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P-R-O-C-E-E-D-I-N-G-S1

8:30 a.m.2

CHAIR BANERJEE:  (presiding)  The meeting3

will now come to order.4

This is a meeting of the Power Uprates5

Subcommittee of the Advisory Committee on Reactor6

Safeguards.  I am Sanjoy Banerjee, the Subcommittee7

Chairman, for the review of GEH Topical Report NEDC8

33173P, Supplement 2.9

ACRS members in attendance, at the moment10

anyway, are ACRS Chairman Said Abdel-Khalik, on my11

left; Member Sam Armijo, on my right, and Member12

Harold Ray.13

There is a concurrent meeting, and other14

Members may join us, in particular, Member Sieber,15

depending on the topics being discussed.16

Also in attendance are ACRS Consultants,17

former Chairman of the ACRS Graham Wallis, and Mario18

Bonaca.  We also have ACRS Consultant Tom Downar in19

attendance.20

Glad to see you, Tom.  We thought you were21

missing in action.22

(Laughter.)23

CONSULTANT DOWNAR:  Right on time.24

CHAIR BANERJEE:  In any case, Zeyna25
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Abdullahi is the Designated Federal Official for this1

meeting.2

I am going to keep this brief.  In today's3

meeting the Subcommittee will hear presentations by4

and hold discussions with the NRC staff, General5

Electric Hitachi, and their consultants.6

In the past, ACRS has reviewed NEDC7

33173PA, the applicability of GE methods to expanded8

operating domains.  This Topical Report covers the9

basis for the application of GEH neutronic methods to10

extended power uprates and MELLLA+ expanded domain11

operation.12

In today's meeting, GEH and the staff are13

going to discuss Supplement 2 to this report.  The14

Supplement contains bundled and pin-by-pin gamma scan15

data comparisons against predictions of GEH's16

neutronic methods.17

We are looking forward to having the staff18

and GEH present their evaluations of the benchmarking19

data and the determination of the associated20

uncertainty components.21

The rules for participation in today's22

meeting have been announced as part of the notice23

previously published in The Federal Register.24

Portions of today's meeting may be closed to the25
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public, as needed, in order to protect material that1

is proprietary to GEH.2

A transcript of the meeting is being kept.3

Therefore, we request that participants in this4

meeting use the microphones located throughout the5

meeting room when addressing the Subcommittee.  The6

participants should first identify themselves and7

speak with sufficient clarity and volume so that they8

can be readily heard.9

We have provided a listen-in-only bridge10

line for the members of the public.  Please be advised11

that the lines may not be very clear since we are12

using telephones that are not part of the microphone13

system.14

Okay.  We will now proceed with the15

meeting, and I call upon Mr. Steve Philpott, the16

Project Manager supporting GEH's licensing17

applications, to start off the meeting.18

MR. PHILPOTT:  Okay.19

CHAIR BANERJEE:  Thank you.20

MR. PHILPOTT:  Thank you.  Good morning.21

We are back again.  We have been here,22

about a year ago, we were here, I think, maybe a23

little bit over a year ago, to present a different24

supplement to the methods, interim methods from GE,25
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the staff review of those.1

We are back again, too, as you mentioned,2

for Supplement 2.  You should have, as you see the3

agenda, I am going to give you, my intention is to4

give you a brief update.  Our thinking is, the staff's5

thinking is, every time we look at one of these6

supplements it might be good to just start off with a7

quick refresher of where we came with methods, where8

the different supplements fit in.  That is my goal for9

you this morning.10

So, I will be fairly brief, maybe about 1011

slides, just to walk you through, again, the roadmap12

of where we are in our reviews of some of the13

supplements to interim methods.14

You should have a few different15

presentations here from the staff, copies, GEH copies16

on your desk as well, one for me.  There are a couple17

that just explain -- we will hand out the proprietary18

slides, of course, when we are in closed session.19

There's a couple other with the titles of Dr. Yarsky20

on there.  Those are the open-session portions at the21

beginning and end of his presentation.22

Okay.  To start off with a quick23

background and review of interim methods and where we24

are in the process now, this is a slide that you are25
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a little familiar.  I am sure you have seen many1

slides since last year.  So, I don't expect you to2

have it committed to memory.3

But, again, it started off in 2002 with4

the submittal of MELLLA+, and, actually, in early5

2002, the Revision 1 of MELLLA+ was submitted in6

August of 2002.  And, then, some follow-on EPU license7

amendment requests from Vermont Yankee and Browns8

Ferry.  Those together I think form the basis of what9

we are now calling the interim methods, but GE's10

submittal of the Topical Report GE Methods for11

Expanded Operating Domains for the EPU and MELLLA+.12

CHAIR BANERJEE:  When is the final -- I13

know there is a slide on it -- but when is the final14

document due?15

MR. PHILPOTT:  Well, the final document16

that GE is trying to get to, you know, that is a very17

good question.  It is in process.  It is in multiple18

stages.19

And the goal here, I think, is based on20

the staff's initial review of the initial submittal of21

methods, there were a number of limitations and22

conditions.  And so, GE seems to be working through23

subsequent submittals to try to remove some of those24

limitations and conditions, if they can justify it,25
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and clean up some of the other open items, I think.1

Once they manage to work their way through, and the2

staff can review, if those get approved, I guess once3

they get to a point where they are satisfied they have4

done as much as they can do, it will get --5

CHAIR BANERJEE:  I notice GE has a slide6

with a product which is the final --7

MR. PHILPOTT:  Right.  Okay.8

CHAIR BANERJEE:  -- somewhat.9

MR. PHILPOTT:  Exactly.10

CHAIR BANERJEE:  I didn't see if there is11

a date there, but we will return to it.12

MR. PHILPOTT:  Exactly.  Maybe they can13

answer better than I can --14

CHAIR BANERJEE:  Yes.  Okay.15

MR. PHILPOTT:  -- in terms of targets.16

But we have a few of the supplements either have17

already been reviewed or in-house now.  So, we are18

kind of well on the path to getting there.19

September of `07 is when MELLLA+, the20

second revision of MELLLA+, was approved by the staff.21

And, then, the initial SE for the Methods Topical22

Report was in early 2008.23

Actually, I have a bullet here that, I24

apologize, is not on your slides.  The last bullet, it25
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actually got to the final approved dash-A version,1

which is Revision 1 of the Methods Topical Report is2

just the approved, the acceptance version of the3

Topical Report.4

So, just to avoid any confusion, the5

reason they submitted what is called Revision 2 now6

with Supplement 2 is Revision 1 is the acceptance7

version of the Topical.8

Again, very briefly, the staff's SE for9

the initial review of methods had 24 limitations and10

conditions included with that approval.  And GE's11

intention, and they have committed through various12

letters to us, to submit subsequent data and follow-on13

qualification data to try to remove some of those14

limitations and conditions and address open items.15

Now the next two slides, I will just step16

through.  The main reason here is to make sure you17

know that we haven't forgotten how the alphabet goes,18

and because we have a number of appendices that are19

kind of designated and slotted for what are expected20

and committed submittals from GEH.21

Appendix F is already in place.  That was22

to address findings in a Part 21 evaluation related to23

GSTRM.24

Appendix G, the number of outstanding, I25
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guess, methods RAIs that essentially will get all tied1

together.  They are based on Revision 1 of MELLLA+.2

And essentially, those open items were addressed by3

the submittal of, the review of the IMLTR.  And the4

limitations and conditions that the staff imposed took5

care of any assurance of safety related to those open6

items.7

But, ultimately, when all these things are8

addressed, it is more of a documentation thing.9

Appendix G will be the documentation of wrapping up10

all those open items from MELLLA+.11

Supplement 1 will be, the review of that,12

the staff's SE will become Appendix H to the SE for13

interim methods.  That has already been submitted.  It14

was submitted last year in April.  It is under review.15

We have staff there currently in the process of16

evaluating that and formulating some RAIs and that17

sort of thing.  It has not been issued to GEH yet, but18

we have had some initial discussions and are working19

toward resolving some of the --20

CHAIR BANERJEE:  We saw some of this,21

didn't we, the pressure-drop data?22

MR. PHILPOTT:  I don't believe you have23

seen it yet.24

CHAIR BANERJEE:  Okay.25
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MR. PHILPOTT:  There was some question1

about it last year when we were here.2

CHAIR BANERJEE:  Okay.  So, that is the3

thing in my mind.4

MR. PHILPOTT:  Yes.  So, it may have come5

up.  Now this is not the focus of our topic today.6

CHAIR BANERJEE:  No, no, I know that.7

This is a different topic.  Clearly, we heard8

something about it.9

MR. PHILPOTT:  Right.10

CHAIR BANERJEE:  But we probably did not11

see your SE and things like that, right?12

MR. PHILPOTT:  Right.  Exactly.  We are13

not ready, we are not close to issuing an SE on this14

topic yet.15

CHAIR BANERJEE:  Okay.16

MR. PHILPOTT:  The data, as I said, has17

been in-house.  Their submittal has been in-house for18

some time, and we are working hard to kind of get19

through that now.20

CONSULTANT WALLIS:  So, why is it so21

complicated?  I mean it came in in April 2010.22

MR. PHILPOTT:  Correct.23

CONSULTANT WALLIS:  And it is simply a24

void correlation or something like that?25
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CHAIR BANERJEE:  There is no direct1

measurement.2

CONSULTANT WALLIS:  There must be some3

complication that it is taking so long.4

MR. PHILPOTT:  And I am probably not the5

best one to speak to it, but it is fairly complex and6

there are some complicated issues in terms of how we7

address it, how the staff wants to address this.8

The other just more logistical part is it9

has had to step through some transition of staff in10

the technical review side of it.  So, there has been11

a little bit of delay in that regard.  But we have12

actually been working through some of these other13

supplements in the meantime.14

Okay.  Supplement 2 will become Appendix15

I to the SE for interim methods.  This is the topic16

for today, of course.  This is where GE Hitachi17

committed to qualify their methods with the additional18

gamma scan data, both bundle power and bundlizing pin-19

by-pin gamma scan.20

That was submitted in August of `09.  It21

came in in three parts, based on three different sets22

of gamma scans, which you are going to see in today's23

presentation, and you will get the details of that.24

And it is aimed at removing -- there are25
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two limitations.  Limitations 4 and 5 in the SE impose1

the safety limits, SLMCPR penalties, .02 for EPU for2

the review.  And, then, there is an additional .013

added on for MELLLA+.  And in the presentations today,4

you will see details, reminders of what those5

penalties are based on.6

RAI 9, Appendix J will address RAI 9 for7

the IMLTR.  This is for the plenum fission gas and8

fuel exposure gamma scan information.  This ties in,9

will be reviewed in the PRIME space and will be10

submitted, essentially, as a supplement to the PRIME11

implementation plan.  Actually, in the PRIME approval12

I believe we had a requirement that GE do, I think it13

is, a five-year follow-on on the implementation of14

PRIME.  Basically, this will be staff will look at15

this to confirm that the commitments have been16

satisfied by GEH.17

Supplement 3, I was here last year or the18

staff was here last year to present that to you.  That19

was approved.  All the documentation was completed and20

issued at the end of 2010, December of 2010, I21

believe.  That, as you remember, just extended the22

applicability to GNF2 fuel.23

Supplement 4 is essentially complete.24

That is the GE-submitted plan for implementing PRIME25
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into the downstream methods.  And that has been1

through staff review and was approved by the staff.2

So, that just lays out a plan for the implementation.3

There is a follow-on audit that GE has committed to,4

or the staff will conduct and GE will support, just to5

audit the implementation to verify all the6

implementation into the downstream code.7

So, although we are working now to plan,8

GEH has identified to us that they are ready to9

proceed with that audit.  I think they are pretty much10

finished with their implementation work.  And so, we11

are working now to plan that audit.12

I think we are on the second-to-last slide.13

Limitation 23, this will be addressed, the staff will14

address it in Appendix M to the SE.  This is a15

commitment or requirement from the limitations, from16

that Limitation No. 23, for GE to submit cycle-17

tracking data from the first plant that implements18

MELLLA+.19

Monticello I think was the first one to20

submit it and had committed to support that.  So,21

providing the data for us to review that, I guess22

there is some question now about whether Monticello or23

Nine Mile Point, depending on who gets there first, I24

guess.25
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But GE Hitachi is working with the1

licensees to meet that commitment to submit the cycle-2

tracking data.  And when we get that data, we will3

review it and it will become Appendix, if it is4

approved, become Appendix M.  Actually, that review5

will tie-in, you will see later, to followup to6

Supplement 2.7

CHAIR BANERJEE:  Yes.  So, they are not at8

the moment planning any gamma scan data or anything on9

the MELLLA+ plant?10

MR. PHILPOTT:  That I don't know.  I mean11

I don't think so, yes.  And they will address that.12

This is, yes, the tracking data will come13

in from the licensee.  I don't know exactly the14

particulars of all the details --15

CHAIR BANERJEE:  Well, we will find out.16

But, at the moment, clearly, there is a lack of that17

data.18

MR. PHILPOTT:  Right.  Exactly.  And that19

was stated in the Limitation, that they would agree to20

submit all the various data.  And, yes, I think we21

will be able to give you more details about22

specifically what we will be looking at there.23

And, then, the last one is Appendix N.24

This one is just a placeholder.  This would be25



17

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C.  20005-3701 (202) 234-4433

required if GE were to submit a supplement that1

addresses gadolinia loading above a 10 percent weight2

gadolinia.  As far as we know, they don't have3

immediate or current plans to submit that at this4

point.  So, that one may or may not be get out, get to5

a final methods document.6

Last, just a quick review.  So, again,7

today our focus is on Supplement 2.  You are going to8

see information about the staff's review of bundle9

gamma scan data, as well as pin-by-pin gamma scan10

data, to address some of the uncertainties that11

initially needed these additional adders because they12

felt, the staff felt the uncertainties weren't13

adequately qualified for modern fuels.14

So, addressing these additional margins,15

Supplement 2 was submitted with a request to remove16

both of those limitations.  It does not request any17

removal or alteration of any other limitations and18

conditions in the SE.19

And you are going to hear the results of20

our review and where we stand on whether we agree with21

that, to question the limitations.22

So, that is my, hopefully, fairly-brief,23

10-minute overview of where we are.  If you have any24

questions, other questions, that I can answer for you25
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at this point?1

CHAIR BANERJEE:  I think any questions2

related to this -- I think that you are very clear on3

what is going on.4

Thanks, Steve.5

MR. PHILPOTT:  Okay.6

CHAIR BANERJEE:  We are going to leave it7

to you as to --8

MR. PHILPOTT:  Yes.  I believe the agenda,9

now we are going to shift to GE Hitachi, who are going10

to come up and present some presentations initially in11

open session, and, then, they will go to a closed12

session regarding the Topical Report and some of the13

qualification data that they have.14

CHAIR BANERJEE:  Okay.15

MR. PHILPOTT:  so, I think we have, well,16

I believe, Brian Moore and John Rea.  John Rea I thin17

is starting off first from GE Hitachi.18

CHAIR BANERJEE:  Okay.  So, John, are you19

going to start off, or Brian?20

MR. MOORE:  So, I am Dr. Brian Moore, and21

I have brought my experienced colleague, Dr. Rea.  He22

has been in industry for over 40 years.  So, he did23

most of the analysis on the gamma scan.  So, I am24

going to let him lead, but I am going to be up here25
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with him as well.1

