.

MR. HOBBS: That's a very good point, very
good point. And we are not here to tell you that we
are perfectly exact in our nmeasurenents and

predictions for --

MEMBER SI EBER: | don't see how you could
be.

MR, HOBBS. Right. And that's why,
actually, we couldn't tell you what our | oad

definition will be of the EPU conditions. And that's
why we have a very controlled nonitoring plan to
capture the data and do the nonitoring to see if we
have any vul nerabilities that pop up on our way up to
EPU condi ti ons.

MEMBER SI EBER: The ultinate engi neering
fix is to over-design wth whatever corrective
structure you're going to put in there so that you
catch all of the potential failure npdes and
frequenci es.

MR. HOBBS: Right. And we have --

MEMBER SIEBER: It sort of |ooks like that
i s what you have done.

MR. HOBBS: W have incorporated a | ot of
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uncertainty into our analysis also and accounted for
that to nake sure we have a conservative --
MEMBER SI EBER. And how did you do that?
MR HOBBS: W' Il be tal king about that.

MEMBER SIEBER. | will be eager to hear

MR. HOBBS: GCkay. Good. The Vernont
Yankee structural analysis relies on obtaining
fluctuating pressure nmeasurenents on the main steam
pi ping. For the VY dryer analysis of record, the
nmeasur enent s have been obtai ned fromone strai n gauge
| ocati on on each main steamline and one readi ng from
a hi gh-speed pressure sensor installed on the main
steam venturi flow instrunent |ines.

Thi s measur enment configurationwas usedto
devel op the dryer acoustic | oad definition applied in
the current VY dryer stress analysis. To inprove
i nstrument measur enment accuracy, we recently installed
48 addi tional strain gauges consisting of 6 gauges at
8 locations on each main steamli ne.

Four of the locations of the strain
gauges, the newy installed strain gauges, are
approxi mately seven feet outboard of the mamin steam
line nozzles, seen here as |ocation nunber one.

The ot her four | ocations are approxi mately
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45 feet outboard of the main steamline nozzle shown
here as the |l ocation two. These are optinmal |ocations
for nmeasurenents because they are cl ose to the nozzl e,
whi ch mi ni m zes signal attenuation for vortex sheddi ng
and acoustic signatures.

Al so, there are mnimal acoustic sources
in between these two neasurenents, which allows us to
t ake t hese and apply themto our | oad definition. And
also there is adequate separation between these
nmeasur enent | ocations for collecting data.

The original strain gauge |ocations are
shown here on this figure also. Those are the starred
| ocations. And the venturi flow devices are al so
shown here in the vertical riser heading down the
st eam pi pes.

MR. LEITCH  So, you' re not abandoning the
original ones. You'll still have the ventur
hi gh- pressure signal, hi gh- pressure, hi gh- speed
pressure recorder.

MR. HOBBS: W don't intend to coll ect
data on the venturis. The problemw th the venturis
-- and we' Il be tal ki ng about those neasurenents here
shortly -- is that they had high uncertainty. W were
nmeasuring fluctuating pressure at the end of an

instrument |ine that was nore than 100 feet long. And
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that instrunent |ine had steam and water, so a
t wo- phase mi xture, in it.

And we found that the nodes of that
instrument lineitself were basically interferingwth
our ability to accurately measure what was happeni ng
in the main steam system

MR. LEITCH Now, all of your sensors are
on the reactor side of the MslVs. | guess |I've had
some experience with high-speed fluctuations in the
turbi ne control valves, which | think could be
reflected back into pressure fluctuations in the main
steamlines, | mean, very high-speed fluctuations in
t he turbine control valves. Are your turbine contro
val ves steady or is there sonme fluctuation in that or
have you | ooked at that?

MR. HOBBS: W have | ooked at that, and
t hey are steady.

MR. BETTI: In 2004, we didn't really want
to fill up this slide, but we put high-speed pressure
trays down near the control valves. And then we also
put themat the venturis. And we al so had hi gh-speed
transmitters in the reactor vessel-level instrunent
syst em

And we had strain gauges on the vertica

risers because the industry at the tine was nmaki ng an
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attenpt to define the signatures in these lines, find
what was inportant and deternine what to focus on.

As we went forward wth industry
experience and developed better technology for
nmeasuri ng these | oads, we determ ned that, really, the
best thing to do is neasure this signal close to the
reactor.

So even if there's a signal, say, that
woul d emanate fromthe control valves and nmake it up
t hrough the venturi, the flowin the safety devi ce and
our restrictor, we'll be able to nmeasure that signal,
do atime record of it, and project that acoustic | oad
back to the dryer because, | nean, our ETR MPRs do
have oscillating signals that bounce in our steam
lines.

And we have to danp those out for our
regul ator pressure control for pressure regular
control. And when we put the devices down there to
read those, we found signatures on those lines, like
we did other places, and worked t hrough coherence
eval uations, et cetera, and say, "Wl l, how does this
rel ate?"

There wasn't a |ot of coherence between
t here and back at the vessel. The inportant thing now

is that we've put in a refined systemto nmeasure the
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acoustic | oads where we need a neasurenent.

Soif we cone a mle down the line or ten
feet dowmn the Iine, as long as we have two points of
nmeasur enent on a cl ean pipe, we'll be able to neasure
and project those acoustic |oads back toward the
vessel

MR. LEITCH  Ckay.

MR. BETTI: So the first phase was to
nmeasure everywhere, try to learn

MR LEITCH  Yes.

MR. BETTI: And the second phase is now we
understand the system know howto calculate it. And
so that's why we're concentrati ng on neasuring the
system up here.

The NRC has al so asked us to | ook at the
acceleroneters and the like in parallel just to make
sure that our strain gauges are not giving them
different information. W have accel eroneters on the
sanme lines that we'll be tal king about.

DR. BANERJEE: | take it that you can't
directly install anything on the dryers until we nove
to the signal out.

MR HOBBS. The Quad Cities unit 2 did
install instrunentation on a dryer earlier this year,

with a newdryer, right, this year. Instrunenting an
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exi sting dryer, such as that of Vernont Yankee, is a
very high-dose effort. And we believe that this
approach here is an adequate way to predict |oads on
t he dryer.

DR BANERJEE: \What has been the
experience? | take it that other people have done
things simlar tothis to pick up vibrations in other
power uprates. Has there been experience that would
suggest that nonitoring vibrations in the steamlines
is indicative of what is happening in the dryers?

MR HOBBS: Yes.

DR BANERJEE: What evidence is there?

MR HOBBS: W have an acoustic circuit
nodel that we'll be tal ki ng about here shortly, which
shows how you take those two neasurenents on each
steamline and predict using a Hel mholtz solutioninto
t he steam done and onto the face of the dryer. So we
have sone detail about that.

DR. BANERJEE: Right. That's solving a
Hel mhol tz equation for the pressure field.

MR. HOBBS: Right.

DR. BANERJEE: But |I'm saying, are there
any actual neasurenents which you will perhaps have in
Quad Cities nowthat they have instrunmented the steam

dryer, which nmakes a correl ati on bet ween neasurenents
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of what is happening in the steamdryer and in these
lines? | think this is a crucial issue --

MR HOBBS: Yes.

DR BANERJEE: -- because if these
nmonitoring | ocations are okay, then they should have
been okay in the past.

MR. HOBBS: Right.

DR. BANERJEE: |If that is the case, why is
Quad Cities putting a nonitor into the dryer now?

MR HOBBS: Well, to answer your first
guestion, yes, this neasurenent approach here was
benchmar ked against the instrunented Quad Cities 2
dryer. So the actual neasurenents on the dryer were
conpared to the predictions wusing this acoustic
circuit nmethodology. So we will be tal king about that
and how that --

DR. BANERJEE: So the correlation already
exi sts?

MR HOBBS: Yes.

DR. BANERJEE: There is sone backup for
this other than just solution of a Hel mholtz equati on.

MR HOBBS: Yes.

DR BANERJEE: Because there are thousands
of things that could be wong with that.

MR. HOBBS: Yes. There's enpirical data
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to back that up

MEMBER KRESS: And there is the solution
that the Helmholtz equation will give you the right
answer for those Quad Cities?

MR. HOBBS: It gives you an answer, and
there i s sone uncertainty associ ated with that answer.
And we have taken that uncertainty and applied it to
our --

MEMBER KRESS: It normally doesn't couple
the structural. And | think that could nmake a
di fference. How big are those exit pops, for exanple?
And how t hick are they?

MR. HOBBS: Those are 18-inch-thick
i nterdianeter.

MEMBER KRESS: That's pretty thick

MR HOBBS: |'msorry. Eighteen-inch
piping. So it's interdianeter.

MEMBER KRESS: kay. | was about to say
you're not going to get anything.

MR. HOBBS: Right. No. The thickness of
the pipe is not 18 inches.

MEMBER KRESS: How thick are they?

MR. BETTI: They're .9 inch pipes. And
it's an 18 outside dianeter pipe.

MEMBER KRESS: That might be sensitive to
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t he frequencies you are tal king about.

MR. HOBBS: Right.

DR. BANERJEE: The probl em obviously is
that Hel mholtz equationis a far-fiel ded equation. So
it doesn't have any near-field source ternms in it,
whi ch have to conme out of a turbul ence cal cul ation as
a driver, right?

So when you go through this entrance
region or whatever, you're going to generate
turbul ence. And there's going to be lot of near-field
stuff there which you' re not going to actually see in
this Hel mholtz equation.

So the expectation that it works is only
correct in a situation where you have got the
near-field noise well-characterized. So it's sort of
unexpected that this will work com ng through that
entrance where there is a |lot of turbul ence.

MR HOBBS. Well, that's right. And
that's the reason we use the CFD nodeling tool

DR. BANERJEE: Unfortunately, | don't
think any CFD tool that |I'm aware of can do that
calculation, but | amopen to listening to how they
didit.

MR. HOBBS: Right. Very good.

MEMBER S| EBER: Just one qui ck question.
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Your coffin is that you are getting the right
interpretation of the results of this has to do with
t he coherence of the signals, the paired signals, from
one to the other.

And that's if you have coherence in the
signals and then you say that they're in the sane
couplet and, therefore, | can rely on any spatial
derivation fromthat, to what degree are you getting
si gnal coherence? And how do you neasure it?

MR BETTI: W have a little bit of sone
of the new strain gauge signal data to share with you
alittle bit later here, but we're getting very good
coherence in terns of the signal at those two points
in the steamline. And there's been nore --

MEMBER S| EBER:  Sane si gnat ur es.

MR. BETTI: Sane signatures, yes. Yes.
It's al nost identical.

MR. HOBBS: Next slide. Ckay.

So the nmeasurenments we have taken using
our newy installed strain gauges are reflected in
this figure here, which is representative of main
steam line strain gauge power spectral density
| og-scal e readings for Vernont Yankee and al so for
Quad Cities.

Ver nront Yankee here is the blue line,
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which is the see main steamline | ocati on nunber one

nmeasur enent on the new strain gauge data acquisition

system This is typical of the seven other new strain

gauge neasurenent |ocations of Vernont Yankee and
denonstrates the very lowvi bration at current |icense
thermal power with limted evidence of high-frequency
acoustic excitation.

There are sone peaks here on the Vernont
Yankee spectra seen at 30, 45, and 60 hertz, which
don't have significant structural inpact in our
structural nodel

Now, the yellow line shows Quad Cities
vibration levels at the sane main steamline strain
gauge location. You will note that Quad Cities has
significantly greater high frequency acoustic
resonance in their steamsystem evident here, which
is original license thermal power for Quad Cities.

Next slide. This figure adds the Quad
Cities vibrationdatainlog-scale still for operation
at EPU conditions. And if you go to the next slide,
this is on a |inear scale.

So you can see that there is a significant
increase in the Quad Cities acoustic resonance | evels
at EPU conditions in this figure here. And at Quad

Cities, EPU exacerbated the previously existing
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acoustic excitation phenonenon, which resulted in
their dryer failures.

DR. BANERJEE: So the yellow is wthout
operate and the red is with operate?

MR HOBBS: Yes.

DR. BANERJEE: But that's only sort of
like -- the access there is linear or --

MR HOBBS: This is linear.

DR. BANERJEE: Yes. So it's only a factor
of two or sonething?

MR HOBBS: Four.

DR. BANERJEE: Four?

MR. HOBBS: Right. But these high
acoustic peaks here are what has been determned to
have caused the dryer failures at Quad Cities.

DR BANERJEE: But these are neasured in
the steamlines, right?

MR BETTI: Right.

MR HOBBS: These are neasured in the
steam lines, right

DR BANERJEE: And are these the sane as
are being neasured in the dryer, then, or not?

MR HOBBS: There are neasurenents on the
dryer at Quad Cities that correlate to these steam

| i ne neasurenents here.
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DR. BANERJEE: The sane frequenci es?

MR. HOBBS: Right.

CHAI RMVAN DENNING Incidentally, your
ordinate is a little bit strange on there. That is
the one tines 10°® down there. |s that really zero?

MR HOBBS: It's really zero, yes.

CHAI RVAN DENNI NG Anot her comment. And
that is now the frequency at which we saw in Quad
Cities, this big peak, is way above the area that is
related to where your strengthening occurred, right?

MR. HOBBS: Right, yes.

CHAI RVAN DENNING  So this woul dn't
directly address that particular issue. |'msorry.
| nmean, we don't know, of course, whether you have an
issue with this high frequency, but, in any event, if
you had, the strengthening that you di d woul d not have
hel ped agai nst that?

MR HOBBS: That's correct.

MEMBER RANSOM Can you identify what
parts of the steamlines correspond to the different
peaks in that spectrunf

MR HOBBS: Yes.

MEMBER RANSOM | nean, is it the entire
steamline or is it a part of it or --

MR. HOBBS: W' Il be tal king about that
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here on the next series of slides, actually. So this
strain gauge data that we collected from Vernont
Yankee is converted using the acoustic circuit nodel
to pressure |l oads on the dryer. And we'll be talking
about that al so nonentarily.

Al t hough there's no evi dence of
hi gh-frequency acoustic resonance at Vernont Yankee
t oday, we perforned an eval uati on of main steambranch
lines for potential acoustic excitation. And the
branch |ines we | ooked at are the main steam safety
relief valves, the spring safety val ves.

W have a HPCl steam supply line; RPCl
steam supply line, which supplied steamdriven
turbi nes for emergency core cooling. And we al so have
bl anked-of f stub tubes on our main steamlines.

So back to this figure here, you can see
the |l ocations of the branch lines onthis figure. The
SVs, one on each main steamline, represent the safety
valves. The RVs are the relief valves. You can see
there are sone blanks indicated here. The HPC
ten-inch steam supply line is on the B main steam
line. And the RPClI is on the C main steamline.

Now, one thing to note about Vernont
Yankee i s that we have only one type of each cavity on

each main steam line; whereas, at Quad Cities, they
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have nore than one type of cavity on each nmain steam
line. And those are in close proximty to each other.

MEMBER RANSOM So the frequency is
associated with the Iength of the branch?

MR. HOBBS: Yes, right. That's one
factor, right. And we have a table, actually, com ng
up here. But our main steamline nonitoring approach
wi Il detect all acoustic excitation that occurs in our
syst em

So here is our evaluation of potentia
acoustic resonation at Vernont Yankee. This shows the
natural frequency of each of the <cavities we
evaluated. It shows the velocity at the onset of
resonance, which we predict; also shows the velocity
where resonance is fully devel oped.

And what this shows is that for therelief
val ves at today's rate of steam flow of 139 feet per
second, we should be seeing the onset of resonance.
And the relief valve frequency is 116 hertz. But we
have no data that shows us that we're having that
resonance actually occurring.

Moving up to EPUfl owconditions, it shows
that we may see excitation of the relief valve and t he
safety valves. The HPCl and RPClI lines are well bel ow

what we see at rated steamflows. And the bl anks are
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wel | above. Their frequencies are quite high.

Next slide.

MR LEITCH: | assune this evaluation is
done with HPCI and RPClI not being in service, right?
They're just static |lines?

MR. HOBBS: Yes. Next slide. So this is
just another way to look at this, which is on the
Xx-axi s here, we have nain steamvelocity in feet per
second. On the y-axis, we have frequency of the
cavities in our nmain steam system

And you can see that for the rated current
Vermont Yankee velocity of 139 feet per second, the
relief valves have predicted onset of resonance and
full resonance in that block there. And at EPU
condition, you can see the safety val ves woul d show
potential onset for resonance.

So we know where to | ook. W know what
our potential excitation sources are on our nmain steam
lines. And we don't see today any indication of onset
of resonance.

DR. BANERJEE: Just a question. At the
entrance to the steamline and that cavity which is
formed at the dryer, is there sort of potential for
resonances there?

MR. BETTI: W'Ill have Dr. Bilanin. And
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we'll talk alittle bit about how we do the Hel mholtz

solution and how CDI backed figures what the source

must be at that nozzl e.
DR. BANERJEE:

MEMBER KRESS:

Ckay.

Do you assune it's al

st eam when you do the cal cul ati on?

MR. HOBBS: Yes.

MEMBER RANSOM Al |

vapor ?

MR. HOBBS: Right. Because the quality is

greater than 99.9 percent,

we essentially ignore the

noi st ure.

CHAI RVAN DENNI NG Now, we're about to
enter proprietary information. |Is that true? 1Is that
where we are?

MR. HOBBS: That's true, yes.
CHAI RVAN DENNI NG Ckay. So that now we
have to cl ear the audi ence of --

MR. CARUSO People who do not have a
nondi scl osure agreenment with --

MR. HOBBS: Continuum Dynam cs.

MR CARUSO -- CDI --

MR HOBBS: Yes.

MR. CARUSO -- have to | eave the room
CHAI RVAN DENNI NG  And how are you goi ng

to determ ne that?
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DR. BANERJEE: Let nme ask you this while

this is happening. You said that your venturi |ines
have sort of got steam water and condensation or
what ever .

MR. BETTlI: W have a condensate pot that
is very close to the piping that puts steam over the
water. That's the steamwater. |It's a short anount
of steam

DR. BANERJEE: Oh, okay.

MR. BETTlI: And then it's all liquid down
to the pressure transducer.

DR. BANERJEE: So what you are concerned
with is that that pot danps the high frequencies?
That's why you don't --

MR BETTI: W nodeled that. And we
devel oped a transfer function for those lines, you
know, | ooking at the acoustics of the sensing |ine,
which is that as you go t hrough resonance frequencies
of the sensing lines, you have an --

DR. BANERJEE: Overlap of sone sort.

MR. BETTI: -- or a lot has changed in the
si gnal .

DR. BANERJEE: | see. So you can get the
average pressure drops okay, but you can't get the

true signal of the acoustic frequency fluctuations,
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t he hi gh frequenci es.

MR. BETTI: You can get an idea of that
| arge uncertainty. You nmay pick up a 70 percent
uncertainty in values reading for that.

DR BANERJEE: | see.

MR. BETTI: |If you're close to a harnonic
of the sensing system it's goingto be less reliable.

DR BANERJEE: So the transducer is
actually after a separation part or condensate part,
which is after that. |It's all liquid-filled to that
l'ine.

CHAI RMVAN DENNING W're not ready to
start into this yet because Ral ph still has to get the
tel ephone line off here, but I do want to check and
see exactly where we are slide-w se because | think
that we've got a lot of slides to go still.

W're only scheduled for half an hour
here, but we'll have sonme freedom beyond that and
conprom se other places. But | do want to |et
everybody know that we're going to have to nove
qui ckly.

So the questionis, hownany slides do you
have? What's your projection on how much tine you
really need to go through that?

MR. HOBBS: W are approxinmately hal fway
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t hrough our entire presentationright now So | would
expect that we should be able to conplete that in an
hour or |ess depending on the nunber of questions.

CHAI RVAN DENNI NG  And hour is too |ong.
So we're going to have to nmake it |ess.

MR. HOBBS: (kay.

CHAI RVAN DENNING  So let's try to finish
up in 45 mnutes and try to get through it quickly.
W' Il come back and ask questions later if we have to.
kay?

MR. HOBBS: That sounds good.

DR. BANERJEE: | guess the issue, at |east
of concern to ne, to get clarification is how one can
noni tor these signals in the steamline and get a good
i ndi cation of what is happening inside so that when
you go up in power and you're doing this nonitoring,
to make that connection and what evi dence do we have.

So that is one of the issues. If you
woul d address that based on how inportant you think
t he CFD cal cul ati ons are and how nuch reliance you can
put on themand why you think you can put reliance on
then? There is a bridge.

| mean, if you have enpirical evidence to
that effect, that would be fine. | would find that

much easier to --
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MR.  BETTI: W submitted enpirica

evidence to the staff. W submtted the enpirical
evidence to the staff. | nean, we did doit. On the
Quad Cities dryer between GE s instrunentation on the
dryer and the Quad Cities stain gauge installation, it
was very simlar to the one that we show here. They
had four strain gauges, not six, at each |ocation, at
al nost the same | ocations.

So, you know, we did conpare aspects of
t he nodel, acoustic nodel, we used with the signals
and their ability to predict |oads at 27 | ocati ons on
the Quad Cities dryer.

DR. BANERJEE: Maybe you coul d j ust
sumarize it in a slide here or something or put it on
the board, what you saw. You know, that woul d be
useful .

CHAI RVAN DENNI NG Right. W' re ready now
to nove into the proprietary phase of this.

MR. HOBBS: (kay.

CHAI RVAN DENNI NG Pr oceed

MR. CARUSO. The phone is nuted at this
point. |'ve got sonmebody checking it to make sure.
Okay? And we're going into proprietary session.
Thank you.

(Wher eupon, the foregoing open session
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was recessed and the hearing was

reconvened in closed session from 9:46

a.m to 10:00 a.m, at which tinme the

open session resumned.)

MR. HOBBS: Next slide. The CFD anal ysis
was used to capture again the hydrodynam c forces.

Next slide. This shows the CFD | oads
cal cul ated at 100 percent and 120 percent power
conditions. And this |ocation here represents the
dryer face plate adjacent to the nmain steam line
nozzl es for these two conditions.

Even though the CFD nodel was used to
cal cul at e hydrodynam ¢ | oads, we found that use of a
conpressible fluid resulted in the prediction of
acoustic | oads, which are shown here as the red |lines
or pink lines with peaks at 30 hertz, 45 hertz, and 60
hertz.

So t hese peaks were acousti c phenonena at
EPU conditi ons, which we don't see today but the CFD
nodel predicts will occur as a result of hydrodynam c
forces creating acoustic energy in the system And
these three peaks here were wused in our stress
anal ysis and contribute a mpjority of the | oads on the
dryer in our structural analysis.

So these three peaks here are basically
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the major conponents in our |oad definition for our
dryer.

CHAI RVAN DENNI NG  Does the CFD anal ysi s
extend all the way into the steamline?

MR HOBBS: Yes. W nodeled the steam
lines to the main steamheader to see if there was any
coupling interaction between adjacent steamlines.

MR. CARUSO But you said these are the
predi cted value at your current rated thermal power
| evel .

