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P-ROCEEDI-NGS
8:32 a.m

CHAI RVAN APOSTOLAKI S: The neeting of the
Advi sory Conmittee on Reactor Safeguard Subcommittee
on Digital Instrumentation and Control System

| "' m George Apostol akis, Chairman of the
Subcommi tt ee.

Menbers in attendance are Mario Bonaca,
Jack Sieber and TomKress. Also in attendance is one
of our consultants Dr. Quarro.

The purpose of this neeting is to discuss
three sections of the NRC Staff's draft digital
systens research plan and to hear a presentation from
EPRI on t heir gui dance for perform ng def ense-in-depth
and diversity assessnments for digital upgrades.

During this portion of the nmeeting we will
hear fromthe NRC Staff regarding Section 3.5 of the
Digital Systems Research Plan, Emerging Digital
Technol ogy and Applicati ons.

The Subcommittee will gather information,
anal yze relevant issues and facts and formulate
proposed positions and actions as appropriate for
deliberation by the full Conmittee. Eric Thornsbury
is the designated federal official for this neeting.

The rules for participation in today's
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neeti ng have been announced as part of the notice of
this nmeeting previously published in the Federal
Regi ster on Septenber 29, 2005.

A transcript of the neeting is being kept
and will be nade available as stated in the Federa
Regi ster noti ce.

It is requested that speakers first
identify themsel ves and speak with sufficient clarity
and volune so that they can be readily heard.

We have received no witten conments or
requests for tine to nake oral statenents fromnenbers
of the public regarding today's neeting.

VW' Il now proceed with the neeting and |
call upon M. Steve Arndt of the O fice of Nuclear
Regul at ory Research to begin the presentations.

MR. ARNDT: Thank you.

Before we begin, Bill, do you have any
comments or any statenents?

MR. KEMPER: Yes. Thank you, Steve.

This is Bill Kenper.

We're going to present one of our | ast
sections of the research report, Section 3.5 which
deals with energing technology. And in conjunction
with that we have a coupl e of ongoi ng projects which

we thought would be of interest to you, and we'd
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really like to get your insights on that. So that's
why we've chosen these particular topics to present
those to you. GCkay? Thank you.

Go ahead, Steve.

MR. ARNDT: Thank you. As you nentioned,
my nane is Steve Arndt with the Ofice of Research.

"1l give a short introduction this
norni ng and go over the general energing technol ogy
and applications section.

Wth me at the table is Christina
Ant onescu who is the project nanager in the Ofice of
Research. She's been with the |&C section for 15
years, our |ongest serving |&C person. She has a
background in el ectrical engineering.

Alsowith nme at the table is Kofi Korsah--
"1l get it right. FromOak R dge Nationa
Laboratory. He's one of the principal investigators
that works for us and he's the project principal
investigator for the energing technol ogy overview
proj ect .

And al so our netal stressors project. He
has a background as a Ph. D i n nucl ear engi neering and
over 20 years in the electronics and nucl ear
engi neering area. So he's going to help us out this

norni ng on this presentation.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

7

As Bill nmentioned, there are a nunber of
projects in the energing technol ogy section. As we
di scussed earlier yesterday there's a series of
progranms and there's a set of different priorities
associated with them but based on both the urgency
and t he i mredi acy of the prograns as well as the | evel
of interest from our stakehol ders.

These prograns are not the prograns that
are here today, but the ones that we think mght be
here in the relatively near future. So we have both
a specific set of prograns that we're currently
wor ki ng, progranms we're hoping to work on in the
future based on budget issue and we al so have a
program to identify future potential ener gi ng
technol ogies. So that would basically in the 3.5 box.
It's not an individual project in and of itself; it's
a project to look for new trends. And what we're
going to do today is I'mgoing to give you a very
bri ef overview of the programand then Christina and
Kofi are going to talk to you about our programto
identify new programs. And then we will go into the
current specific technology prograns that we're
working on right now, which are identified in the
green boxes.

The idea basically having an energing
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technol ogy program is that vendors, |icensees, owners
groups continue to devel op new technol ogy based on
econoni ¢ i ssues, based on the new technol ogy itself,
based on obsol escence; any a nunber of different

i ssues based on daily research and what they do, based
on university research. And we want both to be
know edgeabl e of what's happening, nonitoring in
essence what's going on, sone of our projects are at
the nonitoring | evel, but al so devel op new regul atory
criteria for our stakeholders. And this tends to be
a broad based type issue for NMBS, for NRR and NSIR

So this area, as | think |I nentioned
before, is nore involved in understanding the
technol ogy than the direct ramfications.

CHAI RVAN APOCSTOLAKI'S:  Well, there is no
user need fromthese organi zations, is there?

MS. ANTONESCU. There is.

MR. ARNDT: There is in sone cases.

CHAI RVMAN APCSTOLAKI S: Ckay.

MR. ARNDT: So the programs we currently
have are the energi ng technol ogi es eval uati ons, which
| nmentioned, an on-line nonitoring project. This is
a project that is specifically | ooking at what are the
technical issues and the inplenmentation issues

associated with on-line nonitoring techniques.
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The broader area is systens diagnhosti cs,
prognostics and on-line nonitoring. Wat we chose to
do last year was to take the specific piece out of
that program on on-line nonitoring and investigate
that, primarily because of the industry novenent in
this area. And we're going to go through that in
detail later this norning. But the basic reason why
we' re | ooking at that particul ar programis because of
the fact that the industry is | ooking to do tech spec
changes to use on on-line nonitoring for instance for
cal i brati on extensions.

So we're also looking at wreless
technol ogy. As you heard yesterday norning there's
some issues associated wth that both general
technol ogy issues as well as specific application
i ssues.

W also have a set of future projects.
The followon to the on-line nonitoring programwil|
be the general system diagnostic and prognostic
program And that will probably start in 'O07.

W have a programin advanced i nstrunents
that will start probably later this year |ooking at
speci fic newinstrument technol ogi es that are becom ng
available as a basis of output of the various

r esear ch.
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W have an advanced control s programt hat
will probably start in'07. This basically is |ooking
at primarily advanced reactor type control issues,
di agnostic issues associated with fully integrated
control roons and those kinds of things, the double
bed nodul ar control room the full issues and things
like that. But al so i ssues associ ated wi th nonnucl ear
i ssues |ike fuel fabrication systenms and distributor
control systenms and things |ike that.

W have a program | ooking at radiation
harden 1Cs, which will also start on '07. This is
| ooking at this fromtwo different issues. One is the
i ssue that we tal ked about yesterday to sone extent.
Because |1Cs, general |1Cs are becom ng much nore
conpact and |ower voltages, et cetera, the single
event phenomenon is a problem basically, cosnmc rays
and things like that. So we really want to understand
whet her or not this going to give us a problemor not.

The ot her side of that is actually | ooking
at whether or not ICs could reasonably be used in a
harsh environnment, whether or not that's a rational
thing to do.

W have a programthat's goi ng to probably
start on '07 or '08 to | ook at applications specific

| Cs, basic and build programrabl e beta rays. These
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ar e net hodol ogi es to do specific hardware sol uti ons at

a | ower cost and a | ower production run than specialty
chips. And there's several people in the world

nucl ear environment that are very, very interested in
this area. Toshiba is working very extensively in the
build progranmable beta ray arena. And fromthe
prelimnary indications they may be com ng in next
year, as early as next year with an application. So
there's a lot of issues in this area.

EDF is al so very interested in this area.
| actually met with them on Wadnesday to | ook at
t hese i ssues.

So that's one of the areas that we're
specifically | ooking at, not only because we thi nk the
energi ng technology is inmportant, but al so ones that
we're hearing fromthe outside world are going to be
on our door st ep.

And the last area which will be probably
an '07 start as well is the smart transmtters area.
Under st andi ng how the instrunents particularly and
also transmtters in any nunber of field conponents
can affect the systemindications and those kinds of
i ssues.

So those are the prograns that we're

| ooking to investigate.
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As | mentioned, we also have a specific
program to evaluated on a continuous basis new
technology. And I'mgoing to turn the rest of this
time over to Christina and let her tal k about that
parti cul ar programand how we | ook at what's conming in
t he future.

M5. ANTONESCU. Thank you, Steven.

So the i ntroduction of newi nstrumentation
and control technologies into comrercial nuclear
prograns is a slow process owing to the need for
robust and reliable equipnment of systens. Yet
t echnol ogi cal advances are bei ng nade continual ly and
rapidly for other applications, such as consuner
products and industrial plant systens.

Event ual | y t echnol ogi es energe t hat end up
i npl enented in nucl ear power plants. In this project
we scan for new developnents that wll have an
eventual inpact and then report on the progress and
the inplication of those energing technologies. So
the need for evaluating enmerging technol ogi es cones
from review ng our needs, NRR-2002-017 the Research
O fice included a project to put forth this eval uation
research pl an between 2001 and 2004. And the benefit
of this work is that NRC will better be prepared to

make future regulatory decisions in these areas by
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becom ng inforned of enmerging |1&C technol ogi es and
applications in a tinmely nmanner.

Let me tell you what we have done so far.
Qur office initiated a study on energi ng technol ogi es
as an ongoing project, as Steve has said. CQur
approach is to survey significant technol ogica
advances in |&C technol ogies. Assess prospective
applicability in these advances for nuclear power
plants. ldentify potential research needs. Confirm
el enents of NRC Digital Research Plan, and contribute
to updated | & Research Pl an.

So the reviews are presented periodically
as reports. W have NUREG CR 6812 that was published
in 2003. And the next survey has been docunented as
a NUREG for this year, and we're going to tal k about
it in the next couple of m nutes.

And we have specific technology that is
going to be targeted for nore detailed treatnent. And
we are goi ng to have periodi c surveys every few years.

CHAI RVAN APOSTOLAKI'S:  Now when you say
"identify potential research needs for consi deration,"
what exactly do you nean?

MS. ANTONESCU:. Well, sone of the results,
what the | essons |earned fromthese surveys that we

have done, we're going to incorporate in our research
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CHAI RVAN APCSTOLAKI S:

M5. ANTONESCU:

14

Wy ?

So we can identify what

areas we would like to spend nore tine and work on.

CHAI RVAN APOSTOLAKI S:

M5. ANTONESCU:

And why?

Because we'd like to, as
Steven has nentioned in the 1&C plan, identify this
particular item you know, energing technologies is
something that we like to look into --

MR. KEMPER: This is Bill Kenper. [If |

could just enbellish.
This program really is their antenna.

They were out |ooking over the horizon for new

t echnol ogy that we suspect will be submtted to us for

review and approval in digital applications. That's

t he sol e purpose of why we're doing it that way.
CHAI RVAN APOSTOLAKI'S: | think it would be

useful to enphasize instead of saying potential

research needs. You should focus on the needs of the

agency and nmake it explicit. W're going to review

something, as Bill just said, or general maybe for

some ot her reason. In other words, in the nmessage we

should be consistent that we're supporting the

regul atory procedures of the agency.

MS. ANTONESCU. Right.

NEAL R. GROSS
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MR. KEMPER: Yes, but --

CHAI RVAN APOSTOLAKI S:  There's research
needs. | mean, we're not really a research
institution.

MR LOESER This is Paul Loeser. I'mwth
NRR.

In this aspect we asked themto go out and
| ook at basically all the things that nmay be used
sonetinme in the future because we don't have tinme to
attend all the conferences and read all the papers.