CHAIR BANERJEE:  Okay.  So, please, sit2

down.3

(Laughter.)4

I mean Steve likes to stand, but --5

(Laughter.)6

MR. REA:  Okay.  I am going to go over the7

gamma scan experimental results in comparison to our8

PANACEA 3D simulator calculations.  The purpose for9

the discussion in the open session is to go over a10

paper that was presented in Pittsburgh in May of 2009.11

I have reordered the presentation just a little bit to12

refocus the intention of the Committee here.  And I13

have also added a few slides just to show a little bit14

about the TIP System.  Okay?15

So, in the normal process, the way we16

validate the 3D model is by making TIP comparisons.17

We have to predict the TIP measurements and we compare18

to the TIP measurements.  In that process, you start19

with pin-by-pin gamma sources, and the pin-by-pin20

gamma sources then have to be interpreted to the TIP21

signal.22

Now the purpose of the gamma scans is to23

further validate the TIP model in PANACEA and the TIP24

comparisons that we do.  If we can show from gamma25
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scans that we, indeed, are doing a good job of1

calculating the TIP distribution and, therefore, the2

power distribution because the TIP distribution is3

calculated from the power distribution, that is a4

validation of the power distribution calculational5

process that we have in the 3D simulator.6

So, we are going to present two types of7

gamma scan comparisons.  The first one is on bundle8

gamma scans.  That will be the Cofrentes gamma scans.9

In those measurements, at four corners of the fuel10

assembly at multiple axial heights, measurements of11

lanthanum-140 are made, the peak for the12

lanthanum-140.  And you get from that a measurement of13

the power distribution in the fuel assembly.14

And the second type of comparison that we15

are going to present is where you actually take the16

fuel assembly apart and measure rod by rod, so you can17

get some ideas about the linear heat generation rate18

calculations and measurements.  Okay?  So, there is19

going to be bundle gamma scans for Cofrentes and pin-20

by-pin gamma scans for FitzPatrick.21

CHAIR BANERJEE:  Just for my information,22

what is the detector you used?23

MR. REA:  High-quality germanium, and I24

will come back to that.  I will have pictures.25
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CHAIR BANERJEE:  So, is the spectral1

resolution very good?2

MR. REA:  Yes.  We measure the peak at 1.63

MeV for lanthanum-140, and it is a question of4

counting time and you have to have a collimator to5

make sure --6

CHAIR BANERJEE:  Right.7

MR. REA:  -- you are getting first flight.8

CHAIR BANERJEE:  Yes.9

MR. REA:  So, the measurement is actually10

fairly good.11

CHAIR BANERJEE:  And you don't get any12

other peaks nearby or anything like that?13

MR. REA:  Well, we'll come to that.  It14

turns out that these measurements are made in the15

spent-fuel pool.16

CHAIR BANERJEE:  Right.17

MR. REA:  Spent-fuel pools are filled with18

fuel these days.  There is a lot of cobalt background.19

There is a lot of spectrum in there.20

So, these measurements are not in a21

laboratory.  They are in the spent-fuel pool of an22

operating reactor.  You could easily have somebody23

walking by and kick the cable.  Or you could have some24

voltage fluctuations.  And so, you have to have a25



22

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C.  20005-3701 (202) 234-4433

large amount of controls to make sure you are getting1

valid data.  And I will go into some of that.2

CHAIR BANERJEE:  Okay.  I would be3

interested to know.4

MR. REA:  Yes.5

CHAIR BANERJEE:  I mean I have seen these6

pictures of the collimator and the --7

MR. REA:  Right, yes.8

CHAIR BANERJEE:  But it is not clear what9

it is.10

MR. REA:  Yes, I will go through that and11

I will show you how it is loaded into the spent-fuel12

pool --13

CHAIR BANERJEE:  Right.14

MR. REA:  -- coming from the spent-fuel15

pool.16

CONSULTANT DOWNAR:  But, John, you take17

more than one measurement, though, at each location?18

MR. REA:  For the bundle gamma scans, we19

measure at four different sides in the corners.20

CONSULTANT DOWNAR:  The four corners.21

MR. REA:  We measure it twice --22

CONSULTANT DOWNAR:  Twice?23

MR. REA:  -- at each side at different24

elevations.25
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CONSULTANT DOWNAR:  About 25?1

MR. REA:  Yes, going axially up the fuel2

assembly.3

CONSULTANT DOWNAR:  So, it would be about4

200 measurements total.5

MR. REA:  Right.  Yes.6

MEMBER ARMIJO:  All these measurements,7

were they made exclusively on GE fuel, or I think8

there was some --9

MR. REA:  We are going to have alternate10

vendor fuel also.11

MEMBER ARMIJO:  So, did you actually12

measure the --13

MR. REA:  Right.  And I will show you14

that.15

MEMBER ARMIJO:  Okay.16

MR. REA:  I will call them Type A and Type17

B, and later on we will find out what those are.18

MEMBER ARMIJO:  Okay.19

CHAIR BANERJEE:  You can talk about it in20

the closed session --21

MR. REA:  Right, yes.22

CHAIR BANERJEE:  -- with real names,23

right?24

MR. REA:  In this session, we are not25
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really going to go into the details of how we use1

these measurements and we are not going to relate them2

to the topic at hand.  We are just going to limit3

ourselves to talk about the experiment, the4

information we have gotten, and some comparisons to5

the calculational process.6

CHAIR BANERJEE:  Just give me a rough7

idea.  What is the counting time and how many counts8

do you typically get, that you get the statistical9

error of that.10

MR. REA:  Yes, when you set up the11

collimator, you can put in pieces of steel or other12

absorbers to adjust the count rate.  And so, we would13

try to get for a pin measurement, hopefully, we could14

try to get, not including dead time, a 30-second count15

rate, a 30-second time.16

And the actual number of counts during17

that time is a function of what the strength, the18

signal is, et cetera.  And so, we have to, in essence19

use a little bit of Kentucky windage and judgment to20

get things set up for the experiment.21

And as I will show you later on, we have22

a limited time period to do this experiment because23

the barium is decaying as you go through the24

experiment.  So, you have to set things up early on to25
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try to make sure you get all the way through the1

campaign.2

CHAIR BANERJEE:  But you count for a3

sufficient number of counts to reduce the statistical4

error?5

MR. REA:  Right, and we calculate the6

statistical error in the process of accumulating the7

data.8

CHAIR BANERJEE:  So, how many counts,9

roughly, on the average?  Is it a million or 100,00010

or 10,000?11

MR. REA:  Again, it has to do with the --12

CHAIR BANERJEE:  I understand, yes.  Yes,13

sure.14

MR. REA:  A hundred and fifty would be way15

too small.16

CHAIR BANERJEE:  Yes.17

MR. REA:  Fifteen hundred, we would be18

getting into the range where you might be starting to19

get some statistics in the 30-second count rate.  And20

we try to go up from there, but you don't want to have21

too many count rates because then it saturates.22

CHAIR BANERJEE:  Yes, of course, unless23

you run it in current mode.24

MR. REA:  Right.25
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CHAIR BANERJEE:  You're running it in1

count mode, right?2

MR. REA:  Right.3

So, I am going to start first talking4

about the Traveling Incore Probes, which is our normal5

mechanism for determining the power distribution in6

the core.  And these are run as the normal course of7

events, 1,000 effective full-power hours, 1,0008

megawatt days for short then, and some interval9

approximating two months or so.10

The purpose for the Traveling Incore11

Probes is to calibrate the local power range monitors,12

which are used for instrumentation in the mean time.13

As you recall, the TIP instrumental enters the core14

through the bottom of the core, and it is in a tube15

that is adjacent or also contains the local power16

range monitored sensor.17

In that process, it is a mechanical18

process, and mechanical processes are prone to failure19

if you use them too much.  The process is to insert20

the TIP detector to the top of the core.  You have to21

be very careful about not going too high in the top of22

the core.  Everything has to be calibrated and the23

distance, et cetera.24

So, you insert the TIP detector at the top25
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of the core, and you pull it out and you measure at1

one-inch increments.  After you take the measurements2

at one-inch increments, then in our process we do an3

averaging over six inches.  So, we get a six-inch4

node-centered value for the TIP that we use for the5

actual monitoring of the comparisons.  Okay?6

Now, as I mentioned, there is an indexer.7

And what this is used for is that you only, for this8

example, for this reactor, you only have three TIP9

machines.  The TIP detector can go into multiple10

locations to inter-calibrate the TIP machines so that11

you know that TIP Machine A is reading equivalent to12

TIP Machine B and TIP Machine C.13

There is a common location in the center14

of the core, where you see the three colors in that15

one center location, the red, green, and yellow.  That16

is the common location in the process of doing the TIP17

measurements.18

First, you put each one of the three19

machines into that common location and pull it out and20

measure the profile.  And, then, you calibrate each21

one of the machines so that they are inter-calibrated.22

So, they all read the equivalent.23

CHAIR BANERJEE:  These are all neutron24

detectors?25
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MR. REA:  These are, the ones that we are1

going to show for FitzPatrick and for Cofrentes are2

gamma detectors.  There are both gamma detectors and3

neutron detectors.4

In any case, to get an interpretation of5

what the TIP signal means in the 3D simulator, in6

actual fact, you have to predict what the TIP signal7

will be, and you use the power distribution and8

combine the power distribution to predict using9

correlations --10

CONSULTANT WALLIS:  So, they are all11

calibrated to the mean of the three values or12

something like that?13

MR. REA:  Well, the center one, basically,14

when you run on the common channel, they are15

calibrated so that the integral over the measurement16

is the same --17

CONSULTANT WALLIS:  Is the same?18

MR. REA:  -- for all three machines.19

CONSULTANT WALLIS:  But that means, which20

one do you vary?  I mean you can force them to agree21

in various ways.22

MR. REA:  Oh, yes.  You force them to23

agree by making the integral of the measurements be a24

common value for all three of them.25
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CONSULTANT WALLIS:  Yes.  But that could1

be a different common value, depending on how you2

force them to agree.3

MR. REA:  Yes.  Okay.  Well, that is going4

to be an important concept as we go forward.  Because5

when we do the gamma scans, normally, in a laboratory6

situation in gamma spectroscopy, what you do is you7

have a standard.  Okay?  And you measure compared to8

that standard, and you can measure an absolute value9

of whatever it is you are measuring.  Okay?10

In the gamma scans and in the TIPs, you11

only measure relative power distributions, and you12

have to allocate those powers to the power of the13

core.  So, it is all of the TIP measurements are14

relative.  There is no absolute value of kilowatts per15

liter or kilowatts per --16

CONSULTANT WALLIS:  So, you have some17

other measurement of the total power?18

MR. REA:  Right.  You have another heat-19

balance measurement of the total reactor power.20

CONSULTANT WALLIS:  And you force them to21

agree with that?22

MR. REA:  Right, yes.23

CONSULTANT WALLIS:  Okay.24

CHAIR BANERJEE:  Well, but you have25
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peripheral, which is less reliable, right, the power1

measurements and --2

MR. REA:  Well, you will notice that only3

one-quarter of the locations of the cohort are4

actually monitored, right?  So, in the process of5

interpreting the TIP signals, in the old, very old6

days, when you had quarter-core symmetry for the whole7

core, you would replicate the signals into the8

symmetric location.  We have a little more9

sophisticated process now, but it is essentially like10

that.  Okay?11

You know what you are measuring.  You know12

the parts that you are measuring.  You also know the13

total reactor core power.  Of course, there's many14

locations on the periphery, where we don't measure the15

power.  These measurements, if you look at them, these16

are not control-blade-centered locations.  These are17

TIP-centered locations, not the four bundles around18

the control rod, but the four bundles around the TIP.19

The TIP, basically, reads the four-bundle power, sort20

of radial power, on a four-bundle basis.  Okay?21

Now, in the process of doing the22

calculations, we also predict the TIP signals on an23

individual-string basis.  And when we say we compare24

the --25
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MEMBER ABDEL-KHALIK:  But on the previous1

slide, when you go from 1-inch measurements to 6-inch2

averages, do you just use simple arithmetic average of3

six readings?4

MR. MOORE:  No.  No, actually, this is5

fairly well-known.  There is a trapezoidal6

averaging --7

MEMBER ABDEL-KHALIK:  Okay.  All right.8

MR. MOORE:  -- three to six.9

MEMBER ABDEL-KHALIK:  Okay.  That's fine.10

Thanks.  But trapezoidal averages --11

CHAIR BANERJEE:  Integrals, I guess.12

MEMBER ABDEL-KHALIK:  But doesn't that end13

up being essentially an arithmetic average?14

MR. MOORE:  Yes, it's close.  There is15

nothing fancy about --16

MEMBER ABDEL-KHALIK:  Right.17

MR. MOORE:  -- getting down to a 6-inch.18

The reason why we are interested in six inches is,19

typically, the normalization of the core.20

MEMBER ABDEL-KHALIK:  Right.21

MR. REA:  So, for consistency and22

comparison.23

MEMBER ABDEL-KHALIK:  Right.24

MR. REA:  Okay.  Now, as you go through25
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and do the calculations and the measurements for each1

of the TIP strings, you can see, if you squint fairly2

hard, you can see there are some differences between3

the calculated and measured TIPs.  The red line is the4

calculated; the blue is the measured.  And all this5

would indicate is you have fairly good agreement on6

the predicted and measured TIPs.7

As you go through the cycle and operate8

the plant, you run the TIP system to calibrate the9

local power arrange monitors.  And, then, you can use10

that information to compare to offline calculations.11

Now online we have a system that runs every hour or 1012

minutes, whenever something changes.  Offline, when we13

do design calculations, we put a number of those14

operating states together and approximate by doing15

discrete sets of calculations offline.16

What this shows is the comparison of the17

statistics for the calculated and measured TIPs for18

cycle 13 of Cofrentes.  And cycle 13, Cofrentes itself19

is a very interesting plant, very interesting utility,20

because they normally load fuel from two different21

vendors at the same time for each reload.  So, it is22

a very heterogeneous situation, and you have a lot of23

things going on in the 3D core.  So, it is a good test24

of how well your code system works.25
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MEMBER ABDEL-KHALIK:  This is intentional1

or just fortuitous?2

MR. REA:  No, they do that on purpose.3

MEMBER ABDEL-KHALIK:  Oh, I see.4

MR. REA:  And I won't go into their5

motives, but it is fairly straightforward.  American6

domestic utilities don't take that approach.7

Now in the processes of doing the offline8

core tracking, we make approximations and we use9

steady-state xenon for each of the state points.  The10

very first point shown on this graph was actually non-11

equilibrium situations.  So, the analysis that we did12

offline isn't really valid for that one point.  It is13

just used as a mechanism to accumulate some exposure14

up to where we do have --15

CHAIR BANERJEE:  So, you do the transient16

xenon or --17

MR. REA:  Yes.18

MR. MOORE:  Yes.19

CHAIR BANERJEE:  Okay.20

MR. REA:  So, if we look at the integrated21

bundle, as it would be called, the radial for the22

TIPs, and you look near the end of cycle, because we23

are going to do the gamma scan at the end of cycle.24

So, we would like to be able to compare the TIP25
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measurements near the end of cycle to the gamma scan1

measurements of the end of cycle.  The typical values2

I would like you to remember are about 2 percent for3

the radial and about 4 percent for the nodal near the4

end of cycle.5

All right.  That is Cofrentes cycle 13.6

The next campaign is Cofrentes cycle 15, and we go7

through the same process.  We have offline core8

tracking, and we have the actual measurements, and we9

do comparisons of the TIP statistic.  And the number10

I would like you to remember for Cofrentes cycle 1511

near the end of cycle, where we are going to be doing12

the gamma scan measurement, is about 2 percent on the13

radial and about 3 percent for the nodal.14

CHAIR BANERJEE:  If I remember the cycle15

13, there is no GE14 fuel, right?16

MR. REA:  No, it is GE12.17

CHAIR BANERJEE:  Yes.18

MR. REA:  It's still a 10x10.19

CHAIR BANERJEE:  Yes.  Okay.20

MR. REA:  Okay?  All right.21

MEMBER ARMIJO:  I am trying to look at22

your charts and see which number, which data point,23

you are picking out for the, let's say, nodal 324

percent near end of cycle on this chart.  Which data25
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point are you looking at?1

MR. REA:  Okay.  If you look at the red2

squares, those are the axial.  And I haven't mentioned3

the axial.4

MEMBER ARMIJO:  Okay.5

MR. REA:  So, the red squares we are not6

going to be worried with.  The stars at the top that7

are in purple, those are the nodal values.8

MEMBER ARMIJO:  Okay.  I see it.  Okay.9

MR. REA:  Okay?10

MEMBER ABDEL-KHALIK:  I see where it is.11

CONSULTANT WALLIS:  So, by end of cycle12

you mean 9,500 or something?13

MR. REA:  Yes, that is the cycle exposure14

in megawatt-days for short --15

CONSULTANT WALLIS:  But you are going to16

compare with the last points?17

MR. REA:  Right.  Yes.  It is not18

necessarily exactly at the end of cycle for any19

particular plant.  It is the last TIP measurement that20

they made.  But it turns out it is four days from the21

end of cycle, but it is close, yes.22

CONSULTANT DOWNAR:  So, John, one23

clarification.  I want to make sure I understand.24

What you are calling axial RMS, that is radially-25
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integrated?1

MR. REA:  Right.2

CONSULTANT DOWNAR:  And so, when I look at3

the previous plot, a couple ago, the 31 different4

snapshots in this one --5

MR. REA:  Okay, yes.6

CONSULTANT DOWNAR:  -- this is active?7

MR. REA:  This is the nodal comparison.8

CONSULTANT DOWNAR:  This is nodal?9

MR. REA:  Right.  And if you take each one10

of those curves and integrate the area under the11

curve, you will get the radial.12

CONSULTANT DOWNAR:  Okay.13

MR. REA:  And it represents, basically,14

four fuel assemblies.15

CONSULTANT DOWNAR:  Okay, okay.16

MR. REA:  Okay?17

CHAIR BANERJEE:  I am not absolutely clear18

how you, you know, with the axial you have got data19

along the whole axis for those?20

MR. REA:  Right.21

CHAIR BANERJEE:  But the radial, you have22

sampling of the data, but you don't have particularly23

data in the peripheral channels?24

MR. REA:  Well, you might remember we ran25
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the TIP detector through the common channel first.1