MR. HOBBS: Ral ph, these are both current
power, which is the blue, and EPU conditions. The CFD
nodel we were able to calculate what the conditions
woul d be at extended power uprate, which is basically
what is the velocity at extended power uprate.

The acoustic circuit nodel, on the other
hand, requires nmeasurenments as i nput to project |oads
on the dryer. So unless you have neasurenents, which
we don't have for EPU conditions right now, we don't
have an circuit nodel |oad at EPU conditions.

MEMBER RANSOM So you do have an estinmate
of the frequency, the fundanental node, of those
lines, right? And they were up around 100 or hi gher
in frequency?

MR. HOBBS: Right.
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MR. BETTI: They wouldn't couple with

t hese.

MR. CARUSO But you're not detecting any
of these.

MR. HOBBS: W are not detecting these.
That's correct.

MR. CARUSC So the analytical nethod is
predi cting certain phenonmena that shoul d be vi si bl e at
current rated power that you're not detecting.

MR HOBBS: Ch, I'msorry. Wen you say,

"detecting,"” you're tal king about the blue Iine here,
right?

MR. CARUSO. Well, either one, whatever is
bei ng predicted for current rated thermal power. Are
you detecting what you predict is supposed to be
t here?

MR. HOBBS: M. Betti, can you --

MR BETTI: Yes. | would like to talk to
this a little bit. As Brian pointed out, we
originally ran the CFD nodel to understand the
hydr odynani ¢ forces, the cortex shedding forces. And
if we go back to the last depiction that Craig had,
what this nodel showed us is what our peopl e had seen

inthe dryer faces, that sonetines you get thislittle

pol i shed area where you get this vortex sheddi ng | oad.
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Oten the question has not been what is
the effect of these really strong vortices on gusset
pl ates. The gusset, how will that inpact the
vortices? What will these vortices do to the gusset,
t hat kind of question, the cover plate?

Now, the short answer to that, that Dblue
stripe versus the red stripe, we end up with about a
19 psi if you do the pascal conversion as a vacuum on
that front plate. And that kind of |ocal forces on a
one-inch plate, half-inch gusset, and that five-inch
cover plate had negligi ble stress i npact on the dryer.
kay?

| nmean, this nodel, though, because we ran
a conpressible, -- we ran a conpressi bl e because we
wanted a little better idea of the actual flow field
in this region where there is a lot of velocity
change. Wat we found is that the majority of the
pressures that we were readi ng we determ ned t hat when
we were starting to study the results were acoustic.

W knewt hat because basi cal ly you can say
t hese nodal responses of the dome, the pressures on
either side of these gussets for the entire
frequenci es were the sane. You know, we showed you
t he average pressure on a quadrant of that big plate.

We found that these | oads were acoustic.
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Now, that CFD nodel was not built or
expected to give us acoustic results. Unlike the
acoustic nodel, we didn't get good acoustic boundary
conditions set up, right absorption steam |ine that
woul d be flat |ying back.

It was never our intention to use this
nodel to cal cul ate acoustic | oads because we have a
benchmar k nmet hodol ogy for acoustic nodel where we can
nmeasure | oads in the steamline, project those back to
t he dryer.

What this nodel was for was to fill in the
gap wth acoustic nodeling and calculate the
hydrodynanmi c forces. So what came out of this node
was hydrodynam c forces, plus sone acoustic | oads.

Now, it so happens that the frequencies in
t hose bunp responses that we see on this theoretical
nodel do match the bunps that we see in the strain
gauges on the steamlines. And they match sone of the
t heoreti cal hand cal cul ation frequenci es and
frequenci es that we have | ooked at for the nolds in
t he done.

So what is conmng out of this nodel is
under st andabl e, but the acoustic magnitudes just up
over 30 hertz. This nodel was never set up to do an

accurate job in that acoustic nmagnitude.
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What you al so have to consider is that al
of these |oads, although they're shown in this
anplified region, are low. They're very | ow pressure
vari ati ons.

So what we're looking for here is sone
snoking gun. You know, is there a hydrodynam c
problem that's causing dryer failures? And the
absolute answer from that from a hydrodynanic
standpoint is no. There's nothing hydrodynam cally in
either of these two cases that took us nonths and
nonths and nonths to generate data for that should
chal I enge the dryer.

Now, when we ran our analysis Brian wll
show out, we didn't strip out this acoustic. W
basi cally doubl e-di pped this acoustic. And that's
hugely conservative. And we'll talk a little bit
about that because --

DR. BANERJEE: | just have to clarify in

my own mnd what you nmean by "hydrodynam c¢" and what

you nean by "acoustic."” If | understand it, acoustic
is the pressure field. After all, sound is variations
in pressure. Hydrodynamic, | presune you nean the

flow field.
MR. BETTI : Pressure field.

DR. BANERJEE: But pressure and flow are
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hand in hand. So why this separation between what is
hydr odynam ¢ and what i s acoustic? Maybe sonebody can
explain this to ne.

MR. BETTI: Well, ny sinple explanation is
that we ran this as an inconpressible flow problem

DR BANERJEE: It wouldn't matter. It's
a | ow mach nunber anyway.

MR BETTI: But it would matter in terns
of you woul dn't be seeing anything in terns of signal
after 25 hertz because when we started out running
this nodel, we did look at it in --

DR. BANERJEE: Well, that sinply depends
on the resolution of the calculation. |f you' re doing
a cal cul ation, the pressure field cones out of a Pyson
equation in terms of the hydrodynam cs. | nean, the
two are inextricably coupled. And at |ow nach
nunbers, whether it's conpressible or inconpressible
is nore or less irrelevant.

Maybe the Fl uent people who are here can
educate ne on this.

MR. HOBBS: Actually, we have a question
from Dr. Ransom here about boundary conditions as
well. So | would like to ask Karl Kuehlert from
Fluent to step up to the m crophone here and see i f we

can tal k about that.
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Dr. Ransom coul d you repeat your question

MEMBER RANSOM  Well, | was interested in
what you use for the boundary condition in the CFD
cal culation at the wall.

MR. HOBBS: Can you talk about the
boundary condition at the wall, Karl?

DR. KUEHLERT: M/ nane is Karl Kuehlert
fromFluent. W used a wall boundary condition with
a wall function.

MEMBER RANSOM  \What is assunmed the wal |l ?

DR. KUEHLERT: No slip.

MEMBER RANSOM No slip?

DR. BANERJEE: You used a no slip
condition at the wall? And you used what, a
Smagori nski nmodel, in the fluid?

DR. KUEHLERT: For the separate el enents,
yes.

DR BANERJEE: But we know that the
Smagori nski nodel going to the wall gives you the
wrong results.

DR KUEHLERT: Pardon ne?

DR. BANERJEE: Is it Smagorinski all the
way to the wall?

DR. KUEHLERT: W used a wall function at
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the wall .

DR BANERJEE: \What was the wall function?

DR KUEHLERT: |It's a standard wal l
function.

DR BANERJEE: \Which one?

DR KUEHLERT: |'m not sure | understand
what you' re asking ne.

DR BANERJEE: What is the wall function
that you used at the wall? Gve nme the nanme of it.
There are many, many different wall functions.

DR KUEHLERT: | do not know in detail
what the wall function is based on. It's a wall
function that is equally used for Reynauld Evers
nodel s t hrough this ABS nodel

DR. BANERJEE: | guess Professor Ransonis
guestion is of concern because wall functions break
down near separation points. \Wen your sheer stress
goes to zero, then wall functions are usually phrased
in ternms of a friction velocity, which require the
wal | sheer stress. So there's a singular point there.

So how do you actual |y predi ct separation?

DR. KUEHLERT: Well, in this particular
case, we put nore enphasis on the three sheer | ayers,
as opposed to all friction, because the flow that we

are seeing is going into the vent, com ng out of the
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steam donme. And there is a |ot of turbul ence
generated in the sheer |ayer, much nore so along the
wal | in the boundary | ayer.

MEMBER RANSOM  The problemis you want to
know when the flow separates and when it reattaches
periodically. 1In order to predict the sheddi ng of
t hese vorti ces.

CHAI RVAN DENNI NG Tal k into the m ke

MEMBER RANSOM  You want to know when the
fl ow separates and reattaches in order to predict the
sheddi ng of these vortices. And that is dependent on
what you assune for the boundary condition at the
wal | .

DR KUEHLERT: Well, in this case, unlike
in a steady state sinulation, we are generating
localities all the time comng fromthe sheer |ayer.
So there's no cl ear separation point defined. You can
only see --

MEMBER RANSOM  So, as an exanple, if you
have flow or river-facing step, where there is
definite separation and reattachment, this is a
cl assical problem |Is your code benchmarked agai nst
t hese kinds of data taken from --

DR. KUEHLERT: Yes. Again, | have to

refer to two types of benchmarking, one set for steady
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state analysis using the steady state turbul ence
nodel s and what we are interested i n here, LES nodels.
LES nodels are inherently unsteady. And separation
point noves around all the time. And on a

ti me-average basis, we can determ ne what the mean
separation point would be.

To this effect, we have submtted
benchmarks for sinple geonetry, such as flow behind
the cylinder, square cylinder. And, in addition to
that, one internal flow problemw th coaxial swelling
j ets expandi ng i nto a chanber, which i ncl udes a facing
step problem

CHAI RVAN DENNING Okay. | think we're
going to have to nove on except there is another
guestion here which relates to pressures. How does
one differentiate between what i s an acoustic pressure
and what is a hydrodynam c pressure, as we seemto be
differentiating here?

MR HOBBS: Ckay. | would like Dr.
Bilanin to help out on this.

DR BILANIN. Wen we tal k about an
acoustic pressure field, we look at a pressure field
that is proportional to the first power in velocity.
So the pressure is typically proportionate to the

density tinmes the fluctuation in velocity tines the
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acoustic speed. W talk about a hydrodynam c inner
field. W talk about something that's an order mach
nunber squar ed.

The pressure field then if you doubl e the
fluctuating velocity, the pressure goes up by a factor
of four.

DR. BANERJEE: | have a nuch sinpler view
of this. There are conservation equations for nass,
nmonentum and energy.

DR BILANIN:  Yes.

DR. BANERJEE: U timately the pressure
gets phrased into these equati ons.

DR BILANIN:  Yes.

DR. BANERJEE: |f you take the energy, say
t he nmonentum equation, and take its divergence, the
pressure is related to the velocity for a Pyson
equation. And there is to ne no understandi ng
what soever of anything else beyond that. It just
comes out of the nonentumequation and t he equati on of
st at e.

So when you start to distinguish between
hydrodynam ¢ pressure and acoustic pressure, | am
conpl etely confused. It may be that they have regions
where near-field hydrodynanmics gives rise to a

pressure field, whichis then perhaps descri babl e away
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froma wall in terns of a Helnmholtz equation, but
those are sinply approximations to the equations of
notion at the end.

So | don't see what this -- you can say
that | approximated the pressure by a Hel nholtz
equation and called it an acoustic pressure. And in
the near-field, | calculated it by Fluent or whatever,
which does a near-field calculation. And | called
that a hydrodynam c pressure.

But | think that is the sane pressure.
Pressure is pressure.

DR. BILANIN. Pressure is pressure, but
one can take the Helmholtz solution and then do an
expansion in terns of mach nunber. And the zero nach
nunber, the | owest order solution is proportional to
the velocity fluctuation tinmes the acoustic speed.

The next order expansion is the mach
nunber squared. It's typically what's referred to as
t he dynam c pressure, what you feel on your hand when
you put your hand out the wi ndow. Ckay? That's a
hi gher order effect. That's a |ower pressure
fluctuation than the acoustic pressures here, which
are about an order of magnitude | arger.

So in the first slide of this

presentation, when the |oads that are causing dryer
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probl ens are acoustic in nature, they are typically an
order of nagnitude bi gger than the pressures you woul d
calculate if you just |ooked at the velocity squared
inside the dryer. The velocities in the dryer are
very low, typically over entering the main steamline,
go less than 50 feet per second

DR. BANERJEE: So these are just pressure
fluctuations?

DR BILANIN:  Yes.

DR. BANERJEE: And they don't have the
kinetic energy of the velocity taken into account?

DR BILANIN: That's correct.

DR. BANERJEE: All right. | understand.

CHAI RMAN DENNI NG Cont i nue.

MR HOBBS: The |oad definition for
Vernmont Yankee's dryer, which includes acoustic
circuit loads and hydrodynam c | oads, was eval uated
for uncertainty. And we broke down the contributors
for the acoustics circuit nodel |oad uncertainty into
several categories: first of all, our signal
uncertainty.

Secondl y, we have an uncertainty relative
to the frequency peak calculated by the acoustic
nodel. W al so have an uncertainty associated with

t he nodel technique itself. And, finally, there's an
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uncertainty associated with the |ocation of your
nmeasurenents for input to the nodel.

We determ ned that the acoustic circuit
nmet hodol ogy i n our anal ysis of record was 130 percent.
A substantial portion of this ACMuncertainty value is
a result of the signal uncertainty that we used from
our original signal configuration.

The new data acquisition system wth
optimal | ocations of the sensors and nodel refinenents
of the acoustic circuit nodel wll substantially
reduce the ACMuncertai nty and i nprove t he accuracy of
our acoustic circuit nodel | oads.

DR. BANERJEE: What do you nean by
"uncertainty"” here? | nean, uncertainty in relation
to what? Measurenents?

MR. HOBBS: Predicated courses of action.

DR. BANERJEE: But how do you know? OCh,
you have al ready used the Quad Cities data. The nodel
uncertainty here is based on the neasured versus
predicted --

DR. BANERJEE: In Quad Cities.

MR HOBBS. -- in Quad Cities 2 dryer
| oads, right.

DR BANERJEE: Ckay.

MR. HOBBS: The CFD nodel uncertainty was
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determ ned based, as Karl said, on bench-scale
experi ment al conparison of a non-dryer Fluent
nmet hodol ogy nodel. The bench-scal e uncertainty was
determ ned to be 15 percent. Factoring in a frequency
uncertainty of 4 percent, we ended up with a total
hydrodynamic load uncertainty of 16 percent.
Uncertainty for --

DR. BANERJEE: But these experinents that
they did were extrenely sinplified.

MR HOBBS: That's correct. W also
conpared the CFD nodel results to other data from
previously instrunented full-scale boiling water
reactor dryers. And what we found | ooking at those
four BWR dryer neasurenments is that the 15 percent
uncertainty bounds those data sets by 80 percent on
aver age.

And there was one exception of a single
instrumented dryer location where the CFD nodel
under-predicted. But in general, we found that our
CFD nodel came close to the readings on the
i nstrunmented dryers fromthese BWRs.

CHAI RVAN DENNI NG Now, you're not talking
about acoustic |oads now, are you or are you?

MR. HOBBS: W're tal king about our CFD

model .
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CHAI RVAN DENNI NG You' re tal king about

your CFD nodel. And CFD nodels that were used for
t hese ot hers, were they conpressi bl e or i nconpressi bl e
fl ow?

MR HOBBS: These other BWRs did not have
CFD nodel s associated with themthat | was aware of.
W just took the neasurenents off of those. So it's
a somewhat coarse conpari son

DR. BANERJEE: And you took the ones from
Quad Cities 2, right?

MR. HOBBS:. Yes, right. W |ooked at
their |l owfrequency |oads that they neasured And we
conpared those to what we predicted. And even though
the newQuad Cities dryer is a different configuration
than ours, it's got a slanted hood on it to reduce
some of the vortex sheddi ng | oads, you know, we feel
that it's in the ball park. 1It's representative.

You know, the NRC safety evaluation for
our power uprate questions the Entergy perspective on
CFD uncertainly. W think it's inportant to share
with you our perspective on why we believe this
uncertainty assunption for CFD is appropriate.

First of all, operating experience
denonstrates that hydrodynamic |oads are not as

critical as acoustic |oads when assessing dryer
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structural integrity. You can see acoustic |oads that
cause the structural challenges to the dryers.

Secondly, the total Vernont Yankee | oad
definition is relatively insensitive to hydrodynani c
uncertainty, as reflected by the fact that if you
double the CFD uncertainty, it increases our tota
| oad uncertainty by less than five percent. So it's
relatively insensitive to the CFD nodel uncertainty.

And, finally, the CFD |oads, including
their acoustic content, are conservatively added to
the stresses fromthe acoustic circuit nodel, which
results in double counting of acoustic |oads. So we
believe that our uncertainty for the CFD nodel is
appropri at e.

MEMBER RANSOM Just a point of
clarification. Since all of these are hydrodynami c
| oads, when you say "acoustic | oads,"” | guess you nmean
| oads that are produced by coupling so resonance is
i nvol ved, right?

MR. HOBBS: Right. And we apol ogi ze for
the confusion about sone of the ternms we're using
her e.

DR. BANERJEE: Ckay. One is a higher
frequency than the other.

MR. HOBBS: That's a very sinplified way
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to look at it. The |oads cal culated by the acoustic
circuit nodel and the CFD nodel were input into a
General Electric finite el ement nodel of the Vernont
Yankee dryer using ANSYS net hodol ogy.

Al'l conponents of the dryer were included
in the finite elenment nodel. Also, the finite was
shared with a third party by the --

DR. BANERJEE: May | just interrupt one
second? ANSYS has built in today a Fluid Dynam cs
calculation called CFX. Wy didn't you just do this
i ntegrated cal cul ation, instead of doing this sort of
thing with Fluent and then going to ANSYS?

MR HOBBS: Well, we had our finite
el enent nodel developed by GE. And Fluent was
devel opi ng the CFD nodel |oads. And due to tinme --

DR. BANERJEE: Coupling of those two is
quite difficult, I would think.

MR HOBBS: Well, it is difficult, yes.

DR. BANERJEE: Yes.

MR HOBBS: And | guess if we had to do
this all over again, we would probably | ook at that
feature and take advantage of it.

DR. BANERJEE: (kay.

MR HOBBS: The finite el enent nodel for

the VY dryer was shared with a third party by the nane
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of JAR Engineering. This provided an additional
review of the nodel's adequacy and resulted the
changes which corrected errors in the nodel, such as
t he connecti on between the front hood gussets and t he
hori zontal cover plate and dryer support ring.

So this is an error which also existed in
the Dresden finite el enment nodel. And we took action
to correct that in our version of the ANSYS nodel. So
the CFD and the acoustic circuit nodel pressure tine
hi story | oads were run separately through the finite
el enent nodel as a transient analysis. And the
resulting stresses were conbi ned by square root, some
of the squares. And the |oads applied to the sane
grid | ocations to ensure consistent results.

The peak alternating stresses cal cul ated
by the finite element nodel were conpared to the
fatigue limts in the ASME boil er and pressure vessel
code and the primary plus secondary stresses to the
appl i cabl e ASME code service-level limts.

The results of the stress analysis are
shown here. | would like M. Betti to discuss these,
pl ease.

MR. BETTI: Thanks, Brian.

First | would like to just discuss the

general nature of these equations and how we devel oped
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peak stresses from finite elenent stresses. The

finite elenent nodel is a plate nodel, isopernetric
shell elenments. W had sone solid elenents for the
ring girders and ot hers.

W actually ran nultiple ANSYS tine
hi story analysis. You know, we |ooked at frequency,
plus or mnus frequency, shifts to evaluate the
sensitivity of the frequency.

For the CFD nodes, as you tal ked, you
know, we had, if | renmenber, roughly 140,000 vectors
com ng out of the Fluent nodel, which we spent a | ot
of time making sure we fed those right into our ANSYS
nodel. W ran two sets. W had a 120 percent power
set and the 100 percent power set.

W ran each of those through our ANSYS

nodel . And then we | ooked at that nodel for frequency

shifts to see what was nost |limting.

DR. BANERJEE: What was the CAD package
there? Was it step? How did you go and --

MR BETTI: W wote our own processes.

DR. BANERJEE: You I|ike punishnment?

MR. BETTI: Yes, | |ike punishnent. |
would like to talk about this a little bit because
remenber | said that here we are. W're using this

nodel to cal cul ate our | ow frequency, what | call the
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non- acoustic effects.

W didn't really want to be double
counting acoustic effects. W didn't build this nodel
for acoustic boundary conditions or wite danping
val ues, et cetera.

So when we cal cul ated these stresses from
this nodel, we went back. And then we filtered out
what we believe to be acoustic effects that this nodel
al ready would capture correctly based on neasured
acoustic responses in the steam system

This stress right here, as we said in
slide 24, would drop down to 167 psi if it didn't have
this double counting nmethod in it, these acoustic
responses in the nodel.

So we had tal ked to NRC about this. And
we all at the tine wanted to maintain conservatism
So rat her than change 1,000 psi to 167, we kept this
| oad the sane after we had | ooked at it and filtered
it. Al right?

Now, we | ooked at all critical conmponents
of that big dryer finite elenment nodel. This
particular sutmary i s only showi ng you one point that
turned out to be nost |limting fromthe standpoi nt of
peak stress or fatigue assessnent.

Then what we do is we didn't get to the
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sophi stication to take out a | ot of conservatism So

we take the ANSYS pl ate stresses. And GE has a net hod
where they have a Wl d geonetry factor they devel oped

fromfinite el ement anal ysis, which, say if we have a

penetration weld that's seven-eighths on a one-inch

pl ate, they have a conservative geonetry factor for a

step increase in stress and multiply that tines the

ASME code SIF factor for that weld geonetry. And we

come up with basically a conbi ned stress concentration

factor of 4.61.

So the stress that we used from the CFD
anal ysis is this nunber tines this nunber. And that's
what we determ ned to be our conservative CFD stress
in this analysis.

Now, other plants aren't using anything
near this conservativism The only reason we do this
i s because we don't have a | ot of | oads out there, and
we can afford to do that.

So | just don't want you to think that
this is a realistic assessnent of our CFD stresses.
| f anything, it's seven, eight tinmes |ower than this.
And there is a very conservative stress concentrati on,
maybe 10, 12 tinmes |lower than this nunber here.

Then what we did is we took our signals

from our existing instrumentation in our acoustic
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nodel. And we ran those through the finite el enent
analysis. And this conbined | ocation with stress
concentration factors, et cetera, this |locationturned
out to be critical.

So, again, we take the 403 psi stress
times the stress concentration geonetry factor. And
we end up at that location with an 18.57 stress.

This slide is not that great because here
is the conbination that we did. W basically are
taki ng the conbination, the CFD | oads that shoul d be
squared, tines the load factor ACME, that factor
squared, and that whole thing to the square root.

So we' re taking the square root sumof the
squares conbination of the CFD | oads quote and the
acoustic loads quote, mnultiplying those times our
geonetry factor and stress concentration factor. And
we're making sure that's less than a code limt of
13,600. Al right?

If we had rearranged that equation, we
were trying to determne now what would be the
al lowabl e increase in our acoustic |oads to stay
within the code-allowable limt using these
conservative stress assunptions. So we just rearrange
this equation, solve it for |oad factor, and we end up

with just this equation as a function of the factor
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that we can nultiple our |oads tines.