The idea was, and this is sort of what
happened, that they then come back to us with a report
like this of what they'd |like to do. W |ook through
it and we conmment on it. And if we think that
something i s not necessary --

CHAI RVAN APOSTCOLAKI' S: Yes.

MR LCESER And this is based on what we
heard from |icensees, what they're thinking about
usi ng.

CHAI RMVAN APOSTOLAKI'S: | am not obj ecti ng.
| never had any doubt that that was the reason. Wat
| " msaying i s that when you communi cate to ot hers what
you' re doi ng, nmake sure that these others understand
very well that vyou're focused on the agency's

regul atory responsibilities.
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MS. ANTONESCU. Right.

CHAI RMVAN  APOSTOLAKI S: Just sayi ng
research needs is not --

MS. ANTONESCU. | understand now.

CHAI RMAN APCSTOLAKI S:  Yes, sir?

MR KORSAH. This is Kofi Korsah.

Yes, you're precisely right. And sone of
the focus area like sensors, I'mgoing to tal k about
that in detail. And the reason why we fixed on those
sensors is that they nmay have sone regul atory inpact
in terms of genuine set point requirenents,
calibration developed and so forth. So it's very
important, yes. That's exactly the focus.

CHAl RMAN APOSTOLAKI'S:  As | say | suggest
t hat when you have a slide that says identify research
needs, you're asking for a problem

M5. ANTONESCU:. | will --

CHAI RVAN APOSTOLAKI S:  And even the
Comm ssion, as you probably know, is very sensitive.

M5. ANTONESCU. So our first report was
publ i shed in 2003, NUREG CR 6812. It presents
findings and specific technol ogy focus areas. And we
came up with eight areas on sensor and neasurenent
syst ens, communi cations nedia and networKking,

m croprocessors, conputational platforms, diagnostics
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and prognostics, control and decision, human-system
interactions and high-integrity software. So those
areas chosen because they cover a full scope of |&C
t echnol ogy in nucl ear power plants.

And to illustrate the scope of [&C
technol ogy can be visualized froma hardware sense
fromthe sensors to the electronics to the actuator
and second in a functional sense from the plant
t hrough the 1&C systemto the human

CHAI RVAN APOSTOLAKI'S:  Coul d you expl ain
t hose two words of diagnostic and prognostics?

M5. ANTONESCU. Yes. M next coupl e of
pages will go into nore detail.

CHAI RVAN APCSTOLAKI S: Ckay.

M5. ANTONESCU. And so I'mjust trying to
make the point that the report itself tried to focus
in eight areas, and these are the areas that we
cover ed.

Here are sone findings of the first
report.

Under the topic of areas of sensors and
nmeasur enent systens, several new radiati on and power
and process centers were under devel opment as a
result of DOE research. As the Nucl ear Research

Initiative, NERI, International NERI, and Nuclear
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Engi neeri ng Educati on Research, NEER

In this report we recomended their
progress be foll owed because they're being designed
for nucl ear power plant application and the expected
i mprovenents in operating margins.

And under this t opi cal area  of
comuni cations nedia and networking, the survey
antici pated the application of wirel ess technology to
i ncrease because of their cost, availability and
flexibility. And nmy next presentation will address
our current findings in this research area.

Regarding mcroprocessors and other
integrated circuits, the survey identified key I|&C
technologies that warranted long-term nonitoring
because of their significance for nucl ear
appl i cati ons.

Some of the exanples are radiation-
har dened | Cs, and we have a programthat we wll
probably | ook into |ater on.

Then optical processors, nanotriodes.
Nanotriodes functions as a transmtter and it's
basi cally the sem conductor version of the old vacuum
t ubes.

Anot her the systemron-chip circuitry and

t hi s desi gn approach, nost of circuitry required for
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a systemcan be contained on a single IC

MEMS, t he microel ectromechani cal systens.
They have a conbination of electrical mechanical
features in a very small package. And others.

Regarding the conputational platform
ASI Cs application-specific integrated circuits and
real -tinme operating systems were identified as
t echnol ogi es to be nonitored.

It is possible that the high cost of
dedi cated commercial software-based systenms would
drive licensees to rely nore heavily on ASICs base
sol utions for code upgrades and in newer plants.
Regardl ess platform the performance and reliability
characteristics of operating systens nust be well
under st ood si nce nany conput ati onal and control system
will enploy some formof an operating system

CHAI RVAN APOSTOLAKIS:  How is this rel ated
to the three platforns fornms that were presented
yest er day?

MS. ANTONESCU:. | wasn't here.

CHAl RMAN  APOSTOLAKI S: Wl |, the
West i nghouse, the Franmatonme, what was the ot her one?

MR. KEMPER: Tritronics.

Bill Kenper.

M5. ANTONESCU:. One of the ASICs
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experimentation of digital subsystemis the 7300 ASIC
based system by Westinghouse, which was devel oped in
1990s. And it is designed as an ASI C based
repl acenent nodel for the --

CHAI RMAN APOSTCOLAKIS: So it is an
appl i cation-specific?

M5. ANTONESCU. Yes, it is an application-
speci fic.

MR. KORSAH. Yes. Both the type, the
Tritronics and --

M5. ANTONESCU. They are PLC based.

MR. KORSAH. Yes. They are PLC based,
they' re not ASIC based.

MR. KEMPER: Yes. This is Bill Kenper.

ASICs and FPGA specifically are an
alternative designto PLCs, if youwill. [It's another
way of acconplishing the same thing. They just use
di fferent technol ogy.

CHAI RVAN APCSTCOLAKI S:  So what we saw
yest erday was control |l er based?

MR. KEMPER: What we saw yesterday was a
m croprocessor running application software. These
technologies are different in that it's a sea of
gates, and-gates and or-gates. And the progranmer

uses technology to programthose gates into solid
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state conponents, if you will. And the purpose and
the goal is to elimnate application software and
things like that. Therefore, it's a sinpler
application, |less conplex, |ess subject to failures.

This is a new technology that there is
much interest in right now As Steve said, we just net
wi t h EDF day before yesterday to tal k about this. And
it's probably one of the areas that we're going to be
nmoving into here pretty soon to do some research on.
Because | think soneone said earlier, we do have
applications that we believe are going to be comng in
here in the next few years using this technol ogy for
digital.

CHAI RVAN APCSTOLAKI S:  |'s EDF produci ng
these or they're al so researching then?

MR. KEMPER: The EDF is researching them
In fact Thuy is right here in the background if he
wants to speak to his project. They're in
coll aboration with, | think University of Virginia.

MR. NGUYEN:. Good norning. This is Thuy
Nguyen.

W are doing very active research on it.
And we are trying to work with one of our vendors to
help them-- | would say nove for a solution for that.

MR. GQUARRO Just a comment on the field
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programmabl e gate arrays. Are you aware of the
probl ens that the aerospace industry is having with
those at this tinme? There's been a lot of failures of
FPGAs.

MR. KEMPER: | can speak for the NRC |
don't think we were. So, thank you. It's a good
conment .

MR WOOD: |'mRichard from Gak Ri dge
Nat i onal Lab.

And we've been involved in the space
nucl ear programand we've | ooked quite a bit, andit's
rel ated because of simlar staff. So we're aware of
t hose i ssues, yes.

CHAI RVAN APOSTOLAKI S:  Space nucl ear you
said. | think Dr. Guarro nmeant space.

MR GUARRO Yes. | don't think there is
a basic difference in the devices. So, you know, |
happen to be aware of what probl ens have occurred on
satellites across the industry.

CHAI RVAN APOCSTOLAKIS: Is there any
reference you nmay want to give to the Staff so they
can --

MR. GUARRO Well, there areinvestigations
going on right now, so | can look into it. And if |

have sone specific reference that is available, |
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will--

MR. ARNDT: We'll followup

MR. KORSAH. Ckay. This is Kofi Korsah.

Yes. Sone of the problens that you'l
face with FPGAs are the sanme as you're facing with
nost of the tester |Cs because of the radiation
effects. And one other thing that 1'mgoing to talk
about is sone of the radiation hardness, things like
phase change ranps and so forth

So as the industry noves into rad-hard
el ectronics and they can replace the FPGA conponents
wi th rad-hard conponent, but it'll be the sanme ki nd of
FPGAs. Only the IC technology will change. So that's
one of the problens, the rad-hard el ectronics.

MR. NGUYEN: And this is Thuy again.

W are pretty aware of the different
failure of 1Cs and FPGAs. And we are trying to
provide solution either at the level of the FPGA
itself or at the level of the over design of the
system

CHAI RVAN APCSTOLAKI S: | renenber one of
the presentations sonme tine ago you nentioned that
there is an effort to collect the data that's at
Br ookhaven Proj ect.

MR. ARNDT: W actually have to programns
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inour program One is specific to failure nodes and
just for liability engineering issues. That's the
Br ookhaven Proj ect.

W al so have a general project, it's the
| nt ernati onal --

CHAI RVAN APOSTCOLAKI' S:  Yes.

MR. ARNDT: -- Safety Program which is
| ooking at failure updating the inclusion of specific
applications. W're looking at it basically fromtwo
di fferent aspects.

CHAI RVAN APOSTOLAKI' S: And when will these
proj ects produce?

MR. ARNDT: Well, I'd have to go back and
| ook at nmy notes and get back to you.

CHAI RVAN APOSTOLAKI'S:  Al'l right.

MR. ARNDT: But the Brookhaven shoul d be
|ater this year, first consys report on the new data
will be in tw years, | think

CHAI RVAN APOCSTOLAKI S:  That's
| nt er nati onal ?

MR ARNDT: That's international

CHAI RVAN APCSTCLAKI'S: | think have a
neeting on the failures that have been observed w ||
be very val uable to everyone.

MR. ARNDT: Ckay.
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CHAI RVAN APOSTOLAKI'S: At some point in

the next year. W are an agency that worries about
failures, of course. So this is, in fact, of high
i nportance to us.

MR. ARNDT: And we're trying to gather
i nsights as we gather the data.

CHAI RVAN APOSTOLAKI S:  Absolutely. So as
soon as you have sonet hing that you can tal k about,
think it would be a good idea to recontact Eric and --

MR. KEMPER: This is Bill Kenper again.

Just for clarification, this is a neeting
to discuss failure of digital conponents around the
wor | d?

CHAI RVAN APOSTOLAKI S:  Their experience.

MR. KEMPER: Their experience? kay.

CHAI RMVAN APCSTOLAKIS: It is not only
nucl ear, of course, but broader.

MR KEMPER:  Broader.

CHAI RVAN  APOSTCOLAKI S:  |'s Brookhaven
| ooki ng at the broader experience?

MR, ARNDT: Yes.

CHAI RVAN APOCSTOLAKI S:  Because that w ||
give us a much better idea of what is it we have to
wor ry about .

MR WATERMAN: This is M ke Waterman
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Resear ch

W nustn't forget that we have to go
beyond this, obviously. W need this information
first. Once we have this information we intend to
take it to the next step of how does an NRR revi ewer,
for exanple, |1ook at an ASICs systemand reviewit to
ensure it's safe? Wat kind of procedures do you use?
Are there tools available? Things |ike that.