CHAIR BANERJEE:  Yes.2

MR. REA:  So, the idea would be any TIP3

machine in any detector, if you did put them in a4

different location, would read the equivalent value.5

So, we already intercalibrated.6

CHAIR BANERJEE:  Right, but it assumes7

that you have, you, of course, have from a heat8

balance an accurate idea of the power of the core?9

MR. REA:  Right.10

CHAIR BANERJEE:  But you are measuring11

primarily in the central locations of the core, not12

completely at the periphery?13

MR. REA:  Well, no, you --14

CHAIR BANERJEE:  Or there are some --15

MR. REA:  Look at 21 --16

CHAIR BANERJEE:  Yes.17

MR. REA:  -- that is on the periphery.18

Thirty-three is actually on the periphery.19

CHAIR BANERJEE:  But that is on one side,20

right?  Or am I getting something wrong here?21

MR. REA:  Well, the original design of the22

BWRs was they were designed quarter-core and measured.23

CHAIR BANERJEE:  Right.24

MR. REA:  And so, if you were to replicate25
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those signals into all of the symmetric locations, you1

would see there's only a few peripheral locations that2

are non-monitored.  That would be the way of looking3

at it.4

CHAIR BANERJEE:  And are they symmetric?5

MR. REA:  For the most, they are6

reasonably symmetric.7

CHAIR BANERJEE:  So, you can get a8

reasonable sort of idea of what the radial power9

distribution is?10

MR. REA:  Yes, but, see, that is the11

reason we do the TIP comparisons because the core may12

not be symmetric, may not be exactly symmetric.  And13

hopefully, our model will show the same kind of14

asymmetries that you actually measure.  Okay?15

CHAIR BANERJEE:  In other words, there is16

some sort of interaction between your model and these17

measurements to come up with these calibration factors18

because, ultimately, you need to be able to calibrate19

it against the total power.20

MR. REA:  The calibration process is21

completely independent of the 3D model.22

CHAIR BANERJEE:  That is what I am trying23

to understand.  When you bring the three things24

together, I understand what you are doing.  You get25
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radial power distributions.  But all could be off,1

obviously.2

MR. REA:  Right.3

CHAIR BANERJEE:  Because they are only4

relative.5

MR. REA:  Okay.  And so, you could take6

whatever the units are of the measurements of the7

individual TIP strings and you could sum up all of8

those numbers for every node of every measurement9

point, and you would have a number.  Okay?  And, then,10

you could do the TIP prediction in the 3D code, in11

PANACEA, and you could sum up all those values, and12

you would have a number.  Then, to do the comparisons,13

you normalize them both to the same number.14

CONSULTANT WALLIS:  How do you compare15

with a calorimetric value?16

MR. MOORE:  We are not --17

CONSULTANT WALLIS:  It is a real value.18

MR. MOORE:  Right, but for purposes of the19

model benchmarking, we are actually not trying to20

benchmark to the actual heat output of the reactor.21

The TIP calibration does calibrate the LPRMs.  The22

LPRMs are then used along with heat balance for23

operation of the reactor.24

In this case, we are actually using the25
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TIP measurement for a slightly different purpose.  And1

that is, are we getting the shape, the relative shape,2

inside the core correct?3

CHAIR BANERJEE:  So, it is all relative?4

MR. REA:  Right.5

(Laughter.)6

CHAIR BANERJEE:  All right.  I think we've7

got it.8

(Laughter.)9

MEMBER ARMIJO:  Just one last thing.  You10

use a term "non-adapted" TIP environment.  What is a11

non-adapted --12

MR. REA:  Okay.  In the online system, we13

have a process of using the measure TIPs and LPRMs to14

modify the thermal margins.  And when you modify the15

thermal margins, you can get a slightly different, you16

will get a slightly different power distribution.  And17

therefore, you would get a slightly different TIP18

signal.19

In fact, the adaption process is set up20

such that, if you look at these same plots here, there21

would be almost exact agreement on the axial shape on22

these curves.  So, if I showed you a shape-adapted set23

of plots, they would all look the same and it would be24

terribly uninteresting.25
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MEMBER ARMIJO:  Okay.1

MR. REA:  Okay?2

CHAIR BANERJEE:  What are the detectors in3

the core?4

MR. REA:  The LPRMs are thermal --5

CHAIR BANERJEE:  No, I mean the gamma6

detectors.7

MR. REA:  The gamma detectors?  They are8

withdrawn from the core and, then, they are inserted9

into the core in the TIP tube.10

CHAIR BANERJEE:  But what are they11

physically, the detectors?  The gamma crystal, what12

are they?  Are they sodium iodide or what is it?13

MR. MOORE:  The gamma detector?  We will14

have to get back to you.15

MR. REA:  I'm sorry.16

MR. MOORE:  We will look at that in just17

a minute and get back with you.18

CHAIR BANERJEE:  Yes.  Obviously, you know19

what it is.  But I am wondering because they have to20

-- now it is not just the lanthanum-140.  You are21

getting a whole spectrum, right?22

MR. REA:  Yes, we are getting the whole23

spectrum.  Yes, we are not measuring the one isotope24

that --25
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CHAIR BANERJEE:  And it is getting from1

all the four bundles around it?2

MR. REA:  Right.  And that is a very3

central point of this.  When we do the TIP prediction,4

you have to have a model to predict that TIP signal.5

So, in the lattice-generation process, in the TGBLA.6

You, in essence, have a gamma source for each pin.7

Then, you have a process that gets from the gamma8

source to the gamma detector location, and what the9

signal will be for that TIP detector at that exposure,10

void, control state, et cetera.11

When we do the gamma scan comparisons,12

again, we have the same process or the same problem.13

It is that, again, we have, if you take the bundle14

gamma scans, you have gamma sources at each pin15

location, and we are measuring them at four different16

corners.  So, if you have a fuel assembly that has17

part-length rods, the geometry will change and the18

process of getting from the pin gamma source to the19

detector will change.  And so, we have to have20

equivalent modeling techniques to go through that21

process.22

CHAIR BANERJEE:  Yes, I saw how you do23

that.24

MR. REA:  Right.25
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CHAIR BANERJEE:  You may want to talk1

about that in closed session, right?2

MR. REA:  Right.3

CHAIR BANERJEE:  I don't know if --4

MR. REA:  Yes, we will defer that part.5

CHAIR BANERJEE:  Yes, we can defer this,6

if you like.  But I am sure this has been extremely,7

since these TIPs have been used for a long time, this8

is extremely well-calibrated over decades probably.9

MR. REA:  Right.10

CHAIR BANERJEE:  So, you understand11

everything --12

MR. REA:  Right.13

CHAIR BANERJEE:  -- about the14

inaccuracies, and so on.  But what is your estimate of15

the inaccuracies in the measurement itself?16

MR. REA:  Well, you can sort of estimate17

that by doing repeat measurements in the common18

channel.  And it is on the order of 1, 1.2 percent.19

CHAIR BANERJEE:  And it is not a bias or20

anything?21

MR. REA:  It is not a bias.  Within the22

reactor, you are going to have oscillations.  Flow is23

coming in and maybe oscillating a little bit.  So, you24

are going to have oscillations.  So, of course, there25
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is noise in the reactor.1

CHAIR BANERJEE:  And you have corrected2

for the void fraction and everything?  You don't ever3

do that --4

MR. REA:  You use the void fraction as5

part of a correlation.  You use the control state for6

part of the correlation for what kind of a signal you7

are going to get for the TIP or for the gamma8

detector.9

CHAIR BANERJEE:  All right.10

CONSULTANT DOWNAR:  John, one last11

question.  The normalization fore these TIPs, you have12

the normalization that is the same.  You have13

normalized this, right?  So, there is one14

normalization constant.15

MR. REA:  For the measures, the16

measurement system, yes.17

CONSULTANT DOWNAR:  Right.  So, later on,18

when we get to the gammas, I am a little concerned19

because there you discard some of the peripheral20

bundles because the signal is weaker.21

MR. REA:  Correct.22

CONSULTANT DOWNAR:  So, there you are23

looking at a slightly different dataset for24

comparisons than you are here.25
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MR. REA:  Exactly.  Yes.1

CONSULTANT DOWNAR:  Okay.  So, when you2

get to that, would you talk about that?3

MR. REA:  Yes.  We are going to talk about4

that, yes, talk about which bundles are measured, et5

cetera.6

CONSULTANT DOWNAR:  Right.7

CONSULTANT WALLIS:  Just to clarify, the8

RMS is for the 6-inch average?  It is not for each 1-9

inch?10

MR. REA:  That is correct.11

So, we have talked a little bit about the12

Cofrentes TIP comparisons.  And I wanted to point out13

something about real life.  In real life, you will14

occasionally have problems in the TIP detectors, in15

the TIP machines.  As I mentioned, it is a mechanical16

system.17

And on FitzPatrick, things were going18

along very nicely.  And, then, at one point one TIP19

machine failed and could not be put into the common20

channel.  Okay.  So, that is one of the three TIP21

machines.22

So, one of the three sets of TIP strings,23

all of a sudden, there was a large radial difference,24

and that led to, when you go through the statistics25
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and compared to the predicted and measured TIPs, you1

see a very large deviation at the location, the2

exposure, where they had the failed TIP machine.3

Luckily, they were able to fix that4

problem by the end of cycle, where it is in the5

location of or in the time period when we are doing6

the experiments.  And so, the number I would like you7

to come away with for the FitzPatrick comparison of8

measured and calculated TIPs, it is, again, something9

like 2 percent, less than 1.8 percent for the radial,10

and, again, around 4 percent, less than 4.3 percent,11

for the nodal near the end-of-cycle conditions, where12

we are going to be looking at the gamma scan.13

CONSULTANT WALLIS:  It is a bit14

unfortunate because in the previous curves everything15

seemed to be settling down.16

MR. REA:  Right.  Yes.17

CONSULTANT WALLIS:  Now it is not clear18

that it is settled down.19

MR. REA:  Yes.  Well, you should not20

expect that everything would always get better or21

everything would always get worse.  It should be22

something like a random process, and you should have23

some scatter around the mean.  But that one point24

definitely is due to a machine problem.25
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CHAIR BANERJEE:  So, you simply couldn't1

calibrate everything?  So, why show that one at all?2

I mean, if you can't calibrate it, you have no way to3

know what it is, right?4

MR. REA:  Well, as it turns out, the TIP5

detector could still be put into all of the ultimate6

locations.  It is just that it was not calibrated to7

read equivalency --8

CHAIR BANERJEE:  The same locations?9

MR. REA:  So, the shape that could be10

derived from that was still the same, the same shape.11

It is just the magnitude of it was higher.12

And later, in closed session, if you want,13

we can talk about, a little bit about treating14

monocore and how it handles that.  Because in the15

licensing basis, we are allowed to have TIP machines16

that don't operate.17

MR. MOORE:  I believe it is important here18

to note that the axial RMS, which is a measure of just19

how well you are predicting the relative axial shape,20

still performs well.  So, the TIPs, even though the21

absolute magnitude is not calibrated, you would still22

be able to get the shape.23

We have introduced, you know, I guess we24

are trying to make sure you understand this is an25
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operational measurement, and life is not, this is not1

in the lab, and things do go wrong.  Just so that we2

appreciate the efforts --3

MR. REA:  As an analyst, as an4

experimentalist, when you look at it and you see that5

the failed TIP machine happened to be near one of the6

fuel assemblies we want to measure, you go, "Oh, my7

goodness."8

(Laughter.)9

Okay.  So, now we are going to go into the10

gamma scan itself.  We are going to talk about the11

bundle gamma scans and the pin-by-pin gamma scans.12

But, first, I am going to go over the gamma scan13

measurement process, what we are measuring and what we14

are not measuring.15

Now we use these to confirm power16

distribution measurements, right?  In reality, what we17

do is we measure lanthanum-140 and we predict barium.18

So, I am going to show you figures and plots of barium19

versus lanthanum.  Okay?20

And the reason that is appropriate is21

because lanthanum-140 is a daughter product of barium.22

Barium has a 12.8-day halflife.  So, when you shut23

down, you have an inventory of barium and you have24

some small inventory of lanthanum, which is really25
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decayed away quite rapidly.1

And because of the decay of the barium2

into the lanthanum, and because the activity level3

decreases out a time period after shutdown, first, to4

do the measurements, first, you have to wait until the5

barium and lanthanum are in equilibrium.  So that,6

when you measure the lanthanum, you are actually7

measuring the barium.  And that occurs 10 days or so8

after shutdown, when they come into equilibrium.9

Then, as you are setting up your --10

CONSULTANT WALLIS:  Why does it start with11

lanthanum?  Hasn't been forming all the time?12

MR. REA:  Yes, it has been being formed --13

CONSULTANT WALLIS:  Why does it start at14

zero?15

CHAIR BANERJEE:  Well, it is very close to16

zero.17

MR. MOORE:  Actually, no, let's look at18

the slide very carefully.  The upper red line is the19

total lanthanum inventory.  No, I'm sorry.20

So, in fact, yes, lanthanum is a fission21

product, a direct fission product, as well as a22

daughter product.23

CONSULTANT WALLIS:  Yes.24

MR. MOORE:  So, it is not insignificant.25
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CONSULTANT WALLIS:  But that is much1

smaller than the daughter product.2

MR. MOORE:  That's correct.  Most of it is3

coming from barium.4

CONSULTANT WALLIS:  But, even so, it is5

being formed by decay all the time, too.  So, why is6

it zero?7

CHAIR BANERJEE:  No, it is not zero.  It8

is driven to zero there.9

MR. REA:  It is a small value.10

CHAIR BANERJEE:  It is showing that the11

lanthanum in the core and, if you started with a zero12

assumption after 10 days --13

CONSULTANT WALLIS:  If you did start with14

zero, that's what it would be.15

CHAIR BANERJEE:  Yes.  So, after 10 days,16

it doesn't matter.17

CONSULTANT WALLIS:  The real thing is red,18

but the blue thing is what it would be if you started19

at zero.20

CHAIR BANERJEE:  Yes, and it doesn't21

matter, let's say.22

CONSULTANT WALLIS:  Okay.  Now I23

understand.24

MR. REA:  Okay.  Now, in setting up the25
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experiment, you are going to measure the lanthanum,1

and you only have a certain amount of concentration of2

lanthanum, and barium is going to decay as a function3

of time.4

So, when you go through and do the5

experiment, you also have a time period whereby the6

accuracy of the measurement's precision goes down so7

low it is not really useful to make those8

measurements.  So, in essence, you have a limited time9

period after the reactor shutdown in which to do the10

power measurements, the barium/lanthanum measurements.11

Okay?12

So, normally, in an outage you are under13

time constraints anyway, but we are have an additional14

time constraint just to get the experimental data.15

MEMBER ARMIJO:  But, typically, you are in16

the 10 to 40 days is your window?  Or is it much17

tighter than that, or what?18

MR. REA:  In reality, it is from 10 days19

to 30 days.  And if the plant outage is 25 days, you20

have to wait 10 days; then you only have a 15-day21

outage.22

And there are some additional constraints23

we will talk about in just a few minutes.  Okay?24

CHAIR BANERJEE:  Are there any other25
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gammas?  Or are you going to show us that?1