Now, if you go above right here, what we
had done is we had come out with those two stresses
that we saw on the | oads that we | ooked at. W would
have an ability to increase our acoustic |oad, our
system neasured acoustic load. |If it came up
literally everywhere, we would be able to withstand a
factor of 6. 8, 6.78 times t he current
acoustic-nmeasured | oads in our piping system

Based on t he conservative uncertainties we
have applied in this value, if we |look at the |oad
factor in terns of the | oad uncertainties, that drops
this nunber down by 3.91. So we come up with a very
conservative acoustic |load factor of 2.87.

Next slide.

DR. BANERJEE: Does this mean that you
don't expect your dryers to crack?

MR HOBBS: |If we stay below our limt
curve, which we'll show you nmonmentarily, which takes
into account this load factor, we expect that the
dryer will maintain its structural integrity.

DR. BANERJEE: Now, if you did this
analysis on something like Quad Cties before it

cracked, what would you have come up with?

MR HOBBS: Wth this kind of conservati sm

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

90

on it, there's no way that the Quad Cties would be

accept abl e under our nethodology. |In fact, our next
slide will kind of show you a picture and show you
t hat .

CHAI RVAN DENNING | would like you to

finish up in ten m nutes.

MR. HOBBS: (kay.

MR BETTI: We'Ill do that.

MEMBER SIEBER: | think that it's a
m st ake to assume that this anal ysis woul d denonstrate
that you aren't going to get cracks. | think the
anal ysis denonstrates you aren't going to get a
failure, which to ne is different.

MR. BETTI: | guess | have touched on al
of these things right here. W wll conbine by the
squares nethod. Briefly, we do that because the
frequency responses of the structure for the two
| oadi ngs were conpletely different. So there are no
cl osely coupl ed frequencies fromthe two results.

We used the maxi numstresses fromthe two

CFD cases. And, again, we conservatively used the CFD

| oads that i ncluded these hi gh-acoustic forces that we
think are very conservati ve.
MR. HOBBS: GCkay. So we have just two

nore slides to go, and then we'll concl ude.
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This figure denonstrates a Vernont Yankee
dryer structural integrity limt curve based on |i near
extrapol ati on of the acoustic circuit anal ysis input
and nmeasures relative to the nost |imting conponent
stress margin, as Enrico just descri bed.

The green line is the VY level 1 limt
curve. This curve will be applied during power
ascension to ensure that the VY steamdryer structural
integrity is maintained; in other words, that the
fatigue stress limt is not exceeded.

This limt curve is very low, especially
when you conpare it to the Quad Cities spectra, where
it's yellow here for original license thernmal power,
Quad Cities, and red at EPU conditions. |If you
applied our green limt curve to Quad Cities, you
could see that, even at original license total power
using our limt curve, they would have exceeded our
ceiling for stress limt.

DR. BANERJEE: Wiy is that curve so much
hi gher than yours?

MR. HOBBS: Wy is their curve?

DR. BANERJEE: Yes. \What is the physical
reason?

MR. HOBBS: Well, the difference between

our blue curve, which is our neasured val ues on our
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main steam piping, and our green curve is 2.87.
That's how nmuch we can tolerate in the way of an
i ncrease in | oads.

Now, when we go through our power
ascension program if we see a resonance out at a
frequency that chal |l enges that green curve, we will go
back and reanalyze. W run the acoustic circuit
nodel. W run the stress analysis. And we'll have a
di fferent green curve here, which nay have a peak at
that point because if we determne that we can
tol erate sonme resonance i n that hi gh-frequency region,
then we will adjust our limt curve.

CHAIRMAN DENNING | think it is a
di fferent question. So ahead, Sanjoy.

DR. BANERJEE: | was just saying if you
take the yell ow curve before Quad Cities went up and
t he bl ue curve, they | ook sonmewhat sinilar bel ow, say,
65 or 85 or whatever.

MR. HOBBS: Right.

DR BANERJEE: But, then, there is a
pretty large difference in the higher frequencies.

MR. HOBBS: Right.

DR BANERJEE: \What is the reason for it?
Do we understand the reason for that?

MR. HOBBS: Right. The reason for it that
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has been determned is that there are relief val ves on
the Quad Cities nmains steamlines. And there is nore
t han one relief valve in each main steamline. Those
cause acoustic excitation and coupling between the two
cavities, which are in close proximty to each ot her.

So those have been determ ned to be the
causes of these high peaks out here at 140-167 hertz
for Quad Gties.

DR. BANERJEE: And those are the peaks
whi ch are causing the failures, you think?

MR. HOBBS:. Those are the peaks that
caused the failures of the original Quad Cities
dryers. Okay?

DR. BANERJEE: (kay.

MR LEITCH  So what does level 1 nean in
power ascension? Does that nean you hold where you
are and just analyze or back down to original full
power |evel or what is the definition of |level 17

MR. HOBBS: That's a very good question,
and we're | eading into that next.

MR. LEITCH  Ckay.

VR. HOBBS: This shows our dryer
nmoni toring and t est pl at eaus for power ascension. The
power ascension nmonitoring will include power increase

steps and test plateaus at each five percent of
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current license thermal power.

Data will be collected hourly for power
i ncreases and within one hour of reaching each test
pl ateau. And that data includes strain gauges for al
ei ght strain gauge locations. It includes noisture
carryover data. It includes plant paranmeters which
m ght be indicative of potential dryer failure and
accel eroneter dat a.

In accordance wth the NRC |icense
condition, if the level 1 limt curve criterion is
exceeded, power will be reduced to the previously
acceptable level within two hours and an engi neering
eval uation perforned to docunment continued dryer
structural integrity.

So that's the purpose of that green line
there, that if we exceed that, we back down within two
hours to a safe condition.

CHAI RVAN DENNING If you don't mnd, we
can read the other viewgraphs. Can we end at this
poi nt ?

MR. HOBBS: Sure.

CHAI RVAN DENNI NG Ckay. Well, let's do
that, then. We will take a 15-m nute break and be
back at 10 m nutes before the hour.

(Wher eupon, the foregoing matter went off
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the record at 10:34 a.m and went back on

the record at 10:52 a.m)

CHAI RVAN DENNI NG We are still in closed
session. M. Scarbrough, would you pick up?

MR. SCARBRUGH:. Yes, thank you.

My nane is TomScar brough and I' mwi th the
Engi ne and Mechanics Branch in the Ofice of Nuclear
Reactor Regulation. |1'd like to talk to you this
nor ni ng about our conpren and val uation portion of the
Ver mont Yankee proposed EPU anmendnent .

MR. CARUSO Wit just a second. Are
t here nenbers of the public here who are not able --
you do not have a Di scl osure, Non-di scl osure Agreenent
si gned under O her Action?

(NO RESPONSE. )

MR. CARUSO Anyone here? Have you signed
a Non-Di scl osure Agreenent yet?

PARTI CI PANT: No.

MR. CARUSO The neeting is closed at this
point and we'll have to ask you to | eave.

CHAI RVAN DENNI NG  Ral ph, when is it
likely to be reopened, do you know?

MR. CARUSO W don't know because they're
going to be tal king about proprietary information for

a while.
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CHAI RVAN DENNI NG Probably through the

nor ni ng?

MR. CARUSO M. Applicant, do you have a

Non- Di scl osure Agreenent signed with contractors for
Ver nont Yankee?

MR APPLICANT: | wll do that now

MR, CARUSO If you don't, I'mgoing to
have to ask you to | eave.

| s there anyone el se?

(NO RESPONSE. )

MR CARUSO This is a proprietary
session. Al visitors who don't have an agreenent,
Non-Di scl osure Agreenent, at this time, you are
requested to | eave.

MR. SCARBRUGH. Good norning. What 1'd
like to do this norning is talk to you about the
Conpren eval uation areas that we did in the Vernont
Yankee EPU Anendment Revi ew.

The areas included the pipe rupture
| ocations, the anem c effects, the pressure retaining
conmponents and supports, the nuclear steam supply
system pi pi ng, conponents and supports, the Bal ance-
of - Pl ant pi pi ng, conmponents and supports, the reactor
vessel and supports, the control rod drive mechani sm

re-circulation of punps and supports, the reactor
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pressure vessel internals and core supports, safe
wei ghted valves and punps, seismc and dynamc
gual i fication of equi pnent, and potential diverse fl ow
effects. And what |'d like to do is I'lIl nove briefly
t hrough t he ot her conmponents and get to the C Dryers,
since that seens to be the nost area of interest.

The scope of the review included the
nmet hodol ogy and calculated |oads for the constant
pressure power uprate. The stresses and cumul ative
achi eved usage factors, the acceptance criteria, code
addi ti ons and addenda, the functionality inpact on the
safe related punps and valves and the piping over
pressuri zati on, and acoustic and flowinduced
vi bration | oadi ng and nonitoring.

MEMBER LEI TCH. WAs operating experience
a factor in deciding which areas you shoul d eval uat e?

MR. SCARBRUGH: Absolutely. In this case,
the steam dryer, since we've had so nmuch poor
performance for that, we focused on that quite a bit.
And al so, the review for the rest of the REC cool ant
conponents was straightforward. It was very sinmlar
to what we've done in the past for other power
uprates. It's a constant pressure power uprate so
that it sinplified the review So in that area, it

was nore straightforward and simlar to what we've
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done in the past.

MEMBER LEI TCH: But there were sone ot her
areas of operating experience where there were
probl enms other than the steam dryer, perhaps not as
wel | publicized and nore mnor issues like, | think,
main steam isolation valve drain lines and sone
pressure switches associated with -- adjacent to the
mai n steam - -

MR. SCARBRUGH. Absolutely. W' ve |ooked
at those as well, and we enphasize to the licensee the
nmonitoring program that needs to take effect for
t hose, and ensure that those conponents are capable
wi t hstanding the higher flows fromthe steam |ines.
So, yes, we did |look at those as well. That was al so
part of the operating experience.

MEMBER LEI TCH: COkay, thank you

MR. SCARBRUGH: In terns of the reactor
pl ant cool ant pressure boundary and Bal ance- of - Pl ant
pi pi ng, we eval uated those. There was no significant
increase in the tenperature or flow for the reactor
cool ant pressure boundary piping, with the exception
of the main steamand fee water flow systens. There
were sone limted -- limting issues relating to pipe
supports. There were a coupl e of pipe supports that

had to be replaced. The other piping was | ess
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significantly affected and they all net the Vernont
Yankee Code of Record, the ANSI B31.1 1967 edition.

Wth respect to state-related punps and
val ves, we | ooked at those conponents within the scope
of the ASME Code. The review focused on the
functional performance, and we based our review on
acceptance criteria for the design, general design
criteria, since this is a draft general design
criteria plant, and also 10 CFR 50.55(a)(f) for in-
service inspection of those conponents.

Wth respect to notor-operated val ves, we
had previously reviewed the MOV program at Vernont
Yankee under Generic Letters 8910 and 9605 and they
were found acceptable by the staff at that tine.
There were only mnor system and anbi ent tenperature
changes from the EPU related to MoVs. During
Engi neering I nspection Nunber 2004-008, there were
some weaknesses found in the MOV Programrelated to
val i dati on of the notor control serve testing and t he
| ack of formal trending of the results of the testing.
I n Suppl enents 16 and 32, the Li censee addressed t hose
weaknesses and specified that they woul d correct them
And in Septenber, there was a regional inspection,
which verified that those commitnents were being

i npl enented and those were docunmented in Inspection
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Report 2005- 006.

Next, I'd like to get into the Prevention
Adverse Flow Effects Review that we did. As we've
tal ked about, boiling water reactors have a steam
dryer, which is used to renove noisture. It has no
specific safety function, but it nmust retain its
structural integrity without release of |oose parts
into the reactor vessel or steam system

Quad City Units 1 and 2 experienced
significant damage to their origi nal square-hood steam
dryers during plant operation, in 2002 and 2003, for
Quad City 2 and al so i n Novenber 2003 for Quad City 1

In early 2005, Exelon replaced those
original steamdryers at Quad Cities with an i nproved
design and installed instrunmentation on the Unit 2
steam dryer to measure the pressure |oads and that
collected data is now being used to assess the
accuracy of the analytical nmethods that we tal ked
about -- the ones we tal ked about this norning, the 2-
circuits nodel

Entergy nodified their square hood steam
dryer at Vernont Yankee to inprove its structural
capability and you heard about those nodifications a
few mnutes ago. In terns of the cracks that were

found at Vernont Yankee in the fall of 2005, they were
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addressed i n Suppl enent 42 of the EPU Anmendnent and we
did analyst that those should not propagate any
further. Also, in terms of the recent cracking at

Dresden, we have reviewed that, discussed that with
t he Li censee, and as you heard this norning, part of
the problem at Dresden was the Finite el ement node
di d not adequately map out the gussets on that square-
hood dryer at Dresden and that weakness was corrected
at Vernont Yankee earlier this year. So they had --

MEMBER BANERJEE: Can you expl ain how a
Finite el ement nodel doesn't map out the gussets?

MR. SCARBRUGH. Well, what happened was
when t hey nodel ed -- you used to find an el enent nodel
to nodel out the gusset. They assuned in the nodel
that the gusset went all the way to the support frane.
Actually, it stopped at like that far short of the
support frane. And that's -- that's exactly where the
toe of that weld there, where the gusset cane, is
where the crack at issue at Dresden, and then it grew
around the gusset until it got to a point where it
relieved the stress.

MEMBER BANERJEE: So if they had done this
right, the finite elenment, what would they have done
to the gusset?

MR. SCARBRUGH: They woul d have seen t hat
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there was a weakness there. Wat they've done at
Dresden is they've installed -- for shoes underneath
t he gusset at Dresden and al so at Vernont Yankee. At
Dresden, because they have that higher |oad, they've
installed what | call "over-shoes" on top of those
shoes to extend, physically extend the gusset to the
support link and then weld it to the support link to
latch it there. Dresden Quad Cities have nuch higher
| oads t hey have to deal with than what we' re seei ng at
Vermont Yankee, so they have a much nore difficult
problemto deal wth.

MEMBER BANERJEE: So when you set up a
pl anned el enent nodel, what sort of QA is done to make
sure that it 1is actually taking the inportant
phenonena i nto account?

MR. SCARBRUGH: In that case, they -- the
cracking that occurred earlier at Quad Cities and
Dresden with the gusset was up around the top of the
gusset and everybody focused on that, and they just
didn't -- and we just didn't notice that they had not
gone all the way out to the end of the support |ink.

MEMBER BANERJEE: So how did that get by?

MR. SCARBRUGH. It's jut part of --

MEMBER BANERJEE: | nean --

MR. SCARBRUGH -- it's part of the
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review. You ask questions and you think it's nodel ed
and it wasn't.

MEMBER BANERJEE: So are there other
t hi ngs, which can get by like that?

MR. SCARBRUGH:. There's al ways that
possibility. That's why we've established this team
to ook at that type of reviewto try to | ook at al
t he possi bl e areas where there could be significant
weaknesses in the nodel .

MEMBER BANERJEE: So then you feel there
are none now?

MR SCARBRUGH: In terns of what we've
done now, in ternms of Vernont Yankee, what we see is
that the | oadi ngs are very | ow at Vernont Yankee. And
that's part of what the analysis is going to be
i nvol ved as they go up in power, to nonitor that | oad.
As long as the loading stays very low, the
uncertainties and such that we tal ked about, we do not
have a concern with.

MEMBER BANERJEE: What is the physica
reason the loading is | ow?

MR. SCARBRUGH. They're not giving the
excess - -

MEMBER BANERJEE: Are the velocities

| ower ?
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MR. SCARBRUGH: The velocities were | ower,

that's true.

MEMBER BANERJEE: How rmuch | ower?

MR. SCARBRUGH: Two hundred feet per
second at Quad and about 168, sonmething |ike that, at
Vermont Yankee. And what they're seeing is, when you
| ook at the traces from the main steamline strain
gage data, they're not seeing really any -- the
excitation of any of the resonance in the steamli nes,
and so they're getting very | ow | oad goi ng back to the
dryer. As long as that stays low, that's part of the
conditions in the safety evaluation is that as | ong as
it stays low and they don't have any resonance that
junp up and start to approach that |imt curve, the
resonance and the | oads are very, very snall.

MEMBER BANERJEE: The theory is that the
dryers are failing due to sonmething that's happening
inthe steamline rather than the flow of thensel ves.
| s that your hypot hesis?

MR. SCARBRUGH: Right, right. Wat we' ve
seen so far is the loads from the -- the shedding
coming off the dryer itself are very |ow conpared to
the trenendous peaks you see at -- for exanple, at
Quad Cities. And that's why they ended up repl acing

their dryers, because they couldn't wthstand that
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type of resonance feed. And even though they had
nodi fied their dryer to put in these sanme types of
nodi fications, it still wasn't capable of handling
that strong peak that they were seeing at the EPU
condi ti on.

MEMBER BANERJEE: As they said, this was
due to the relief valves, right?

MR. SCARBRUGH. They think -- they're
nailing it down, but they think it's comng fromthe
safe relief valve resonance, right, where the flow
causes a resonance across that relief valve and it
couples with the dryer itself.

MEMBER BANERJEE: And the staff agrees
with this?

MR. SCARBRUGH: Yes. So far, that's what
we see as well, but the entire reviewis not conplete
on Quad Cities, as to exactly where it's conmng from
That' s one of the questions we have for them is that
they're working on is nail down exactly where it cane
from They have a testing programin place where they
are nodeling doing snall-scale nodeling to | ook for
exactly where that resonance peak is occurring and
what to do about it.

MEMBER BANERJEE: Ckay.

MR. SCARBRUGH. Ckay. The next step we'd
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like to do is go ahead and i ntroduce the teamthat NRC
assenbl ed for reviewing this conpl ex problem

First, Dr. Christopher Boyd, who has over
ten years of experience working with CFD issues and
he's worked in this area since joining the NRC in
1996. Dr. S. S. Chen, with an Argon consultant,
hel ped us with the revi ew of Vernont Yankee 2004. Dr.
St ephen Hanbric is head of the Structural Acoustics
Departnment at the Applied Research Lab at Penn Stat e,
an associ ate professor in the graduate programto
Acoustics, and has worked wth the Naval Surface
Warfare Center and has directed nany nunerical and
experimental flows -- experinmental flowin structural
acoustics research and devel opnent prograns for the
Navy and the U S. industry. Dr. Hanbric hel ped us
with the acoustic loading in evaluating acoustic
| oads. Dr. Mil cahy has 20 years experience in flow
i nduced vi brations with Argon National Lab, primarily
in the Liquid Metal Fast Reader Reactor Program and
he's perfornmed experinental analytical research,
devel oped | oading functions and identify excitation
sour ces.

We have Dr. Vik Shah. He's a nechani cal
engi neer with Argon National Laboratory and he's been

i nvol ved with safety eval uations of the Boiling Water

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

107

Reactor Vessel Internals Program project on weld
repair for vessel internals, and he's worked for 20
years prior to joining Argon in aging nanagenent of
nucl ear power plant conponents with field experience
at ldaho National Laboratory. And Dr. Shah serves as
the principal investigator for the Argon team And
then we have Dr. Samir Ziada, who's Chairman of the
Mechani cal Engi neering Depart nent at McMast er
University. He's has 18 years of industrial
experience indealingwth fl owinduced vi brations and
acoustic resonance and he's performed numerous
vibration nmeasurenents in power plants and he's
designed and performed snall-scale nodel testing,
including snmall-scale testing of a BWR steam dryer.

So that's our group. W are very proud of
the team we assenbled to | ook at this conplex issue.
In terms of --

MEMBER BANERJEE: \WWen was the team
assenbl ed?

MR. SCARBRUGH. W began | ast year, before
we did the first review of the Vernont Yankee Steam
Dryer Analysis when we did -- and 1'Il give you a
little background.

MEMBER BANERJEE: And this is specific to

Ver mont Yankee or does it include the whol e progranf
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MR. SCARBRUGH: The team al so -- nobst of

the team Argon assists us also with Quad Cities and
Dresden reviews as well and so they're also invol ved
with that. So there's sone overl ap.

MEMBER BANERJEE: Were they -- did they
revi ew Dresden before this recent finding of the --

MR SCARBRUGH. Dresden was not revi ewed
in as nmuch detail by the team W did not use them as
much for the team for Dresden.

MEMBER BANERJEE: How nuch detail was
attributed?

MR SCARBRUGH. In that case, it was not
a significant anount of detail in terns of the finite
el enent anal ysis because, at the tine, for Dresden,
the -- Dresden had been operating for over a year or
two at EPU conditions and not seeing significant
probl enms, even with the ol d dryer, you know, even with
the original dryer. And so when they beefed it up and
made it stronger, we didn't feel we needed to | ook at
it in detail at that tine because they were adding
nore strength, but as we found every step of the way
along this problem you know, every tine we find
sonmet hing newas we get intoit. And eventually, Quad
Cities replaced their dryer and there's discussions

about possibly replacing the dryers at Dresden as
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wel | .

MEMBER BANERJEE: |s there any probl ens
with the replaced dryers in Quad Cties?

MR. SCARBRUGH. No. And right now,

t hey' ve been operating at Quad Cities, both units,
since the spring. They conme down -- one of the units
comes down in the spring of next year for an

i nspection. They're been nonitoring the pressure
sensors and strain gages on the Quad Cities Unit 2
Plant in conparing that to the acoustic circuit nodel
and we still have issues with themin ternms of the
exact uncertainty assunptions for that nodel, how wel |
it mtches, and that's -- they're currently providing
information to us as we speak.

MEMBER BANERJEE: Now, if you say that the
mai n problemis conmng fromthe steamline, is nore or
| ess what | understand --

MR. SCARBRUGH:  Yes.

MEMBER BANERJEE: -- why did Quad Cities
change their dryer design to reduce vortex sheddi ng
within the dryer itself? This is not a problem from
what you're saying, right?

MR. SCARBRUGH: Right, right. They
designed that dryer along tine ago in terns of our --

t he know edge | evel where we are. It was a year ago
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-- over a year ago that they began designing that
dryer, and we've learned quite a bit in just a year's
timeframe in terms of where these |oads are com ng

fromand what the sources are.

So they designed it -- it's nuch stiffer,
it's rmuch nore bul ky, much heavier -- because they
were intending to -- wherever this |load was coni ng

from whether it's vortex sheddi ng | oads, or acoustic
| oads, they were going to beef this up strong enough
that they woul dn't have any probl em what soever. So
they intended to over-design it for all possible ways
to try to inprove it. So it's an inproved design
overall, init -- because it nore closely matches the
nore recent steamdryer designs of the curved hood and
sl anted hoods that cane out later. So they sort of
used that sanme philosophy in terms of designing this
new dryer as well.

MEMBER BANERJEE: Ckay. Did they ever do
a CFD study?

MR. SCARBRUGH. No, | do not think they
did a CFD study. The |oads that they saw have been
significant, up in the 150-Hertz range or so, nmuch
hi gher than where they expected to see anything from
a CFD review. So they focused on the acoustic area.