CHAI RMAN APCSTOLAKI'S:  Yes, that's --

MR WATERMAN:  So we need that fundamenta
under standing and then we need to nove that into the
regul atory arena so we have acceptance criteria,
perhaps a rulenmaking; | don't know. Tools, review
procedures and then training for the Staff so that
when an ASIC application cones in or field
programuabl e gate array cones in, the person knows
what to do with that application

CHAI RVAN APOSTOLAKI S: Wl |, the other
thing is, of course, is that you are testing the
credibility of your nmethods. | nean, we were told
sonmetime ago that at |east sonme people at NRR were
happy with the methods they had, right? And if we
| ook at the failures, then we can try to figure out
whet her those nethods we have are protecting us

agai nst those neasures. That's one application.
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MR. WATERVAN: Wl |, the procedures we
currently have in the SRP are al nost exclusively
devoted to software reviews. Wth an ASIC you run
into other issues about how is the ASIC itself
created, is there a systemon the chip al so and t hi ngs
like that. W need to keep inproving our review
procedures to make our staff nore and nore efficient
and effective.

CHAI RVAN APOSTOLAKIS: So that's a topic
of great interest to us.

M5. ANTONESCU. The survey confirned the
need for continued nonitoring of diagnostics and
prognostics technologies. And they'll be |ike maybe
integration of controller diagnostics for autononous
pl ant operation. It is expected that a great reliance
wi |l energe on surveillance and prognostic nethods to
facilitate predictive nmaintenance. And methods for
assessing accuracy, stability and reliability of
di agnostics and prognostic techni ques are appropriate
candi dates for near-termresearch. | think we'll talk
about it later this norning.

CHAI RVAN APOSTOLAKI S: But you didn't
expl ai n what they need? You prom sed to explai n what
t hey need.

MR. KORSAH: Can | interject here? Yes,
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di agnostics and prognostics, okay. Diagnostics would
nmean | ooking at errors. GCkay. So you have built in
intelligence to look at |ikely problens. Okay. Is it
likely? Has it failed or what? Has this sensor
failed, that type of thing.

So di agnostic prognostics is |ooking at
paranmeters to predict failures. So, for exanple, if
we're nonitoring notor vibration, for exanple, and
| ooking at the footprint and the built-in software
will say that this is likely to fail, for instance.

So the prognostic nmethods wll help
predi ct mai ntenance type of thing. So that basically
is the prognostics.

CHAI RVAN APOSTOLAKI S:  Are all the nethods
then out there that -- | nean, if | do a Ferm
anal ysis, that's a prognostic. W never call it that,
but that's what it is.

MR. ARNDT: Yes, it is. And what we're
tal king about here is the ability to nake real tine
and near-real time application to do proghostics in a
pl ant and have both -- there's two sides of that. The
t echnol ogy side of the actual thing you're trying to
deal with, tube integrity or punp vibration or
anything else. There's also the products issues

associated with it; how do you get that defined, how
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do you deal with that? A little nore interesting the
latter than the forner. But those issues,
particularly as you' re dealing with | onger and | onger
cycle times and look nore and nobre on issues
associated with thereliability of the systemover the
cycle tinme it becones nore of an issue.

Also, the very issue associated wth
you're going to extend the calibration intervals and
testing intervals. |In nost case wite the approval s
down. W al so say yes you can do, but you have to
monitor it. So when you get into how are you
nmonitoring, so that's both the diagnostics and the
prognostics the nore and nore issues. So, you have
that but there are a nunmber of other issues.

MEMBER BONACA: | think there is a nove
actually of, you know, the industry in fact not to
wait for failure of a conponent. They begin to
i nstrument and nonitor. And that's a challenge. But,
of course, those are the ones i nprovi ng perfornmance in
that they are not waiting to shutdown and repair
something. But in the neantinme you do have a nunber
of chal | enges here.

MR. GUARRO. Well, a conment on what was
said a nonment ago about fault trace. | renenber that

there was work done nany years ago in using a fault
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trace line as a diagnostic tool, actually. Wen you
associate the nodel with real tine sensor input, that
woul d be a way of identifying root cause for a set of
synptonms. |Is there a revival of that type of thing?
Because this, there was sonething called disturbance
anal ysis, which was in 1980 or so.

MR. ARNDT: W're getting a bit far afield
fromthis actual presentation. But, yes, |'m aware of
that brilliant work. And to my know edge that
particular slant on it is not being done right now.
This is nore the traditional analysis of the data
anal ysi s and trends.

MR. GUARRO And to send it in a prognostic
of what is the diagnostic trends today. Wat is neant
by di agnostics done.

MR. ARNDT: Diagnostics are basically
t hi ngs associ ated wi th understandi ng how t hings fai
inareal-tine environnent. W have highly redundant
systens. |If you | ose sonme redundancy, you want to
di agnose that loss. So that you repair it and/or
understand how it's failed so you don't have that
problem not just from the long term root cause
anal ysis issue but also real-tine diagnhostics.

CHAI RVAN APOSTOLAKI S: And why stability?

Mcro assist ability, reliability. | understand the
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accuracy of the reliability. But the stability, what
does that mean?

MR. KORSAH. If your diagnosis systemis
sof tware based, you know you fully tested it, then it
is stable in that sense. That is it's no good if you
-- the diagnoses systemis not going to have errors
that would in itself be a problem Because you are
going torely on the di agnoses systemto i nfer things.
But if your systemis not stable, thenit's goingto--
you know -- the thing that you are relying is itself
going to give you probl ens.

CHAI RVAN APOSTOLAKI'S:  And you cal |l that
reliability of the systenf

MEMBER SIEBER. Well, stability has a

different --
MR. KORSAH. In a control sense, yes.
MEMBER SI EBER: I n a control systemif you
have a self calibrated sensor, it wll nake a

calculation that says | need to increase or decrease
the zero or the proportional band. And you can nake
the change that it will generate fromtinme-to-tine to
calibrate itself such that it becones unstable and
goes like this. And so | think that's what you're
tal ki ng about when you're tal king about calibration

stability.
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CHAI RVAN APCSTOLAKI'S:  And ultimately it

becomes unreliabl e?

MEMBER SIEBER: That requires sone
definition, too. You know, you can gather infornmation
froman unstabl e systemthat has sonmething to do with
the parameter. The question is how big an error band
will you tolerate, you know?

CHAI RVAN APOSTOLAKI S:  Ckay. Let's go on.

MS. ANTONESCU: In the area of control and
deci sion, the nost significant change expected may be
the transfer of nore and nore of the decision
responsibility to 1&C systens. And consideration
continue to be given to the role of human in nucl ear
pl ant operations and the capabilities and reliability
of autononobus control systens.

CHAI RVAN APOCSTOLAKI'S:  You know, that's
a very interesting thing because this agency has shi ed
away fromgetting into the business of decision
maki ng, although it makes decisions everyday. But
formal decision nmaking is not sonething that, again,
has failed. So it's interesting.

| nmean, does this include understanding
nodern theories for decision naking, not necessarily
| &C oriented? And when you say role of human in

nucl ear plant operations, you're going to probably
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have sone psychol ogi st telling you that they're going
to get bored and they're going to make m stakes. And
| don't know how nuch that hel ps you.

MR. ARNDT: This work primarily is focused
on the issue of balance between human actions and
autonmat ed actions in control and decisioninreal-tine
type i ssue as opposed to general decision making.

CHAI RVAN APOSTOLAKI'S:  But shouldn't you
under stand the general decision making process first
before you go into how much of that will be done by
t he machi ne and how rmuch by the operator?

MR. ARNDT: Well, there's certainly somne
of that associated with human nodel i ng and machi ne
nodeling and things like that, of course, in the
performance area. But this is an area that primarily
is associated with what is reasonable, how do you
bal anci ng - -

CHAI RVAN APOSTOLAKI S:  Yes. There is a

whole literature on the distribution of decision-

maki ng.

MR. ARNDT: Ch, yes.

MEMBER KRESS: Do you envi sion using
expert systens for that, it'll be the process that a
aut omat ed decision will be nade?

MR. KORSAH: Well, this Kofi again.
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Part of it could be expert system you
know | i ke the virtual robot system for exanple. So
all that we're saying here is that we need to | ook
into what part should be, you know, enbedded in your
system okay, as opposed to what part shoul d be given
to the human operator. That's what we're saying here.

MEMBER S| EBER: But as far as normal
deci si on maki ng t echni ques are concerned, they are not
taught to operators.

CHAI RVAN APOSTOLAKI S:  They are what ?

MEMBER SIEBER  Are not taught to
operators.

MR KORSAH: Yes, | know

MEMBER KRESS: Well, really a criteria for
maki ng thi s deci sion, what goes to the human and what
goes to automation, has something to do with the tine
you' re asked, you know, to nmake the deci sion.

MR. ARNDT: Well, let me rephrase the
guestion a little bit because we don't make that
decision. That's something that the |icensee --

MEMBER KRESS: The |icensee has to do al
of that.

MR. ARNDT: Right. W just reviewthat,
| ook at issues not only associated with the division,

but also the issues associated with if the |icensee
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is making -- conpl ai ning that such-and-so can be done
by a human operator. For exanple, if the procedure is
going to be going forward and have a particular
mtigating action, the mtigating action as the
operator identifies the transient and mnakes the
action; those issues are sonething that we currently
have no position on. This research is |ooking at
those issues, but it's also looking at things
associated with how do you eval uate t he design

deci sions that they made associated with all the
control algorithns and |evel of conplexity of those
i ssues.

As you know, even nore things can on its
face be a potential to now awareness issues to the
operator. That whol e set of issues and what we shoul d
say about this thing here.

MEMBER KRESS: | suspect that this --

MR, ARNDT: Yes.

MEMBER KRESS: But you cannot have
tol erance in maki ng these deci sions.

MR. ARNDT: Yes. As a matter of fact
we' ve had di scussions with sonme of the people working
on this and they want to autonate --

MEMBER KRESS: They night want to autonmate

nmost of theirs.
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MR. ARNDT: A much higher fraction of

their plant control.

MEMBER KRESS: Tol erance of the plant --
that decision will be part of the criteria --

MR. KORSAH. Yes, exactly. Transients the
roles affect would be of the order of mlliseconds or
what ever, you know, that you nmeant to do the system
cannot very well be taken over by the human operator.
So this way you say that this has -- the decision wll
have to be with the --

CHAI RMAN APCSTOLAKI S: Wait, wait, wait
now. You nmean that's what it is to start saying the
systens is --

MR. KORSAH: Well, not just starting but,
you know, if there are transients mdway, | nmean
whatever it is, you know and you need to shut down t he
system but | nean if they --

MR. KEMPER: This is Bill Kenper.

But things that coul d be envisionedinthe
future are things |li ke automated reactor startups. W
don't do that now in our technology. They're all
manual . Aut omat ed turbine startups, you know t hose
types of things. Comrsig systens could be totally
automated. All that's done manually right now as far

as |'"'maware in the nuclear industry.
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MEMBER KRESS: Autonmatic startups has

probably been a new thing for PWR

MR WATERMAN:.  This is M ke Waterman
Resear ch

W' ve al ready seen sone progressiontoward
automat ed things such as digital feedwater control.
In PWRs, you know, how many plant trips did we get
trying to fill that darn steam generator when we were
starting up and keep the level right. So they've gone
to digital control to do that.

W've also gone away from automatic
controls in, for exanple, in the B&Wi nt egrated system
used to have a frequency conponent to it such that as
t he good frequency sagged or increased, the plant
would increase or it would respond to grid
frequencies. Wll, they phased that out because they
didn't want the grid to autonmatically change pl ant
power .