MR. REA:  Yes.  Okay.2

CHAIR BANERJEE:  Which ones are nearby?3

MR. REA:  Okay.  Now one thing you might4

wonder about is the gamma distribution in the spent-5

fuel pool.  This is not the gamma distribution in the6

spent-fuel pool.  The spent-fuel pool has a very7

strong cobalt presence in the spent-fuel pool, and8

depending on the number of fuel assemblies and how9

close they are to where you are doing the measuring,10

there is a large possibility of noise and even you can11

actually see lanthanum-140 in the background12

measurement.13

Now the essence of the gamma scan14

measurement is that we are going to focus on the15

lanthanum spike at 1.6 MeV.  In essence, what you do16

is you count, you measure the area under the curve17

above the background.  As I mentioned, we don't have18

a standard that we bring in and measure and then go19

measure the rods.20

The process that is used for both the21

bundle gamma scan and the pin-by-pin gamma scan is to22

choose one field assembly or one pin as your reference23

pin.  And you start off the campaign by doing multiple24

measurements at multiple axial heights for that one --25



53

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C.  20005-3701 (202) 234-4433

we will deal with just the fuel pin itself.1

So, for example, you would do a number of2

measurements for that pin over a length of time to3

start the campaign.  Now you want to assess the4

experimental accuracy of your measurement system.  So,5

that measurement, say you do 10 measurements of the6

one rod over a time period of, say, half a day or so,7

for example.  That time period from the time you start8

until the time you end, the barium is decaying.  So,9

you have to back-time-correct the decay to some10

appropriate time, and we normally use the point of11

shutdown for the appropriate time.  So, we decay-12

correct the readings.  And for each of the axial13

levels that you measure, we think we are doing okay if14

it is really a straight line as a function of time15

after you decay-correct it.16

Then, you go into the campaign and you17

choose which fuel pin or fuel assembly you are going18

to measure, and you measure some number of additional19

fuel pins.  Then, you come back and measure that20

reference pin again at the same axial heights, and21

then you go measure some additional fuel pins.22

And when you are done, you take all of the23

measurements of the reference pin and do the decay24

correction, and, then, you can use that as a25



54

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C.  20005-3701 (202) 234-4433

measurement of the experimental uncertainty of the1

measurement process, because, again, it is only2

relative.  We are only measuring --3

CHAIR BANERJEE:  As long as you have4

resolved the peak reasonably well because, otherwise,5

it is going to be very hard --6

MR. REA:  Right.7

CHAIR BANERJEE:  -- to interpret the data.8

So, this is not a Gellius, a germanium detector,9

right?10

MR. REA:  Right.11

CHAIR BANERJEE:  It has got sufficient12

resolution?13

MR. REA:  And it is cooled, cooled down.14

CHAIR BANERJEE:  Yes.15

MR. REA:  And we will show some pictures16

of that, too.17

CHAIR BANERJEE:  Okay.  But it is not a18

germanium-lithium detector?  It is just a germanium?19

Is that it?20

MR. REA:  It is high-quality germanium, I21

believe, yes.22

MR. MOORE:  Yes, I think it is high-23

quality germanium.  Historical measurements did use24

sodium iodide detectors as well.25
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CHAIR BANERJEE:  Right, but you don't get1

the resolution with sodium iodide?2

MR. MOORE:  No.  No, you don't get the3

resolution, but for this large peak it is actually4

still a very good measurement.5

CHAIR BANERJEE:  Sufficient?  Right.6

MEMBER ABDEL-KHALIK:  Now if you are doing7

the measurements for a specific pin and using that as8

a reference, essentially, and doing it every few days9

and back-tracking to account for decay --10

MR. REA:  Right.11

MEMBER ABDEL-KHALIK:  And, then, you say12

at the end you look at the data that you collected for13

that reference pin --14

MR. REA:  Right.15

MEMBER ABDEL-KHALIK:  -- and from that,16

get an indication of the uncertainty in the17

measurement.  What would be the cause of the18

uncertainty, given the corrections that you have made?19

MR. REA:  One important part of the whole20

process is, when you are making the measurements at21

the axial height and repeat measurements, you have to22

make sure you are measuring the same axial height.23

So, the positioning system is one source of24

uncertainty.25
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Another potential source of uncertainty is1

just the voltage drops and the electronics that are in2

the system.3

MEMBER ABDEL-KHALIK:  How much decay of4

everything else that is in the pool?5

MEMBER ARMIJO:  Right, background.6

MR. REA:  Say it again?7

MEMBER ABDEL-KHALIK:  I mean you have a8

whole lot of other stuff in the pool.9

MR. REA:  Yes, but, as we will see the10

pictures, we have the detector shielded, hopefully,11

from that background, and we have a collimator and we12

are basically only measuring from the fuel pin.13

MEMBER ABDEL-KHALIK:  You are trying to14

isolate it from --15

MR. REA:  Right, right.  And I will show16

you in --17

MEMBER ARMIJO:  And how do you pick your18

reference pin?  Is it always the same fuel pin for19

every assembly?20

MR. REA:  Well, for the bundle21

measurements, we choose one bundle, and we go back to22

that bundle for the reference measurements.  For the23

pin-by-pin where we take the fuel assembly apart, the24

process that we use is actually to take one of the25
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predicted higher-power pins and choose that one for1

the reference.2

MEMBER ARMIJO:  Okay.3

MR. REA:  But before we go into the4

campaign, we also measure one of the lower-power pins5

to make sure that we will be able to measure over the6

whole length of the campaign.7

MEMBER ARMIJO:  Okay.8

MR. REA:  Okay?  So, we choose one and,9

generally, it is what we would think would be a high-10

power pin, but we want to make sure that we can11

measure everything.12

MR. MOORE:  It is important to use this13

measurement reproducibly, because in the past programs14

have suffered from mechanical movement inside the15

apparatus, for instance, and you don't know what has16

happened, but your reproducibility measurement shows17

that I have had a shift.  Then, you get to scratch18

your head and figure out how to handle it or whether19

you discard those early measurements or not.20

This didn't happen in the FitzPatrick21

campaign, but that is what you are looking for.  In22

addition to just the experimental uncertainty, you are23

looking for any other causal factors that would24

disrupt your ability to get those relative --25
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MEMBER ABDEL-KHALIK:  Yes, I was just1

trying to get to the major source of uncertainty that2

would cause you to do this sort of repetitive3

recalibration of that reference pin.4

MR. MOORE:  Well, I mean we know decay-5

corrected processes fairly well.6

MEMBER ABDEL-KHALIK:  Right.7

MR. MOORE:  But there are uncertainties in8

all of those constants that we use.  But I think the9

physical positioning itself is probably the largest10

source of the uncertainty.11

With our own gamma scan equipment, we do12

our best to make sure that the actual radial13

positioning is done correctly.  We actually try to use14

an automated apparatus to get the axial height, but15

small things can matter.  Even as a meaningful16

variation is measured in the course of the program,17

determined to be relatively insignificant, but, you18

know, there is no way to know that you are always19

pointing at the same sector of rod during the20

measurement as well.21

MR. REA:  And another source of, you might22

call it, uncertainty or anguish is not on these23

campaigns that we are talking about here, but on a24

different campaign, we were going through the process25
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and the detector failed and we had to take the machine1

out of the water and put a different detector back in2

and recalibrate it, et cetera.  That is another3

anguish part of the uncertainty.4

MEMBER ABDEL-KHALIK:  But, I mean, back to5

the frequent recalibration of this reference, if in6

your view one of the major sources of uncertainty is7

sort of the mechanical uncertainty as to the8

positioning --9

MR. REA:  Right.10

MEMBER ABDEL-KHALIK:  -- of the location,11

what makes you believe that any uncertainty associated12

with that reference pin will actually be13

representative of the rest of the measurements that14

you are making?  It seems like that is --15

MR. REA:  That is a question about how16

often you do the reference measurements.  If you did17

50 pins and measured at the beginning and the end, and18

you saw a difference in the reference, you wouldn't19

know where it might have changed.20

MEMBER ABDEL-KHALIK:  Right.21

MR. REA:  And in point of fac, in some of22

the campaigns that we have done, we have gone through23

the process and we get back to the reference pin, and,24

well, it's different and we can't figure out why, a25
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voltage change perhaps.1

MEMBER ABDEL-KHALIK:  Right.2

MR. REA:  And so, the measurements that3

were made between the last measurements of the4

reference pin and the new measurement of the reference5

pin simply have to be redone.  Okay?  We have to6

recalibrate and redo it.7

So, it is an experimental system, an8

experimental process, in a non-laboratory environment.9

CONSULTANT WALLIS:  So, you are moving10

something around all the time to do these 50 pins?11

MR. REA:  Yes.  I will show you a picture12

of that.13

CONSULTANT WALLIS:  How do you have enough14

time to do that?15

(Laughter.)16

MR. MOORE:  In fact, that physical17

movement is a large portion of the process.18

CONSULTANT WALLIS:  How long does it take19

to do one of the measurements?20

MR. REA:  Remember, we have a limited time21

period to do this, right?22

CONSULTANT WALLIS:  Yes.  But you've got23

a whole lot of data.24

MR. REA:  Yes.  We would like to measure25
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the whole core and options of the core.  But that is1

just not happening within a reasonable time period.2

MR. MOORE:  The outage durations of modern3

outages are --4

CONSULTANT WALLIS:  But you still must be5

moving this thing around pretty quickly.6

MR. MOORE:  Right.  Yes.7

CHAIR BANERJEE:  Anything you want to8

defer to the closed session, you can, of these9

questions, but we leave it to you.10

MR. MOORE:  Yes, we believe that this11

information is relatively fundamental and good to be12

discussed in open session.  So, we will indicate if we13

are getting to particular details which should be --14

CHAIR BANERJEE:  Yes, we will start the15

closed session at 10:00.16

MR. REA:  Okay.  Now, in terms of the17

comparison process, what we do is we take the gamma18

scan data and time-correct it.  Then, we have to19

predict the barium distribution that we are going to20

compare to, and we do that by offline core tracking.21

And in that offline core tracking, of22

course, we calculate the power distribution, which23

gives us the source of the barium from the fission for24

each of those time steps.  But it decays away.  So, to25
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get to the end of cycle, you have to integrate the1

barium distribution over the last 60 to 120 days of2

operation.3

As I mentioned, you also have to predict4

the view that you would see from the gamma detector5

for the fuel assemblies for the bundle gamma scan.6

And that is what we call the geometric view factors.7

And, then, implicit in all of these is,8

whatever we do, we have to normalize to the same9

common number.  So, we measured lanthanum and we have10

calculated barium.  Just like in the TIP, you have to11

normalize it, the same values, so that you can make12

the statistical comparisons.13

And we are doing these calculations with14

comparison to the PANAC11 predicted values, not some15

earlier version.16

CHAIR BANERJEE:  You also have some17

comparisons with PANAC10, don't you?18

MR. REA:  Well, we did in the first one.19

MR. MOORE:  Yes, in the first report,20

because the historical basis of our uncertainties were21

using these older methods, we felt it was important to22

calibrate ourselves with what kind of differences we23

saw between the older TGBLA04/PANAC10 methodology, and24

what is the basis of the IMLTR, which is25
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TGBLA06/PANAC11.  But we are primarily focused on1

PANAC11 going forward, since it is what bears upon the2

IMLTR basis.3

MEMBER ABDEL-KHALIK:  I am just trying to4

understand, again, how you sort of refer to a specific5

pin that you are using for the calibrations.  You are6

obviously sort of scanning that over its entire7

length.8

Shouldn't you actually, if it is all9

relative, shouldn't you be calibrating relative to a10

specific point on a specific pin?11

MR. MOORE:  Well, when we measure the12

reference rod, we actually measure all of the13

measurement points.14

MEMBER ABDEL-KHALIK:  Right.15

MR. MOORE:  So, in the FitzPatrick16

campaign, there were 11 measurement points.  So, when17

we measure the reference rod, we would actually look18

at all 11 of those axial heights.19

MEMBER ABDEL-KHALIK:  But when you20

calibrate across all the measurements, shouldn't you21

be referencing just the specific point, rather than22

all 11 on that reference rod?23

MR. MOORE:  You will see in the closed24

session how we utilize the reproducibility information25
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in the context in the final analysis of the1

uncertainties.2

MEMBER ABDEL-KHALIK:  Okay.3

MR. MOORE:  It might be better to wait4

until the closed session.5

MEMBER ABDEL-KHALIK:  That's fine.  No6

problem.7

CHAIR BANERJEE:  Okay.  Just to get back8

to PANAC10 and PANAC11, PANAC11 is not yet an approved9

code, is that right?  Or remind me of the situation.10

MR. YARSKY:  PANAC11 is approved.11

CHAIR BANERJEE:  It's approved?12

MR. YARSKY:  Peter Yarsky from the staff.13

PANAC11 is approved.14

CHAIR BANERJEE:  Right.  Okay.  It's15

approved.16

There was some wording that I had17

difficulty in understanding in the SE about PANAC10.18

Did I misinterpret it?19

MR. YARSKY:  The approval process for20

PANAC11 was a little bit, I don't want to say ill-21

documented.22

CHAIR BANERJEE:  Right.23

MR. YARSKY:  But the basis for the24

approval of PANAC11 was actually conducted by the25
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staff, I believe, in 1985.1

MR. MOORE:  No.  May I correct?2

MR. YARSKY:  1995?3

(Laughter.)4

It was before my time.5

MR. MOORE:  The audit was conducted in6

1995.  The information was subsequently transmitted to7

the staff in 1998, and we received an SE from the8

staff in 1999, in association with our other governing9

licensing document called GESTAR.10

For the Inter-Methods LTR, like I said,11

for the Inter-Methods LTR, the staff recognized that12

nearly the whole of the fleet was using TGBLA06/13

PANAC11, methods.  Therefore, that is where they14

concentrated their review.15

There are a couple of16

limitations/conditions concerning use of old methods,17

basically, saying that we have not necessarily18

reviewed them in total for application.  So, you are19

restricted to use of PANAC11 when you are going to20

reference this document.21

CHAIR BANERJEE:  Okay.  I will re-read the22

SE.  I was just confused by some wording there.  But23

it is just my confusion.  Don't worry.  Yes.24

CONSULTANT DOWNAR:  So, one thing, at the25
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appropriate point, if you could make it very clear, I1

mean you have the TGBLA/PANAC10 or 11.  And, then, we2

have these measurements.  And somehow, these views3

factors, we get Monte Carlo in here.  So, what I am4

very concerned about is I understand the role of Monte5

Carlo to renormalize.  And I want to in my mind make6

it clear that we are going from TGBLA and that7

deterministic -- and we have a measurement, because8

that is the validation we want.9

MR. REA:  We will discuss that more in the10

closed session.11

CONSULTANT DOWNAR:  Okay.12

MR. REA:  Yes.13

MR. MOORE:  Yes, it is specifically14

highlighted in the slides that we will cover in closed15

session, if we can hold onto that.16

CONSULTANT DOWNAR:  Okay.17

CHAIR BANERJEE:  Let's hold the question.18

MR. REA:  All right.  So, in terms of19

doing the analytic comparisons, we have the online20

monitoring system in 3D Monte Carlo, which uses an21

adaptive process.  And so, we are going to provide22

comparisons to the adaptive process.23

We also have the design calculations that24

we would do for predictions and for estimations.  That25
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is the non-adaptive PANAC11 where we just use a1

PANAC11 code.2

In addition to those two, we are going to3

also show you a little bit more on a process of taking4

the nodal information from the 3D modeling and5

extracting the void fraction and the fuel temperature6

and the exposure steps, in the presence or absence of7

the control blade, and putting those into the lattice8

code and doing a lattice depletion.9

In all of these, there is the process of10

predicting the barium and, then, comparing to the11

measured lanthanum.  All right?12

So, we are going to go over the Cofrentes13

bundle gamma scan first, and, then, we are going to go14

over the FitzPatrick pin by pin.  As I mentioned,15

Cofrentes has his unique process of loading fuel from16

two different vendors at the same point each reload,17

approximately 50/50.  So, for the Cofrentes cycle 13,18

there were 50 bundles that were measured, 50 fuel19

assemblies, and they were split between 9x9 and 10x10.20

And the 10x10 were GE12 and something called Type A,21

whatever vendor that is.22

CHAIR BANERJEE:  You know enough about23

Type A to be able to do reliable reactor physics24

calculations?25
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MR. REA:  Right.  We have to model those1

in our lattice codes and include that in the2

calculations.  And it is a fairly heterogenous3

situation.4

MR. MOORE:  But to answer your question,5

of course, we would receive information under6

appropriate protections from the other vendor to model7

the fuel for the purposes of this benchmarking.8

MR. REA:  Okay.  Now the colored ones are9

the bundles that were actually measured.  And you can10

see there is some on the periphery, and these are TIP-11

centered four-bundle cells, not controlled weights12

under four-bundle cells, consistent with the previous13

CONSULTANT WALLIS:  Why are there14

different colors for Type A?  There are four different15

colors.16

MR. REA:  Well, when they were loaded,17

which cycle they were loaded.18

CONSULTANT WALLIS:  Which one they were19

loaded at different times?20

MR. REA:  Yes.  Okay.  So, we have some21

relatively-fresh Type As and some fairly-exposed Type22

As.23

And in Cofrentes, as we will talk later,24

they already had an uprate to 103 percent power.  By25
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cycle 15, they had been uprated to 112 percent of the1

original licensed power level.2

For cycle 15, again, there were 50 fuel3

assemblies that were measured, again, at each of the4

four corners at 25 axial elevations, and twice at each5

of those locations.  When all of the experiments were6

done and the experimentalists were reviewing the data,7

they discovered that four fuel assemblies there was an8

experimental error.  They hadn't had the right9

absorbers in the collimator stream.  So, we were told10

to ignore those four fuel assemblies.11

MEMBER ARMIJO:  So, there was --12

MR. REA:  There was an experimental error.13

MEMBER ARMIJO:  Okay.14

MR. REA:  All right.15

CHAIR BANERJEE:  Again, what was the error16

due to?17

MR. REA:  Well, you remember that -- or18

maybe we haven't talked about that.  In the collimator19

you have the ability to put in some absorbers, so we20

can adjust the signal so it is in a reasonable range21

for counting.  And for four of the fuel assemblies the22

absorbers were not correct.  They were different than23

for the other --24

CHAIR BANERJEE:  Do you know what the25
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absorbers were?  You could always correct for it, if1