In terns of the nodifications, you al
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went through themearlier, so | won't repeat them

CHAI RVAN DENNI NG You didn't actually
tell us what this review team what their node of
operation was, howbig an effort it was. | nean, what
did the Argon people, for exanple, do with it? Any
i ndependent anal ysis or just what did the reviewteam
do?

MR. SCARBRUGH. Ckay. In terns of the
review, the -- there's a whole series. Let ne junp to
-- let ne junp to the next slide. There was an audit
that -- the review team assisted the staff |[ast
Cct ober, Cctober of -- |I'msorry, August of 2004 at
the General Electric office in San Jose, California.
There, we went over the calcul ations, the analyses,
the -- we observed sonme of their nodeling on their
conputers. W nonitored what they were doing in terns
of the scal e nodel testing, that General Electric was
doing. That was for close to a week, the tinmefrane of
the review t eam

Fol | owi ng t hat revi ew, t he staf f
determ ned that there were a nunber of concerns
regarding the -- that original analysis of the steam
dryer. It had been based on a conbi nation of data
from-- actual collected data fromvarious plants and

then it was overlapped and it was extrapol ated, and
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there was a nunber of issues resulting, that we had
concern for that original analysis.

kay, as a result of that, there was an
audit report which indicated that the staff did not
accept that steamdryer analysis, and we indicated
that Entergy could resubmt an analysis. They did
that in the spring of this year, in Supplenents 26, 27
and 29. The Argon team and staff took that
information, reviewed it, and conducted an audit at
the General Electric office in Washington, DC where,
in June of this year, where we discussed with the
Li censee the analysis, the acoustic circuit nodel,
fl uent nodeling and such. And they also subnmitted the
fluent actual data file, which our staff, Dr. Boyd,
ran pernutations of that to get a feel for that.

At the sane tinme, inparallel tothis, the
team al so has been assisting the staff with the Quad
Cities review, in parallel, and so that we've been
interacting with Quad Cities on the acoustic circuit
nodel, which is very simlar. |It's the sane
contractor that developed that. So they've been
assisting us with that reviewas well in review ngthe
finite el enent anal ysis and acoustic circuit nodel and
such, for Quad Cities as well.

And then in -- as based on that June
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15'"/ 16'"" audit, the staff prepared Requests for
Additional Information that we provided to Entergy,
and that was assisted by Argon, with questions. Then
in August of this year, Entergy subnmtted the REI
Responses. In August of this year, August 15 '" and
16'", one of our staff, John Wi and Dr. Ziada, audited
the GE scale nodel test facility in San Jose to
evaluate the use of the scale nodel facility to
validate the acoustic circuit nodel and then, in
August -- later in August, August 22"/ 25'" the NRC
staff, with the whole team conducted an audit of the
REI Responses and all the supporting docunentation in
nore detail ed discussions with the Licensee on the 2-
circuit nodel and the CFD nodel for Vernont Yankee.
In Septenber of this vyear, Entergy
subnmitted supplenents in response to that audit and
the staff reviewed that and cane up with a proposed
draft Safety Evaluation, which we devel oped and
provided to project staff on September 30'". So that
was the -- Argon team and NRC teamand Dr. Zi ada have
performed detailed review and interactions with the
Li censee on their analysis, their basis for their
anal ysis, their assunptions in their analysis, and the
results analysis. So, it was probably nore in-depth

than | can renenber any revi ew bei ng done by the staff
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interns of the expertise that the staff brought into
this problem Because we net with ACRS before, a
coupl e of years ago, we just weren't there. W just
di d not have a good under st andi ng of what was goi ng on
with these dryers. |It's because of that we decided it
was tine to bring in experts, and so we were able to
find people who really understood this issue in rmuch
nore depth than we did.

MEMBER BANERJEE: So what is the new
under st andi ng that you have now?

MR SCARBRUGH: It's -- in ternms of where
the sources are, we have a much better understanding
of what's driving these | oads on the dryer and what's
causing the weaknesses in the dryer and where they
are. \Wiere we don't have a good feel for howto
extrapolate that information fromthe main steamline
strain gates data, up to a precise value for the | oads
in the dryer. W know --

MEMBER BANERJEE: But that's the issue at
hand, right?

MR. SCARBRUGH: Exactly. And that's why
it's very inportant --

MEMBER BANERJEE: So, do you feel that
it's okay to do what they are saying?

MR. SCARBRUGH: That's what -- we're going
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to get to all that. W're going to get to all that.
There's lots of slides, lots of slides. [|'mjunping
-- I"mstepping on all my contractor guys' words. But

MEMBER LEI TCH. The Safety Eval uation
Report, | think, is around Page 301. | don't know if
it"sright infront of me, but it says that pre-PDPU
there will be three -- the following three refueling
outages that will inspect the dryers.

MR. SCARBRUGH:  Yes.

MEMBER LEI TCH: But there's a table there
that seems to suggest that it's only two. Whichis
it? Is there a conmtnent for three inspections or
two i nspections?

MR. SCARBRUGH. Well, they should do --
probably in 2007, they should do three.

MEMBER LEI TCH: Well, that's just a -- you
don't really need to answer that question right now.
| don't want to take the tine with it, but it seens to
be just a difference in the verbi age versus the table.
| think the date for one of those pre-EPU inspections
has al ready passed and, obviously, it's one of those
post - EPU i nspections. The date has al ready passed.

MR ENNIS: This is Rick Ennis. | think

if you -- you're |l ooking at the Comm tnent Tabl e, and
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| think if you | ook at some of those comm tnents, they
shoul d that at various tinmes, in supplenents, they had
made a commitnment and later on , it was either
over | apped or superceded by another commtnent. And
that's sone of the comments. | think, as far as

vi sual inspection of the dryer, if you | ook on Page

306, it's Conm tnent Nunber 23, Visual |nspection of
the Dryer, and we' ve got that in Refueling Qutages 26,

27, 28, and 25 is the one that they just finished. So
it's three.

MEMBER LEI TCH:  Ckay.

MR ENNIS: Right. Those were -- if you
| ook at sone of the comments, it says, "Conm tnent
Modi fied by Letter. See Commtnent 23."

MEMBER LEI TCH: Right.

MR ENNIS: Do you see the coments there
on the right? So those were sonme of the earlier
commitments they made in sonme earlier letters and then
| ater on, it was superseded or overl apped wi th anot her
coormitment. So as far as the latest, if you'd | ook at
Item 23, and that's the next three outages from now.

MEMBER LEI TCH: COkay, so there are three?

MR ENNI'S: Yes.

MR. SCARBRUGH:. It's sonething that an

overvi ew of the steam dryer analysis -- you've heard
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this, but just to summarize it. Entergy evaluated the
potential steamdryer pressure | oads for a conbi nati on
of CFD and acoustic circuit nodel analyses to see if

t hese focused on the | ower frequencies for both the
current |icensed thermal power and EPU conditions.

The acoustic circuit nodel calculated acoustic

pressure | oads at high frequencies, but only for the
current |icensed thermal power.

Then the stresses for individual steam
dryer conponents were calculated using a finite
el enent nodel and from pressure |oads from both the
ACM and CFD anal yses, and then the peak stresses were
conpared to the peak limts and the ASM pressure was
al so tested.

In terns of the scope of the review, the
team | ooked at the validation of the CFD and AC
anal yses, the uncertainty of the analyses and their
i nputs, the fundanental frequency and danping
assunptions, the calculational nethodology used in
determining the stresses, the conbination of the
stresses, the stress limts that were used, the
mar gi ns of those limts, and then the Licensee's pl ans
for nonitoring steam dryer |oads and overal
per f or mance.

So, next I'd like to ask Drs. Boyd and
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Ziada to tal k about the CFD anal ysis and the initial
val i dation of the ACM

DR. DR BOYD:: I'mgoing to speak first
about the CFD review, which is the only reviewthat |
did and then Dr. Ziada, who reviewed the CFD work and
t he ACM can fol |l ow on.

I"'min the Ofice of Nuclear Regulatory
Research and we're supporting NRR and the team with
the CFD review. The NRR team provided us with
reports, conmputer files with the nodel itself and data
that they received fromEntergy as well as background
information. Wat we did is, we did a fairly careful
review of that and we participated in the audit and
produced a set of Requests for Additional |Information
that were answered, and then we participated in an
additional audit to followup on those questions and
t hen we recei ved suppl enent al responses, which we al so
reviewed. And we felt pretty confortable that we
under st ood what was done and howit was done and coul d
nmake a pretty good review of it.

The basic finding is that we believe there
is a significant wuncertainty surrounding the CFD
predictions and that the 15 percent suggested
uncertainty is kind of under estimated for this

particul ar problem That was our basic finding. And
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we have a lot of background information that can
support that in various ways.

And the second issue that cane up in a
suppl emental response was the conparison to plant
operating experience. There is sone specific test
data. And we tried to take a | ook at that and what we
found is that the CFD predictions were |ower than --
|"msorry, were higher than nuch of the plant data,
but the plant data cane from different geonetries,
taller dryers with slanted hoods, some of it in
| ocations like the skirt, and we didn't feel like it
was appl i cabl e.

One point was given to us. It was on the
hori zontal cover plate and, in that case, the CFD
nodel was about 33 percent too low. That was one of
the better points, | guess, for conparison.

W didn't feel like you could get a |ot
out of that conparison with those single point
neasurenents on unrelated dryers wth unrelated
conditions, conparing it to the CFD nodel

MEMBER RANSOM  What was the uncertainty
in, the loads that were actually predicted or
frequency of the | oads?

DR. BOYD: On the CFD nodel ?

MEMBER RANSOM  Yes. You --
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DR. BOYD: Wll, the suggested uncertainty

is 15 percent.

MEMBER RANSOM  But in what?

DR BOYD: On RMS val ues.

MEMBER RANSOM  RMS val ue of the forces or
RMS val ue of frequency?

DR. BOYD: | believe they were RVM5 of the
pressure fluctuations in the nodel, not forces. That
came from a paper that was submtted along with the
work for a large eddy sinulation of confined swirling
coaxi al jets.

MEMBER RANSOM  Ckay.

DR. BOYD: So the 15 percent uncertainty
came frombasically a two-neter-long test section of
a 2-inch pipe that expanded to a four and a half or
4.8-inch pipe and it had sonme swirling things in it.
From that, downstream they had some neasurenents of
pressure, RMS fluctuations, and they conpared them
with the LES sinmulations and they got this 15 percent
val ue.

MEMBER RANSOM  WAs there any attenpt to
conpare the frequencies that are predicted? It seens
like that's what is inportant in terms of coupling
with the rest of the system

DR. BOYD: | would have to -- | don't
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bel i eve the frequencies were conpared in this nodel

MEMBER BANERJEE: | don't believe so.

DR BOYD: Mean axial --

MEMBER BANERJEE: | think it was only for
the RVS fluctuations.

DR. BOYD: RMs on axial velocity, RVMS on
things like that.

Qur concern woul d be -- when we | ooked at
the nodel, the main source of uncertainty, we felt
i ke the geonetry was reasonabl e and the nodeling
assunptions were reasonabl e, but the solution
procedure was -- is basically a big challenge. So,
what they found on this 2-inch pipe, is they found
that it was very inportant to match the upstream
region as well. And in the paper, they used the
guotes, "the RM5 fluctuations were grossly under
predicted, with 2.7 mllion cells.” What they did is
t hey packed an additional 4 mllion cells just in the
upstreamregion along the walls, and then they
i nproved the resolution. So they ended up with about
a 6-mllion-cell case that was nore accurate.

Now we' re tal king about 4.7 million cells
on an entire operating BWR, including the main steam
lines, down to sonme -- it's just a totally different

scale. In their test nodel, across an integral |ength
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scal e to turbul ence, they used 10 to 20 cells. In the

upper done of the steam generator nodel, they used

| ess than one cell. The cell size was -- the integral
length scale was larger -- I'msorry, the cell size
was |larger than the integral length scale. So

there's, you know, a big difference in resolution.

In the inlet region where the nmajor
concern was, they used about two to three cells across
an integral length scale. So the -- and the probl em
is just the scale of the problemis enornmous. This
pi pe flow problem was at one neter per second on a
smal | scale and we're conparing it to sonmething that's
much, rmuch bi gger.

So we didn't feel that the uncertainty
fromthis pi pe nodel was applicable to our BWR probl em
and we were concerned that the wall nodeling, for
instance, was relatively inadequate and we had
concerns, you know, along those lines. The entire
upper dome is very conplex. The jets are com ng out
and they're dancing around and they're interacting
wi th each other, and there's a | arge tetrahedral nesh
up there that's significantly larger than what woul d
be required to resolve the turbulence. So the flow
com ng across the step, down into the inlet plenum

woul d not be expected to have the correct turbul ence
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as a sort of a boundary condition conming in to the
vertical and horizontal faceplates.

MEMBER BANERJEE: Do you think that there
could be excitations in this region, which are as
i nportant as those coming fromthe relief valves? |
nmean, that m ght be m ssed because of the inadequate
resol uti on or sonething?

DR BOYD: That was a concern. | nean
it's hardto predict with these equations wi thout some
experience on very specific geonetries like this. One
concern | had was the sheddi ng can be inpacted by the
upstream turbul ence conmng in and the sheer |ayers,
and none of that was really adequately nodeled
upst ream

MEMBER BANERJEE: But coul d the sheddi ng
frequencies get up into these regions, which they
think are causi ng the damage? You know, they --

DR. BOYD: | would say probably not.

MEMBER BANERJEE: -- a couple of hundred
Hertz, right?

DR. BOYD: Yes. | would think probably
not. But we just don't know. But just |ooking at the
CFD, in a focused | ook at the CFD, the concern we had
is that that uncertainty estinate was too | ow.

CHAl RMVAN DENNI NG You know, it sounds
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worse than that tome, and 1'd |i ke to know whet her it
was the inpression of any of the people who had

experience with CFD, whether one should totally
di scount that CFD anal ysis, say, 15 percent? | nean,
| think that's extraordinarily lowrelative to the

uncertainty. |Is it so gross an approximtion -- ny

own experience with CFDin a much snal |l er problem was
| saw tremendous sensitivity in pressure differences
to nodalization and | just wonder, is -- was it the
i mpressi on of sone people that one should just

conpl etely discount the fluent analysis?

DR. BOYD: Yeah, there is a train of
thought that it's nore qualitative. The Ofice of
Research was asked to do that calculation a few years
ago when Quad Cities, you know, first started having
problenms. And we | ooked at it for about six nonths
and did sone prelimnary things and we considered it
an untenabl e problem given our resources. And so
that's what they face. They tried to -- it's a very
difficult problem

MEMBER BANERJEE: Probably, the overall

gross structures that you see seem reasonabl e.

DR. BOYD: | think there are things to
learn fromthe CFD nodel. | wouldn't totally discount
it. Again, nmy concern was this -- our concern was the
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uncertainty estinmate.

MEMBER KRESS: But the qualitative
expectation is that the vortex shedding | oads and
frequencies are small conpared to the acoustic on
downstream That's a qualitative thing that cones out
of the CFD

MEMBER BANERJEE: That is the issue,

t hough. |'ve been m ssing sonething.

DR. BOYD: Hydro-acoustic coupling cones
to mnd as something that would be a concern if
t here's possi bly sone standi ng waves in the donme. And
there was -- the tinme step would not be as suitable
for that type of nodeling and there are other issues
with that also. But, you know, there is that thought
that something -- there are those kinds of concerns.

MEMBER BANERJEE: That woul d be nore the
concern, in the sense that even qualitatively, is
t here sonething being mssed in this anal ysis, which
coul d be of inportance and coupled with the acoustic
wave? So is it really understood well that the
probl emis due to rather high frequencies or failures
that are occurring rather than |ow frequencies?

MR SCARBRUGH: Well, | would think it was
what they had seen from Quad Cities, where they

actually install ed a nunber of pressure sensors on the
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steamdryer. They are not seeing nmuch happeni ng down
in the | ower frequency range, but they're seeing a
tremendous peak up around 150 Hertz, the higher
frequency range. So, nowit is a different designed
dryer, but they're not -- they're not seeing the sort
of activity, you know, the actual measurenents from
the dryer. And when they did their scal e nodel
testing, they're not seeing that rmuch either from
CGeneral Electric. They're not seeing that much
happening at the | ower levels. But, you know --

MEMBER BANERJEE: Are these scal e nodel s
-- excuse nme for interrupting you. Are these scale
nodel s giving results, which are in correspondence
with the full-scale, and could they be used to
understand things better?

MR SCARBRUGH: That's what Gener al
Electric is doing right now. They' re taking the data
from Quad Cities and going back and matching it,
correlating it to find out -- where the scal e nodel
didn't see that really high, super high peak there,
you coul d see sonme, but you couldn't see it in -- as
high as it was. And so they're going back and trying
to decide, okay, why did it not pick up that high
peak? But in other areas, it's matching pretty well.

In the | ower frequency ranges and things like that,
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it's matching pretty well. But -- so they're having
to go back and re-look at that. So that's part of
CGE' s ongoi nhg program

MEMBER BANERJEE: | guess the issue which
| "' m concerned about, and why | wanted to ask Chris
about this, is if there are phenonena within this --
let's say, the dryer area rather than in the pipe
itself, interns of failures, then it nay be hard to
detect them by | ooking at censors along the pipe and
not having one on the dryer. So the real issue is
whet her such frequenci es, which are of interest, would
be generated within the dryer or not, and whether the
CFT analysis mght mss these conpletely, in which
case, we m ght say, okay, you know, it | ooks |ike the
CFT analysis indicates there's no problem It only
shows | ow frequenci es there, which are not of concern,
based on our experience base. And now we put al
t hese sensors on the pipes and we expect the problem
to come fromrelief valves or whatever, you know, so
that we really think that's an adequate neasure to
take instead of putting sonme instrunmentation in the
dryer actually to | ook.

MR. SCARBRUGH. And that is something --

MEMBER BANERJEE: And that's really the

i ssue?
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MR SCARBRUGH. Ri ght.

MEMBER BANERJEE: How nmuch confidence can
we have in that?

MR. SCARBRUGH. Right, and we have tal ked
about that with the term W' ve asked that question
ourselves. Is, you know, by nonitoring nmain steam
lines, if the loads get such that there could be
damage to the dryer, would the main steamline sensors
be able to pick up that higher |oads that are
generated. One of the areas that we did was, we asked
-- and as part of the licensed condition -- is that
they have to nonitor not only that, but the
accel eroneters, to look for lower frequencies for
excitation. Anything that's in the | ower frequency
range that m ght belowthe sensitivity |evel of those
main steamline strain gages. So that's part of what
we're nonitoring as well.

MEMBER BANERJEE: Wuld the main steam
line strain gages see excitations, which originate at
t he dryers thensel ves? The hi gh frequency due to fl ow
and resonances within these cavities and things like
that? Then pick it up on the nmain streamline?

MR SCARBRUGH: That was one of the
guestions we asked in terns of if you start to see

such high turbul ence and problenms in the dryer that
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you're starting to get to a danage |evel, would that
be reflected dowmm? And that -- I'mnot an expert in
this area, but ny understanding was that you would
start to see sonme sort of interaction, sonething

happening downstream that you get that much
turbul ence and excitation going on in the dryer, in
t he dryer and reactor pressure vessel that you woul d,
bet ween the acceleronmeters and the main steamline

strain gage, you woul d start to see sonet hi ng abnor na

happeni ng.

MEMBER BANERJEE: The problem though, is
that | was talking to a gentlenman who had been
involved in, | think, this acoustic circuit nodeling,

and he was saying that the main effect in the boundary
condition conmes from the mass flow, not from the
pressure fluctuations. So, | mean, there nay not be
mass flow fluctuations com ng through, so you night
get a lot of action in the dryer, which is not so

apparent. Maybe this can be cleared up, but let's put
the question in a direct way. |Inagine there was a | ot
of activity due to turbulence and so on. Wthin the
region of the dryer cavity, would this be detected by
the sensors, which are currently planned? | think

that's the question that should have a cl ear answer.

MR. SCARBRUGH. Right, and that's why
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we're junping over fromCFD i nto acoustics and -- but
we have a different team of people --

MEMBER BANERJEE: Yeah, but a CFD is
rel evant because, | think, what CFD coul d address is
whet her there could be this possibility --

MR. SCARBRUGH. Exactly.

MEMBER BANERJEE: -- or not, within the --

MR. SCARBRUGH: Yeah, | know. And that's
why I'd like to turn this over, and we have the w ong
guys up here, but for this question, but Dr. Hanbric
is right behind youand I'll | et hi mspeak now because
he's been trying to get my attention on this issue.

MEMBER BANERJEE:  Sure.

DR HAMBRIC. Yes, this is Steve Hanbric
from Penn State. Actually, Entergy, this norning,
showed sone data that they've collected from strain
gages installed on their main steamlines. And the
new data clearly shows acoustic peaks that are
associ ated with resonances within the fluidinsidethe
donme itself, very | ow frequency resonances, that get
excited by the turbulent flowtraveling over the dryer
and into the main steamlines. Al that turbul ence
lights up those nbdes. So it is showi ng evidence at
current |icensed power conditions of those peaks, so

if the anplitude of the excitation increases and the
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peaks crank up, you will see that as they go up to the
hi gher power | evels.

CHAI RVAN DENNI NG  How do you know f or
sure that's right? I'msorry. How do you know for
sure that's where they're originating? | understand
you're seeing them out there. How do you know t hat
they originate fromthe donme?

DR. HAMBRIC. They've done finite nodels
and scal e node testing and the CFD nodel s and | ooked
for the acoustic resonances of the cavity itself, and
they're pretty consistent. The frequencies are plus
or minus a few percent, but you see the shapes of the
nodes pretty clearly and it makes sense --

CHAI RVAN DENNI NG Ckay.

DR HAMBRIC. -- if you just do quick
cal cul ations of length and speed of sound.

MEMBER RANSOM  Wul d you see rather high
frequenci es?

DR HAMBRI C.  Yes.

MEMBER RANSOM From strain gage
measur enent s?

DR HAMBRIC. |'msorry?

MEMBER RANSOM  \Were they pressure or
strain gage neasurenents on that?

DR HAMBRIC. It's an integrated strain
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gage signal that captures the breathing of the pipe.

MEMBER RANSOM Right, right.

DR. HAMBRIC. So what you're seeing is the
acoustic waves emanati ng fromthe donme, travelinginto
the pipe, and going in the other direction, down
toward t he turbans. And so you'd pick up that signal.

MEMBER RANSOM  Wbul d you see that at high
frequencies as wel | ?

DR. HAMBRIC. Ch, yeah. Yeah.

MEMBER RANSOM So this is not -- so the
pressure, with this comng into the pi pe, and sonmehow
you're able to sense this down the pipe?

MRVBER HAMBRI C.  Ri ght.

MEMBER RANSOM  The things that are going
on in the done?