So those are a couple of exanples where
you go to automated or you back away from automat ed,
dependi ng upon what the circunmstances. And this is
just an extension of that noving into other things
such as in a B&W pl ant when you have an acci dent, one
of the operator actions right nowis to trip the

react or cool ant punps when subcoolingis lost. That's
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an operator action right now. Should it be automatic
where you just tie your subcooling margin nonitor into
your systemand trip RCPs. Don't know, you know. So
we need this kind of guidance to help us determ ne
whet her or not that's a safe thing for the operator to
do or for the licensee to do.

MEMBER BONACA: Although, | totally agree
with that, but in part you know we see so nuch better
action because these plants were designed to have
operator control. So it's very difficult to redesign
and totally to elimnate that. That is one of the
i ssues that | would expect that for new plants there
will be at sone point nore and nore designs that are
conceived fromthe beginning with autonmatic actions.
And we will see nore and nore of that. | nean, just
frankly that's going to be a tendency we're going to
see in everything those systens.

MEMBER SIEBER  Well, automation is the
evol utionary process. The original plants were all
manual . The only autonmatic controls you had was
heater |evels and steam generator |evels. And,
perhaps the thernostat on a pressurizer. Everything
el se manual. But it took a |ot of people to run those
plants. And the pressure is to mnimze the nunber of

operators you need, and that's what forces the
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aut omat i on.

And then there's some things that
operators just can't think through fast enough that
occur. That'll, of course, a degree of automation.
But that's where the pressure is.

MEMBER KRESS: Yes. Even operator actions
are al nost autononous because he knows the operating
procedures and it says do this, do this and do this
and they follow that. And so, you know, | don't see
why that couldn't be automated.

MEMBER BONACA: There are exanples, you
know. You were tal king about a EDF plant. The one
that was built in Germany was highly automated was a
requi renent they were to step away fromthe board if
you got into an accident. So you really don't know,
it depends on the phil osophy applied to your defense,
the response to accident and transients. And maybe
you can -- you know, there are exanples of wal ki ng
away from manual acti ons.

MR. ARNDT: In any case, we'll have a | ook
at it.

CHAI RVAN APOSTOLAKI S:  Speak also to the
m crophone, guys.

Ckay, Christina.

M5. ANTONESCU. Then the area of high-
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integrity software. The survey findings confirned the
need for near-term attention in tw areas, as
identified in the Research Plan: Investigate

obj ective sof tware engi neering criteria and
investigate criteria for software testing. These two
areas are rel evant because wi th no consensus regardi ng
necessary high-integrity software devel opnent and
testing practices and current processes do not give
conprehensive quantitative nmeasures of quality and
fidelity.

For the second report the sane technol ogy
focus area were used, however an enphasi s was based on
energi ng sensors. And the sunmary updates for the
technol ogy focus areas are provided. Specifically,

t he sensor neasurenent system technol ogy focus area
was selected for nore detailed study because of the
line of reasoning: The sensors are inportant because
t hey have a direct bearing on operating and protection
mar gi ns, and; new sensor design nmay be ready for
i npl enentation in the near term and; this 1is
currently one of the nost active areas of devel opnent.

And the potential regulatory inpact of
each of the sensors is discussed in the second report.

MEMBER KRESS: What are you talking in the

sensors in terns of information tracking?
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MR. KORSAH: If | nmay comment here again.
The substance that we focused on for this period
okay, was sensors that could be not for diagnostics.
You know crisis nmonitoring, for nonitoring, neutron
flux, tenperature, flow, pressure that type thing.

M5. ANTONESCU. And here are sone exanpl e
updates found in the second report. For sensors and
nmeasurenent systens, the new sensors are being
devel oped that are close to commercialization and
Kofi's going to go over the silicon carbide detector,
the fuel mmc power nonitor and Johnson noi se, he's
going to talk nore about it.

Some sensors are capable of hi gh
tenperature operation and all sensors are applicable
inretrofits as well as new pl ants.

The second area i s the radi ati on-hardened
el ectronics. Progress is being made but the
t echnol ogy i s not yet ready for near-termapplication.
And consi derabl e effort i s bei ng expended i n radi ati on
hard | C devel opnent for space reactor application, as
Ri chard has said earlier. This technology warrants
nmonitoring in periodic surveys of every two years.

And Dr. Kofi is going to give sone very
speci fic exanpl es now on sensors.

MEMBER S| EBER: Before you flip off that
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slide, what is Johnson noise?

MR. KORSAH. (Ckay. I'mgoing to talk
about it.

MEMBER SIEBER:. Ckay. | didn't want you
to go by that.

MR. KORSAH: Right. Yes.

MEMBER SI EBER: And renmin ignorant.

MR. KORSAH: kay. As Christina said, we
focused on this report on sensors, okay. And so
have just selected three sensors that we believe the
nost regul atory i npact, okay, for detail ed di scussion.

This is the silicon carbide detector. And
basically it's silicon carbide with alittle fluoride
deposited on top. The little fluoride going to
attract the neutrons, so you have neutrons hyper
reaction. And it is the adverse that will basically
sl ow down as the el ectrons pass and you get a current.

Now what's so i nportant about that? Well,
because we are not very safety to gammas and t hey have
a wi de range of neutron nonitoring dynam c range, they
have the potential to be used to replace the current
free sensors, source stream nonitors, radiation
nonitors and powering nonitors, okay. So we have
basically one sensor replacing three sensors, as it

were, okay. Good. So that's one.
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Now, the report to be very accurate would
ignore a acidity, and we have not had a chance to do
a detailed analysis of the accuracy of acidity. But
if it proved to be true, then the regul atory i npact of
that is that you may, you know, set point change --
change the set point is the change only because you
now have a sensor is that very accurate with much
| oner certainty. The nodul es are tied down, that kind
of thing. So that's the silicon carbide detector.

MEMBER S| EBER: Now those detectors
deplete, right?

MR. KORSAH. They are using the depletion
node, yes.

MEMBER SI EBER: So you have to have a --
continually recalibrate them because they're not as
sensitive as the --

MR. KORSAH. Well, we have very | ow
| eakage. We have very, very |ow | eakage.

MEMBER SI EBER  Ri ght.

MR. KORSAH. And therefore, drift is
potentially much, nuch snmaller. And therefore the
| ong term degradation could be nmuch inproved. Ckay.
But we haven't had had a chance to | ook into details
on that. But --

MEMBER SI EBER: |t depends on the geonetry
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of it, though? The thickness of the |layers as to how
much it depl et es.

MR. KORSAH R ght.

MEMBER S| EBER:  And how sensitive it is.

MR. KORSAH. That is true.

MEMBER SIEBER And it's over al
stability?

MR. KORSAH. That's why even though this
has potential for very lowdrift, very high
tenperature applications, we still have to | ook into
it in nore detail. And you're right, because the
t hi ckness, for exanple, is only about 100 m crons.

MEMBER SI EBER  Ri ght.

MR KORSAH. And this is of the order --
| mean, the one that |I've been testing now, this is on
t he order of about 300 microns. So you're right, that
-- you know, because it's small, you have that
potenti al .

MEMBER SI EBER  Ri ght.

VR. KORSAH: Even t hough, t he
characteristics of the detector itself nakes it very,
very good, you know, in ternms of low drift, accuracy
and all these kinds -- but you have to look at this
condi ti on.

MEMBER SIEBER: |s there anything | could
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read that would give nme information so | could learn
alittle bit?

MR. KORSAH. Ch, okay. Sure. Yes.

MEMBER S| EBER: Ckay. Maybe you can give
me a reference.

MR KORSAH: The ot her one that we | ooked
intois the fuel mmc nmonitor. This has -- what it
does basically is neasure the heat, you know, heat
energy as opposed to neasured flux to get the power.
Thi s nmeasure the heat energy.

MEMBER SIEBER It’s better?

MR. KORSAH: Exactly. That's exactly why
we look intoit. And basically | had to draw a pell et
in here, okay. And so when it heats up it has an RTD
resi stance neasurenent elenent in there, okay? And
basically you put this in a Wnston Bridge
configuration, okay? And when the power decreases to
a steady state level, then the heat transfer in the
tenperature and the coolant is unconfortable, okay.
And when it changes, the resistors, the heat changes
the resistors change and therefore it unbal ances the
W nston, so you have to apply power into it to, you
know -- and the power that you put -- the electrical
power that you put into it, is a measure of the

react or power.
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MEMBER S| EBER:  Ckay.

MR. KORSAH: So that very neat. And what
is the regulatory inpact? W think that, you know,
because it had the potential of being accurate and a
| i censee can conme up and say, okay, they can apply for
hi gher rate in power plant because now they can | ook
at the power level nore accurately. And so that is
the regul atory inpact.

Right now, it's in the second generation
node, okay. |In other words, they haven't done a | ot
of work. They also |ooking at the condition and drift
and that type of thing. There is sone drift. The
ones that they're testing now is there sone drift,
okay. So in terns of application in the nuclear
environnment, | would say that it's probably five years
or nore down the path. So it's not there yet.

MEMBER SIEBER: R ght now you use the
nucl ear just to neasure neutrons --

MR. KORSAH R ght.

MEMBER SIEBER: And if you adjust that
out put to equal what a neasure would tell you power is

MR. KORSAH. Exactly.

MEMBER S| EBER: And then there's sone

error there which you conpensate for in your
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regul atory structure. Wuld this be nore accurate or
| ess accurate?

MR. KORSAH. It would be nore accurate.

MEMBER SI EBER  Ckay.

MR. KORSAH. Ckay.

MEMBER S| EBER: So that there's economc
incentive --

MR. KORSAH. Exactly.

MEMBER SIEBER. -- to put this in other
than it's like a neater instrunent?

MR. KORSAH. Exactly. Yes. |If all the
ot her things pan out.

MEMBER SIEBER  So you may get -- an
addi ti onal one percent.

MR. KORSAH. That's what we think.

MEMBER S| EBER  Yes.

MR. WATERVAN: M ke Waterman, Research.

This | ooks interesting. How long is your
sensor ?

MR. KORSAH:. How | ong?

MR. WATERMAN:  Yes, what's the | ength?

MR KORSAH. It's on the order of severa
centineters, but | can't tell exact.

MR. WATERMAN: So you'd need then spaced

vertically over several different locations in the
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corridor to account for the fact of your flux?

MR. KORSAH. To get it through there.

MEMBER SIEBER: Well, you'd have to do
t hat because the heat generation flux, you knowit's
not related to flux. It varies. Flux position
vari es and Xenon varies and all kinds of things.

MR, KORSAH R ght.

MEMBER S| EBER:  So you have to average it
over the corridor.

MR. KEMPER: This is Bill Kenper.

| think the thing that's unique about this
is this is being proposed, at |east ways the first
time | saw it was, as an alternative to X-core
noni t ori ng.

MR. KORSAH R ght.

MR. KEMPER: So this is a radical change
from what we've traditionally been dealing with for
neutron nonitoring.

MEMBER SIEBER: Well, it'll change the
whol e process.

MR. KEMPER: Exactly. Right.

MR. KORSAH  The ot her sensor that we
chose because we think that it has good potential for
proper Johnson noise, and basically if you have any

resistive elenent, you have noi se associated withit.
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And so basically you can neasure the noise and the
noi se i s nmeasure the tenperature, okay. And the neat
thing about it is that you can design it sothat it is
conpl etely dependent on the resi stance. Everything is
based on fundanent al neasurenents, you know, | nmean in
terms of your -- for exanple --

MEMBER SI EBER. Wl |, different materials
gi ve you di fferent noi se characteristics.