you knew what they were.2

MR. REA:  Yes, you could go through a3

process of trying to correct it, but we were4

instructed not --5

CHAIR BANERJEE:  They are just gammas,6

right?  I mean, at the end, if you know what they are,7

you can go ahead and --8

MR. MOORE:  GEH did not actually take9

these gamma scan measurements.  Another vendor took10

these on behalf of the customer.  So, we could only11

ask, and the information we received was to exclude12

these four bundles from the campaign.13

CHAIR BANERJEE:  Okay.14

MR. REA:  In a similar manner, the15

experimentalists told us to ignore some bottom16

measurements and some top measurements because the17

experimental uncertainty was too high.18

MEMBER ABDEL-KHALIK:  Now I understand19

they are using fuel from different vendors and20

different fuel designs from the same vendors, but at21

least was the core loaded symmetrically?22

MR. REA:  Approximately symmetric, yes.23

MEMBER ABDEL-KHALIK:  What is24

"approximately"?25
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MR. REA:  Well, in the middle of cycle 15,1

they had a problem where they had to discharge a2

leaker fuel assembly and then daisy-chain some fuel3

moves in.  So, near the periphery in the second half4

of the cycle, it was slightly asymmetric because of a5

mid-cycle outage replacing fuel assemblies.6

MEMBER ABDEL-KHALIK:  Okay.7

MEMBER ARMIJO:  But by cycle 15, that was8

all 10x10 fuel, independent of whether it is Type9

GE --10

MR. REA:  That is correct.11

MEMBER ABDEL-KHALIK:  -- or A or GE12 or12

14?  It's all types?13

MR. REA:  GE14, of course, is 10x10.14

MEMBER ABDEL-KHALIK:  Right.15

MR. REA:  And the Type B is 10x10.16

MEMBER ABDEL-KHALIK:  And the same as 12,17

GE12, is 10x10.18

MR. REA:  Right.  There is no GE11 left19

in.  I think that Type A, yes, was 10x10, yes.20

CHAIR BANERJEE:  Yes, I think Type A is21

10x10.22

MR. REA:  It's 10x10, yes.23

Okay.  Now, as I mentioned, Cofrentes went24

through a power uprate.  What we are showing here is25
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a power flow map, and the lines that go from the high1

power to the low power, of course, are the lines of2

constant rod pattern, where if you keep the rod3

pattern constant and just increase the flow, you will4

go up in power.  All right?5

And what is shown in the purple and red6

dots are the cases that were used in the offline core7

tracking.  Now these two data points down here were8

early, beginning-of-cycle operation that was modeled9

just to get up to where they were at full power.10

And what you can read from this is that,11

normally, you see these plotted as a function of12

exposure.  So, you get some idea of the power is a13

function of time or the power is a function of14

exposure.  We chose to show it in this manner to15

reemphasize the uprate in power level between cycle 1316

and cycle 15.17

And what you can see is most of the18

operation is at near rated conditions for that19

particular cycle.  But you can also see that at the20

end of each one of those cycles, as they pulled all21

the rods out and sat there, there was a power coast-22

down.  So, in terms of the prediction of the barium,23

you have to, of course, include that power coast-down24

in the integration process to get the barium.  All25



73

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C.  20005-3701 (202) 234-4433

right?1

Now this is the actual.  If somebody says,2

"Show me the data," here's the data.  This is the3

actual gamma scans measurements for the bundles where4

it has been averaged at each level over the four5

readings for each of the four corners, where it has6

been measured twice.7

CHAIR BANERJEE:  There is variation8

between the four corners?9

MR. REA:  You see some variation, yes.10

CHAIR BANERJEE:  Typically, how much?11

MR. REA:  But, see, in some cases --12

CHAIR BANERJEE:  Relatively?13

MR. REA:  Yes, there may be a tilt in the14

exposure across the fuel assembly.  There may be a15

presence of the control rod not in that fuel assembly,16

but somewhat nearby.  And so, there are many reasons17

for having not exactly the same reading at each of the18

four corners.  And the fuel assembly is not symmetric19

at each of the --20

CHAIR BANERJEE:  And your code predicts21

that, doesn't it?22

MR. REA:  Yes.23

CHAIR BANERJEE:  So, I mean, why not just24

use the raw data without averaging it?25
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MR. MOORE:  We were not provided the raw1

data.2

CHAIR BANERJEE:  Right.  Okay.  Because,3

otherwise, your code should do it.4

MR. REA:  Yes, we could.5

CHAIR BANERJEE:  Yes.6

MR. REA:  Okay.  So, as you can see, there7

are some low-power fuel assemblies that are probably8

on the periphery down at the bottom and some high-9

power fuel assemblies.  There is a large number of10

different trends that you might pick out from this.11

CONSULTANT WALLIS:  So, there is no12

correlation between the colors in this figure and the13

colors --14

MR. REA:  Oh, yes, there is no15

correlation, no correlation between the colors on this16

plot and the colors used previously.17

CONSULTANT WALLIS:  So, we should forget18

those colors?19

MR. REA:  Right.  Yes, you can forget the20

colors.  They are just used to distinguish between the21

different fuel assemblies.22

MEMBER ABDEL-KHALIK:  So, these represent23

averages of four corner measurements that this other24

vendor did?25
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MR. REA:  Right.1

MEMBER ABDEL-KHALIK:  How much variability2

between, expected variability, between the readings at3

the four quarters for that specific quartile?4

MR. MOORE:  The experimental error is5

derived from that.6

MR. REA:  Yes, 2.3 percent.7

MR. MOORE:  It is about 2.3 percent.8

MR. REA:  But we don't want to say that in9

open session.  We will talk about that more in closed10

session.11

MEMBER ABDEL-KHALIK:  Okay.12

MR. REA:  We will talk about that more, a13

little bit more, in closed session, if we could.14

MEMBER ARMIJO:  But the variability in15

those four corners would be dependent on the fuel16

design, right?17

MR. REA:  Right.18

MEMBER ARMIJO:  And you don't have that19

data?20

MR. REA:  And enrichments in the four --21

MEMBER ARMIJO:  You don't have that data22

for --23

MR. MOORE:  GE was not provided the24

individual four-corner data.  We were only provided25
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the node average, which was the average of all eight1

measurements at each level.2

CONSULTANT WALLIS:  So, somewhere you have3

PANAC comparisons with all of these data?4

MR. REA:  Yes.  We are getting there.5

CONSULTANT WALLIS:  Well, you are going to6

show us the big picture?  You are not going to show us7

the individual comparisons with these curves?8

MR. REA:  Yes, if we go to the big picture9

perhaps.10

(Laughter.)11

CONSULTANT WALLIS:  Yes, I know.  I know12

that, but you are not going to show us a comparison13

with each curve, so we can see if there are any14

anomalous ones?15

CHAIR BANERJEE:  I am sure they can16

provide that, if you want it.17

CONSULTANT WALLIS:  I assume that.  I knew18

it --19

CHAIR BANERJEE:  No.  I mean, why don't20

you do this?  We have got 15 slides more, roughly, 1421

to go.  And we have eight minutes before we go into22

closed session.  Maybe we can go over by a few23

minutes, but at the end of the day we want to defer24

whatever questions needed to closed session that you25



77

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C.  20005-3701 (202) 234-4433

can.  Just say it, "closed session," okay?1

MR. REA:  Okay.  All right.  So, we will2

go briefly over the remainder slides.3

In terms of the comparisons of the bundle4

integrated barium and lanthanum, this curve flocks5

historical data in blue from previous gamma scans6

compared to the Cofrentes cycle 13 radial comparison.7

And as you can see, the Cofrentes data fits in very8

well with the historical data, and it also lies on a9

line that indicates there is good agreement between10

the predicted and measured.11

MEMBER ARMIJO:  Now the historical data,12

those are data taken by GE, totally separate,13

experimental setups, everything completely different?14

MR. REA:  Yes.15

MEMBER ARMIJO:  And the Cofrentes were16

taken by some vendor working for the Cofrentes?17

MR. REA:  Right.18

MEMBER ARMIJO:  And Cofrentes I guess19

polls that data, but it has supplied some of it to20

you?21

MR. REA:  And I should mention, just on22

this one plot, the historical data is the data23

normalized to that set of data.  And if you were24

looking at it, if you had the knowledge of what the25
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barium and lanthanum distributions were, the Cofrentes1

data would be higher on the right, but it is plotted2

only for the Cofrentes data itself, not in consonant3

with the other data.4

That is cycle 13 indicating good ability5

to predict the radial integrated lanthanum.  And if6

you break it down for cycle 15 into the different fuel7

assembly types, you can see that each of the different8

fuel assembly types is also reasonably well --9

MEMBER ABDEL-KHALIK:  I am sorry.  If that10

whole process is sort of relative --11

MR. REA:  Yes.12

MEMBER ABDEL-KHALIK:   -- right? -- how13

can you compare two sets of data on the same plot? 14

MR. REA:  You mean the biggest plot?15

MR. MOORE:  We were interested in the16

variation.  Is there a difference in the variation?17

For instance, since Cofrentes cycle 13 is a high power18

density than the original historical dataset, and uses19

10x10 fuel versus the historical dataset of 7x7 and20

8x8 fuel, if there was a substantial inability of21

GEH's methods to predict it, you would see a wider22

variability away from the 45-degree line.23

And so, that is basically what we are24

trying to show, that the historical data, basically,25
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envelopes the same type of variability that we are1

seeing in the modern gamma scan.2

MEMBER ABDEL-KHALIK:  But the question is,3

so the relative location up and down this 45-degree4

line is unknown?5

MR. MOORE:  That's right.  You would have6

to have an absolute connection point, basically, to7

normalize across all datasets --8

MEMBER ABDEL-KHALIK:  Right.9

MR. MOORE:  -- in order to do that.10

MEMBER ABDEL-KHALIK:  Right.11

CHAIR BANERJEE:  You could do knowing the12

total thermal power, though, right?13

MR. MOORE:  Yes, we could.14

CHAIR BANERJEE:  Yes.15

CONSULTANT WALLIS:  So, this predicted16

barium, it is the prediction of what the barium would17

be at the time when you made the measurement of the18

lanthanum?19

MR. REA:  Right, integrated over the last20

120 days of --21

CONSULTANT WALLIS:  Knowing that?22

MR. REA:  Yes.23

CONSULTANT WALLIS:  And, then, decay and24

all the stuff that goes --25
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MR. MOORE:  It is decay-corrected back to1

the time of shutdown.2

MR. REA:  And again, it is relative3

measurements.4

MEMBER ABDEL-KHALIK:  I am just sort of5

wondering how would one generate a plot like that, if6

you don't really know how to cross-calibrate between7

datasets.8

MR. REA:  Again, we normalize for the same9

value, normalize the predicted barium and the measured10

lanthanum to the same value.11

MEMBER ABDEL-KHALIK:  You understand my12

question?13

MR. MOORE:  Yes, I understand your14

question.15

CONSULTANT WALLIS:  And the scale on the16

axises is what?17

MR. REA:  Relative intensity, you might18

call it.19

CONSULTANT WALLIS:  Relative intensity?20

MR. REA:  Yes, relative count rate.21

CONSULTANT WALLIS:  So, it is22

dimensionless in its --23

MR. REA:  Okay.  So, when we look at the24

statistics for the non-adapted and adapted25
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calculations for Cofrentes for cycle 13 and 15, when1

we compared the gamma scan results to the TIP2

measurements -- remember that when we went through the3

TIP measurements, I said the number I would like you4

to remember is the value near the end of cycle where5

we are doing the gamma scan measurement.  What we see6

is the TIP radial is about 2 percent for both the TIP7

comparison, and the gamma scan bundle RMS is about the8

same, around 2 percent.  And we see approximately the9

same value for the nodal RMS value.10

CHAIR BANERJEE:  What does adapted and11

non-adapted mean?12

MR. REA:  Adapted is the one where the13

shape for the TIP is made to agree with the measured14

TIP.  And that means that, to do that, you change the15

power distribution a little bit, and, then, you change16

the thermal margins.  So, that is the only impact, is17

to change the --18

MR. MOORE:  It is perceived as a minor19

adjustment to improve -- for the core monitoring20

system, they want to give the best estimate thermal21

margins.  Where are they relative to the tech specs at22

any point in operation?23

So, while the lion's share of all the24

predicted capability is done non-adaptively, since you25
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have the TIPs and/or LPRM information, that is brought1

in to do a slight adjustment on the power in order to2

make the match.3

CHAIR BANERJEE:  It should improve the4

agreement?5

MR. MOORE:  I'm sorry?6

CHAIR BANERJEE:  It should improve the7

agreement and reduce the RMS?8

MR. MOORE:  You definitely improve the9

agreement on the TIPs, by definition.  Cycle 1310

report, the difference between the adapted and non-11

adapted was substantial.12

For PANAC11, the amount of correction you13

are making is relatively small.  So, in fact, we are14

not getting much change or improvement, and at times15

just a little bit of on either --16

CHAIR BANERJEE:  Why is cycle 15 adapted17

nodal RMS higher than the non-adapted one?18

MR. REA:  Yes, you have to remember these19

differences are well within the experimental20

uncertainties.21

CHAIR BANERJEE:  Right.22

MR. MOORE:  The results are -- we did it23

adaptively because that is the basis that we end up24

needing to use for our safety analysis basis.  So, if25
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it gets a little bit worse, then we are okay.1

CHAIR BANERJEE:  But it could be due to2

the experimental uncertainty?3

MR. REA:  That's right.4

CONSULTANT WALLIS:  So, what do you carry5

over to the SLMCPR, which is what we are interested6

in?7

MR. REA:  We are going to --8

CONSULTANT WALLIS:  It is only this RMS9

value?10

MR. REA:  We are going to take that11

into --12

CONSULTANT WALLIS:  But the only13

statistical parameter you carry over is the RMS value?14

MR. MOORE:  No, we have several parameters15

which we will discuss in closed session.16

CONSULTANT WALLIS:  Because the17

distribution of that error could be important.  When18

you are looking at .1 percent, the interest in --19

MR. MOORE:  Yes.20

CONSULTANT WALLIS:  You are going to get21

into that later on?22

MR. MOORE:  We are getting into that23

within the closed session.24

CONSULTANT DOWNAR:  This includes 5025
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points for cycle 13 and 46 points for 15 in this RMS.1

That is in there.  In other words, all the points.2

You didn't discard any of them, right?3

MR. MOORE:  Since this is a methods4

comparison, yes, all valid data is in here.5

CONSULTANT DOWNAR:  There are all in6

there?7

MR. MOORE:  Uh-hum.8

MR. REA:  Now, rather quickly, I think we9

will go through the pin-by-pin FitzPatrick gamma10

scans.  And the key part of this campaign is that we11

take a fuel assembly out of the core and we12

disassemble it.  We measure individual pins, and,13

then, for one of the two bundles, we reassemble that14

fuel assembly and put it back into the cycle before15

the outage is over.  So, there are some additional16

time constraints on what you can measure and how much17

you can measure.18

In the campaign, we measured a bundle that19

was at the end of its first cycle of residence and a20

bundle that was at the end of its second cycle of21

residence, a one-spent bundle and a twice-spent22

bundle.23

MEMBER ABDEL-KHALIK:  And this is just24

because the utility wanted that bundle back?25
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MR. REA:  Well, yes.1

MEMBER ABDEL-KHALIK:  I mean, why did you2

have to go --3

MR. REA:  It is scheduled for operation in4

the next cycle.  It is a high-powered bundle, worth5

money.6

CONSULTANT WALLIS:  A lot of money.7

MEMBER ABDEL-KHALIK:  Okay.8

MR. REA:  All right.  So, when it says we9

only measured about 50 percent of the fuel rods in the10

fuel assemblies, that is because of the time11

constraint of getting the fuel assemblies reassembled12

and back into the core, et cetera.13

MEMBER ARMIJO:  Did you measure part-14

length rods as well?15

MR. REA:  Yes, we measured the part-length16

rods.17

MEMBER ARMIJO:  You could get them out?18

MR. REA:  Yes.19

MEMBER ARMIJO:  Okay.  Tricky.20

MR. REA:  Yes, I know some other vendors21

don't do that.22

The mechanism, the apparatus that we used23

for doing the measurements is actually mounted on the24

side of the spent-fuel pool, hung from this particular25
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jig, and the parts of the gamma scan detector1

apparatus include, you have to have liquid nitrogen2

for cooling the detector.  The detector itself is in3

a shielded container, and the liquid nitrogen here has4

to be refurbished on a regular basis to maintain the5

temperature of the germanium detector.6

The collimator is a thin slit to allow7

first-flight gammas from the fuel rod to go to the8

detector.9

CONSULTANT DOWNAR:  John, one more10

question.  So, the cone, that is where the rod comes11

in?12

MR. REA:  That is where the rod comes in,13

yes.14

CONSULTANT DOWNAR:  How do you know that15

every time you have it in the same orientation?16

MR. REA:  Yes.  No, we did measurements of17

the change in the orientation.  Okay?  Because we were18

interested in whether or not there were any azimuthal19

differences in the signal.20

CONSULTANT DOWNAR:  Right, right.21

MR. REA:  And we could detect no azimuthal22

differences to the signal.23

MR. MOORE:  So, we did not attempt to24

constrain the measurement program to put it back into25
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the place in the same direction.1