MRVMBER HAMBRI C. Right. So what the done
is doing is it's kind of breathing and it's punping
energy into the steam lines, and so it causes the
steamlines thensel ves to expand in response to that.
And you can pick that up --

MEMBER RANSOM What is the basis for
that? | mean, there's a little pipe and there's a big
done here.

DR. HAMBRIC. Right.

MEMBER RANSOM Wy are you going to be
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able to see that inside this pipe?

DR. HAMBRIC. The coupling isn't perfect,
but it is measurable.

MEMBER RANSOM It's weak at higher
frequenci es?

DR HAMBRIC. Right. On, it is weak, but
you will seeit. Now, at high frequencies, we suspect
the main sources are going to cone fromval ves that
are downstream

MEMBER RANSOM Well, that is the
assunption, right?

DR. HAMBRIC. That is the assunption,
right.

MEMBER RANSOM  Yeah. [|If there were high
frequenci es generated within the dome, would you see
t hen? That was the question.

DR. HAMBRIC. Maybe is the answer.

MEMBER RANSOM  Ckay.

DR. HAMBRIC. Some of them you woul d.
Some of themw || probably be filtered out.

MEMBER RANSOM It didn't | ook that
certain to nme, that you would be able to.

DR WJ In order to -- this is John, John
Wi. | amone of the reviewers. |[|'ve been involved in

this, you know, for quite a while, for the | ast coupl e
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of years.

In order to answer Sanjoy Banerjee's
guestion, that is the same questi on we've been aski ng
ourselves. W've been asking it at Quad Cties and at
Ver nont Yankee about, how about a coupling between
acoustics and, like a vortex shedding and turbul ence
wi thin the cavity, providing you can expand t he vort ex
shedding within the cavity? For sone reason, quite
recently, we looked at the Quad Cities interna
matri x, which al so shows the peak at high frequency.
That's from their shedding nentioned, also fromthe
pressure sensor neasurenent, supposed to showt he hi gh
frequency. Wich is a conplete, quite consistent with
the | oads, so that's why we say, howto reserve this,
you know. Acoustic can, you know, to -- well, hydro
-- downloading within the cavity. Sonething |ike
t hat .

But we need -- up to now, we believe we
j ust see the neasurenent data and that we pretty much
think that, you know -- the high frequency occurs from
the incidents. So we believe that, you know, high
frequency exists in the pressure on the trial.

MEMBER KRESS: This issue could be
resolved if we had string gages on the steamdryer

itself.
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DR WJ. W do. W do have that, yes.

MEMBER KRESS: You have those on both the
new and - -

DR WJ On the QC, on the Quad Cities,

t 0o.

MEMBER KRESS: On Quad Cities? That's a
di fferent steam dryer.

DR WJ. Right. It is.

MEMBER KRESS: Well, is it that difficult
to put gages on the Vernont Yankee side?

MR. SCARBRUGH. The dosage is very, very
hi gh.

MEMBER KRESS: |It's a dose issue
appl i cation?

MR. SCARBRUGH. Yes, yes. That's really
where it is. | nean, they' ve been nodifying it quite
a bit. So they've nodified it. They can do the
nodi fication, but the dosages would be quite a bit
just to run those |ines out.

CHAI RVAN DENNI NG Ckay. | think we ought
to nove on to the AMC validation

MEMBER KRESS: Before you go on, I'd |ike
to hear a little nore about that last bullet. What
are the Licensee conditions that are going to address

this thing?
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MR. SCARBRUGH: What the intent was,

because of the uncertainties regarding the CFD, was in
ternms of the nonitoring of the nmain steamline strain
gage data that now will go down to a rather |ow
frequency |l evel and the nonitoring of the acoustic --
of the accel eroneters on the nain steamlines, | ooking
for low frequency | ows that m ght be significant, so
that's part of what they're going to be nonitoring.
Now, the uncertainties is that, in terns of the limt
curve, the limt curve where they operate now, with
what their sensors are reading, are very far away from
where the limt curveis. If any peak hits a resonance
and strikes that limt curve, they have to stop. That
stops them right there. The analysis was that the
whole -- all of that frequency spectrum goes up and
hits the limt curve. But the condition is nuch nore
stringent on that. |If any peak hits it, they have to
stop, and they have to stop at -- whenever they're
nmonitoring, they have to nmonitor hourly, and at 5
percent, 10 percent, 15 percent of the original
licensed power, there is a conmtnent also, that as
part of the NRC staff review, if we have a safety
concern with what's happening with that actua
operational period, then they have to stop and resol ve

t hose i ssues.
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So, if they get to a point where any
excitation starts to occur, they have to resol ve t hese
uncertainties and that stops the power increase. And
so that's the condition that addresses it.

MEMBER KRESS: On the one basis, did you
deci de what level that limt ought to be?

MR SCARBRUGH. The limt curve?

MEMBER KRESS: Yes.

MR. SCARBRUGH. What they did was, in
terms of how far it was away, that there was like a
hundred percent -- if you look at the weak |ink and
there's a slide later onthat, onthe limt curve, but
if you ook at the weak link, it's still -- even if
you assune the calculations that they did, they're
still twice as nmuch, a hundred percent, nmargin up to
that level for the overall. And that's the curve that
t hey establish. And what we did, we said on top of
that, not only would the entire curve go up there, but
if any peak hits that, that's where we stop. So
that's how we added t hat additional conservatisminto
nmonitoring of the actual strain gage data, is that if
they see any peak go up and hit that, they have to
stop. Because --

MEMBER KRESS: The weak link you are

tal king about is on the dryer itself?

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

138
MR. SCARBRUGH. On the dryer itself, yes,

MEMBER KRESS: So the assunption is that
we wll basically get no attenuation of that
downstream as it goes through the exit plan and --

MR. SCARBRUGH. Well, they have to nonitor
-- in terms of things happeni ng downstream they have
to nonitor the piping, the conponents, wal k downs,

i nspections, all that has to be done during every 5
percent power |evel. They have a series of wal k downs
t hey do, and accel eroneters, nonitoring accel eration
of all the conmponents. And Quad Cities did see these
hi gh peaks start to occur in their accel eroneters when
they started to have problens. So, they're going to
be monitoring all of that information at each hold
point and then presenting that to the staff and if
there are any excitation i ssues, thenthey're going to
have the hol dback

MEMBER KRESS:. Thank you.

MEMBER LEI TCH: |Is there any conmitnent to
nmonitor quality, other than just upon first reaching
each plateau? In other words, nonths or a couple of
nmont hs downstream are they required to nonitor the
qual i ty?

MR. SCARBRUGH. Ch, the notion carryover?
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MEMBER LEI TCH:  Yes.

MR. SCARBRUGH. Yes, sir, that's part of
the ongoing -- the criteria -- they have
cal cul ationals that they do based on the main steam
I i ne gages, and al so the noisture carryover. Both of
those. But we want to catch it before it gets to a
noi sture carryover issue.

MEMBER LEI TCH: Sure, but what |'m saying
isthereis arequirement to do that upon reaching the
120 -- upon reachi ng each pl at eau?

MR SCARBRUGH. Yes.

DR. MJRPHY: But |'m sayi ng what about
downstream of that? In other words, upon first
reaching it, the noisture carryover is high, but what
about a nonth, a year downstrean? |s there a
conmitnent to --

MR. SCARBRUGH. Right. W expect themto
continue the nonitoring of noisture carryover, like
nost plants do, just like Quad G ties and Dresden do,
continuously. And any tine they see -- just like
Dresden, we've had a couple of cases in Quad Cities
where the noi sture carryover has gone up after a rod,
control rod novenent. And that sane type of
eval uati on woul d be conducted here. |If they start to

see an increase intheir noisture carryover, they need
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to evaluate what's causing it. Sonetines it's caused
by something, you know, as straightforward as a
control rod novenent, or at Quad Cities, they had
cases where they actually had dryer fail and then t hey
saw t hem go up

MR. SCARBRUGH: But you coul d have the

dryer failure and not have it affect the npisture

carryover.
MR. SCARBRUGH. |If you have a crack, yes,

sir. | nean, once it wasn't releasing -- you know,

and then they have to conme -- and then they do the

detail ed inspections, you know, at the next three
outages to find that. And if they find that, that's
going to put them back to Square One because they
shoul dn't see any. Wth the | ow | oads they're seeing,
they shouldn't see any cracking at all in terns of
this type of fatigue-type cracking.

CHAI RVAN DENNI NG Ckay, let's nove on to
t he ACM del egati on.

MEMBER CARUSO Do you believe that the
failure at Quad Cities was triggered by a rod pattern
change?

MR. SCARBRUGH. No, no, no.

MEMBER CARUSO. It just happened at that

poi nt ?
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MR. SCARBRUGH No, no. They've had
noi sture carryovers at increases at Quad Cities for a
nunber of different reasons. They' ve had themfor a
stream dryer failure and they've had themfor a rod
change.

DR ZIADA: M nane is Samr Ziada. MW
part on this teamwas to | ook at the scal e nodel tests
and the validation of the ACM nethod on scal e nodel
tests as well as helping FISK with the CFD

Perhaps | can say sonmething very brief
about the scal e nodel tests. Actually, if you | ook at
the results of this capabilities, you see that you
have t he high frequency and | ow f requency conponents.
In the scale nodel tests, you see the |ow frequency
citation, whichis -- what we say, the higher dynami c,
and see at low velocity, and it goes up, the |ow
velocities with dynamc tests, and it exists at every
flowvelocity. Wereas, the high frequency conponent,
the resonance of it, they becone initiated at high
vel ocity volume, and the wi nds becone initiated, it
beconmes very steep. The altitude decreases with
velocity very steep. This seens to correspond to the
nmeasurenents in Quad City. Actually, if you see the
Quad City here, you see that the neasurenents of

vi bration and strain and pressure at hi gh power starts
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goi ng very steep which really conpares well with the
nodel of this. So the evidence we have now does

indicate that nost likely it is the high frequency
conmponent that we need to worry about at the nonent.

Havi ng sai d that, the scal e nodel test was
used to validate the ACMand at this tinme, what they
didis they tried to put the pressure conceal sites at
t he sanme | ocations as the old | ocations at VY, Vernont
Yankee and what happened is in the scal e nodel test,
you have the m crophone, the sensors are very good
because they are flush-nmounted to the pipe. You have
no -- the uncertainties are very small. You know, the
speed of sound, the volunme conditions are well
defined, so you have really perfect conditions to test
the validity. The results of this was really not very
good.

MEMBER RANSOM  The scal e nodel s, are they
just geonetric scales or did you scale the fluid al so?
The testing of air as opposed to stean?

DR. ZI ADA: The validation test is being
done on whatever nodel it is. The nodel is actually
a Quad City nodel. It's not a VY nodel. But the
obj ective of the validation of the acoustic nodel is
to -- because you could neasure the pressure

distribution inside so that the test was to vali date
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t he net hod rather than nodel the VY. So they had two

m crophones in every pipe and they tried to circul ate

it, this whole nodification, to, | believe the

di stribution, and then conpare it with the

nmeasurenents that's done on this smaller nodel. Okay?
So, as | said, | would have expected t hat

that should really have all the test results for this
case. | would call it a sinple case conpared with the
pl anned | arger effort.

The trend was to find, to show that the
results balanced -- the predictions balanced the
nmeasurenents and that this brings a | ot of
uncertainties because you just try to adjust sone
factors to adjust it. So | would say that the
validationin the snaller scal e nodel was real |y about
heati ng.

MEMBER BANERJEE: Wy was that, do you
t hi nk? The neasurenents were good, right?

DR ZI ADA:  Yes.

MEMBER BANERJEE: So is the nodel bad?

DR. ZI ADA: You have so many sources, you
have a lot of precipitation in the piping, and
certainly the nethod can be inproved.

MEMBER BANERJEE: How big is the pipe?

DR. ZI ADA: | would think -- correct nme if
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|"mwong -- maybe the pi pe, maybe one inch, one inch
or |ess.

MEMBER BANERJEE: And what is the
vel ocity?

DR. ZI ADA: The velocity was the sane map
nunbers, so the velocity should have been --

MEMBER BANERJEE: 160 -- 200 feet per

second.
CHAl RMAN DENNI NG W have a comment from
DR. BILANIN: In fairness, the validation
was done blind.. The best paraneters were estimated
CHAl RMAN DENNI NG Hold on one second. |
don't think you' re speaking into a mke. | think it
fell down.

DR BILANIN: In fairness, the validation
was done blind. And the best paraneters were
estimated for a true speed and ot her danping factors
from the subscale nodel. One cal cul ation was done,
and that was supplied for the valuation, so there was
no nodel tuning done what soever for that conparison

MEMBER BANERJEE: And what were the
paranmeters that were estimted beforehand?

DR. BILANIN:. Various things, such as
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acoustic speed, the anobunt of |osses that occur at
steanmfwater interface. That is nodeled in the
cal cul ation, but the radiation conditionis downstream
of the pi pe, how nuch danping is in the speed done and
acoustics of the speed done itself. So there were
several paraneters in the nodel

DR. ZI ADA: So, again, the other aspects
of this validation actually is that the tests were
done at very relatively low flow velocities and the
nodel which does not correspond to 100 percent of VY
conditions. At these conditions, the relief valve
were not excited, so this, | think, brings additional
uncertainties. Seeing that the noise ratio is a very
i mportant factor when you are doing this and when you
run this with alowspeed flow, it neans that you have

| ess turbo participation, as well as |oud speakers

were used. | recall that the |oud speaker vol ume was
turned up pretty high. It means that the noise to
signal ratiois also very -- the signal to noiseratio

is politically good.

So, all this, I would think that one woul d
have expected better agreenent, and that before,
t hi nk, the teamconcl uded that the validation base was
not really successful on this small scale nodel. And

we started focusing on a nore appropriate condition,
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which would be simlar to Vernont Yankee and that's
when we started |ooking at Quad City validation and
doi ng sonething simlar in VY as well.

The validation of VY, of Quad Cty, |
t hink, the next teamw || tal k about that.

CHAI RMVAN DENNING Ch, that's going --
we're going to have a presentation on the validation
against Quad City 2 later? |Is that what you just
sai d?

MR. SCARBRUGH: Actually, right now

CHAI RVAN DENNI NG Ri ght now, okay.

MR. SCARBRUGH. And so we're going to ask
the other nmenbers of the team to cone up and we'l
switch out, so they can talk nore about the acoustic
circuit nodel now.

MEMBER BANERJEE: Blind tests are very
good. | renenber that when these were done for LOFT,
every tine we did a blind test before and then we did
t he experinent, they never agreed. But after that,
they always did. Every time we did a new test, we had
the same problem So these nethods sel dom have any
predictive fodder.

MR. SCARBRUGH. Next we're going to have
Doct ors Hanbric and Shah and Miul cahy wal k you t hrough

our review of the acoustic circuit nodel analysis and
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al so the ACMinput on certain issues.

DR. HAMBRIC. By the way, in the Navy
comunity where | work, we have a term-- maybe ot her
people use it, but we conpare "predictions" versus
"post dictions" and it's just as Sanjoy pointed out,
post dictions are always better.

I'"'m going to talk about the acoustic
circuit nodel analysis review. W' ve |ooked at a
whole lot of information from CDI, as well as from
CGeneral Electric and Entergy, as well as Exelon with
the QC people. So | just want to reenphasi ze that al
of us are working on the QC, as well as the VY
reviews, and that's hel ped us i nmeasurably as far as
under st andi ng what we think is going on there.

But just to refresh your nenory, the
acoustic circuit nodel relies on neasured inputs.
It's not trying to predict fromfirst principles
what's going on inside the dome and the nain steam
lines. What it does is it takes neasured pressure
waves or pressure anplitudes and phases at two
| ocations in each steamline and then tries to infer
t he wei ght anplitudes going | eft and right. They then
coupl e those main steam |ine one-dinensional nodels
with the three-dinensional done nodel to try to get

t he coupl e anal ysis of what's goi ng on everywhere and
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what pressure | oads are on the steam dryer.

Those i nputs are synchroni zed tinme series
and so everything they're doingis inthe tinme donmain.
And as we pointed out a nonent ago, the scal e node
tests were not all that useful as far as validating
the ACM And so what we used instead was Quad Cities
2 neasurenents. For the instrunment in the dryer, they
had 27 pressure taps nounted to the outer surface and
in the inner surfaces of the dryer. And they | ooked
at the broadband pressure levels, as well as the
spi kes that you saw at around 150 Hertz and we spent
a lot of tinme discussing what the errors and
uncertainties are.

Let me al so, before | get into that, kind
of point out that the nmain goal of Entergy and Exel on
is to use these nodels to cone up with conservative
bounds on what the loads are. |It's not, can we get
the pressures exactly predicted? It's, are we above,
are we conservatively above the pressures that are
actually inpinging on the dryers. So that was our
main focus in the review, is are we conservative and,
if we're not, what is the bias error? Wuat is the
uncertainty that they ought to apply to these
predictions in order to tell them whether there's a

chance that the stresses in the dryer night be over
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the allowable limts. So, that was our main focus.

It says on the vu-graph that they used a
specific ACMversion. So you had heard Dr. Banerjee
refer to a fewparaneters that they use in the nodels.
The paraneters are danping in the nain steam lines,
danmping within the done, and |ots of other danping
par anmet ers and sound speeds. So what Entergy did was
they froze the ACM version that they were using and
the froze it to the Quad Cities 2 originally licensed
power condition, 790 Megawatts. So there are
neasurenents at that condition. There are predictions
at that -- blind predictions at that condition. And
t hey are basing uncertainties on those conpari sons.

Based on all that, they cane up with 100
percent uncertainty and that's an anplitude. There
was a question earlier about frequency and anplitude
uncertainties. The AMCisn't going to shift
frequenci es. Watever peak frequencies you see in the
steam lines, those are the peak frequencies you're
going to see in the dryer. So that 100 percent
uncertainty is under the anplitude of the | oad.

Even after applying that, they presented
in submi ssion to us, a conparison of spectral density
plots in frequency and al so RM5 overal |l anplitude

pl ots and added that 100 percent uncertainty to the
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ACM predictions and they conpared that to the actual
neasured data. And there were still under-
predi ctions.

And the other predictions that we've
nostly been focusing on are at the toe ends that you
see at 150 Hertz and so t he val ve singing frequencies
in QC. Because our nmain concern is one of those
valves is going to light off and start causing
acoustic waves at very high anplitudes to travel down
the steamlines and hit the steam dryer.

And so when we tal k about uncertainties,
we're nostly | ooking at those peaks because that's
what we think is driving PC dryers, the old dryers in
the failed unit.

So even after the 100 percent uncertainty,
they' re still under predicting, okay. And that under
predictionis addressed in the |license conditions that
Tom Scar brough just nentioned as far as nonitoring
what's going on. At any peak, challenges on limt
curve, we're nmaki ng themgo of f and do pretty much al
t he anal yses over again and they have to convince us
that the uncertainties that come up are realistic and
fair and that they're really not challenging the
integrity of the dryer.

MEMBER RANSOM  Steve, do you know what
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ki nd of coupling they use between the done, the steam
done and the |ine?

DR, HAMBRI C.  Sure.

MEMBER RANSOM  For exanple, if you use
just continuity a coupling agent and assume a j ust
continuous change in area, you get one answer, but
another one is a fairly newtype entrance effect, and
| forget what the acoustic termis for that, but it's
a circle in the hol ograph point that you use for the
boundary condition, you get quite a different answer.

DR. HAMBRIC. Yeah, they are using a
| adder. They are assuming a fluctuating head | oss
across the joint.

MEMBER RANSOM Well, very little head
loss with the brewery-type entrance.

DR. HAMBRIC. Right, but it's a
fluctuating, right. So they're including that termin
t heir coupling between the main steamline 1D acoustic
nodel and the 3D done nodel

MEMBER RANSOM  Ckay.

DR HAMBRIC. And they don't have to
cal culate that fluctuating head | oss to get the answer
on the steam dome, but they can. And they've done
that in some of their subm ssions.

And they also enforce continuity of
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particle velocity. That's supported --

MEMBER RANSOM | was just wondering if
that was maybe part of the reasons that there's such
hi gh uncertainty.

DR HAMBRIC. There's that. A lot of the
danpi ng paraneters are probably giving you a higher
uncertainty. Sone of the things we're |ooking at for
Exel on now for QC, get into what the actual danping
out to be of the steam froth, they call it, at the
kind of the floor, the water versus steam --

MEMBER RANSOM  Conpl i ance.

DR HAMBRIC. Al of that tuff, right. So
| think there are a | ot of paranmeters that need to be
fine-tuned, but the point for Entergy is that the
froze their ACM nodel, one particular nodel, one set
of paraneters, and based on the blind conparison of
nmeasurenents, cane up with their uncertainty, which we
believe is low. W don't believe that's conservative
enough. But based on that, the fact that we don't
believe it's conservative enough, we applied a | ot of
conditions in the license plan.

DR. MULCAHY: |'m Tom Mul cahy from Argon.
|"dlike to talk to you about another uncertainty, and
that is that they have to neasure -- this is not a --

the ACMis not a predictive technique. You have to
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nmeasure the pressures in the pipe, in the nmain steam
line in order to cone up with the pressures on the
dryer. So there's uncertainties involved there.

But before | get into that, I'd like to
put alittle perspective onto this that maybe | carry
that others don't, and that is of all the review
papers that | wote in the 1970's and 1980's and al
the conferences | attended and that, this particular
ki nd of probl emhas not been seen before. M/ current
thinking is that it is the valves singing. They're
the excitation source, and | look at it a little bit
different than acoustic people, but essentially you
have acousti c nodes, which are both in the piping and
-- the sanme node is in the piping and in the steam
dome itself. And so if you get to the unusual
ci rcunstance where you have a valve singing at an
anti node of an acoustic node and you've got another
antinode inside the steam dryer, you can excite the
steamdryer. It baffled ne how you could get energy
up fromthese val ves which are often 50, 60, 70 feet
down the steamline until | saw sone of the acoustic
nodel anal ysis that was done with regard to the snal
nodel tests.

So, now not only do you have to have this

coupling, this acoustic coupling with the excitation
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source, but you al so then have to have a frequency on
the structure, which responds to this. So it's a
rather -- in my view, it's a rather unique situation
that you can get all of these paraneters to cone

t oget her.

MEMBER CARUSO. Can | ask you a question?
Are you saying that it's the main steam isol ation
valves are resonating because they increase flow
t hrough them or resonance is off the branch |ine?

DR. MJULCAHY: It's -- there's vortex
sheddi ng goi ng across the branch | i ne where the val ves
are.

MEMBER CARUSO  Ri ght.

DR. MULCAHY: So the vortices are the sane
part of this thing, as we've all heard fromw res and
that sort of thing.

Another way to look at it is that just
because you have a loud noise, it doesn't nean that
you're going to have structural danage. You have to
have a structure which responds to that. | nean, all
the nusical instrunents don't fall apart as they're
using them So | think it's a rather unique
situation.