MR. KORSAH. Yes. But the noise voltage
depends, for exanple, you know this is not very
visible. But it depends on your -- which is a
constant, right?

MEMBER SI EBER  Ri ght.

MR. KORSAH. Ckay. Tenperature then the
resistance. And if you do a ratio, the neasurenents
will go up — they all go up, for exanple.

MEMBER SI EBER  Ri ght.

MR. KORSAH. So basically then your
tenperature rnmeasurenments wll depend only on
constants, okay? That is the bandw dth of your
instrumentation, right?

MEMBER SI EBER  Ri ght.

MR. KORSAH. The bandw dth can be set as
constant is constant, right? So everything then is

just basically put on tenperature. Everything is a
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constant. And then the neat thing about it, because
it neans, you know, just this hot, and we know t hat,
you know, at current tenperature neasurenment and
nmeasur enent devices, if you can have the tenperature
nmeasur enent device that is free of drift, you know,
that calibration into the exanple, you know, can be --
you know can be reveal ed.

MEMBER S| EBER:  So this acts |ike an RTD?

MR. KORSAH. Ckay. This particular one,
okay, I'msaying in terns of regular measurenent,
okay, you can do a ratio, okay, of the noise and the
resi stance value can’t go down right?

MEMBER SI EBER  Ri ght.

MR. KORSAH. Ckay. So the only problem
here is that in order for you to do a good tenperature
nmeasur enent you have to integrate it for a long tine,
okay. And because you have to integrate it for a
long time, the response is not strong, it's slow,
okay. Exactly. So even though you have that, you
have the problemof long integration tinmne.

MEMBER SI EBER  Ri ght.

MR. KORSAH: So with this inplenentation
here uses at RTD for regul ar tenperature neasurenent,
right? But then it uses Johnson noise also for

tenperature neasurenent and it uses the val ue, which
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is nore accurate, right?

MEMBER S| EBER: Cali brated --

MR. KORSAH: To calibrate the RTD exactly.

Roger is in fact one of the experts --

MR. KISNER: Yes. This is Roger Kisner
from OGak Ri dge National Laboratory. | work in the
area of Johnson noi se, have for sone tine.

Kofi's expl anati on was very good. Just in
case you needed for information on it, basically you
had nenti oned somnet hi ng about different naterial s have
different noise. And the answer is they don't. The
noi se has to do strictly with, and you can hardly read
the equation that's wup there, it's four tines
Boltzmann’s Constant times the resistance, whatever
resi stance you choose for material. That has to do
with material. Tines tenperature over some band wi dth
of the measurenent.

So | pick one material or another
mat erial, they all have the sanme noise. It varies sonme
because of the resistance and, of course, because of
t he tenperature. So you neasure the resistance and now
the only thing left to solve for is the tenperature.
And out of that over a period of time, because of
statistical process, then the |onger you nmeasure the

| onger you integrate then the | ower the uncertainty of
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t hat measurenment becones.

And as Kofi says, you conpare that agai nst
your standard RTD neasurenent, calibrate your
constants in that measurenment, and now you have, as
t hough you had sonmeone always neasuring, always
calibrating this device on a continuous basis.

There are ot her formul ati ons for this sanme
Johnson noi se in which you don't even need to neasure
the resistance if you can do it in a systemto tune
system And effectively it drops out and beconmes KT
over C and receives the capacitance of the system
And | suppose that you can also invert it to get it so
that it's an inductive space systens.

So there's lots of ways of doing this
formulation, but it all cones down to fundanenta
physi cs. The noise that's generated because of the
flitting about of el ectrons on a conductive structure,
which has to do strictly with tenperature and the
agitation of that structure.

Does that help you in your --

MEMBER SI EBER: Yes. | keep thinking
about the activity of electrons is a function of how
tightly they're bound, which is a material --

MR. KISNER: There are other kinds of

noi se other than Johnson noise. There's a shock
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noi se. There's one over F noise. There's, you know,
various kinds of noise that occur. And they have to
do nore with how those bound, the structure of the
material, phonon vibrations and effects of the
mat eri al .

The one over F noise, for exanple, is
present in all kinds of systens, electronic systens,
probably financial systens. So it's all over the
pl ace. But the Johnson noise is a very specific noise
that's associated with these electrons that are the
free electrons in a gas state noving about in a
conductive material.

MEMBER SI EBER: And they're not bound.

MR. KISNER: And they're not bound.

MEMBER SI EBER: Ckay. Thank you.

MR. KISNER:  You're wel cone.

MR. KORSAH: One of the areas that at
| east | heard Steve tal k about was rad-hardened
el ectronics. W |ooked at what is com ng down the
pi ke in ternms of rad-hardened el ectronics. |It's very
likely to come into the pipeline environment very
soon. And we found out that there are rad-hard
el ectronics to the systens right now that are
becom ng, you know, better and better, okay? One is

silicon-insulator, okay. And one is chal cogenide
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where they're using the chal cogenide material wth
red- hardened CMOS process to make a system that we
have now.

Now, | want to explain a little bit nore
about chal cogendie. These are group 6 elenents like
sol i dium sul fur, conmpounds of those nmaterials. Ckay.
In other words if you put one el enment outside of that
group with one of the elenments in that group, that is
a chal cogenide material. And the big thing about that
is that the exhibits is change, okay. |n one phase it
is very low resistance and in another phase it is
extrenely high resistance. Gay. And so there are
now tests being done w th phase change nenori es,
cal | ed phase change ranps, okay.

So what is the regulatory inplication?
For exanple, smart transmitters today are not,
obviously, in the right environnment because nost are
susceptible to radiation. Right? But if down the
line we have cheap P ranps again, just like that of
phase change the system then they are cheap, right.
Then you can consi derably have a systemthat are based
on these chal cogenide, right? And then the plants can
use these smart transmitters, we can easily in
cont ai nment environments.

MEMBER SIEBER And it certainly
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sinplifies calibration.

MR. KORSAH. Right. Exactly. GCkay. So
those are the kinds of things that we | ook at and so
we say we have to | ook at what is com ng down the
pipeline in terns of phase change ranps, for exanple,
chal cogeni de based ranps.

MEMBER S| EBER: \What about, besides
radi ation, other elements of a harsh environnent?

VR. KORSAH. Yes, they are very
tenperature resistant, yes.

MEMBER S| EBER  Yes.

MR. KORSAH. Right. For the harsh
envi ronnent, so those would be very good.

MEMBER S| EBER: So the only thing you have
any problens with is radiation, effectively.

MR. KORSAH: Right. Right. If the
application is for traditional environnmental, okay,
yes.

MEMBER S| EBER  Yes.

MR. KORSAH. And we are saying that
chal cogeni de materials are very rad-hard. Yes, very
rad-hard. So that is one of the materials that people
are looking at into for used to nmaking |IC.

MEMBER S| EBER: Well, that's where the

econonic benefit is, inside containnment.
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MR. KORSAH: Right. Right.

MEMBER S| EBER: Because of penetrations
and the cost of running wire in containment is ten
times what it is outside containment.

MR. KORSAH. In terns of other materials
that people are |ooking at, these are basically the
sem conductor version of the vacuum tube. So they
have, you know, an el ement of m cron-sized el enents in
t he semnmi conductor vacuum tube. And they have a
catalytic elenment, and we just inject electrodes and
that type of thing. Gay. So we can turn this,
basically, into a transistor.

Now, because the material itself it so
rad-hard, that neans that this -- devices based on
this type of technology can very well find their way
into harsh environnents. So that's why we need to
| ook at that now.

Now, to assess how-- what's the word? To
assess howfast we will mgrate to proper environnent,
we bel i eve the nanotriodes really are in their infancy
really, so they are not sonething that is going to
come in tonorrow, okay? These, the chal cogenide
materials are nmuch nore advanced in terns of, you
know, they are testing --

CHAI RVAN APOSTOLAKI'S:  Can we speed it up
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alittle bit?

MR. KORSAH: Yes, | hope so.

CHAI RMVAN APOCSTOLAKI S:  Jack, are you
satisfied or you have nore questions?

MEMBER SIEBER 1'Il try to control
nysel f.

CHAI RVAN APCSTOLAKI S: Ckay.

MR. KORSAH. (Ckay. So at this point |
will giveit back to Christina to nake a conpl etion.

M5. ANTONESCU. Well, I'mjust going to
say that we are currently evaluating the path forward
for the energing technologies project. W have to
update the report every three years or so. | did cone
up with a small witeup onit. But we're debating now
if it's necessary to do it every three years or nmaybe
under the three years.

CHAI RVAN  APOSTOLAKI S:  So t he next
presentation is one wrel ess technol ogy?

M5. ANTONESCU:. Right.

CHAI RVAN APCSTOLAKI S: Ckay.

MEMBER S| EBER. Ah, cell phones.

CHAI RVAN APCSTCLAKI S:  What's happened?
W | ost Christina?

M5. ANTONESCU. All right. So ny nane is

Christina Ant onescu. | ' mhere to di scuss
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confirmatory research that we are presenting
conducting on inplenmentation of wreless technol ogy.

This topic can be found in the Section
2.5.6 in the Digitalized Plan covering 2005 through
2009.

And | have Dr. Paul Ewing with me from Gak
Ri dge National Lab. He's the principal investigator
of our electromagnetic conpatibility and |ightening
protection projects. H's background is electrical
engi neering and he has 25 years experience with EMC
and radi o frequency transm ssion.

This project is ongoing. It began in
2001. And it is scheduled to be conpleted in FY 2007.

The objective of this project is to
devel op the technical basis for inplenment wreless
systens in nucl ear power plants. There were a nunber
of reasons for wundertaking this project. These
i nclude recent introduction of wireless systens into
ot her industrial environnents foll owed by t he expect ed
m gration into nucl ear power plants. And the wrel ess
systemw || nost likely be --

CHAI RVAN APOSTOLAKI S:  Shoul d that be

i mpending migration "to" not "of"? Where are the

Wi rel ess systenms migrating to?

M5. ANTONESCU. All right.
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CHAI RVAN APOSTOLAKI S: That's not what you

nmean, right?

M5. ANTONESCU:. Right.

DR EWNG W'd like to have wireless
systens within plants now.

CHAI RMVAN APOSTOLAKIS:  So then you're
objecting to the whole bullet then, huh? Anyway, it
was just a -- but it's "to."

M5. ANTONESCU. To. All right.

CHAI RVAN APOSTOLAKI S:  You' ve got to be
careful with this Comm ttee here.

MEMBER S| EBER: Sone nenbers, yes.

CHAI RMAN APOCSTOLAKI'S:  Christina --

MS. ANTONESCU. Yes, sir.

CHAI RVAN APOSTOLAKIS:  You don't really
have to read every word that's on the slides. W can
read them You can just comrent on the slides.

M5. ANTONESCU. Al right. | will try to
conment .

MR. KEMPER: This is Bill Kenper.

Before we leave that last slide, if you
coul d go back, Paul. W have a glitch. At any rate,
the point | was trying to make is on that previous
slide it says wirel ess systens have potential to cause

safety problems and it nmentions cybersecurity
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breaches. You recall yesterday norning we tal ked
about this in the cyber area. | want to be sure that
we don't confuse you all.