MR. REA:  But we did attempt to make sure2

that we grabbed them in the same way and put them in3

the same way.  So, the attempt was to do that on a4

consistent basis, but it was not an absolute, 1005

percent guarantee that they were all aligned and6

exactly the same.7

CONSULTANT DOWNAR:  But don't you expect8

to have some azimuthal variation in the gamma source?9

MR. REA:  Yes.  Well, it has to do with10

the sizes of the collimator and the slit that you are11

measuring, and how much of the fuel pin you are12

actually measuring.13

CONSULTANT DOWNAR:  Right.14

MR. REA:  And how long it takes the gammas15

to get from one side of the fuel pin to the other.16

CONSULTANT DOWNAR:  Right.17

MR. REA:  Okay.  This was designed for an18

integral pin measurement at a particular slice.  If we19

were doing it in a laboratory situation, and we had20

more time, we could have done a better job of that.21

CONSULTANT WALLIS:  So, it doesn't vary if22

you rotate it?23

MR. REA:  It doesn't vary if you rotate24

it, yes.  We did experiments on two different rods at25
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many different heights, and we did not see any1

azimuthal variation.2

CONSULTANT WALLIS:  But what is the3

picture on the right in the lab?  What is that doing?4

What is that showing?5

MR. MOORE:  That is actually on the spent-6

fuel floor, or it is on the floor next to the spent-7

fuel pool.8

CONSULTANT WALLIS:  Oh, it is on the floor9

next to the spent fuel?10

MR. REA:  Yes, and this is just so you can11

see the components when they are not in the actual12

measurement situation.  This is the actual measurement13

situation.14

MEMBER ABDEL-KHALIK:  Back to the question15

that Tom was asking, so even if this was an edge rod16

in a controlled bundle, you wouldn't expect much17

azimuthal variation?18

MR. REA:  Well, I personally would expect19

to see some variation.  What I was saying was the20

experimental setup was not adequate to detect that.21

MEMBER ABDEL-KHALIK:  Well, it would22

detect variation, but it may not be able to detect the23

exact azimuthal position of the rod.24

MR. REA:  Right.  Yes.25
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MEMBER ABDEL-KHALIK:  So, when you say you1

didn't sort of detect any variability, regardless of2

how the rod was inserted --3

MR. REA:  Yes.  No, we did experiments4

where we put the rod in, measured, rotate the rod,5

measure, rotate the rod and measure, rotate the rod6

and measure.7

MEMBER ABDEL-KHALIK:  And there was no8

variability?9

MR. REA:  And there was no variability.10

MEMBER ABDEL-KHALIK:  Even if it was an11

edge rod --12

MR. REA:  Right.13

MEMBER ABDEL-KHALIK:  -- in a controlled14

bundle?15

MR. REA:  Yes.  What we didn't have, for16

these two fuel assemblies, we didn't have controlled17

over the last 120 days of operation.18

MEMBER ABDEL-KHALIK:  Okay.19

MR. REA:  Okay?  So, in the experimental20

setup, you can see on the left the big, blue cable21

going down.  That carries the electronics line and the22

cooling, the liquid nitrogen cooling.  And on the23

right, you can see the detector and the collimator,24

and with some degree of accuracy, you can see at the25
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location where the fuel rods go in.1

And here is the location where the fuel2

assembly is taken apart and the rod is carried over to3

the detector and then measured, and then brought back4

to the fuel assembly.5

CHAIR BANERJEE:  Where is that, the taken-6

apart thing, going on?  Can you just point it out?7

Where is it taken apart?8

MR. REA:  In this assembly, in the9

inspection station here.10

MEMBER ABDEL-KHALIK:  Was there any crud11

accumulation on these pumpers?12

MR. REA:  Yes, well, one of the things13

that we do is we brush the fuel rods before we measure14

them.  Okay?  And there was a bit of a cloud of some15

small amount of crud that you could see as you brushed16

the rod before you put it into the measurement.17

MEMBER ARMIJO:  But you don't scrape it,18

the hard crud?19

MR. REA:  Not scrape hard.  No, just a20

light brush.  The purpose of this is not to measure21

the crud deposition.22

MEMBER ABDEL-KHALIK:  I fully understand,23

but the question is, how much crud, how much does crud24

accumulation impact the results?25
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MR. REA:  Well, we try to remove most of1

the light, fluffy crud.  There wasn't very much for2

FitzPatrick, a relatively clean plant.3

CONSULTANT WALLIS:  It all came off when4

you brushed?5

MR. REA:  It did come off in a little6

cloud when we brushed.  That is sort of normal.7

MEMBER ABDEL-KHALIK:  Okay.  Let me ask8

the question in a different way.9

MR. REA:  Yes.10

MEMBER ABDEL-KHALIK:  Would you expect11

crud accumulation to impact the results of your12

measurements?13

MR. MOORE:  Since we are aiming at the14

1.596 keV line for lanthanum, you know, lanthanum is15

going to come through the crud.  I mean the crud would16

be an additional source of background on the rod, but17

that fission product line we should be able to see18

very clearly.  And that is what governs or dominates19

the measurement.  So, that should not impact it to a20

great degree.21

MEMBER ARMIJO:  You wouldn't expect much22

attenuation --23

MR. REA:  Right.  No.24

MEMBER ARMIJO:  -- but you should be able25
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to calculate that, knowing it is not a source itself,1

I hope.2

MR. REA:  Okay?  All right.  So, as we3

have mentioned, you have to integrate the barium over4

the last 60 days or 120 days of operation.  And what5

this slide shows is that the power distribution in the6

core is changing over those last 120 days of7

operation.8

In a BWR, you normally peak the power down9

to the bottom of the core early in the cycle and10

accumulate the exposure in the bottom of the core.  So11

that, by the end of the cycle, as the power goes to12

the top of the core, you will find more plutonium13

there and you will get more reactivity and the cycle14

length will be longer.15

And the line here shows the power16

distribution axially at 120 days from the end of17

cycle.  As you trace through here, you can see the18

power gradually shift up to the top of the core more19

strongly.  And that is just a demonstration of the20

need to do the integration over the last 120 days to21

get the right barium distributions.22

CONSULTANT WALLIS:  This has part-length23

rods or something?  Is that what this is?24

MR. REA:  Yes, that is where the plenums25
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are for the part-length rods.  And it shows up more in1

the power than it does in the --2

MEMBER ABDEL-KHALIK:  And this plot3

doesn't account for the coast-down near the end of the4

cycle, or does it?5

MR. REA:  Yes, it does include the --6

MEMBER ABDEL-KHALIK:  It does?7

MR. REA:  Yes.  This is the axial power8

shape.  Well, this shows the relative axial power9

shape --10

MEMBER ABDEL-KHALIK:  Right.11

MR. REA:  I'm sorry, you're correct.12

MEMBER ABDEL-KHALIK:  It does not?13

MR. REA:  It does not include the --14

MEMBER ABDEL-KHALIK:  The coast-down?15

MR. REA:  -- effect of coast-down.  The16

numbers could be reduced slightly.  Yes, you're17

correct.18

Okay.  Now the two fuel assemblies that we19

measured in FitzPatrick, the once-burnt was adjacent20

to a TIP detector and the twice-burnt bundle was not21

adjacent to a TIP detector for either of the cycles of22

residence.23

And if you look at the once-burnt bundle,24

you can see that, again, there is some indication of25
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the plenums.  There is high-powered fuel pins and low-1

powered fuel pins, and lots of nice colors, but not so2

much useful information, right?3

Perhaps more useful is to try to visualize4

the information.  And what is shown here is we are5

just trying to visualize the information at one axial6

height for the once-burnt bundle and tried to compare7

the predicted barium and the measured lanthanum.8

Okay?9

So, we can go through a process like this10

for visualizing and looking for trends.  In this11

particular picture, this is the location of the12

control rod, and this would be the location of where13

the TIP detector would be.14

And so, we have many different displays of15

that type of information.16

CONSULTANT DOWNAR:  Would you point one17

more time?  Could you point one more time?18

MR. REA:  Okay.  This is the location19

where, in this particular display, this is the20

location where the control rod would be found.  And21

this is the location where the TIP detector would be22

found --23

CONSULTANT DOWNAR:  Okay.24

MR. REA:  -- if there were a TIP detector25
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at that location.1

And as you can see, well, let's see, the2

color scheme is just each row.  It doesn't have3

anything to do with the type of fuel and that location4

enrichment or anything.  That is just an5

identification of which row they are in.6

And as you can see, we measured7

predominantly on one side of the fuel assembly and a8

few limited measurements to look for the tilt across9

the fuel assembly.  So, this would be the narrow-wide10

corner and this would be the wide-narrow corner.11

Okay?12

This is just a tool for visualization.13

CONSULTANT DOWNAR:  Yes, right.14

MR. REA:  So, you can look for trends.15

CONSULTANT WALLIS:  Is this error between16

prediction and measurements?17

MR. REA:  Yes.18

MR. MOORE:  Relative.19

MR. REA:  Relative.  Predicted divided by20

measured minus one.21

CHAIR BANERJEE:  And how many fuel bundles22

did you do this for?  This is one bundle, right?23

MR. REA:  There were two fuel24

assemblies --25
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CHAIR BANERJEE:  Okay.1

MR. REA:  -- a once-burnt and a twice-2

burnt, and approximately 50 fuel pins in each of those3

two fuel assemblies.4

MEMBER ABDEL-KHALIK:  To do this5

comparison, even though it is relative comparison --6

MR. REA:  Right.7

MEMBER ABDEL-KHALIK:  -- you have to8

anchor all the experimental measurements and all the9

calculated values to the same reference point.10

MR. REA:  Right.11

MEMBER ABDEL-KHALIK:  And so, how do you12

do that?13

MR. REA:  Okay.  Hopefully, what you would14

be able to do is you have the two fuel assembles15

measured on a continuous basis.  First, the first one16

with reference rods being measured on a regular basis,17

and, then, you go to the second fuel assembly and,18

again, you would keep measuring the first reference19

rod, or at least one measurement of the reference rod20

from the first fuel assembly before you go to the21

second fuel assembly.22

MEMBER ABDEL-KHALIK:  No, you lost me23

there.24

MR. REA:  Okay.25
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MEMBER ABDEL-KHALIK:  To do a comparison,1

I mean all the measurements are sort of, as we have2

been saying, they are all relative.3

MR. REA:  Right.  Yes.4

MEMBER ABDEL-KHALIK:  Right.  And all the5

calculations are not necessarily normalized to the6

same --7

MR. REA:  Right.8

MEMBER ABDEL-KHALIK:  -- relative9

reference point that you are using for the experiment.10

So, how do you do that one-to-one comparison between11

measurements and experiments if you are not anchoring12

both of them to the same reference point?13

MR. REA:  Okay.  Let's just start with one14

fuel assembly, not deal with how you do two fuel15

assemblies, just work with the one fuel assembly.16

MEMBER ABDEL-KHALIK:  Right.17

MR. REA:  Okay.  So, you have "N" number18

of lanthanum readings.19

MEMBER ABDEL-KHALIK:  Right.20

MR. REA:  Okay?  And if you take each one21

of those readings, they sum up to a number.  Okay?22

That is the number of readings times -- if you some up23

the activities for each one of them, you come to a24

number.  Okay?  And that is just a number.  Okay?25
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And, then, you have a completely different1

unit of measure for the barium prediction, which may2

be atoms per barn-centimeter or some other such3

number.  Right?4

MEMBER ABDEL-KHALIK:  In the calculation?5

MR. REA:  And you calculate the average6

value for those two arrays, and, then, you relate the7

average value for those two arrays and say I am now8

showing a relative.9

MEMBER ABDEL-KHALIK:  Right.10

MR. REA:  Okay.  It gets a little more11

complicated when you have two fuel assemblies.12

CHAIR BANERJEE:  So, the references are13

just internal to the measurements --14

MR. REA:  Right.15

CHAIR BANERJEE:  -- to make sure there is16

no drift, or whatever, that has happened?17

MR. REA:  But it doesn't vary the function18

of time.19

CHAIR BANERJEE:  And, then, what you do is20

you take the total hours you get for that assembly and21

normalize that against the total predicted or the time22

the fuel is pulled out?23

MR. REA:  Right.24

CONSULTANT WALLIS:  And this normalization25



99

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS

1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C.  20005-3701 (202) 234-4433

doesn't somehow conceal bias?1

MR. REA:  I guess I don't know how to2

answer that.  It would be something I hadn't thought3

about.4

CONSULTANT WALLIS:  If you normalize5

carefully, you can sort of move everything over so the6

bias disappears.  I am not sure that you haven't done7

that.8

MR. MOORE:  Maybe we can talk a little bit9

more in the closed session.  But, fundamentally, the10

uncertainties are based upon relative ability to11

predict.12

So, we are well in line with the13

historical basis of the method.  There is no intention14

to conceal any bias, but we are limited by the total15

core dataset.16

CHAIR BANERJEE:  You also have TIP data,17

don't you, for this plant?18

MR. MOORE:  Yes.19

CHAIR BANERJEE:  I mean, eventually, if20

you could relate everything to thermal power, then you21

would normalize everything, but --22

MR. MOORE:  Well, a better way would be to23

have a true standard of activity for a known quantity.24

But that is not necessarily acceptable to bringing25
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that into the plant space.1

CHAIR BANERJEE:  Anyway, let's continue.2

CONSULTANT DOWNAR:  Can I ask just one3

more question there?  Could you please just go back4

one more time?5

MR. REA:  Yes.6

CONSULTANT DOWNAR:  No.7

MR. REA:  This one?8

CONSULTANT DOWNAR:  Right.  I just want to9

see if I can orient on the gad location.10

MR. REA:  The gad locations are not11

specifically noted in this.12

CONSULTANT DOWNAR:  Right, but I want to13

get some sense.  I know that on that second row those14

are about 6 percent gad.  And that large blue one in15

the back there, that is near gad there?16

MR. REA:  No, that's not.  That is a part-17

length rod location.18

CONSULTANT DOWNAR:  So, I just want to get19

a feel for where the gad is.20

MR. REA:  Yes, we can cover that more in21

the closed session.22

CONSULTANT DOWNAR:  All right.23

CONSULTANT WALLIS:  While you are on this24

thing, most of these arrows seem to be positive, or is25
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that just an illusion?1

MR. REA:  That is just an illusion, yes.2

CONSULTANT WALLIS:  Because when you look3

at the figure, they are sort of --4

MR. REA:  If I could rotate the figure,5

you would see below and above.6

CONSULTANT WALLIS:  It would show the ups7

and downs on that?8

MR. REA:  Yes.  We have other9

representations we can show you that are generic.10

CONSULTANT WALLIS:  Okay.  Now those11

arrows, though, they are all positive, except for one12

or two.13

MR. REA:  Yes.14

Okay.  So, going over the results of the15

pin-by-pin gamma scan and plotting them up for both16

fuel assemblies, and trying to say if you have good17

agreement or bad agreement, I would say we have fairly18

outstanding agreement between the measured,19

considering the measurement uncertainty and all of the20

processes during integration.21

This seems to indicate that we do a more-22

than-adequate job predicting the pin-by-pin power23

distributions and, therefore, the kilowatts per24

foot --25
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CONSULTANT WALLIS:  Now the nominal error1

agrees with the average?  I mean you have got these2

sigma values about something.  What is that?3

MR. REA:  Yes, about the straight line.4

CONSULTANT WALLIS:  About the straight5

line --6

MR. REA:  Yes.7

CONSULTANT WALLIS:  -- through the data or8

the --9

MR. REA:  Right, through the data.10

CONSULTANT WALLIS:  So, you would11

normalize in some way to make the average go through12

the data?13

MR. REA:  No.  You just average data, not14

normalized to make it go through some --15

MEMBER ABDEL-KHALIK:  So, this is the16

standard deviation of the error?17

MR. REA:  Right.  Yes.18

CONSULTANT WALLIS:  The standard deviation19

of the --20

MR. REA:  The standard deviation compared21

to the nominal line or compared to a best-fit line.22

MEMBER ABDEL-KHALIK:  Right.  It is a 45-23

degree line.24

MR. REA:  Yes.25
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Okay.  So, if we go to talking about the1