Now, to get back to the -- and it may be

Quad Cities and Dresden because Quad Cities and

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

155

Dresden have the high velocities in the nmain steam
lines. Quad Cities goes through, what? 1It's 70 or 80
percent, you see a blip. Quad Cties -- | nean,
Dresden has actually higher velocities, smaller pipe
dianeter than Quad Cities. So it may be that it's
just those particular variances of reactors. Al the
ot her reactors have different scal e between their main
steam | ine and their reactor done.

Getting back to -- | mght also add if
this steam dryer had been declared a safety item we
probably woul d have been working on this a long tine
ago because they had to instrunment it and at | east at
Dresden you would have seen these peaks coning up
either from a pressure measurenment on the dryer or
pressure neasurenent in the main steamli ne.

CGetting back to neasuring the pressures,
t hese guys were really -- this is a daunting thing to
do is to nmeasure the pressures in the main steamline
and they started out with the available parts, the
instrument lines, close to the reactor, and then you
have to put a pressure transducer at the end of this
long Iine, which has two -- has air boundaries init,
has water boundaries in it, and you' ve got to get a
transfer function between that transducer all the way

up to that. And this -- the uncertainty just builds
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and builds and builds in these things. So when they
started, they were just using these instrunent |ines
Wi th pressure transducers at the end of themand they
-- the uncertainty was so large that you couldn't
real ly even make heads nor tails out of it. They then
started to add strain gages to the nain steamline.
In the case of VY, | believe it was one strain gage on
each main steam |ine and now you get into the issue
of, well, what are you neasuring with one strain gage
in the circunferential direction on a steamli ne.
Both Steve and | have had |ots of experience in this
area and you've got to elimnate pipe vibrations and
everything like that.

So now we' ve got Quad Cities upto four --
on four strain gages, 90 degrees apart, in order to
elimnate sone of the overling nodes in the piping,
and they've actually already are glad that they did
it, although when we asked themto do it, they weren't
so glad. VY is now, | was just told when we cane in
by Rico, that -- or sonebody -- that they now have si x
around t he ci rcunference of this and t he
circunferenti al direction, which you now only
elimnate the first node, but can elim nate maybe t he
next two nodes. And the idea is to deal with the

nodes that are in the frequency range of zero to 200
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Hertz in the piping.

So that's where they're at nowand | don't
know i f they showed that data that we've been given,
but they've already had to use essentially these
strain gages to elimnate sone of the over predictions
that they' ve been seeing. Wat they're doing is
they're lowering the uncertainty of the neasurenent
technique. 1It's not absolute now, but the uncertainty
has gone way down because what they were relying on
before was so -- was so -- had such high --

MEMBER RANSOM  Why didn't you just use
fl ush-nmount ed transducers?

DR MJLCAHY: You know, if there had been
a safety issue, to start with, they would probably
have had ports in there to put in flush-nmounted

transducers. But to go into a main steamline in --

this is an old -- this is a three-year-old plant,
right? 1t's so hot that -- and you've got to
penetrate the steam boundary and | don't know who

you' d get to okay that.

They' ve done al nost everyt hi ng besi des - -
first of all, the main steamline is not the world's
greatest transducer. | nean, you're essentially
trying to make a transducer out of a steamline or an

instrument line. That's not an easy thing to do. The
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strains are low, so they would' ve had to get -- they
woul d' ve had to updat e and upgr ade their
instrunentation in order to resolve these smal
strains that they're seeing. And they'd do bench
tests to see if they could do it. They obviously
can't simulate what's going on in the reactor, but
they do as rmuch as they can, or they've done as mnuch
as they can.

CHAI RVAN DENNI NG  Ckay. Thank you.
Cont i nue.

MR. SCARBRUGH: Ckay. The next slide, |I'd
liketotalk alittle bit about the limt curve margin
and we've tal ked sonewhat about this. And Entergy
showed that this norning. They have a limt curve
that they've established fromzero to 200 Hertz
frequency and using the physics circuit and such, and
part of what we did was we indicated to them during
their audit in August, that the inportance of that
[imt curve and that you wll still naintain
structural integrity of the steamdryer if you get up
toward that limt curve. And that's where they did an
anal ysi s whi ch showed that the stresses, the conbi ned
stresses that they had were fromtheir calcul ations,
and you saw a little bit this norning about how t hey

cal cul ated that, was 7,400-psi at their weak Iink and
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the fatigue stress |imt fromSME is 13,600 at that
point. So even if they did rise up to that |evel and
hit that, they would still have alnpbst a hundred
percent margin there.

But also, as we tal ked about, any peak,
any single peak can end up affecting that little curve
and nakes themstop and -- fromthe |icense condition,
and evaluate the uncertainties. So that's how we
added our additional conservatives there.

So overall, our findings regarding the
steam dryer stress is that, although as we've
di scussed, there's significant uncertainty regarding
the calculation of the stress and the nmouth of that
uncertainty, t hat t he current st eam line
i nstrumentation suggests nmininmal excitation of the
pressure frequency spectra in the main steamlines at
the current |icensed conditions.

So, it's apparent that the flow in these
stresses are not significantly challengingthe fatigue
stress limts fromthe ASME Code for the dryer.

MEMBER BANERJEE: What are the cracks in
the dryer at the nonent due to?

MR. SCARBRUGH. Mbst of themwere -- they
were | GSCC, okay, and tonmorrow you can have the

Chem cal Engi neer being brought in. They can talk
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nore about that.

MEMBER BANERJEE: But they're all those?

MR. SCARBRUGH. They did have sone smal
fati gue ones down where the end plates fit into the
drain trough and that's a sort of a natural flexing
point, which isn't even -- the weld isn't even really
necessary because the end plate fits in there and it
doesn't nove.

MEMBER BANERJEE: And those are the only
cracks related to this?

MR. SCARBRUGH: Well, they had a few
others, but they're very snmall. None of them-- they
i nspected the areas where the | oads are on the outer
hood, and the gussets and nodifications, and they
don't see -- they don't see any --

MEMBER BANERJEE: Now, they saw a | ot of
new cracks when they did sone -- the inspection just
before we were in Brattleboro |ast.

MR. SCARBRUGH. Those new ones that they
saw were the ones that were on the end plates inside
the vein beds and it's where -- and that's the | GSEC
cracki ng where they have a -- It's a channel shaped 8-
inch end plate for those channels. And where the
inlet side cones in, they saw -- they saw sonme cracks

a coupl e of inches long. They weren't sure where they

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

161

went, but they didn't see themon the other side. So
they -- they were assumng that they just stopped or
maybe that they were there all along, and they just

hadn't seen them before, but they ones that they had
seen previously in 2004, they were still where they
were and they still didn't see any on the outl et side.

So, that's where they're getting alittle
bit of IGSCC crack in there, it appears, but they're
not getting any fatigue cracking on the vertical wel ds
there or anything of that nature.

CHAI RVAN DENNING I GSCC is stress and
cracki ng?

MR. SCARBRUGH. Inter Grainger of Stress,
Corrosi on and Cracki ng.

MEMBER BANERJEE: Ch. Oh. Did you have
that in Quad Cities, too?

MR. SCARBRUGH: Mbst plants, when -- we've
been sort of nonitoring the inspections of all the
steamdryers and all of themsee alittle bit of | GSCC
during these outages. And they see --

MEMBER BANERJEE: But there's no coupling
bet ween these two cracki ng nodes?

MR SCARBRUGH: No, it |ooks like there
was not --

MEMBER BANERJEE: | DSCC crack doesn't grow
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due to vibration or anything?

MR. SCARBRUGH: No, it just gets to a
poi nt where it relieves -- and you see, you see it in
a lot of the dryers where they get a little bit of
| GSCC fromthe cold working that occurred in the past
and then it occurs and it relieves itself and then it
stops. But anytinme like that, they nonitor that
because that's sonmething that they want to make sure
doesn't grow any further.

So that's -- what all this does is it
enphasi zes the inportance of nonitoring. And that's
part of our -- the next slide is the nonitoring plan.
And they -- Vernont Yankee described the steam dryer
nmonitoring plan and defined their unacceptabl e steam
dryer perforners where they could get a generation of
| oose parts, and these little cracks or tears that
woul d al | ow excessi ve noi sture carryover because all
these dryers see little, small, little indications
every tine you inspect them It's just is the nature
of the beast.

And then they have a step process where
they go up in power, 2.5 percent steps, and 5 percent
steps, and then they have performance criteria based
on noi sture carryover and the steam |ine data where

they evaluate the data hourly to make sure they're
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staying far belowthe limt curve.

Now when we did our review of the
nmoni toring, we found that there were a nunber of areas
that needed to be strengthened regarding the
nmonitoring plan. W needed to -- we wanted to be
provided with the plant data and al so actions -- hold
poi nts where we could interact with the Licensee in
di scussing these safety concerns. They needed to
resolve the uncertainties. |If they hit the limt
curve, and even if they don't hit the limt curve,
within 90 days after EPU issuance, they have to
resol ve these uncertainties.

They have to noni t or t he pl ai n
instrumentation for | ow frequency excitation because
that was one area we thought -- we haven't seen any
excitationinthe |l owfrequency areas significant from
the scale nodel casting or from the Quad Cities
i nstrument and dryer, but we wanted to make sure that
the Licensee was nonitoring that in case there was
somet hing that we m ssed.

And al so, we want ed nore details regardi ng
the start-up test procedure and so we provided that to
areas we |like to see. Because our experience with
Quad Cities start-up, there were certain areas that we

want ed to nake sure were nonitored as they went up in
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power. So we used that Lessons Learned from Quad
Cities for their power start-up after replacing the
dryers and put that into the License Condition.

So, the bottomline in terns of our
devel opnent of the Licensing Conditions was we want ed
to provide a slow and deli berate power assention with
| engt hy hol d points and data evaluation. W wanted to
formalize the plans for inproving the strain gage
l[imtation and we've heard, it's already been
installed and being used now. And there were ot her
activities that we wanted to formalize that the
Li censee had nentioned in their Supplenent 33. W
wanted to specify the contents of the start-up test
procedure. W wanted to go ahead and i ncorporate
Entergy's License Condition that they had regarding
the long-terminpl enentation of the nonitoring plan,
and we wanted to provide for detailed interaction
bet ween the Licensee and the staff during the power
assention so we could discuss the plant data, the
val uations, and i nspections, just |like we did for Quad
Cities when they came up in the spring with their new
dri ves.

W sent this out to the Licensee and they
accepted it. They had some minor clarifications which

we didn't consider to be significant to our overal
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goal and we put those into the draft's eval uation.

In the next few slides, | have -- |
sumari ze the License Conditions, and I'Il just very
briefly, just go through themfor you. 1In terns of --

the first part is the requirenents above 1593,
Oiginal License for Thermal Power. They have to
nmonitor the newy installed strain gages hourly. They
have to have hol d points for 24 hours at 105, 110, 115
percent to collect data and they cannot increase the
power above that point for 96 hours after receipt of
their evaluation of that -- our receipt of that
eval uation of that data. |f a frequency peak fromthe
strain gage data exceeds the limt curve, they have to
return the facility to a power |evel where the limt
curve was not exceeded and resol ve the uncertainties.
And provide that to the staff prior to any further
power increase. They have to nonitor the reactor
pressure vessel water | evel or maintain |ine piping of
accel eroneters, hourly, and this also -- well, we
tal ked about | ooking for a | ow frequency or sonet hing
that the main -- a few nain strain gages m ght have
m ssed --

CHAI RVAN DENNI NG Wiy is that an "or?"

MR.  SCARBRUGH: Ch, because when we

discussed this wth them their wat er | eve
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experimentation just isn't able to give you reliable
data based on what they have. And based on our
experience with the Quad Cities main steamline pipes
and accel eroneters, they did pick up excitations at
various |l evels across the frequency spectra. So we
t hought that would be a reasonable way to do it. It
could be either/or. W were focusing on what was in
the | ower frequency range, what could give them
somet hing to suppl enent that.

But we wanted to -- in discussing it with
them they didn't think the water |evel would give
them any reliable data. So we thought, well, rather
t han have them do sonething which doesn't tell them
anyt hing, we just focused on the accel eroneter. So
that's why we did the "or" in there.

MR. SCARBRUGH: Just to clarify, the water
level there is considered not reliable for these
pur poses. For the purposes for which the water |evel
instrumentation was put in there, which is a safety
pur pose and feed water control, it is satisfactory.

MR. SCARBRUGH. Yes, thank you for that
clarification.

MR. SCARBRUCGH: Just so that it is clear
that we don't have sonething hanging out there that

says that.
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MR. SCARBRUGH. Exactly right, thank you.

That's a good clarification. Yeah, for this purpose,
they didn't think that they could anything reliable
for nmonitoring steam dryer excitation from the
frequencies, nmonitoring the frequencies, and so they
suggested that -- they were asked if they could do

either/or and we were agreeable to that. As |long as
t hey do sonething that | ooks for sort of a back-up,

sort of a safety net there just to make sure that the
steamline strain gages -- if they see anything el se
happening, that they'll be alerted to that. And if
t hey do, then they have to respond to that. And if

they see any resonances start to occur in those

accel eroneters, then they need to address that with

us.
CHAI RVAN DENNI NG  Okay. Conti nue.
MEMBER LEI TCH: Under "B" there, should it

not also say "120 percent?" | realize increasing

beyond that is not applicable, but you still do the --
all the analysis and --

MR. SCARBRUGH. Ri ght, because when it
gets to 120 percent -- and | think it's on the next
page -- yeah, we have it on the next page. Wen they
get down to 20 percent, they have to reevaluate

ever yt hi ng.
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Then the following, Item(e) thereis that
following the start-up testing, they have to resolve
the uncertainties within 90 days. So they have that
provi si on there.

On the next slide, this were the areas
that Entergy had nmentioned in their Suppl ement 33 and

we t hought these were inportant to formalize as part

of License Conditions. Installation of the strain
gages, they challenged the I|imt curve. They
reeval uate -- after they reach 120 percent, they have

to reestablish or establish the fatigue |oad nargin,

update the stress report, and reestablish the limt

curve. So they had to redo all of those things once
they get there. |If they do have to do an engi neering
evaluation, they need to evaluate the frequency
uncertainties, plus or mnus ten percent, and any peak
responses within that uncertainty band, they have to
revise the nonitoring plan to reflect the long-term

aspects, they have to submit the final report upon

conpl etion, so once they get to 120 percent, they have
to submt their final |oad definition and then they

have to submt the appropriate proportions of the EP
start-up test procedure prior to power assention. So
t hey have to do that for us.

Then the next slide. W |list out what we
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wanted to see in the start-up test procedure. This is
what we used as part of the Lessons Learned from Quad
Cities startingupinthe spring, thelimt curve, the
hold points, the paraneters, the inspections, walk
downs, the trend and nethods they're going to use to
trim the acceptance criteria, the actions if they
don't need those acceptance criteria, and the
verifications of the commtnments and the planned
actions.

CHAI RVAN DENNI NG When do you expect to
recei ve that procedure?

MR SCARBRUGH. |'m sorry?

CHAI RVAN DENNI NG Have you received that
procedure fromthemyes?

MR. SCARBRUGH: No, | have not received

CHAI RVAN DENNI NG When do you expect to
receive that fromthen®

MR. SCARBRUGH. Prior to power assensions
and with sufficient tinme for us toreviewit. So, we
don't know.

CHAI RMVAN DENNING So you're going to
i ssue anot her SER?

MR SCARBRUGH No. No. We don't think we

need to i ssue another SER. This will be handl ed the
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same way we did handle the Quad Cities start-up where
we reviewed the start-up test procedure prior to them
goi ng up, and taking our actions with themon that,
and as they went up in whole points, and interacted
with themthat way. So we were going to follow the
same approach we did for Quad Cities.

MEMBER BANERJEE: Wasn't the
instrunentation at Quad Cities simlar to this?

MR. SCARBRUGH: Yes. Quad Cities actually
has a four nmain steamline strain gages at each
| ocation. In quadrants here, we just |earned that
they' ve actually put six. Because of the potenti al
for one failing, this way, they al ways have a back- up.

MEMBER BANERJEE: But when you had Quad
Cities go up in power, did you foll owexactly the sane

procedure here, as here?

MR. SCARBRUGH: Yes, exactly as -- | would
say very close. | nean, this -- we nodeled this
exactly -- we've got the sane guys working on the
other as this, and we did the same -- that's why we

used t he sane approach. They went up faster and they
actually had a different sort of start-up.

MEMBER BANERJEE: But they saw vi brations
and stuff like that, or acoustic nodes?

MR. SCARBRUGH. Yes, they did, as they
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went up.

MEMBER BANERJEE: As they went up.

MR SCARBRUGH: And each one had to be
eval uated as they went up. And so there was tines
where they held, when they held and had to reeval uate
what they were seeing in the strain gages. So that
process happens. As they go up, there is al npbst
constant interaction between the staff and the
Li censee as they go up in terns of what the agent has
seen.

MEMBER BANERJEE: So now, this was before
the problens with Quad Cities, or after, with the new
trail? Wen did you have these tests?

MR SCARBRUGH Ch, this was all in the
spring of this year, or after --

MEMBER BANERJEE: So this was when they
put their new dryer in?

MR. SCARBRUGH New dryer. And they
actually had instrunentation on Quad Cities Unit 2 on
the dryer itself. So we were actually |ooking at the
actual loads on the dryer. And then Quad Gties 1,
they had the main steamline strain gages simlar to
here, and we nonitored those as they went up. And so
we had the sane issues, that whenever there was an

i ndi cation of a resonance or a peak, those were very
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carefully looked at and we had phone calls and
interactions with thembefore they went further up in
power .

MEMBER BANERJEE: And what did you do when
Quad Cities went up first?

MR SCARBRUGH. Ch, the first tine?

MEMBER BANERJEE: Yes. How did you
nonitor that?

MR SCARBRUGH: That was before | was even
involved in this project. | think they just -- |
think they just nonitored -- there were no strain
gages on steamlines, so they probably nonitored
noi sture carryover in the standard way. This was a
surprise to everybody. No one expected these dryers
to have any probl em when they went up, and so it was
guite a shock that they fail ed.

MEMBER BANERJEE: | thought a menber of
this Conmttee did, at one point. It was -- he sat
about here, right?

CHAI RVAN DENNI NG Yeah, he's no | onger
with us. He had other things to do.

MEMBER BANERJEE: So it was predicted?

MR. SCARBRUGH  Yeah. Well, we know a | ot
nore now than -- at |east we know a | ot nore now t han

we did then.
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CHAl RMAN DENNI NG Go ahead. Conti nue.

MR. SCARBRUGH. Ckay. Then there was --
the next slide was, 4, 5, and 6, were processes that
Ent er gy proposed for inpl enentation of the plan, about
what they could change in the plan w thout NRC
approval, and what they can't, and they have that.
Those itens --

CHAI RVAN DENNI NG On Item Nunber 5, after
t he next three refueling outages, is there -- wouldn't
we want to periodically -- not at every refueling
out age, but wouldn't we want to periodically be again
i nspecting visually, or is that part of a normal --

PARTI CI PANT: It's part of the VIP.

MR. SCARBRUGH. Yes, it's part of the --
yeah, BWO and VIP, there's a B139 Report, and there's
also a GCeneral Electric SIL, Service Information
Letter, 644, which tal ks about, you know, ongoing --
you know, this is an ongoing project. So they would
foll owthose after they finished this nore, you know,
stringent thinking. And then they have to report the
results of the inspections within 60 days after --
foll ow ng each start-up, and submt the results of the
overall plan within 60 days after this initial power
assention.

So then, 7 and 8, you know, they continue
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on for these -- unless they see a flaw, and then they
have to reassess what caused that flaw and they
continue. And then there's an expiration after
they' ve satisfied all the 5, 6, and 7 issues.

MEMBER LEI TCH: Should | draw sonme confort
fromthe successful operation at Brunswick? O are
the Brunswi ck dryers so different than the Vernont
dryers that it's just not applicable?

MR. SCARBRUGH. Well, they're different.
| don't know if they're a slanted or a curved hood,
but they're -- they're slanted. They're different.
And plus, as we've heard, it seens to be just the
conmbi nation of hitting the resonance, you know, with
the branch lines, and acoustic -- as the resonance
frequency of the dryer, | nmean, you get that
conmbi nation. And Dresden seens to have passed through
it ontheir way up to EPU. So there seens to be, you
know, there's a lot of luck involved here. So |
woul dn't rely on, you know, say that just because
Brunswi ck is okay, | wouldn't say Vernont Yankee is
going to be okay. That's why | think we should
nmonitor it very closely as they go up.

CHAI RVAN DENNI NG  Ckay. Conti nue.

MR. SCARBRUGH. In terns of the regulatory

commitment, this was a conmtnent Entergy made to
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provide information on the data and the eval uations
and wal k downs, inspections, at each honme point and
then if there were any safety concerns identified,
t hey woul d not increase power above that and we woul d
not consider the License Conditions to be satisfied.
So, in conclusion, regarding the overal
conprehend eval uati on, we feel that they will conti nue
to neet their draft, design criteria follow ng
i npl enentation of the EPU. They provi ded reasonabl e
assurance that the flow induced effects are not
causing structural problenms at the current |icense
conditions, and we have a series of nonitoring
conditions which will ensure that there is careful
eval uation of the data as they go up in power, and so
that if there's any adverse indications fromthat
data, that we wll stop and require Licensee to
eval uate before they continue to power any further.
So that basically is our presentation.
CHAI RVMAN DENNI NG Let ne nake a little
comment and see whet her anybody has anyt hi ng t hey want
to say relative to it. And that is, it looks to ne
like you really have covered everything very well,
unless we really don't totally understand what's goi ng
on, that a probleminitiates within the dryer region,

and within the dome, and we really can't see it
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propagate. W really can't see it on the steamlines.
And | think that M. Hanbric has the feeling that the
chances are good that even if that were the case, that
we would nonitor it out there. But | haven't heard
any strong positive statenments yet that, if that were
the case, we'd really be able to nonitor it. Do you
have any comments al ong those |ines?

MR. SCARBRUGH. Yes. I'Ill just say that,
you know, in terns of what we've seen so far, interns
of this, the scale nodel testing that GE did and the
general -- the Quad Cities Unite 2 instrunment dryer
and the CFD, for what it's worth, and the acoustic
circuit nodel for taking data and projecting it back,
we haven't seen that in terms of sonething occurring
that we didn't pick up. W have matched pretty well
in terms of what has been the significant piece. W
have seen them in the acoustic circuit -- | nmean,
nodel. | nean, we've seen resonance start to occur.
The main steam line strain gage data show us that
t here was sonet hi ng happening there, some resonance
was being hit. W haven't seen sonething that, I|ike,
for exanple, in the scale nodel testing, where there
m ght have been sonme peak, that was neasured on the
actual dryer, the scale nodel dryer, that wasn't

pi cked up downstream W haven't seen anything like
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that, but it's true. That is one reason why we want
to nmonitor the acceleroneters very carefully, you
know, to see if there are any resonances that m ght

occur. But that is an area that, you know, we just

haven't seen it and that's why we want to take a sl ow,
del i berate process.