This project had a basic conponent of
security, but it was just a very broad brush, if you
will. Very slight involvenent in security. So this is
not i ntended to provide everything that one woul d need
to know or be aware of in ternms of security for
depl oyment of wireless technology. But it does cover
t he basic, the essential parts that at | east says that
anyone should be aware of. Ckay?

CHAI RVAN APOSTOLAKI S:  Ckay. So where are
we? We're on slide nunber three.

M5. ANTONESCU. Al right. The project
enconpasses systematic evaluation how a wreless
system mght be inplenmented. |In phase one nowis
conplete and included identifying and assessing the
state of wreless system and investigation of
depl oynent i ssues.

Then phase two is ongoing and involves
conducting confirmatory research to validate the
findings of phase one. And also to establish the
techni cal basis.

The phase one assessnment of the state of

wireless systens identified distinctive wreless
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t echnol ogy features that coul d be used to distinguish
between different wireless products, which |I'm going
to cover |ater on.

MEMBER KRESS: When you tal k about
wirel ess, you're tal king about radio frequency?

MS. ANTONESCU:  Yes.

MEMBER KRESS: Not infrared or -- okay.

DR. EW NG It could be infrared, it could

be optical.

MEMBER KRESS: (kay.

DR EWNG It could be

MEMBER KRESS: Coul d be?

DR EWNG But the main focus of the
study was RFI

MEMBER KRESS: All right.

M5. ANTONESCU:. So these technol ogy
features could be wused to distinguish between
different wireless products. And these are the
characteristics that we need to identify in order to
understand the application and assess its safety
i nplications.

Some of these features include -- they are
listed here, and include the frequency specter where
t he product operates --

CHAl RVAN  APOSTOLAKI S:  \What does
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unl i censed versus |icensed nean?

M5. ANTONESCU. Well, I'mgoing to go
through some of these and one is |license and
unlicensed in ny next one, but --

DR  EWNG -- unlicensed -- |icensed band
around 900 negahertz, 2.45 gigahertz, 5.7 gigahertz.
And in the unlicensed band if you don't go over a
certain amount of power, you don't have to go and get
a license fromthe FCC for it.

CHAI RVAN APOSTOLAKI S: | see.

M5. ANTONESCU. So people pay fees to
operate in the licensed band. There's no fee for the
unl i censed.

MEMBER SI EBER. Wl |, the di sadvant age of
unlicensed operation is everybody is there.

DR EWNG Right. And it's getting very
busy.

MEMBER SIEBER: Yes. And so if you are
worri ed about sonebody interfering with the operation
of your plant, you can go to any el ectronics store and
buy devi ces or conmponents to create a thing that wll
cause that interference.

DR EWNG Yes, that is true.

MEMBER SIEBER If you're licensed,

t hough, you have to build it by hand. So you've got
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to be a little smarter cookie to do that than just
going down to the | ocal store and buyi ng sonet hing.

CHAI RVAN APCSTOLAKI S: Ckay.

M5. ANTONESCU: Al right. So the
network topology, | have the area to be covered, is
anot her feature.

They also include the output power,
typically a 100 mlliwatts for transmitters in the
unlicensed band and up to about 10 watts for the
transmtter in the license band, | think.

It's information throughout. Wat | nean
by throughout is they are in the network.

Then, whet her the product i s based on open
standards or proprietary protocols, that is |EEE
st andards versus vendor specific.

And the type of nodul ati ons enpl oyed.

And |I'mgoing to go through sonme of these
features. And we need to tal k about the selection of
frequency bands that can i npact the avail abl e options
in wireless and the unlicensed frequency versus the
Iicensed frequency.

The next one is the topology. |It's
typically influenced by size and conplexity. And
identification of the topology is necessary also

because of before review of the application can

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

64

proceed.

CHAI RMAN APOSTOLAKI S: So can you expl ai n,
for exanple, the tree network, what are we | ooki ng at?

M5. ANTONESCU. Yes. The small network
m ght use the star topology, for exanple, while a
medium sized or large network mnmght use a tree
t opol ogy.

CHAI RVAN APCSTOLAKI' S: But what does t hat
mean?

M5. ANTONESCU:. Ckay. Wwell --

CHAI RVAN APOCSTOLAKI S:  Explain the star
net work, for exanple.

M5. ANTONESCU:. Ckay. In a sinple network
in a small facility mght use a star topology and a
nore conpl ex network spread throughout the plant and
use a tree topology. For a network designed to
automatically reconfigure itself when the new nodes
are introduced or what is comonly known as a nobile
rad- hard network, the nmest topol ogy i s used because of
its flexibility. And so it depends on the ease to
control, the --

CHAI RVAN APOSTOLAKI'S:  You assune too
much. |'masking a very sinple question. Explain the
star network. \What are spheres we're | ooking at?

MS. ANTONESCU: These are different
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topologies of a network that 1is necessary and
depending on the facility that --

CHAl RMVAN APOSTOLAKIS:  No. You're
explaining the different networks. |I'm--

DR. EWNG Each sphere represents --

CHAI RVAN APOSTOLAKI S:  \What's a sphere?

DR EWNG -- a receiver and a
transmtter--

CHAI RVAN APCSTCOLAKI S:  What is sphere?
What is sphere? Wat is it?

DR EWNG You have a hub there in the
center and you have the di fferent nodes on t he outsi de
whi ch m ght feed back into a hub if you had a tree
network. Those m ght be a sub --

CHAI RVAN APCSTOLAKI S:  So are these --

DR EWNG -- which feed mght feed back
into a | arger network or sonet hing.

CHAI RVAN APOSTOLAKI'S:  So one sphere is
what? A sphere, is it telephone or what is it?

DR EWNG On. It mght be a RF nodem or
something. It mght be just the sensor node or
somet hi ng.

CHAI RVMAN APCSTOLAKI S: Ckay.

MEMBER KRESS: I1t'Il be a PC, right?

CHAI RMAN APOSTOLAKIS:  So if two spheres
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in the star network were to communicate, they wll
have to go through the central --

DR EWNG Right. Through a hub, yes.

MR. KEMPER: Yes. The little spheres are
a conmmuni cati on devi ce.

CHAI RVAN APOSTOLAKI S: Ckay. That's what
| want ed.

DR EWNG Comrunication. Sorry.

MR. KEMPER: This is Bill Kenper.

CHAI RMVAN APOSTOLAKI S:  The questions
sonmetimes are very sinplistic.

M5. ANTONESCU. Ckay.

MEMBER S| EBER: \When you set up a network
on your PC as to which of the two on the | eft you want
to do? That's the way to designate the protocol

MS. ANTONESCU. Then another feature is
the area that can be covered by a network, which is
typically determ ned by the type of network being
depl oyed. A personal area network covers an area in
t he order of tens of meters. And a local area network
covers in the area of over 100 neter. And the
netropolitan or white area covers in the area of
kilometers in size.

It should be noted that the standards

have been devel oped that specify how each type of
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network will operate. And along with its specific
area of coverage, each type of network has desi gnated
beta t hroughput rate and bandw dth operation. And
we' re going to discuss sone of these fanm liar types of
networks in the market today, which include Wfi and
Bl uet oot h, W MAX.

The wi rel ess products avai |l abl e t oday al so
enpl oy different nodul ation techniques. And these
techniques are typically selected for their
practicality and robustness. And identification of
t he nodul ation technique is necessary also before a
revi ew of the application can proceed.

And these are the three nodulation
techni ques: The frequency hoppi ng spread spectrum
nodul ation that directs the spread spectrumnodul ati on
and the orthogonal frequency division.

And t he next page, as we stated earlier,
the wirel ess products available on the market today
are being influenced by the wirel ess standards. And
NRC has to understand these standards before they can
assess systens that may be installed in nucl ear power
pl ant s.

So if you look at the table which
sunmari zes some of these features that we nentioned

before, you can see on the first colum shows the

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

68

different available standards. 802.15 which is
Bl uet oot h and Zi gBee, then W MAX you got 2.16b. And
the Wfi to different versions.

And then the next three colums show the
nodul ati on techni ques for the particul ar standard.

And the colums that follow show the
operating frequency, the size of network, the coverage
area and the data throughput.

And | think for the power plant, the Wfi
is the nost widely used.

As previously discussed, the type of
wireless system and relevant features nust be
identified to determine its suitability for an
application. And one key issue is the conpatibility
of wireless systemwith the environment in which it
will utilize. So the physical |ayout of the wreless
conmponent s and desi red cover age area nust be assessed.

Anot her area that we | ooked in phase one
is the depl oynment issues associated with the wirel ess
system And the depl oynent issues identified where
NRC acceptance criteria is needed. And ongoi ng work
under this program is intended to establish
appropri ate acceptance criteria and devel op necessary
tools to support the review of wirel ess applications.

So the deploynent issues include the
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susceptibility of electronic devices to interference
from ot her devices, wreless devices, the inpact of
avai lable wreless products on the narket, the
security wreless netwrks and the type of
installation practices that woul d have to be used, and
t he i nmpact of energing wreless technol ogi es.

And we did key issues associated with the
depl oyment of wireless systemwere identified.

Next page, our investigation also showed
that EM interference effects could possibly inpact
the digital I&C safety functions linked to wreless
devices. And the occurrence of interference between
802. 11, which is Wfi devices and the Bluetooth, the
802. 15 have been documented. And 24 of 79 channels
were found to be susceptible to interference fromthe
802. 11b, which is are the Wfi networks. That is that
the 24 of the 79 channel s avail able for Bluetooth did
not work. And the Bluetooth interference to 802.11g
networks al so was found to be simlar.

So redundancy is one nmeans of addressing
sonme potential interference.

Then the security was also being
considered. As Bill nentioned, we have current plans
toinitiate the followi ng research project to perform

a detailed investigation of the security issues.
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A |l ayered approach to security mneasures

recomrended to defend w rel ess networks

And this is a list of security neasures.
It's not intended to be all enconpassing. |It's not
even close. But a | ayered approach should include the
list that | mentioned, here on the Iist: The password
protection that is the user access control;
encryption, that is the need for a special code to
know what the signal is saying;, admnistrative
controls that is limting the use of wirel ess devi ses
in certain areas; network diversity, it's firewalls,
access nmanagenent that is limts access to network
when roam ng, and; signal strength nanagenent.

Sone certain concl usions were derived from
this investigation. The overall inplenentation of
wirel ess systenms in the nuclear plants will require
NRC oversi ght to ensure safety based on t he depl oynent
i ssues that we will discuss.

And safety considerations in the nuclear
environnment will warrant stringent wreless-rel ated
security neasures. And we do have a follow up project
that is schedul ed to eval uate these wirel ess security
neasur es.

And the systens have the potential for

interference with other plant systens, and hence the
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EM gui dance shoul d be foll owed.

Lastly, the prudent use of redundancy
m ght be required to ensure reliable operation of
wirel ess systens in nuclear plants. And we al so have
some other considerations such as independence,
electrical isolation that are also rel evant.

CHAl RMVAN APOSTOLAKI S:  Are you aware of
any i nstances where we are i nplenenting i nprudent use
of redundancy?

MS. ANTONESCU: No.

CHAI RMAN APCSTOLAKI S:  Is that what we
call a notherhood statement? Also your first bullet.

MEMBER KRESS: |s there a fatal flaw in
radio frequency, it can always be overridden and
interfered with. You can’t shield it conpletely.

DR EWNG No. It's not a matter of
shielding. It is naintained and robust to operate in
any wireless, naking it secure enough where you have
a set of signals encrypted.