FitzPatrick comparisons -- these are not the2

Cofrentes; these are the FitzPatrick comparisons --3

and we have the once-burnt bundle and twice-burnt4

bundle, and we have the three different possible5

analytical methods of making the calculation, what we6

see is we have comparable accuracy for all three of7

these approaches.  Not one stands out as being clearly8

superior.9

You might like the lattice physics10

depletion because that takes a lot more information11

from the core tracking and goes into a lot more detail12

of the environment of the fuel rods in that particular13

location, but that is not a demonstration of how we do14

in the normal design process or in the online adapted15

process.16

So, we have demonstrated comparable17

accuracy for all three modeling assumptions,18

especially for both bundles.  And so, in terms of19

conclusions, and what we want to go away from this20

discussion, what we have shown is that for bundle21

average comparisons --22

MEMBER ABDEL-KHALIK:  Could you just go23

back to the previous slide, please?  Okay.  Now the24

fact that the adapted versus the non-adapted method25
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shows a higher RMS value --1

MR. REA:  Right.2

MEMBER ABDEL-KHALIK:  I mean adapted to me3

means that you are essentially force-fitting the4

results of the code to match measurements.5

MR. MOORE:  But only at the frequency of6

the TIPs.  We are only getting partial information on7

four-bundle average power shape at only specific8

points in time.9

MEMBER ABDEL-KHALIK:  Right.10

MR. MOORE:  So, it is not going to lead us11

to perfection because we don't have the physical12

detail or detail in time.13

MEMBER ABDEL-KHALIK:  But, conceptually,14

if you are force-fitting the measurement at specific,15

the calculation at specific points to match the16

experiment, doesn't that tell you that you are sort of17

tweaking the wrong parameters?18

MR. REA:  No.  It says that the19

comparisons are different within the experimental20

uncertainty.  You can't really say which one of those21

two is really the right answer.22

MR. MOORE:  We actually did a lot of work23

here to end up showing that there is not a big24

difference between any of these specific methods  One25
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would hope that between adaption and non-adaption1

there is no a significant difference.2

The additional lattice physics depletion3

of taking the nodal power and nodal environment4

history and putting it into the lattice physics code,5

one would have hoped would have been a more precise6

rendition of what is actually going on.  But, again,7

it is not really significantly better, but it was a8

nice, fun thing to try.9

CHAIR BANERJEE:  I think it depends on how10

you adapt.  I mean I can explain it to myself because11

you have got scatter in the data.  If you don't choose12

the right points, you can actually get a worse fit13

than if you chose something like the least tries14

through the data or something.15

MR. MOORE:  Right.  But in this case, too,16

we are following the standard --17

CHAIR BANERJEE:  Right.18

MR. MOORE:  -- mode that we use in core19

monitoring today.  We didn't have the freedom to go20

and experiment how to try to improve things.21

CHAIR BANERJEE:  Right, right.  So, there22

is some prescription that you follow.23

Are we done with your --24

MR. REA:  Yes.  Just the only thing was to25
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drive home the final sets of numbers here.  The radial1

comparisons are on the order of 2 percent.  The nodal2

comparisons are on the order of 4 percent.  And the3

pin-by-pin nodal comparisons are on the order of 54

percent.  And we did not see any difference in the new5

data, the new gamma scan data, compared to our6

historical database.7

The purpose for doing this is to validate8

the processes using the normal TIP measurements to9

demonstrate that the code is calculating the right10

power distribution.  And the purpose of the gamma scan11

is to validate this process by using the TIP12

comparisons.13

CONSULTANT WALLIS:  That is a pretty14

conclusive final statement.  You haven't told us15

anything about the statistics yet.16

(Laughter.)17

CHAIR BANERJEE:  We will come to that.18

MR. REA:  We will come to that, yes.19

CHAIR BANERJEE:  So, I think what we20

should do now is, instead of, if you agree, taking the21

closed session before the break, we should take a22

break.  And, then, we will be in closed session.23

We are running about 25 minutes behind24

schedule, but that's all right.  So, let's take a 10-25
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minute break and come back at 25 to -- let's see, it's1

10:22 right now.  So, let's say 25 to 11:00, 10:35.2

Then, we will start in closed session.3

Thank you.4

We will just take a break.5

 (Whereupon, the foregoing matter went off6

the record in open session at 10:22 a.m. and went back7

on the record at 10:36 a.m. in closed session.)8

9

10

11

12

13

14

15

16

17

18

19

20
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2:05 p.m.1

CHAIR BANERJEE:  Peter, you are back into2

open session.3

MR. YARSKY:  Yes, for a short period of4

time.5

CHAIR BANERJEE:  Okay, for a short period6

of time we will be in open and, then, we will go back7

to closed again.8

We are back into open session now.  Then,9

you just let us know when you want to go back to10

closed.11

MR. YARSKY:  I want to get the right12

presentation.13

MR. PHILPOTT:  Yes, your presentations you14

have in front of you, initially, I mistakenly put them15

all together in one thing, and, then, I remembered to16

pull them out for the open session.  So, one of your17

open sessions is going to start with an outline.  That18

is the beginning, the overview.  The other one is the19

open session concluding remarks.20

CHAIR BANERJEE:  Okay.21

MR. YARSKY:  Yes, and in the closed22

session slide package, some of these open session23

slides will reappear in the printouts.24

Anyway, I am Dr. Peter Yarsky from the25
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staff, the Office of Research, and I will be talking1

about the staff review of NECD-33173P, Supplement 22

and Revision 2.3

The outline of my presentation is going to4

cover the review basis and our approach for conducting5

the review.  We will go and step through our review of6

the individual scans of the bundle data from Cofrentes7

and the pin-wise data from FitzPatrick, discuss the8

uncertainty update, go into some of the considerations9

for the MELLLA+ operating domain and our review10

findings in regards to MELLLA+, and end with our11

conclusions.12

The review basis and approach has a lot to13

do with the request in Supplement 2 for the removal of14

Limitations 4 and 5 and the staff's SE for the IMLTR,15

which originally imposed a .02 adder to the cycle-16

specific SLMCPR for EPU and a 0.03 adder to the cycle-17

specific SLMCPR for MELLLA+.18

CHAIR BANERJEE:  It is really .01 in19

addition to --20

MR. YARSKY:  Yes, it is really 0.02 plus21

0.01 as the adder for MELLLA+.22

No other changes to the SE limitations are23

proposed by Supplement 2 or the current Revision 2 to24

the IMLTR.25
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So, this is what we were asked to review,1

and this is the basis for our review.  The approach2

was to review the gamma scan data collection and3

processing, the results of the gamma scans, to also4

look at the TIP data and comparisons to the expanded5

EPU database, to additionally look at the comparison6

of key operating parameters to determine the7

applicability of the qualification, to review the LPRM8

calibration uncertainty update, and to also review the9

applicability of the current qualification data to10

MELLLA+ operation.11

I think that is everything I have for the12

open session.13

CHAIR BANERJEE:  Okay.  So, we are going14

into closed session.15

We need your handouts for the closed16

session.17

And Zeyna or somebody should check that18

everybody who should be out of the room is out.19

So, we are going to move to closed20

session.21

 (Whereupon, at 2:09 p.m., the foregoing22

matter went from open session into closed session.)23

24

25
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4:56 p.m.1

CHAIR BANERJEE:  Okay, so we are going to2

be in open session.3

And are there any remarks that either GE4

or the staff would like to make in conclusion?  These5

would be concluding remarks, open.6

MR. MOORE:  Yes, this is Brian Moore from7

GE.8

GEH labored hard to obtain and analyze9

reactor core and full benchmarking to address the10

shortcomings highlighted in the original interim11

methods review and resulting limitations.  This12

Supplement is the result of that effort.13

During the course of the regulatory14

review, we did appreciate the scope and depth of the15

staff's questions.  We believe the resulting16

clarifications improve the quality of the Supplement17

and, therefore, the historical record.18

Thank you for your attention today.19

CHAIR BANERJEE:  Thank you.20

Peter or Steve, or both?21

(Laughter.)22

Whatever you like.23

MR. YARSKY:  The staff just has a couple24

of concluding remarks.25
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CHAIR BANERJEE:  Okay.1

MR. YARSKY:  The first is that the IMLTR2

SE limitations formed in the original IMLTR SE address3

concerns regarding the GEH methods uncertainties to4

determine bundle and pin powers for expanded operating5

domains.6

Gamma scan data has been provided and have7

validated the GEH methods for these domains.  The8

staff maintains some concern for MELLLA+, and an9

interim penalty is maintained for the MELLLA+10

condition in the staff's final SE.11

But the staff notes that IMLTR SE12

Limitation 23 requires GEH to submit MELLLA+ cycle-13

tracking data in the future, at which point the staff14

will revisit the issue of the additional penalty for15

MELLLA+.16

CHAIR BANERJEE:  Okay.  Thank you.17

Now I will take some comments from the18

Committee, Subcommittee.19

And just for guidance, we are meeting at20

the full Committee meeting in July, right?21

MS. ABDULLAHI:  Yes.22

CHAIR BANERJEE:  Which day?  Do you know?23

MS. ABDULLAHI:  Thirteen.  So, it is not24

the first week.25
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CHAIR BANERJEE:  No.1

MS. ABDULLAHI:  It is the second week.2

CHAIR BANERJEE:  How much time do we have?3

MS. ABDULLAHI:  Two hours.4

CHAIR BANERJEE:  Two hours?5

MS. ABDULLAHI:  Uh-hum.  Better to be safe6

than sorry.7

(Laughter.)8

CHAIR BANERJEE:  Right.  Okay.9

CONSULTANT DOWNAR:  Yes, it is the 13th.10

CHAIR BANERJEE:  The 13th?11

CONSULTANT DOWNAR:  Yes.12

CHAIR BANERJEE:  So, in our remarks to the13

staff and GE, please note we are in open session.  So,14

we will start with Mario.  What are your thoughts on15

this, both for the full Committee meeting and any16

thoughts about right now.17

CONSULTANT BONACA:  I came in this morning18

with confidence that I would support the approval.19

Then, I changed my mind somewhat because of a number20

of the issues that were raised by members of the21

Committee.22

However, at the conclusion of this, I23

believe that I support the perspective presented by24

the staff.  I have questions regarding the 0.01 margin25
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requested, whether or not it is adequate.  But, in1

general, I think that they have done a lot of work to2

eliminate some of these penalties, and I think that3

some of the shortcomings are more in the presentation4

or the way it has been provided than anything else.5

It seems to me that there has been too much emphasis6

on what we have done rather than why we have done this7

or that.  And that is where it comes from.8

So, that is right now what I am leaning9

towards.10

CHAIR BANERJEE:  Okay.  Sam?11

MEMBER ARMIJO:  Yes, I think GEH has done12

a very good job and, obviously, done a lot of13

experimental work that needed to be done under14

difficult conditions with these short outage times15

available.16

I think the data justified the requests,17

and I think the staff has done a very good job in18

reviewing the application and has taken a very19

practical decision on retaining the .01 for the20

MELLLA+ until you have tracking data.21

And so, I think this is ready for the full22

Committee.  The presentation, as Mario pointed out,23

could be improved.24

I really appreciated the review of the25
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experimental work that was done and how the various1

elements of the uncertainty were addressed.2

I would keep as much as you can squeeze in3

for the full Committee meeting.  That's about it.4

CHAIR BANERJEE:  Okay.  Tom?5

CONSULTANT DOWNAR:  Well, I think there is6

a strong data basis to validate the operation at7

power-flow conditions below 40, I think it was8

megawatts thermal, mega-pounds per hour.9

But I believe once you get above that,  I10

really question the adequacy of the methods at these11

higher void fractions.  I think there are issues,12

potential issues, with the methods.  Because, again,13

you are at regions where the current methods just14

begin, the assumptions that are used there, they begin15

to break down.16

And so, I think that there needs to be a17

rethinking of operation, again, above that region,18

about 40 there.19

CHAIR BANERJEE:  Would you support the20

staff's position of the 0.01 penalty until the MELLLA+21

cycle-tracking data was in and there was more exercise22

of these methods at actual conditions?23

CONSULTANT DOWNAR:  I think that is24

reasonable, yes.  That is reasonable.25
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CONSULTANT WALLIS:  Well, since it is1

there, we can support it.2

(Laughter.)3

I am not sure whether we examined why it4

is there.5

(Laughter.)6

Well, I will just add a few things.  I7

would like to reinforce that the roadmap and the logic8

has to be much clearer.  It has to be clear what the9

bottom line is from a slide and why the evidence10

supports it, and why the evidence is relevant, and how11

this relates to some number which is going to go12

forward into the SLMCPR.13

Because the bottom line of all of this is14

SLMCPR.  I would like to see a diagram that says15

here's how we calculate SLMCPR, and these are some of16

the inputs, and these are the ones we are going to17

discuss today, and this is what we need to know about18

them in order to support the SLMCPR.19

Because it is a probabilistic calculation,20

I would like to see more about the statistical21

distribution.  I think you can show by some sort of22

histogram that the uncertainties that they are talking23

about here are kind of normal, pretty well normal,24

that an RMS or a sigma approach is good enough.25
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Because what goes into a statistical1

analysis, if it has bias, is going to have an2

influence.  You have to show that there is no bias or3

that the bias is taken care of.  And if the4

statistical distribution has something strange about5

it, like a reasonable distribution and then some kind6

of an outlier which is way out there, which can affect7

the 1 in 1,000 of the rods, which is all we are8

talking about, we need to know that.  So, I think that9

needs to be clear.10

We talked about whether the normalization11

and neglecting the treatment of peripheral bundles,12

and so on, introduced some bias.  I think that needs13

to be clear.  Did the way in which the data is treated14

somehow remove an uncertainty or bias which should15

still be there?16

I would like better explanation; we got17

some.  But it needs to be clear to the full Committee18

what is this geometric view factor and how it is19

evaluated.  So, some of the details like that which we20

discussed I think need to be clearer to the full21

Committee.22

And, also, this business of averaging over23

plants and taking the average and saying that is a24

good enough measure of the uncertainty, why is that25
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good enough when at least one of the plants is outside1

the value that you are going to accept?  So, some of2

those details need to be sorted out.3

I think the company made the case.  I4

think their case is there.  Again, a lot of work has5

been done, as my colleagues have said, but it could be6

a lot more convincing and some of the loose ends could7

be tightened up.8

CHAIR BANERJEE:  Well, Said is not here.9

So, I can't speak for him.10

But from the consultants, it would be nice11

to have thoughts, of course.12

CONSULTANT WALLIS:  And you need that13

soon?14

CHAIR BANERJEE:  Well before the full15

Committee meeting.16

And generally, we do send our reports,17

consultant reports, to the staff, so they can have18

that for the full Committee meeting.  We give them19

enough time for that.20

So, I don't have very much to add other21

than to reiterate that, for the full Committee22

meeting, we have to keep our eye on the ball because23

we don't have too much time.  So, what is new here is24

the data, and that data is used to support certain25
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conclusions which are with regard to GE methods and1

their applicability to EPUs and MELLLA+.2

I think that you certainly demonstrated,3

in my view anyway -- the full Committee can always4

come to different views (laughter) because they have5

a mind of their own, and it has to be a consensus view6

generally.7

But I think, and this Subcommittee seems8

to feel, that certainly for EPU that there is a strong9

case.  One has to really be a little careful how you10

mix and match the data because, you know, this new11

data comes from two cycles of Cofrentes and12

FitzPatrick, one cycle.  That is clear.  In order to13

make your results, let's say, more generally14

palatable, you tended to, because the datasets are not15

huge, but they detail the data, you tended to mix in16

some of the older stuff.  I think you have to be17

careful how we do this in front of the Committee.18

Clearly, the new stuff is important because it has19

been aimed at very heterogeneous cores in Cofrentes20

and it is a good test of methods.  It has got,21

clearly, EPU conditions, you know, but GE14 fuel.  All22

these things, we give some assurance that this works23

for EPU.24

It is nice to have the other stuff, but if25
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you are just using it to the reduce the RMS error,1

that is a little dangerous.  I can tell you this might2

not go over that easily.3

The other thing I just want to reiterate4

is very important is to tell a clear story as to how5

each of these things go into the SLMCPR, because the6

full Committee is not going to -- you know, they have7

heard this, but it is not going to fresh in their8

finds for sure.  And there are several new Members as9

well.  So, it has to be a succinct, clear story and10

how they uncertainties impact them, certainly, in the11

SLMCPR.12

So, with that, I think you will not have13

too much difficulty with the EPU.  I am fairly sure14

the MELLLA+ penalty will come under some debate.  In15

fact, we should have a clear picture of why .01 was16

imposed at some point.  I don't know who is17

responsible for it.18

(Laughter.)19

But we do need a clear picture and why.20

I mean maintaining it, I don't think you are going to21

get too much --22

MEMBER ARMIJO:  I am not so sure of that.23

I would be prepared with a good response to why it is24

sufficient.25
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CHAIR BANERJEE:  Yes.  Let's have a clear1

story on that one.2

Okay.  And otherwise, I would like to3

thank both GE for an excellent set of presentations4

and the staff, Steve and Peter, for doing a great job,5

which we have come to expect of you guys now.6

(Laughter.)7

So, with that, I am going to adjourn the8

meeting.9

Thank you.10

(Whereupon, at 5:11 p.m., the meeting was11

adjourned.)12
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Brian R. Moore, John P. Rea 



Published Work 

B. R. Moore and J. P. Rea, “Validation Of BWR 
Simulation Methods Via Bundle And Pin-By-
Pin Power Gamma Scan Results,” PHYSOR 
2010 – Advances in Reactor Physics to Power 
the Nuclear Renaissance, Pittsburgh, 
Pennsylvania, USA, May 9-14, 2010, on CD-
ROM, American Nuclear Society, LaGrange 
Park, IL (2010). 
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Overview – Gamma Scan Program 

• Normal confirmation of 3D Steady State power 
distributions: 

– TIP comparisons 

• Gamma scans provide independent validation of the 
TIP confirmations of 3D steady state power 
distributions: 

– Bundle Power 
– 2002 Cofrentes gamma scan 
– 2005 Cofrentes gamma scan 

• Gamma scans also can provide independent 
confirmation of local power predictions: 

– Pin by Pin Power 
– Oct 2006 FitzPatrick gamma scan 
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Safety Margin Connections 

The relationships between the gamma scan 
program and SLMCPR basis is covered in 
closed session. 