MEMBER BANERJEE: It would be nore
conforting if you had a peak in the dryer region and
showed that you saw it on your nmonitors on the |ine.

MR. SCARBRUCGH: \What ?

MEMBER BANERJEE: AlIl you have is very
negati ve information.

MR. SCARBRUGH. Right. W haven't seen
any, that's correct.

MEMBER BANERJEE: So if you could initiate
one, either in your scal e nodel or somewhere el se, and
see it in the way you're nonitoring it on the steam
lines, that would be nore conforting.

MR. SCARBRUGH: Now, | know they -- in the
scale nodel, did initiate ones downstreamin the
pinging, to pick it up in the dryer itself. But I
don't know if they initiate anything in the done
itself and see if that could go the other way.

MEMBER RANSOM Right, that would be --

MR. SCARBRUGH: That's a good question and
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we can relay that back

MEMBER RANSOM -- good if you could do
t hat .

MEMBER S| EBER: The ultimate back-up
indication is noisture carryover. You know, all the
theories and all the neasurenents have nothing to do
wi t h noi sture carryover performance and so you can say
that if | see an increase in noisture carryover, that
|"ve got a problemwi th the dryer, whether anything
el se shows up or not.

MR. SCARBRUGH. Right. |If they start to
see noi sture carryover increase, you know, they have
conditions where they will have to shut down and
eval uat e.

CHAI RVAN DENNING Are there other
comments or questions?

(NO RESPONSE. )

CHAl RVAN DENNI NG No?

(NO RESPONSE. )

CHAI RVAN DENNI NG Ckay. In that case, we

are going to adjourn until 1:30 p. m
(Wher eupon, the above-entitled nmatter went
off the record at 12:37 p.m and resuned at 1:31 p.m)
CHAI RVAN DENNI NG You may go ahead and

start.
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MR ENNIS: Good afternoon.

This afternoon's session we wll be
tal ki ng about nuclear analysis nethodol ogies. The
| ead presenter for this will be Jerry Head, manager of
nucl ear analysis, nuclear engineering analysis for

Ent ergy Nucl ear Nort heast.

W also have up at the table M. Fran
Bol ger, who is the nmnager of the LOCA (phonetic)
anal ysis for General Electric, and Dr. More, who is

the manager of nuclear and thermal hydraulics.

Now I'd like to turn it over to M. Head
to start the presentation.

MR. HEAD: Ckay. |I'musing a |apel
m crophone. That seenms to be working correctly,
right?

Al right. The follow ng presentation,
"' mgoing to be providing an overvi ew of the nucl ear
anal ytic net hods that were used and reviewed i n the BY

ext ended power uprate efforts.

This is going to include a short
background di scussion to explain the manner in which

the VY core will produce the extended power uprate
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power levels that we're looking to go to.

"1l also explainalittle bit about some
of the things that were going on in the industry at
the time that affected the review, and our interaction
with the staff on sonme of the issues that are going
on.

Finally, I"Il explain what was proposed by
Ent ergy to address those concerns that canme out of the
ot her issues that were going onin the industry at the
time, and provide a brief description of the resulting
nucl ear anal yti cal net hods and safety anal ysis results
revi ewed for VY.

W can go past this. First off, let's
talk a little bit about the power uprate. Constant
pressure power uprate is what we are going for for VY.
Thi s i s a docket ed net hodol ogy, pretty strai ghtforward
requirenents as far as its analysis required to
support it.

Ther e have been questions that occurredin
t he | ast ACRS neeting VY, about how we get there. And

so | wanted to touch a little bit on that.

There are two ways to get nore energy in

acore. Oneis, increase enrichment. The other is to
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rai se the batch fraction, the nunber of bundl es we put
in in each cycle.

Typically it's a conbination of both of
those. The speed limt, if you will, or the limts on
a particular bundle, are defined by the therm
margins, the thermal limts that we have established

in those - in the analysis that supports it.

So what you do with a bundle is |imted
al ready. So what we do in this power upgrade
basically is to put nore bundles to work. W spread
the power distribution out further. |It's a flatter

radi al power distribution.

And so when you | ook across t he popul ati on
of the core, you don't see any one bundle doing a
significant anount nore work than had been done in

past reload designs. You just see nore of them

Next .

MEMBER SI EBER: I n the process you end up
putting nore effluents to the vessel walls?

MR HEAD:. That is correct. And that is
one of the things that is on the topics — is that on

the topics for tonmorrow? It is on the topics for
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t onor r ow.

So not only on the vessel walls, but the
internals as well. Those are part of the things that
you deal with when you go through this process.

DR. BANERJEE: Does flattening the core
affect stability? Are you going to talk about that?

MR HEAD: We'll talk about that a little
bit. You do see sone effects. W'IIl discuss that a
little bit later.

As | nmentioned before, | wanted to talk a
little bit about what was going on in the industry at

t he time t hat af fected this EPU revi ew.

Prior to the initiation of the power
uprate project, GE had developed an additional
extension to the BWR operating domain. That is, the
power flow map, how you actual |y operate one of these
pl ant s.

The purpose of that extension of the
domain was to provide additional operating margins.
It also was to provide — it would support power
uprates, althoughit wasn't necessary specifically for
V1.

This particular product was under review

by the staff at the tinme, so there were a nunber of
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guestions on this product that were what we call the
generic docket. It was not specific to VY, but it was

bei ng handl ed at the sanme tine.

And due to the concurrent reviewof VY and
this product, it was apparent to us, we were getting
confused as well as the staff in a manner, in how we
coul d separate questions fromthis operating domain

docket, and the VY EPU

The net result of all that was that the
staff perforned probably a nore extensive review of
previ ously approved conmputer codes and nethods used
for establishing the core operating limts. Most of
the staff questions and concerns in that area focused
on fuel power uncertainty; the effects of void

hi story; things |ike that.

So they were good questions, and |ike |
said, sonetinmes it was difficult to separate themfrom
t he power uprate and fromthe operating domain
expansi on.

As a result, inthe difficulty we were
seeing in resolving generic issues, Entergy proposed

what becanme known as the alternate approach. And this
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resulted in a license condition in which the safety
[imt mMnimm critical power ratio would Dbe

conservatively adjusted by a factor of . 02.

This margin i ncrease was shown as part of
this reviewto be sufficient to bal ance staff concerns
that they had so that no additional open nethods

i ssues remain for VY EPU

And what | show on the slide here is
basically a quote, and what's in the SER, the draft
SER right now |If we go above current |icense therma
power, we will inpose a .02 additional margin on the
safety limtation.

DR BANERIJEE: What was the reason that
you did this? | mean, why was the staff concerned
about the uncertainty? Wat led to that?

MR HEAD: Well, there were a nunber of
different factors that led to it. But what drove us
to go to the .02 was to get final resolution on the
staff questions was going to take a significant anount
of time. There were additional neasurements that
needed to be made in the industry and things |ike that

that would be needed to put it to rest for good
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And so what we | ooked at, and worked with
the staff on, was trying to bound the inpact of al
these additional wuncertainties that mght be out
there, and come up with sonething that would clearly
show we would be conservative; clearly give them a
path to reach success there fromthe standpoint of --

DR BANERJEE: But what were the
uncertainties? | nean the fuel design was essentially
one which | ooked simlar to what you were using.

MR HEAD: That's correct.

DR BANERJEE: Was it enrichnent
profiles, or what as it?

MR. HEAD: It was power distribution
uncertainty, both local and bundle to bundl e power
di stri bution.

And also you would see, and it wll be
di scussed | ater, there were i ssues about void history,
and the void history effects on power distribution.

DR. BANERJEE: So it was related to your
flattening of the core?

MR HEAD:. |It's hard to say if it was or
not. It was just --

DR BANERJEE: What was it related to,

t hen?

MR. HEAD: The fact that the real crux of
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the issue was, when you |ook back at all of the
net hods t hat have been devel oped over the years, when
the 10 X10 fuel product line had been introduced, it
had been introduced in a manner that we believe was
consistent with the expectations fromthe regul ators
at the tine, but there was not specific gamm scan
nmeasur enents of that fuel product type. Wat had been
done prior to that was, 8X8 or 9X8 fuel product |ines,
and even in that data you didn't see a significant
dependency on the lattice type. But there was no
specific 10X10 data avail abl e.

DR. BANERJEE: It wasn't specific to you.
Anybody that used 10X10 woul d face that problen?

MR HEAD: That's correct. That's
correct. That's why we said, it was nore of a generic
versus an EPU i ssue. W were already running a 10X10
fuel .

MEMBER S| EBER: Soneday that problemw ||
be solved. And sonmeday you will cone in and want a
little mni increase probably.

MR HEAD: Well, what we'll want to do is
cone back and take out the .02 additional conservatism
we put in place, because we needed it at the tinme to
get the issue resolved on a generic basis.

MEMBER LEITCH So how will that be
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i mpl enent ed? s that going to be in the tech specs,
the safety limt?

MR HEAD. That's correct.

MEMBER LEITCH. It will actually be .02
hi gher ?

MR HEAD: That's correct.

MR. LEITCH  Than the nunber that appears
in the tech spec presently?

MR. HEAD: Yes, and no. The tech specs
are a cycle-specific calculation. And if you | ook at
the history of VY over the past few years since even
before Entergy bought them we had — cycle 22 becane
a significant departure |I guess woul d be the best way

to describe it, froman equilibriumcycle design.

Then we went to power uprate. So the
safety limt calculated for VY has changed every
cycle. The actual cal cul ated value for cycle 25 right
nowis 1.05. Wlat is in the tech specs right now,

whi ch i s the nunber fromthe previous cycle, was 1. 07.

So we will inpose a .02 penalty, but it's
not going to physically change the nunber in the tech

specs. W just — it's there.
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And oftentines, it's been our experience

in the industry that if you have a cycle design in
which the safety limts calculated for that cycle
actual ly becones less, if it doesn't penalize you from

operations, as far as operating maneuvering room it's
not worth the hassle for us and staff to go through
and actually change it to go back down, because then
subsequently in a cycle you may have the need to go
back up agai n.

Al right, when you |l ook at the safety
limt MCPR, and what we were proposing to do here, and
even what the staff had reviewed up to that point in
time, there were a nunber of fundanental factors that

needed to be reviewed as part of this effort, and

those are listed here.

The focus of the staff review fromthe
time of the alternate approach proposal was to nmake
sure that that approach was sufficient to bound any
addi tional uncertainty they thought m ght be present

in these particul ar areas.

And so | "mgoing to tal k about each one of
t hese separately. The staff will subsequently discuss

the ones that count nost here, but |I've got a
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The first

That is the obvious one.
For background,
[imt that ensures that dur
during anticipated operati
percent of the fuel
transition boiling.
Bui I t

limt MPR are process

one is the safety limt

and power

uncertainties.

The ori gi nal

189

on each one of them

MCPR.

safety limt MCPRis a
ng normal operation, and

onal occurrences, 99.9

rods in the core do not experience

into the devel opnent of the safety

di stri buti onal

power distribution

uncertainties that were established years back used

Monte Carlo techniques. 1In fact it was a Monte Carlo

in particulate MCMP cal culations to determ ne what

power distributions that we had in the bundl es.

And these were in part confirnmed with

ganmma scans.

Whi ch goes back to your question earlier

about what

is driving this.

These gamma scans were

performed on the earlier vintage fuel

didn't show a significant

hei ght .

However, we had not

same scope of work.
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10X10 aren't available, then there is at |east some
degree of issue with respect to the uncertainties that
we carry forward.

The way we address that, we went back and
| ooked at the original statistical treatnent of the
uncertainties that went into the safety limt MPR
and the original process was to use one signa val ues
for the uncertainties and the things that were
nmeasured. And when we expanded that to two sigma, we
found that in that particular case we're going to a
hi gher statistical certainty on the val ue that we use
for the uncertainty that if you took that work and t he
i ndependent code conpari sons that we have perforned,
t hat we showed that the .02 was goi ng to be sufficient
t o bound anything that we think we m ght find in ganm

scan data on 10X10 when it actually occurs.

And right nowthat work is actually going
on. W're getting data from overseas, and that work
is going on right now to look at what the 10X10
product |ine shows.

Al right, next slide. The next of the
critical power base |imts is operating limt MPR
The CGE nethodol ogy takes safety limt inquiries as

kind of a baseline. | nmean you |ook at the
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anti ci pat ed operational occurrences, and t he change in
CPR that you see in those occurrences to determ ne

what the operating limt is. |It's additive.

|"ve got a followup slide here, if you
want to click on that little background slide. This
gi ves you sort of a graphical representation of what
we have.

Mninmumcritical power ratio of one. It
nmeans you' ve got sone transition boiling. W back off
that by processing power uncertainties, as | discuss
in the safety limt. W back off that further to

handl e the AOOs, and that gives our operating limt.

So somewhere down below that is the
al l oned operating range. Typical operation of our
cores, we typically have between five and 10 percent
margin to the operating limt. That gives us
confortable margin in the way we operate the plant.

It doesn't restrict the operators.

So if we could go back to the original

Because there were questions with regard

to the power distributionuncertainties, that question
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gets carried forward in the delta CPR cal cul ation as
wel | .

So what we had done there was, we expl ored
that further with the staff. W |ooked at what
coefficient — which is another one of the issues that
was out there. W |ooked at exposure effects on the
fuel, and we perforned additional analytical work to
show t hat .

Wi | e these uncertainties that we have in
there historically have been actually quite |arge.
For instance, with voice coefficient, we've got a
significant uncertainty in there from a void
coefficient standpoint. |It's like 15 percent, two
signma. And the sensitivity to that parameter is not
t hat great.

So we went through the analysis, worked
with the staff to show them what was the — what the

results of that actually were.

The concl usi on of that was with the safety
limt MCPR already conservative by the .02, that no
additional penalty was going to be required for the
operating limt.

Next sli de.
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Limts related to | ocal power — there's a
coupl e of those that we need to talk about. Linear

heat generation rate is the first of these.

This protects the fuel from the things
like fuel centerline nelt. One percent cladding
plastics strain. Fuel rod internal pressure. And
there are a couple of other things that go into the

thermal mechanical limt.

And agai n, because the staff is concerned
with the uncertainties that you may have in the power
di stribution, we needed to go through and denonstrate
that the uncertainty treatnent withinthis nethodol ogy
al ready was sufficient to bound what we expected to
see in the future.

DR BANERIJEE: Excuse ne, what conputer
code do you use, or is it experinent, for CPR?

MR HEAD:. The CPR is the correlation.

DR BANERIJEE: It's a correl ati on?

MR HEAD: That's correct.

DR. BANERIJEE: It's just a correlation?

MR. HEAD: That's correct. Fran, is there

addi ti onal di scussion we need there?

MR. BOLGER. The critical power is
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predicted with the GEXL correl ation, which is based on

guality. So that has been, that correlation was
devel oped based on test data from the Atlas test
facility.

DR BANERIJEE: And it includes 10X10?

MR BOLGER Yes, it does.

DR BANERJEE: And this sonewhat
nmechani cal defornati on or whatever, do you use a code
for that?

MR. HEAD:

There's fuel perfornmance codes.

| forget now what exactly they're call ed.

MR BOLGER

performed with the Jester (phonetic) nechani cal

MR, HEAD:

I i censed net hodol ogy.

is already a statistical

in power distribution,

The fuel rod anal ysis
code.
And again, that is docketed and
And buried in that nethodol ogy
accounting of uncertainties

et cetera.

And so we went through the efforts with

the staff to denpnstrate that the uncertainties that

were al ready included in that nethodol ogy, and the

conservative assunptions in that nethodol ogy, were

sufficient so that it would be bounded by the existing
nmet hodol ogy.

DR. BANERIJEE: Now, this CPR correl ation,
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is that steady-state data mainly? O is that sone
transi ent?

MR. BCOLGER The CPR correlation is
devel oped based on steady-state data. However, there
are transients that are formed with the Atlas facility
whi ch denonstrate the perfornmance or the correl ation
in a transient condition.

DR BANERIJEE: What sort of transients?

MR. BOLGER: The transients are turbine
trip type transients. Also, oscillation-type
transients. And | believe also a punp trip type
transient.

DR. BANERIJEE: So are they relatively
sl ow transi ents?

MR. BOLGER The turbine trip transient is
a relatively fast transient. It has a flux peak
that's with a width of approximately a half a second.

DR BANERJEE: So this CPRis nore for
dry out or DNB?

MR BOLGER Dry out.

DR. BANERIJEE: Just dry out? And so the
transients with a tine scal e of about a second or two,
it works.

MR BOLGER That's correct.

DR. BANERJEE: You woul dn't expect it to

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

196

work for all transients, would you?

MR BOLGER Well, it's a quality based
correlation, and the mass flux profile, the blend, is
very much nonuniform So you nmay expect there to be
sone devi ati on.

But we find that it perforns very well for
various transient types.

DR. BANERJEE: So if you have relatively
fast transient, there would be no need for this
right?

MR. BOLGER  Yes.

DR. BANERJEE: So how woul d you get it to
work in that case? What quality would you define?

MR. BOLGER: | would expect that for a
very fast transient, you' ve got atime constant of the
fuel rod itself that comes into play there. It takes
time for a fuel rod to produce additional power, and

the heat flux to go out to the clad.

So | would expect at sone point that
you're going to be limted by fuel rods --

DR. BANERIJEE: But the fluid dynam cs
noves faster than that.

MR BOLGER | agree.

MR. HEAD: In a transient application the
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| ocal quality conditions used in the correlation.

DR BANERJEE: So how is that cal cul ated?
Based on nonequilibrium or equilibriunf

MR. HEAD:. The quality is calculated as
equilibriumaquality in a transient.

DR BANERIJEE: So this is based on
equilibriumaquality?

MR HEAD: That is correct.

DR. BANERJEE: kay, so we'll conme back
to this.

So do you apply this correlationto things
like Atlas and so on as well?

MR HEAD. Yes, we do.

DR. BANERJEE: Ckay, so return to this

MR. HEAD. Al right, as | said before,
the review of this with the staff was to ensure that
the uncertainty treatnent we had there already was
sufficient to bound it, including the conservative
assunptions that were already there, and defining the

fuel -specific limts for the fuel types we got.

Next sli de.

LHGR limt is a burn-up dependent limt,

fuel performance is a burn dependent phenonenon.
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And so because there are questions about
power distribution and our ability to predict what
ki nd of fuel burn-up and exposure you may have, we had

to go — we went and | ooked at that process as well.

Fuel designs that we currently have out
there right noware licensed to a peak pell et exposure
of 70 gigawatt days per netric ton. The LHGR limts
are defined, as | said, as a function of exposure, and
i ncl ude Pen power peaki ng, voi d reactivity
coefficient, bundle power allocation factors, all of
t hese — beginning to sound | i ke buzz words — but these
were the things that were at issue in the di scussions

we had with the staff.

The standard nethod that is used for VY
and indeed for all the GE product |line that was
reviewed, and it was determ ned that the current
uncertainty treatnment that we have in the met hodol ogy
right now for factors affecting this paranmeter was
sufficient to retain adequate margin, and no other

changes need to be nade here.

Next slide is MAPLHGR. This again is a
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limt related to |l ocal power. It |ooks at the power
in a bundle on a nore global basis, at |east at an
axial node. And it is what feeds into the LOCA

anal ysis for the nost part.

And in the LOCA anal ysis we're | ooki ng at
peak clad tenperature, |ocal oxidation, nunber of

paraneters there as far as acceptance criteria.

The review of this Iimt also had to go
| ook at the treatment of uncertainties. But what we
found within LOCA space was that the Safer Jester
(phonetic) nethodol ogy, which is what is licensed to
do the LOCA analysis with the GE fuel types, has built
intoit inherent conservative assunpti ons on the front
end in order to drive maximum peak clad tenperature
cal cul ati ons.

And we went through all of those
conservative assunptions, and the uncertainties that
fed into this process and determined that there is
adequate margin there w thout taking any additional

penalty in this area.

Next slide. Shutdown margin. This is

nore of a global parameter for the core. It's also
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one that's very inportant as well. And we recognize
t he power uncertainties, and the ability to cal cul ate

t he depletion of the fuel can have an inpact here.

So this is obviously one of the things
that we |ooked at from a standpoint of it being a
concer n.

CHAI RVAN DENNI NG Can you go back to the
maxi mum aver age pl anar?

MR HEAD: Sure.

MR. BOLGER One of the things we
recognize is that you're not really — if you | ook at
t he peak bundle, you're not really doing anything to
the peak bundle that is any different fromwhat the
peak bundl e was previously; correct ne if |I'm wong.

But what is really happening is that
you're radially flattening the core.

MR. HEAD. That is correct.

CHAI RVAN DENNI NG And so sonehow, if
there is a loss of margin, it's sonehow rel ated to,
across the core, everything is nore event.

MR. HEAD: A larger popul ation of bundl es
that are close to that limt; yes, that is correct.

CHAI RVAN DENNI NG  And so the thing that

appears to be limting, or the thing that concerned
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you as being limting, would be its behavior in a
LOCA. And that's what this relates to, is in a LOCA
the fact that you have flattened everything out, and
so you have lots of rods, lots of bundles that are
comng to simlar conditions at the sane tinme, does
that have an inpact on the safety of the ability to
address LOCA?

MR HEAD. That is correct. But | think
it's in the nmethodol ogy, and Fran woul d be the best
guy to answer that.

MR. BOLGER The LOCA net hodol ogy, the
SAFER nodel assunes a core of average bundles. And

then a single hot bundle.

As we transition to an EPU type core
actually the core starts |ooking nore |ike the SAFER
anal ysis type core, where you have nore bundl es at
about the same power |evel, and perhaps a single
bundl e at the MAPLHGR limt.

CHAI RVAN DENNI NG Ckay.

MR. HEAD: Al right, shutdown nmargin. As
| said, this is a global paraneter, and the concern
here is that our ability to predict fuel depletion

m ght inpact our ability to predict shutdown margin.
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In this particular case, from a core
desi gn standpoi nt, shutdown margin is relatively easy
to neet. The way we acconplish that is by the

addition  of burnabl e  poi sons in the fuel.

I n my worl d, gaddal i ni a (phonetic) that we
use for burnable poison is cheap conpared to the
possibility of not nmeeting a shutdown margin
requi renent. Because if you don't neet a shutdown
mar gi n requirenent in your tech specs, you've got to
unload a core, start over. |It's a huge consequence

forma standpoint there.

The standard GE design practice, and
indeed, it's a practice across the industry, is to
design to sonmething greater than what the tech spec
limt is. W designed it greater than one percent
delta K over K And at tines, different utilities
will inpose even an additional conservatismon that,
based on what they may have going on within their
plant at the tine.

Like | said, it's relatively easy to
design a core that neets all the shutdown rmargin
requi renents.