MEMBER KRESS: Regardl ess of the strength
of what it is?

MEMBER SIEBER. |If you wanted to ness up
a control system using wireless in a nuclear power
plant, you don't need to know anything about the

protocol or encryption or anything. Al you need is
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a stronger signal to wipe it out.

MEMBER KRESS: That's what | was thinking.

MEMBER SI EBER: So where's the point of
t hat control ?

DR EWNG Well, the manipul ative source
of that interference was far enough di stance away by
the tinme you got to the equi pnment, then --

MEMBER SI EBER. You m ght have --

DR EWNG -- be a streamthat's --

DR. EWNG You might have to build a big
one.

MEMBER S| EBER  Yes.

MEMBER KRESS: The infrared doesn't seem
to have any probl em

DR EWNG No, it doesn't.

CHAI RVAN APOSTOLAKI S:  Ckay, Christi na.

M5. ANTONESCU: So the research is now
being performed in phase two on the project to
val idate the entire phase one. And we're devel opi ng
eval uation tools that mmc the operation of multiple
wirel ess systens. And can confirmw de RF propagation
coverage. W're also assessing the EM i ssues
associated with co-locating wi rel ess technol ogi es for
confirmatory research, that is validating the tools

with real data and that is neasurenent done in the
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| ab, probably.

So the results of the project are
progressi ng as pl anned and we do have a NUREG CR whi ch
was conpl eted in July 2005, and it's call ed Assessnent
of Wreless Technologies and Their Application at
Nucl ear Power Plants. And the phase two effort is
proceeding on course. W're |ooking on a second
NUREG CR entitled Assessnment of Industrial Wreless
Protocols. This first draft was conpleted in March,
2005 and it reports on the nodeling and sinmulation
progress to that point. It will be updated in March of
2006 to report on the conclusion from phase two.

And in conclusion, the project wll
continue through 2007. W'I|l continue to develop the
wireless systens evaluation tools along wth
validating the sinmulation nodels. W'Il conplete a
second report to document the evaluation tools and
materials for live wreless

develop training

eval uation tools. And in addition, we will establish
criteria for regulatory guidance for inplenenting
wireless systens based on the findings of our
resear ch.

And | don't know if we have any tine, but

Paul , did you want to go over any of the backups?

DR. EW NG No, | don't think so unless
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someone has questi ons.

CHAI RVAN APOSTOLAKI S:  Any questions?

Thank you very nmuch. Appreciate it.

W will recess until 10: 30.

(Wher eupon, at 10:09 a.m a recess until
10: 36 p.m)

CHAI RVAN APOSTOLAKI S:  Okay. W' re back
in session. And we have the |ast presentation, |
believe. on 3.5. 1.

MR. ARNDT: That's correct.

CHAI RVMAN APCSTOLAKI'S: Wl I, M. Arndt.

VR. ARNDT: Thank you, Professor
Apost ol aki s.

Qur | ast presentation today on anot her one
of the energing technol ogy progranms. This particul ar
program is part of 3.5.1, which is the systens
di agnostics, prognostics and on-line nonitoring
program The first part of that program that we've
taken on is the on-line sensor calibration issues
associated with on-1ine nonitoring.

Wth ne t oday is t he pri nci pal
investigator Professor Hines from the Nuclear
Engi neeri ng Departnment at the University of Tennessee,
and he'll introduce hinself nore thoroughly a little

bit later in the presentation.
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W're going to give you sonme basic
background, sone notivation of why we're interested in
this particular aspect of the program the project
obj ectives basically what we're trying to acconpli sh.
Tal k about the nodeling net hodol ogi es, tal k about the
t ool box that we're developing to allow us to do nuch
nore detail ed anal ytical studies. Look at sonme of the
uncertainty and estimation i ssues, which is one of the
key issues associated with this. And then give you
sone basi ¢ concl usi ons.

This has been an area of research for a
long time. People have been | ooking at this area,
particularly in the sense of calibration extension
area because it's the nobst practical area. But
vari ous organi zations throughout the world have been
| ooking at this for 10 or 15 years.

The first nmajor docunment on that was a
work that we published in 1995 "On-Line Testing of
Calibration of Process Instrumentation Channels in
Nucl ear Power Plants.” And basically it was to | ook
at the technology, to review the technology, to
under st and t he t echnol ogy and det er m ne whet her or not
this was sonmething that we should really keep an eye
on because it was or was not going to be feasible in

nucl ear power plants. And the conclusions of that was
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that there are a |l ot of opportunities inthis area and
it is feasible.

In 1998, EPRI subnitted a topical report
in this area that we | ooked at, evaluated, wite a
safety eval uation report on it and basically concl uded
that the generic concept of on-line nonitoring for
calibration interval extension was sonething that was
accept abl e. However, we listed 14 specific
requi renents that nust be addressed i n a speci al pl ant
i npl enentation, and these ranged fairly standard ki nd
of things. W had to good V&D and quality assurance
t hings; just nore specific technol ogy issues.

W did not at that time l|look at the
specific analytical algorithns associatedwithit. W
basically deferred that to the individual application
revi ews.

In the |l ast fewyears EPRI and a nunber of
pl ants have | ooked at this both for diagnostic issues,
t he i ssue of understandi ng howthe systens are wor ki ng
| ooki ng at both the safety and nonsafety systems from
a diagnostic/prognostic kind of area as well as a
specific application that we're talking about for
sensitive calibration. As you' ve heard, there's been
a lot of research associated with putting new digital

systens in the plant, so there's several different
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applications of this. One is the specific tech spec
type issues, but there's also other areas that we're
going to get to after we finish | ooking at this.

The nost pressing, shall we say, from a
regul atory standpoint is the V.C. Sunmer plant, which
is currently looking to submit a tech spec anendnent
to do calibration interval extension using on-line
nmonitoring techniques. And they met with us in March
and we are expecting their application shortly.

There i s a nunber of different i ssues, and
|"m just going to briefly go over a couple of them
here before | turn it over to Ws to go over sone of
t he nore technical issues.

The assunpti ons i nher ent in t he
nmet hodol ogy are really the things that we're going to
need to look at when we review these things for
specific plant inplenentations. W've already |ooked
at it both froma research standpoint and from a
regul atory standpoint to approve the general concept
that it's arational thing to do. So what we're going
to end up having to do in the specific application
reviewis look at the details of howthey're doing it
and is it reasonable. To do that, you need to | ook at
basically the devil in the details.

One of the big issues is the training
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data. If you're going to make certain assunptions
about how the plant operates and what the intervals
are and how the things drifts and whether or not the
surveillance is sufficient to negate the requirenent
to do calibrations, you have to understand the quality
of the predictive nodels, the uncertainty associ ated
with the nodel s and the i nformation that went into the
nodel s, basically the training data.

Anot her bigissueis the plant operational
statenents because: (1) You're nmaking certain
assunptions on how the plant wll operation; (2)
you're getting your data frompast operations. So you
have to nake sure that whatever you trai ned the data,
the systemon, is the sane state that you' re actually
operating the plant in.

There's al so a nunmber of i ssues associ at ed
with the fact that you' re extending the calibration
intervals, you're going to have to do vari ous ki nds of
t echni ques to avoi d comon node failure, drift limts
and various other things. So you have to | ook at the
assunptions associ ated with that and nake sure they're
i npl enenting themin a reasonable and rational way.

So we organi zed the project basically in
t hree phases. The first phase is basically to update

the state-of-the-art. Were are we today as opposed
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to what we've |looked at in the past? Wat are the

i ssues? What are the technical chall enges associ at ed
with it? How does that related to the 14 points that
were required in the SER?

The second part, as we nentioned, we
didn't do a detailed analysis of the theoreti cal
i ssues for the actual algorithms. So the second part
is to look specifically at those algorithms and
under st and what are the technical issues, what are the
bugaboos, what are the questions that a revi ewer needs
to ask to nake sure that they get the information
they get the data? Al so, what's the answers that they
shoul d expect when they ask those questions?

The third part is to devel op an actua
tool to help the reviewer do audits if they want to of
the actual analysis and information that's provided.
And also to do sone worst case scenari os using that
tool as basically a reference docunent for the
revi ewer.

So, for exanple, we'll use sone pl ant data
and cone up -- well, if they're right on the bad edge
of this particular side of the box or that side of the
box, what kind of information are you going to see.
So we're going to have a state-of-the-art information

on how the systemworks, we're going to have a tool to
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allow the reviewer if he wants to do so sone
i ndependent audit calculations, and we're going to
have a reference docunent to say these are t he outputs
that you m ght want to have a concern about.

CHAI RVAN APOCSTOLAKI' S: The bul l et before
| ast, do you nmean wi nter of 20067

MR. ARNDT: Yes. That's a typo. | told
Eric, | accidentally sent himthe version before the
| ast version of this.

At this point | think |'mgoingtoturnit
over to Ws and let himtalk a little bit about sone
of the details.

MR. H NES: Ckay. |'m Wes Hi nes, and from
the University of Tennessee. Let ne give you a quick
background of where | conme from

An ex-nuclear qualified Navy submarine

officer. | studied Ph.D under Don MIller. Then
left and went to the University of Tennessee. |'ve
been there about 11 years. | went there to work with

Bob Uhri g and then take over his programwhen he |eft.
| ' ve been working since -- | guess ny
first project in this area was in 1995. This is ny
maj or area of research. |[|'ve had continuous funding
frommultiple funding sources for probably the |ast

ten years in this area.
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Uncertainty analysis nethods. The SER
actual ly about five or six -- maybe five of those 14
points had to do with quantifying the uncertainty of
these enpirical nodels. So these nodels that are
bei ng used are enpirical nodels. There are quite a few
of themlisted here. It includes equations for MSET.
MBET is a technique that was devel oped by Jack Mdtt
and used at Argonne National Laboratory, highly
publicized by Kenny Gross and used quite a bit. The
early adopters used MSET.

Aut oassoci ative neural networks, that's
the techniques that's being used at the Holland
React or Project with Paul a Fantoni.

Aut oassoci ative kernel regression is a
t echni que used by a conpany cal | ed Expert M crosystens
in California. That's the product that was used by
EPRI in nost of their inplenmentation plans, although
MBET was used out at Pal o Verde with a conpany call ed
Smart Signal in Chicago.

The neural network or NNPLS partial
squares is an alternate nethod that the Holl and
React or Project is using.

So the technique, the enpirical nodeling
techniques that we've examned are the enpirical

nodel i ng techniques that are being used out there

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

82

right now and experinented with and pilot studied at
nucl ear power plants.

There is one nuclear power plant that's
actual ly on-1ine calibration noni t ori ng for
calibration. It's alittle bit different. They have
digital control systens instead of having just four
redundant sensors, they'll have eight redundant
sensors because they don't just need redundant
sensors, they redundant systens. Soit's alittle bit
easier and AMS i s doing that work and basical |y using
averagi ng techniques. And you can do that when you
have so many redundant sensors.

But anyway, the SER really had a |ot of
focus on what's the uncertainty of these enpirical
nodel. So there's two major nethods of determning
the uncertainty of the enpirical nodels. One are
anal ytical methods which are basically derived from
Tayl or series expansion so you can equations that
actually tell you what the wuncertainty is. It
basically tells you the variance portion of the
uncertainty.

The ot her techni ques are Monte Carl o based
techni ques. Basically you sanple and you build a
coupl e of thousand nodel s and you | ook at how do the

outputs vary. And that, again, wll give you the
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uncertainty portion or the variance portion of the
uncertainty.