Traveling Incore Probes (TIPs) 
 
Used to measure “power” 
distributions in the BWR core 
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TIP System 
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Typical TIP Machine Assignments 

 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 52

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50 Machine A

3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 48 Machine B

4 0 0 0 0 0 27 0 0 0 28 0 0 0 29 0 0 0 30 0 0 0 31 0 0 0 0 46 Machine C

5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 44

6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 42

7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 40

8 0 21 0 0 0 22 0 0 0 23 0 0 24 0 0 0 25 0 0 0 26 0 0 0 0 38

9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 36

10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 34

11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 32

12 0 15 0 0 0 16 0 0 0 17 0 0 0 18 0 0 19 0 0 0 20 0 0 0 0 30

13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 28

14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 26

15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 24

16 0 9 0 0 0 10 0 0 0 11 0 0 0 12 0 0 0 13 0 0 0 14 0 0 0 0 22

17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20

18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 18

19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16

20 0 0 0 0 0 4 0 0 0 5 0 0 0 6 0 0 0 7 0 0 0 8 0 0 0 0 14

21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12

22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10

23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 08

24 0 0 0 0 0 0 0 0 0 1 0 0 0 2 0 0 0 3 0 0 0 0 0 0 0 0 06

25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 04

26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 02

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51
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Example of TIP Comparison  
Measured vs. PANAC11 Calculated 

 

(10,24) [20,5] 1 (14,24) [28,5] 2 (18,24) [36,5] 3

(6,20) [12,13] 4 (10,20) [20,13] 5 (14,20) [28,13] 6 (18,20) [36,13] 7 (22,20) [44,13] 8

(2,16) [4,21]
9

(6,16) [12,21]
10

(10,16) [20,21]
11

(14,16) [28,21]
12

(18,16) [36,21]
13

(22,16) [44,21]
14

(2,12) [4,29] 15 (6,12) [12,29] 16 (10,12) [20,29] 17 (14,12) [28,29] 18 (18,12) [36,29] 19 (22,12) [44,29] 20

(2,8) [4,37] 21 (6,8) [12,37] 22 (10,8) [20,37] 23 (14,8) [28,37] 24 (18,8) [36,37] 25 (22,8) [44,37] 26

(6,4) [12,45]
27

(10,4) [20,45]
28

(14,4) [28,45]
29

(18,4) [36,45]
30

(22,4) [44,45]
31
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Cofrentes Cycle 13 TIP Comparison Summary 
Radial ~ 2%, Nodal ~ 4% near EOC 

R
M

S
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Cofrentes Cycle 15 TIP Comparison Summary  
 Radial ~ 2%, Nodal ~ 3% near EOC  
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FitzPatrick TIP Comparisons 
Radial < 1.8%, Nodal  < 4.3% near EOC (Failed TIP machine eliminated) 

Failed 

TIP 
Machine 



Gamma Scan  
 
 Predict 140Ba, Measure 140La 
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Power Measurement Basis 
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         (from ORIGEN2 calculations at 20 GWd/MTU)

Variation of 
140

La / 
140

Ba Ratio with Time after Shutdown

 (I, Xe, Cs)  56Ba140  57La140  58Ce140 

    -   -  - 
 0.9 – 63.8 s 12.8 d 40.2 h 
    537 keV 1596 keV 
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Gamma Spectrum Individual Fuel Pin 
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Comparison Process 

GS data time-corrected to shutdown 

Perform 3D core tracking to time of shutdown 

Integrate Ba140 concentrations 

Address geometric view factors (bundles) 

Normalize both measured & predicted Ba140 

Statistical comparison 

Results reported for PANAC11 
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Analysis Approaches for Comparison 
to Gamma Scan Measurements 

1. Adaptive PANAC11 

2. Non Adaptive PANAC11  

3. Lattice Physics Depletion 



Cofrentes Bundle Gamma Scan 
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Cofrentes Cycle 13 (2002) 

Bundle corner measurements 

50 Bundles 

 
Type A
Type A
GE12
GE11
GE11

Type A
Type A
GE11
GE11
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Cofrentes Cycle 15 (2005) 

Bundle corner measurements 

50 Bundles  46 in Final Set 

(4 eliminated – experimental error) 

 

Type B (Cycle 15)

GE14 (Cycle 15)

GE12 (Cycle 14)

GE12 (Cycle 13)

Type A (Cycle 14)

Type A (Cycle 13)

Type A (Cycle 12)
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Power & Flow History for Cofrentes 
Cycles 13 and 15 Power/Flow Map 

Cofrentes Power Flow Map (100% Power = 2894 Mwt, 100% Flow = 84.5 Mlb/hr)

Showing Cycles 13 and 15 Core Tracking Cases
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Cofrentes Cycle 15 Gamma Scan Measurements 
Gamma Scan Measurement Data for All 50 Bundles
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Comparison of Cycle 13 Bundle Average 
Measurements Compared to Historical Database 

         

 

 

 

 

 

 

 

 

 

  

 
 

  

Blue – Historical 
Red - Cofrentes 
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Comparison of Cycle 15 Bundle Average 
Measurements with Off-Line Core Tracking 
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Bundle and Nodal RMS Comparisons to Gamma Scan 
Data Cofrentes Cycles 13 and 15 
 
TIP Comparisons: Radial ~ 2%, Nodal ~ 4% near EOC 

Cycle, Type 
Bundle 

RMS 

Nodal 

RMS 

Cycle 13, Non-Adapted 1.91% 3.63% 

Cycle 13 Adapted 1.91% 3.36% 

Cycle 15 Non-Adapted 2.27% 4.12% 

Cycle 15 Adapted 2.19% 4.55% 

 

 

 



FitzPatrick Pin Gamma Scan 
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FitzPatrick Pin-by-Pin Measurements 

• Fuel Rods taken out of two 
bundles: 

– One at end of first cycle 

– One at end of second cycle 

• Individual rod measurements 
made at various axial levels.  

• About fifty percent of the fuel rods 
in each bundle were measured.  

• The one cycle fuel assembly was 
then re-assembled and re-inserted 
into the core for the next 
operating cycle.  
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Scanner Components 
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Poolside Measurements (FitzPatrick, 2006) 
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Axial Power Shapes Over Last 120 
Days of Operation – 3DM (Adapted) 

Compare 3DM Axial Power Shapes over last 120 Days of FitzPatrick Cycle 17

EOC is 10/08/06
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Locations of Gamma Scan Bundles in Cycle 17 
JLM420 = First Cycle, JLD505 = Second Cycle 

 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 52

2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 50

3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 48

4 0 0 0 0 0 27 0 0 0 28 0 0 0 29 0 0 0 30 0 0 0 31 0 0 0 0 46

5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 44

6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 42

7 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 40 JLD505 in Cycle 16

8 0 21 0 0 0 22 0 0 0 23 0 0 24 0 0 0 25 0 0 0 26 0 0 0 0 38 JLD505 in Cycle 17

9 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 36 JLM420 in Cycle 17

10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 34

11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 32

12 0 15 0 0 0 16 0 0 0 17 0 0 0 18 0 0 0 19 0 0 0 20 0 0 0 0 30

13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 28

14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 26

15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 24

16 0 9 0 0 0 10 0 0 0 11 0 0 0 12 0 0 0 13 0 0 0 14 0 0 0 0 22

17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 20

18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 18

19 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 16

20 0 0 0 0 0 4 0 0 0 5 0 0 0 6 0 0 0 7 0 0 0 8 0 0 0 0 14

21 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 12

22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10

23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 08

24 0 0 0 0 0 0 0 0 0 1 0 0 0 2 0 0 0 3 0 0 0 0 0 0 0 0 06

25 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 04

26 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 02

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51  
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Pin-by-pin Gamma Scan Measurements 
Once Burnt Bundle at FitzPatrick 
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Example of Pin-by-Pin Errors  
First Cycle Bundle 
(Comparing Off-Line Non-Adapted) 
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Non-Adapted Predicted Pin-by-Pin 140Ba vs. Measured 
140La For Non-Adapted Core Tracking 
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Comparable Accuracy for all methods 
Pin Nodal RMS 

Bundle Adapted Non-Adapted 
Lattice Physics 

Depletion 

Once Burnt 4.02% 4.10% 3.86% 

Twice Burnt 4.88% 4.18% 3.98% 

Combined Bundles 4.53% 4.58% 4.10% 

 

 



Conclusions 
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Conclusions 
Scope includes pin, bundle, and nodal 

comparisons: 

• Bundle average comparisons ~ 2%; 

• Nodal comparisons ~ 4%; 

• Pin-by-pin nodal comparisons ~5% 

No significant differences compared to 
historical data. 

Gamma Scan validates application of 
normal TIP measurement statistics. 



NRC Staff Review of 
NEDC-33173P, Supplement 2
“Analysis of Gamma Scan Data and Removal of 

Safety Limit Critical Power Ratio (SLMCPR) Margin”

Steve Philpott
NRR/DPR/PLPB



Background
• Jan 2002  - MELLLA+ LTR submitted
• Sep 2003  - VYNPS EPU LAR submitted
• Jun 2004  - BFN1 EPU LAR submitted
• Nov 2005  - M+LTR Rev. 2 submitted
• Feb 2006  - Interim Methods LTR submitted
• Sep 2007  - M+LTR Rev. 2 approved
• Jan 2008  - IMLTR SE issued 1/08
• Sep 2010  - IMLTR Rev. 1-A issued

2



Interim Methods Process

• IMLTR SE imposes 24 limitations for 
EPU and MELLLA+ applications

• GE-Hitachi Nuclear Energy (GEH, 
previously GE) has committed to 
provide additional data to address 
several limitations as supplements to 
the IMLTR

3



Final Methods Roadmap

• GSTRM Part 21 (SE Appendix F)
– Staff audited revised GE14 compliance 

documents to address findings related 
to the GSTRM Part 21 evaluation.

• Outstanding methods-related RAI 
responses (SE Appendix G)
– GEH committed to address outstanding 

methods RAIs

4



Final Methods Roadmap

• Supplement 1 (SE Appendix H)
– GEH commitment to qualify the void-

quality correlation (MFN 06-435)
– Pressure drop data and COBRAG 

analyses – submitted in April 2010
– Supplement 1 data provided with intent 

to remove the OLMCPR 0.01 adder

5



Final Methods Roadmap

• Supplement 2 (SE Appendix I)
– GEH commitment to qualify the nuclear 

methods (MFN 06-434)
– Pin and bundle gamma scan data 

submitted August 14, 2009
– Supplement 2 is in 3 parts and is 

intended to remove the SLMCPR 
adders (0.02 for EPU / 0.03 for 
MELLLA+)

6



Final Methods Roadmap

• IMLTR RAI 9 (SE Appendix J)
– GEH committed to provide plenum 

fission gas and fuel exposure gamma 
scans (MFN 06-481)

– To be submitted as a supplement to the 
PRIME LTRs

– NRC Staff will examine to confirm the 
commitment has been satisfied

7



Final Methods Roadmap

• Supplement 3 (SE Appendix K)
– IMLTR restricted to GE14 and earlier GE fuel
– Supplement 3 extended approval to GNF2 fuel

• Supplement 4 (SE Appendix L)
– GEH committed to migrate to PRIME T-M 

methods (MFN 09-143)
– Supplement 4 describes a process for 

migration
– SE Appendix L will be supplemented by an 

NRC audit of the final implementation

8



Final Methods Roadmap

• IMLTR SE Limitation 23 (SE Appendix M)
– MELLLA+ eigenvalue tracking data for first 

MELLLA+ plant
– Monticello MELLLA+ LAR submitted Jan 2010 

(licensee intends to comply with this limitation)
• IMLTR SE Limitation 13 (SE Appendix N)

– Supplement required for application to 
gadolinia loading greater than 10 weight 
percent.

9



Supplement 2: Gamma Scan Data

• Bundle gamma scan data from Cofrentes
• Pin-wise gamma scan data from FitzPatrick
• To address additional margins for power 

distribution uncertainties for EPU / thermal 
margin for MELLLA+

• Supplement 2 aims to remove SLMCPR 
adders for EPU and MELLLA+ operation

• Does not request removal or modification of 
any IMLTR limitations other than    
Limitations 4 and 5

10



Backup Slides

11
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SE Appendix Doc. Type GNF Documentation Submitted/Auditted Topic Commitment 
Document

F Audit Report
GE14 Revised 
GESTAR II 
Compliance Report

Audit GSTRM Penalty

G SE Outstanding RAI 
responses Submit Methods Qualification MFN 05-005, MFN 

05-049

H SE IMLTR Supplement 1 Submit OLMCPR Penalty MFN 06-435

I SE IMLTR Supplement 2 
and IMLTR Rev. 2 Submit SLMCPR Penalty MFN 06-434

J SE PRIME LTR 
Supplement Submit

IMLTR RAI 9 -
commitment to 
provide plenum 
fission gas and fuel 
exposure gamma 
scans 

MFN 06-481

K SE IMLTR Supplement 3 Submit GNF2 IMLTR SE Limitation 
22

L SE IMLTR Supplement 4 Submit PRIME 
Implementation MFN 09-143

L Audit Report Audit PRIME 
Implementation

M SE Submit MELLLA+ Eigenvalue 
Tracking Data

IMLTR SE Limitation 
23

N SE IMLTR Supplement Submit Gadolinia Loading of 
10 w/o

IMLTR SE Limitation 
13



IMLTR Plant Licensing History

• EPU LARs referencing the IMLTR
– Hope Creek (BWR/4) 

• 9/06 submitted
• 5/08 approved

– Monticello (BWR/3)
• 11/08 submitted

– Nine Mile Point Unit 2 (BWR/5)
• 5/09 submitted

• MELLLA+ LARs referencing the IMLTR
– Monticello (BWR/3)

• 1/10 submitted
13



NRC Staff Review of 
NEDC-33173P, Supplement 2
“Analysis of Gamma Scan Data and Removal of 

Safety Limit Critical Power Ratio (SLMCPR) Margin”

Dr. Peter Yarsky
RES/DSA/RSAB  



Outline

• NEDC-33173P, Supplement 2 - Staff 
Review Basis and Approach

• Bundle Gamma Scans – Cofrentes
• Pin-wise Gamma Scans – FitzPatrick
• LPRM Update Uncertainty
• MELLLA+ Considerations
• Conclusions

2



Review Basis and Approach
• IMLTR SE Limitation 4: +0.02 adder to 

cycle-specific SLMCPR for EPU
• IMLTR SE Limitation 5: +0.03 adder to 

cycle-specific SLMCPR for MELLLA+
• Supplement 2 requests removal of 

Limitations 4 and 5
• No other changes in SE Limitations

3



Review Basis and Approach

• NRC staff reviewed:
Gamma scan data collection and processing
Gamma scan results
TIP data and comparisons to expanded EPU 

database
Comparison of key operating parameters
LPRM calibration uncertainty
Applicability to MELLLA+ operation

4



NRC Staff Review of 
NEDC-33173P, Supplement 2
“Analysis of Gamma Scan Data and Removal of 

Safety Limit Critical Power Ratio (SLMCPR) Margin”

Dr. Peter Yarsky
RES/DSA/RSAB  



NRC Staff Concluding Remarks

• IMLTR SE Limitations 4 and 5 address 
concerns regarding GEH methods 
uncertainty to determine bundle and pin 
powers for expanded operating domains

• Gamma scan data for bundle and pin 
power distributions have validated the 
GEH nuclear methods for these domains
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NRC Staff Concluding Remarks

• Some staff concerns remain for MELLLA+   
- an interim penalty is maintained for this 
condition.

• IMLTR SE Limitation 23 requires GEH to 
submit MELLLA+ cycle tracking data.  The 
staff will revisit this issue at a later date.
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