And the reason that you do that is not so
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much that, like | say, you' re afraid of busting the 38
percent limt in your tech specs, but things happen
where for instance a — you know, we desi gn these cores
sonmetimes a year in advance. W have a transforner

probl em or sonething, where we have to shut down a
unit early. And that core that we just shut down is
carrying over additional reactivity, and |'ve got to

be abl e to absorb t hat in t he desi gn

And so that is part of what feeds into
this conservative approach to always bound oursel ves
on shutdown margin.

And our experience with this VY has been
very good. W' ve got real reproducible results. Qur
code packages are doing real well, both GE's and what
we do i ndependently as Entergy. So this was very easy

to show that we' ve got adequat e mar gi ns.

Next slide. GCkay, next issue that we
| ooked at was stability. The stability analysis for
VY is performed to ensure that the 1-D detect and
suppress net hodol ogy is sufficient to preserve safety
limt MPRIin the event we have TH instability
event .

The prevention portion of that solution
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includes a separate admnistratively controlled
exclusion and buffer region that is evaluated every
cycle. Those boundaries on our power to flow map

actually change depending on the cycle design.

The second part of the detect and suppress
portion is a solution is a flow biased eight purim
(phonetic) flux grand grip that prevents oscillations
of a sufficient magni tude. That scram setpoint feeds
into the analysis to determ ne whether or not the
stability solution for the plant for that cycle is

going to be valid. And it's | ooked at every cycle.

W don't change t he setpoi nt necessarily,
but we do change the boundaries in the power to flow
map.

DR. BANERJEE: Is it adjusted during the
cycle? O does it need adjustnent?

MR. HEAD:. W typically bound the entire
cycle. But it's atraining problem 1It's an issue
wi th operations.

So we typically just bound it once, and
cover it for the entire cycle.

DR. BANERIJEE: Wiy do you take just the

1-D sol uti on?
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MR HEAD: VY is one of —it's a snal

core, and the oscillations in a smll core are
typically core-w de.

MR BOLGER The term 1-D is not
indicating that it's a one-dinensional nodel. It's
open 1-D. There were a nunber of different options.

DR. BANERJEE: Ah, | was wondering. So
what is this option, can you explain to me? Wat is
the option —well, 1-Dthen has adm nistrative control
of this PF region and so on, right?

MR. HEAD: Here's a power to flow nap that
shows the exclusion regions. The red |ine here shows
t he exclusion region. W also have under there the
buffer region. And when we operate the plant, we

never go here intentionally.

You coul d have a run back where you are up
here operating, and you have a punp trip that wll
t ake you back down in here. The imredi ate corrective
action by operators is to drive rods and get down out
of that region. Because you have a susceptibility
while you' re down here to initiate a thernohydraulic
instability event.

So that is part of the solution.

DR. BANERIJEE: That' s operator action.
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MR. HEAD: That's right. You don't go

here. |If you do have an oscillation when you' re down
here, you've got an trip setpoint up there that wll
trip the plant if the operators don't take action
al r eady.

DR. BANERJEE: This is option 1-D?

VR. HEAD. That's option 1-D

Option 3 is — you'll have to explain
there. There are a couple of different ones in
exi stence out there. Sone of the larger cores that
can have localized stability issues are option 3,
right?

But what we've got for VYis 1-D, whichis
detect and suppress.

DR. BANERJEE: So the analysis that this
is based on is not 1-D?

MR HEAD: That's correct, it's not. It's
just the term nol ogy.

DR. BANERIJEE: So what is the analysis
it's based on? How nany Ds?

MR. HEAD: Want to get Doug to cover that?
Doug is an expert in stability from GE

MR.  NEWKI RK: Doug Newkirk with GE.
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The analysis to cal culate the exclusion
region is ODSY-based, which is a 1-D kinetics
t her nohydraul i ¢ code.

DR BANERJEE: Plus the radial, it takes
radi al variations into account?

MR NEWKIRK: That is correct. The
bundl es are grouped i nto bundl e groups, so the radi al
difference in power is accounted for.

DR. BANERJEE: And so it couples to a
t her nohydraul i ¢ nodel which is channel by channel in
this radial group? O each radial group is
characterized by sort of an average channel or
somet hi ng?

MR. NEWKIRK: That's right. Al of the
channels in the core are grouped into channel groups
that are at a certain power level. And so you start
with, you'll nodel sone individual hottest channels.
But then the other ones are grouped toget her by power,
and so you have a descendi ng power for each channel
gr oup.

DR. BANERJEE: So the analysis is in rea
time? O is it in nodes?

MR. NEVKI RK:  No, Odyssey is a frequency-
based code, so it calculates the gear ratios. So the

exclusion region is based on a .8 core to K ratio
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criteriawith a .15 adder onto the Odyssey cal cul at ed
Kratio.

DR. BANERJEE: So you can get radia
nodes, but you can't get azinmuthal codes in this code;
is that correct?

MR NEWKIRK: In-- ?

DR. BANERJEE: I n your cal cul ati ons.

MR. NEWKI RK: The kinetics nodel that's
being applied is a one dinensionally axially, so the
radi al conponent is averaged. Now thernohydraulically
the bundles are grouped into a nunmber of different
radi al groups.

DR. BANERJEE: Right. But the kinetics
are — | just don't understand.

CHAI RVAN DENNI NG Are the oscillations
top bottomthen? They're not radially around?

DR. BANERIJEE: They' re not azi nut hal .

CHAI RVAN DENNI NG:  They' re not azi nut hal

DR. BANERIJEE: But they are radial.

CHAI RVAN DENNI NG | don't know.

MR NEWKI RK: The kinetics nodel will
predict variations in the axial direction. It's a
one-di nensi onal axial kinetics nodel.

CHAI RVAN DENNI NG  Track G is not used

then for stability?
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MR NEWKIRK: Well, it' not used in this

excl usi on regi on net hodol ogy.

DR. BANERIJEE: But it could be, right?
O not?

MR NEWKIRK: Well, Track Gis a time-
dependent code. So that could tell you where
oscillations could begin on the power flow nap. But
t he approved net hodol ogy is to use a frequency based
code and cal culate the K rati os.

CHAI RVAN DENNI NG  And when you go to
power uprate, how does the exclusion region — what

happens to t he excl usion regions? Does it get bigger?

MR NEWKIRK: In this particular case, the

exclusionregiondidget alittle bit bigger, but that
is as nmuch as function of the actual core design as it
i s anything el se.

You see those lines nove fromcycle to
cycle sort of independent of - even when we had
const ant power for past cycl es, they noved
periodically.

CHAI RVAN DENNI NG  What is recent BWR
operating experience? Do BWRs in the last 10 years
get into regions in which --

MR. HEAD: Absolutely. N ne Mle was the
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nost recent | think in the US., right?

MR, NEVKI RK:

There was actually — N ne

Mle Point Two had an instability event three years

ago. And Perry had an instability event |ast

Decenber .
CHAI RVAN DENNI NG And how were they
recogni zed?

MR. NEWKI RK: You saw oscillations on the

APRMS. But then those plants are |arger plants that

have the Option solution, and they have an automatic

suppression function. |It's called the OPRM It's a

brand new pl ant.

DR. BANERIJEE: But radially flattening

the core does increase its propensity to instability,
doesn't it? O does it?
MR. NEWKIRK: Well, actually, the |ower
radi al peaking factor does help stability. Typically
when you have higher peaking, that wll exacerbate
instability.

DR BANERJEE: I's this because of
| eakage? O why is that?

MR NEWKIRK: It's just the power shapes,
power distribution.

DR. BANERIJEE: kay. But this core, how

is it sort of — it is validated for a core of this
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si ze and shape?

MR. NEWKIRK: |s the code validated?

DR. BANERJEE: Yes.

MR NEWKIRK: Yes, it is.

DR. BANERJEE: For sonething of this
nature? So how was it validated?

MR. NEWKI RK:  There were instability tests
at Vernont Yankee as a matter of fact back in the ' 80s
that were, they were decay ratio tests. And the Audit
C code was that qualified versus that test data. And
then it's been validated agai nst ot her plants as wel |,
ot her larger --

MEMBER LEI TCH: That curve that shows the
APRM f| ow bi as scram (phonetic), the AL after that,
does that nean that's the al armwhen the scramis on?

MR. NEWKIRK: That's the analytical limt.

MEMBER LEI TCH: Analytical limt?

MR.  NEWKI RK: And so what you see
established inthe field is backed off fromthat, down
to a | oner power |evel.

MEMBER LEI TCH: Okay. | was thinking that
| ooks like a pretty high --

MR NEWKIRK: It is, it is very high.

MEMBER LEI TCH. So now take ne through

this again. You |ose a reserve punp for exanple, and
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you nove down toward that instability region

The operator then drives rods.

MR. HEAD: Right. He would drive rods and
cone down.

MEMBER LEI TCH: And tries to get down out
of that region

MR HEAD: That's correct.

MEMBER LEITCH: And if that is not
successful --

MR HEAD: |If he sees oscillations he wll
punch it out. He would scramthe reactor.

MEMBER RANSOM |'ve got a question. It
doesn't have to do with stability. But when you
flatten the power out over the bundles, it seens to ne
that | recall that under some LOCA conditions you
depend on breakdown of CCFL and the upper plenum and
the sprays then allow downflow through sone of the
outer bundles and research in the higher power
bundl es, as a neans of cool ant, which you presumably
would lose if you just flatten it conpletely.

MR. HEAD:. You say CCFL, you're talking
about LOCA? What are you referring to there?

MEMBER RANSOM  Countercurrent flow of the

CC and LOCA analysis, right, so you get a
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mul ti di nensional effect. You get downflow through
some of the bundles, and other flows to the higher
power bundl es.

MR. HEAD: That is correct. You would
probably see an inpact of that.

MR, BOLGER: | think this has cone up
before, and maybe Dan can answer it.

MR. PAPONE: Dan Papone, GE. W have
di scussed this in previous power uprate and EPU
reviews here. And effectively it's in a way a self-
l[imting phenonena. Yes, you will, with nore bundles
in that average power range, you will hold up nore
water in CCFL at the top of those bundles, but that
water that is being held up is being held up in the
regi on of the coarse spray. That tends to subcool the
peri pheral region. W'I|l get the breakdown in the
peri pheral channels in bringing that pool of water to

t he peri pheral channels.

So as we flatten the power, hold up nore
water, and tend to hold up that water, that feedback.
In fact that self-limting effect, where the subcool

in the peripheral region.

So fromthat standpoint --
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MEMBER RANSOM  What verification do you
have of that? | nean originally you did all of these
tests --

MR. PAPONE: Right, and that's where we
devel oped t he experi nental basis for that hold up, and
what happens with the breakdown specifically in the
peri pheral bundles, and also at the sane tine the
venting center --

MEMBER RANSOM  So your comments then are
based on core cal cul ati ons?

MR. PAPONE: Primarily on the 30 degree
sector test.

MEMBER RANSOM  You' ve done sector tests
under the average conditions?

MR. PAPONE: No, this is in the — whatever
their test bases were. | haven't been able to cover
those to see how they applied, to what extent they
have. But basic phenonena is that --

MR. PAPONE: Ckay, continue.

MR. HEAD:. Ckay, one other things with
respect to the stability, since we are trying to
preserve safety limt MPR wthout penalty, the .02
adder that we've put on there carries forward in this
anal ysis as wel | .

And so gi ven that, the VY power uprate was
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founded by the existing nethodology with that term
appl i ed.

I nmentioned earlier when we were
di scussing shutdown margin the Entergy actually
mai nt ai ns, devel ops and nai nt ai ns core physics nodel s
usi ng independent nethods from GE. W use that to
verify and chall enge the vendor of core designs. W

| ook at critical safety anal ysi s i nput s.

We use these nodels to follow our cores.
W see things probably — | know nore frequently for
i nstance than GE does. W work closely with our site
reactor engineers to watch these cores as they're
burning to try to identify any trend that nay be
showi ng up.

We al so use those sane tools to evaluate
operational experience that is comng out of the
i ndustry out there, and we factor that into our
processes goi ng forward.

CHAI RMVAN DENNING |If you're in md cycle,
and you have to shut down for a period of tine, and
then you have to decide things like how |ong am |
going to operate? Wat am| going to do in mnmy next
fill analysis, do you do that analysis, or does GE do

t hat anal ysi s?
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MR. HEAD: W both do it, provide

verification for one another there. So the answer is,
we both do it.

Wth respect to the VY nodels, when
Ent ergy bought Vernont, they were operating in cycle
22. W went back to cycle 20, did benchmarki ng
agai nst 20 through 24. The data — we're operating in
25 right now W just started up a few weeks ago, and
t hose nodel s are holding — they're matchi ng the pl ant
quite well, all the benchmark data we have on them
| ooks good.

MEMBER LEI TCH:  You're on 24-nonth cycl es?

MR. HEAD: No, we're on 18-nmonth cycles.

MEMBER LEI TCH:  And do you have all of the
sanme type of fuel, all the 10X10s?

MR HEAD: That's correct.

MEMBER SIEBER  You may want to take
advant age of your nodeling capabilities to satisfy
some of your quality assurance requirenents wth
regard to your fuel vendors?

MR. HEAD. W do that. Wen we go down to
what is called the mini-reviewin the rel oad process,
we often have — we conpare notes. W're |ooking at
differences there. W see differences in the nethods.

Ther e are di fferences bet ween t he t wo.
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But we typically understand those, and
when we see sonething we don't understand, we
typically get the guys together and figure out what's
goi ng on there.

MEMBER SIEBER Well, that's a good
practice. | encourage that.

MR. HEAD: And go to the next slide, if
you woul d.

W actual | y used t hose i ndependent mnet hods
as part of this effort here. |f there were questions
down on the lattice level as far as calcul ationa
net hodol ogies. W did a nunber of detailed
conpari sons between CASMO- 4, which is the tool that we
used, and TGBLA0O6. A nunber of different cases,
different voids, different exposure steps, different
lattices even.

That, coupled with what the staff was
doi ng helios we were able to get a real good handl e on
how wel | the met hodol ogi es were hangi ng toget her.

What we sawin all these results was what
we woul d expect to see based on industry experience
out there. The bad thing about having two different

code sets is, you get slightly different answers

soneti mes. You have to reconcile that, and understand

what is going on.
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But if they're nmarkedly different, it
typi cal ly means you got an error sonepl ace that you' ve
got to go chase down.

Al right. This section here, | was just
going to briefly go through some of the safety
anal ysis results. This will be discussed in further
detail by the staff |ater today.

Part of the constant pressure power for a
topi cal says that we will go | ook at specific safety
anal ysis on a cycle specific basis. These are sonme of

those results. The thermal hydraulic stability we

tal ked about to sonme extent already. |'msure there
wi || be other discussions about this.
Over pressure protection, and t he

anti ci pat ed operational occurrences there. Again, the
results were satisfactory, well below the ASME |imt
t hat we have.

ATWS5, which is one of the events that is
truly inpacted by the power upgrade, again, the
acceptance criteria for that is staying bel owthe ASME
limt. And cone below that, the suppression pool
tenperatures that you see, due to that postul ated
event, are well below the criteria that we have for
accept ance.

And we verified that the standby liquid

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

219

control systemthat you actually used to mtigate the
Atl as event has adequate margin.

DR. BANERJEE: Are you going to talk nore
about Atl as?

MR HEAD: This was it. | think the staff
has additional discussions on that possibly.

W' ve got the experts here if you' ve got
speci fic questions you want to tal k about.

DR BANERJEE: Vell, the first line
there, the heat pressure is 1490.

MR HEAD: That's correct.

DR. BANERIJEE: How nmuch uncertainty in
that? Wat have you established?

MR. BOLGER. The ATWS basis is a nom nal
basis and does not require any additional
uncertainties. However, the nethodol ogy does incl ude
some conservati sns.

In particular, the set points in the
safety relief valves that are used are set above
nomnal. Also, the capacity used for the safety
rel ease VARs are utilized are uncertified capacities,
which is typically about 10 percent |ower than what
nom nal | y woul d happen.

And lastly, in the analysis assunptions

speci fied by Entergy, one of the safety val ves was not
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credited, which adds sone additional conservatism on
t he peak pressure.

DR. BANERJEE: Now i n Atl as, have you
tal ked about Atlas to this conmttee before? | don't
recall, because | haven't attended all the neetings.
If it's been discussed, it's been discussed. Wo
presented the results of Atlas, and what the
transi ents | ooked like, and oscill ations, and how you
cal cul ated these oscillations.

MEMBER KRESS: W did this in a
generic fashion back in the early '90s.

DR BANERIJEE: Vell, we went to GE, and
we had a presentation there. And at that point I
remenber they were using TRACG and they had |ots of
probl enms in doing the cal cul ations.

So what has changed, and what has not?

CHAIRVAN DENNING W're definitely
interested. Let's pursue it alittle bit.

MR BOLGER: The TRACG is utilized in the
Atlas instability portion of the nethodol ogy. Those
were — those were subnmitted and approved a numnber of
years ago.

Cal cul ati ons wer e done based on
initializing at the MELA (phonetic) condition with a

punp trip. The case went into oscillation, and TRACG
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was utilized to predict fuel, whether there was fue
dryout and fuel failure type issues, and al so,
mtigating strategies.

More recently, we've been doing sone
additional TRACG type analysis for our operating
domai n expansion, and have also denonstrated the
adequacy of fuel margins for instability events with
fuel types through our 10X10 fuel type.

DR BANERIJEE: The TRACG cal cul ations |
remenber froma few years ago, the oscillations were
very large, very rapid, and it seened very difficult
to calculate. And in particular problens of dryout or
not dryout, and things like this. Because both the
size of the oscillations and the relatively high
frequency.

It would be at least interesting in this
case to see what anal ysis has been done in this — and
how it's been done. | understand that you used CDYN
(phonetic) rather than TRACG? O | don't know exactly
what was done.

MR. BOLGER For the peak pressure
anal ysis, and for the suppression pool tenperature
anal ysis was based on the CODYN net hodol ogy. ODYN is
a one-di mensional nodel, and it is able to predict

reactor vessel pressure due to an Atlas, and
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correspondi ng ef fects of what wi Il happen once you get
the resert punp trip, which will |ower the power. And
then further in time water |evel is reduced, and how
does the event proceed fromthere?

And then at such tine you have boron
i njection, and how does t he event proceed fromthere?

And based on that, we can determ ne what
the integral steamflowis into the suppression pool,
and fromthere we can determ ne what the suppression
pool tenperature is.

DR. BANERJEE: Now, does ODYN foll ow
t hese oscillations and things as well?

MR. BOLGER: No, ODYN does not predict
oscillations. The scenario which is evaluated for the
power uprate does not include an oscillation.

The basis for Atlas instability is
retaining the original track analysis basis because
t he event — the post-trip condition of the event, the
power flow condition event, is unchanged froma power
flow standpoint relative to what was submitted
previ ously.

CHAI RVMAN DENNI NG Let ne see, take ne
t hrough t hat agai n.

You're saying that for the power uprate

you did not have to dothis Atlas instability analysis
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because you were saying that the basis was unchanged
fromprevious; is that what you just said?

MR BOLGER: That is correct. That the
argurment that was presented in the constant power
pressure uprate submttal -

VOCE: This is proprietary. This is
going into GE proprietary space. Can we hold this
until we close the session a little bit later?

MR BOLGER  Sure.

CHAI RVAN DENNI NG  Ckay, well, questions
about this slide. This is EPU nunbers?

MR BOLGER That is correct.

CHAI RVAN DENNI NG  And when you say,

pressure regulator failure, that is a conplete

failure? In other words, thermal trip wthout bypass?

MR. BOLGER. The way the pressure
regul ator fails open, the regulator fails open, that
causes a reduction in pressure, and you get a |ow
pressure isolation.

And t hen when you isolate the reactor, it
turns into a pressurization event, and that is where
the pre-pressure occurs, on the tail end of the
cl osure of the MSIBs.

MEMBER LEITCH  And this assunes sone

operator action to start the standby Iiquid punps? |
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nmean t hi s pl ant does have aut omati c st andby i njection;
is that correct?

MR BOLGER That's correct.

MEMBER LEI TCH: So what tine is assuned

for the operator to start the standby liquid control

punps?

MR HEAD. | don't have that information
right now. It is going to be on the present tonorrow,
is it not?

MR BOLGER That's correct.

MEMBER LEI TCH. COkay, | can wait until
t onor r ow.

| guess just the question is going to be,
is that tine appreciably different than it was before
EPU condi tions? But we can wait until tonorrow.

MR ENNIS: W'Il talk specifically to
t hat tonorrow

MEMBER LEI TCH:  Ckay.

MR. HEAD. W lunp all those operator
actions the effects of timng, the EPU effect on
timng, isall inone presentation | believe tonorrow

MEMBER LEI TCH: Ckay, we can do that
t onmorrow, thank you.

MEMBER WALLI'S: This peak pressure is only

for a very short tine?
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MR. HEAD: Duration is — until slick

starts driving it down?
MR. BOLGER Do you have a slide on that?

VR. HEAD: | don't believe | do.

MEMBER WALLIS: Well, ny question was, |
think the slick system only punps up to 1,400 PS|?
That's what it says in its specification.

MR. BOLGER: The pressure peaks out, and
t hen drops back down | think after about 30 seconds or

so, the pressure gets back down.

MEMBER WALLIS: So for that period of tine
the slick system cannot punp agai nst the pressure?

VR. BOLGER: That's correct.

MEMBER WALLIS: It doesn't nmke any
di fference?

CHAI RVAN DENNING  Now, as far as the
suppressi on pool tenperature is concerned here, this
is an area, regi ne, where there is an MPSH problen is
that true?

MR ENNIS: That's correct.

CHAI RVAN DENNI NG But for a shorter

period of time, a couple of hours, is that what the --
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MR ENNIS: That's correct. And that's in

the presentation next week, right?

CHAI RVAN DENNING Do we want to go into
the closed session? Since we are not too far from
when we get to the end of this we're going to break
anyway.

MR. HEAD. W've gone one slide left.

CHAI RVAN DENNI NG Yes. After that, then
we're going to have to — we can't start up until 3:15
anyway, can we? So we mght as well just go into the
cl osed session right now?

DR. BANERIJEE: Yeah.

CHAI RVAN DENNING We'll go into the
cl osed session right now Because after that session,
then we'll take a break.

(O f-m ke conversation)

DR BANERIJEE: You have one nore slide,
right, before we go into the closed session?

MR HEAD: Yes.

CHAI RVAN DENNI NG You can go ahead and do
the summary sli de.

MR. HEAD: |In summary, the EPU is done
with — those nmet hods were applied for all the anal yses
that were doing for VY. And again, because we had a

couple of things going on in the industry, | believe
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it contributed to the staff's desire to do a little
bit of additional review here.

And that review took us into |ooking at
the uncertainties that we had built into the current
nmet hodol ogi es.

What cane out of that, again, was the
deci sion on Entergy's part to conservatively bound any
concerns the staff nmay have with those uncertainties,
and i npose that .02 safety |imt adder.

(O f-m ke conversation)

CHAI RVAN DENNI NG (Ckay, we're in closed
sessi on.

(Wher eupon, the proceedings went into

cl osed session at 2:28 p.m)
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