So two different techniques.

Uncertainty of enpirical nodeling has two
conmponents. It has a --

CHAI RVAN APOSTOLAKI' S:  Excuse ne.

MR H NES: Yes, sir?

CHAI RVAN  APCSTOLAKI S: When we were
| ooki ng at the Latin Hypercube Sanpling techni que way
back i n NUREG 1150 t here was a general consensus that
this nethod gives you a pretty good estimate of the
nmean value, but not such a good estinate of the
vari ance. So now things have changed? | nmean, people
passed the variance?

MR, HI NES: No.

CHAI RVAN APOSTOLAKIS: | think it depends
a |lot on how many intervals you consider, right?

MR HINES: Sonme of it has to do with the
application. | nean, these are just -- nonochromatic
t echni ques neans just techni ques that you do over and
over again and you're |l ooking for a variance.

CHAI RVAN APCSTCLAKI'S:  Yes. | know that.
Yes.

MR. HINES: Latin Hypercube Sanpling is

just a nethod of speeding up Monte Carl o.
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CHAI RVAN APCSTOLAKI S: | know, but --

MR HINES. And it's a way that you can
reduce the sanpling.

CHAI RVAN APOSTOLAKI'S:  -- you pay a price
for speeding it up.

MR HINES: And there are two mmj or
techni ques. Latin Hypercube Sanpling was used by
Argonne and it's hard to tell exactly why they focused
on that technique so much when you can use direct
conventi onal bootstrapping techniques. And we've done
experiments and shown that you get about the sane
results. W' ve | ooked at convergence rates to see how
much tine does the Latin Hypercube Sanpling actually
save you. And there's a |lot of additional assunptions
t hat you need to nmake when you do the Latin Hypercube
Sanmpling. You have to know the noise distributions
on all your sensors. You have to make a | ot of
addi ti onal assunptions. And the report that we've --
the second NUREG that we're publishing goes into
detail on how the two different techni ques work, how
they differ, what the conversion rates are. They both
gi ve you basically the sane results if you run enough
sanpl es.

The bias portion -- well let ne go to the

next slide.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

85
CHAI RVAN APOSTOLAKI' S:  Yes.

MR. HINES: The uncertainty of an
enpirical nodel is quantified, it can be deconposed
into two conponents. A bias, which is basically the
di fference between the expected val ue against a true
val ue and a vari ance, which basically expected val ue
of the variance around your nean prediction. So the
total uncertainty is the square root of the variance
pl us the bias squared.

And you have to quantify these two
conponents separately. Al right?

CHAI RVAN APCSTCLAKI S:  Say that again.
The total is what?

MR. HINES: The total uncertainty is these
two conmbined. It's the square root of the variance
squared -- of the variance plus the bias squared
It's not shown here.

CHAI RVAN APOSTOLAKI'S:  The units don't
come out right.

MR. HI NES: Well, bias squared -- | nean,
variance is the square of the units.

CHAI RVAN APOSTCOLAKI S:  Yes.

MR. HINES: So you have to square the bias
and add it to the variance.

CHAI RVAN APOSTOLAKI S:  Yes. But you said
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t he square root of the variance.

MR H NES: Wll, the square root of the
vari ance woul d be the sanme deviation, right?

CHAI RVAN APOSTOLAKI'S:  But you don't --

MR. HI NES: You have feet plus or mnus
certain nunber of feet, so you have to take the square
root of the variance to get the standard deviati on.

CHAI RVAN APOCSTOLAKIS: But to get the
total you take the variance and you add to it the
square of the bias, is that correct?

MR HNES: R ght. And then you --

CHAI RVAN APOSTOLAKI S:  Ckay. That's not
what you sai d.

MR HNES: No, | said the square --

CHAI RVAN APOSTOLAKI S: But that's what you
neant. Ckay.

MR HNES: -- of the variance plus the
bi as squared. Yes. | couldn't show you where ny
parenthesis where in ny head. M parenthesis are
about here. Bias squared variance, you put them both
out and put in the square root sign.

kay. So you have to cal cul ate these two
t hi ngs separately. The past people |Iike Argonne who
did some of the early uncertainty analysis for MSET,

they only did the Monte Carl o techni que and they were
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| ooki ng at the variance. So they were basically saying
that they were unbi ased nodels. And it's a pretty
good assunption when you're in the mddle of certain
operating conditions. But you need to take both of
t hose into consideration.

Anal ytical equations for variance are
different for each of the different nodels. For the
aut oassoci ati ve kernel regression, the autoassociative
MBET techniques it | ooks very simlar to what you get
fromlinear regression where this matrix would just be
the X matrix and you'd have a Fisher information
mat ri Xx.

Aut oassoci ative neural network, again it
looks like a lot like what you'd get for |inear
regression, but it's a nonlinear format. And it uses
a Taylor series expansion and there's a few
assunptions there.

But these techniques have been devel oped
or inthe statistical literature. W've applied them
to nucl ear power plant data. W've bootstrapping
techni ques to validate that, yes, they do give you t he
correct results. So you can either have anal yti cal
t echni ques running on-line with your nodel, or what's
nore prevalent in industry right now is that they

woul d use Monte Carlo techniques and they woul d take
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average values for nodels, and say here's ny
uncertainty of this nodel

So an anal ytical techni que woul d give you
a point wise uncertainty value while a Mnte Carlo
t echni que woul d just say, you know, you're 95 percent
confidence is this is your uncertainty value. So
there's differences in how people mght try to
guantify the uncertainty.

Monte Carlo uncertainty, and the early
work and you still see it presented it this way in
t echni cal conferences, soneone will use one enpirical
nodel . They'll get a prediction through tinme. They'l
neasure the variance of that prediction and they']l
say that's the uncertainty of ny nodel. Wll, that's
a variance of one nodel, that's not the uncertainty of
your techni que.

So Monte Carlo technique basically you
sanple fromthe date, you devel op a nodel. You sanple
agai n, you devel op anot her nodel. You develop a 1,000
nodels and you look at the variance between the
nodels. So you're getting a true estimte of what do
you think. You know, how repeatable are your nodeling
results. And with these techniques, that's extrenely
i nportant because the data that goes into these nodel s

are highly collinear, highly correlated. And when you
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nodel with correlated data you get what's called an
ill-posed problem You can get huge variances. And
one nodel | ooks good, but you need to do it over and
over to make sure that you get consistent, reliable,
repeat abl e results.

So you build these results. You use an
i ndependent test set and you cal cul ate these vari ance
paranmeters. And that's one conponent of your
uncertainty.

Conventi onal bootstrapping you just sanple
right fromyour sanple, your data sets. And we'll
contrast that with what we get with this Latin
Hyper cube Sanpling. |If you just |ook at the number of
bl ocks on the sheet, you can see it's nuch nore
conplicated. You have to take the actual data. You
have to de-noise it and Andrian Mron from G ncinnati
publ i shed a Ph.D. dissertation and he went to work at
Argonne and they've developed these de-noising
techniques that they think are extrenmely good. And
they're pretty good, but there are sonme things you
need to watch out for when you use them

But you de-noise it to get distributions
of the noise that's on your data and then you use the
de- noi se data and you sanple fromthat, and then you

sanpl e fromyour noi se distribution and you build your
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nodel . Then you do that over and over. And because
you have the noise distribution, you can sanple at a
nore intelligent manner and that's where you get into
t he Lati n Hypercube Sanpling and have fewer iterations
to give the same reliability to your uncertainty
predictions. So it's a much nore conplicated

t echni que.

Bias estimation requires an estimte of
the true paranmeter value. So you have to use sone
type of filtering or de-noising to do that. |[If you
have redundant sensors, you can use independent
conmponent anal ysis which takes a group of sensor
values and it can actually pull out the independent
conmponents. One independent conponent would be the
actual process variable. Oher independent conponents
woul d be the noise on the process variable. So there
are different techniques that have been suggested to
use for de-noising. And we've gone through and
i npl enent these, different ones, and studied the
assunptions and conpared those di fferent techniques.

CHAI RVAN APOSTOLAKI' S:  Let ne under st and
what' s goi ng on here because |'mnot famliar with all
t hi s noi se.

MR. H NES: Ckay.

CHAl RMAN APCSTOLAKI S:  The whol e i dea of
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a statistical analysis is to get, you know an
estimate of the true val ue?

MR. H NES: Right.

CHAI RMAN  APOSTOLAKI S:  Wth sone
uncertainty.

MR H NES: Yes.

CHAI RVAN APOSTOLAKI'S:  Now here it seens
like you' re breaking up that into two pieces. One is
the bias factor, this is already individual sensor,
t he bias factor?

MR HINES: It's the bias -- if you have
a nodel that's estimting what the true value of the
sensor shoul d gi ve you, then your nodel will be biased
and it will have variance associated with it.

CHAI RMAN APOSTOLAKI S:  Ri ght .

MR. HNES: And the anal ytical techniques
and t he nonochromati c techni ques gi ve you t he vari ance
portion. They don't give you the bias. So you have
to also find out what the bias portion of that is.

It's going to have sone variance to it,
it's going to have sone uncertainty withit, andit's
al so naybe not going to be -- 1'd have to say the nmean
may not be equal to the true values nean. And that's
the bias. And that’s the reason | asked about the

i dea of the uncertainty of your estinate.
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And the reason this is inportant because
you m ght have a sensor that you assume the sensor can
drift a percent over a certain interval of tine. And
i f your prediction and you subtract the actual val ue,
and that's your error, that's your residual. |If that
resi dual noves a half of percent and you're all ow ng
it to drift one percent, if the uncertainty of your
nodel is three-quarters of a percent --

CHAI RVAN APOSTCOLAKI'S:  You're out.

MR. HINES: You'd better go recalibrate.
| have a one percent drift allowance. And then you
have to subtract off the nodel uncertainty because as
it drifts when that uncertainty -- when the 95 percent
confidence interval crosses that limt, nowyou' re no
| onger 95 percent confident that that sensor has not
drifted to one percent. So the wuncertainty is
extrenely inportant because it really changes your
drift allowances. And if you can't predict a val ue,
you know, within the drift allowance, then you can't
use these techniques at all. And I'lIl show sone
exanpl es near the end that will show this drift.

MEMBER KRESS: But when you're | ooking for
t he bias, are you | ooking at the time average drift in
the data itself? 1Is that the --

MR. HINES: Now we're actually using data
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that's not having any drift at all when we're | ooking
for the bias. So we're using good data. W' re saying
that if | make this nodel a 1,000 tinmes and | take the
average val ue of ny nodel prediction, then | have to
conpare that to the de-noised signal itself. And the
difference there is going to be an estimte of your
bi as.

MEMBER KRESS: Wiat's the advantage of
wavel ets for de-noising over say ordinary -- it seens
to me like you could either of them

MR. HINES: You can use certain filtering
technique. A lot of direct filtering techniques that
you would use -- actually, there's a paper on the
conpari son of those two.

MEMBER KRESS: Yes.

MR. HI NES: That was done by Argonne.

MEMBER KRESS: (kay.

MR. HINES: And they've determ ned that
wavel et has certain advantages over it.

MEMBER KRESS: (kay. So there is a paper
by Argonne? | mght want to | ook at that.

MR. HINES: Yes. Because they called it
whitening at first, whitening the data. And they used
transforners to do the data whitening.

MEMBER KRESS: Yes.
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MR. HINES: And then they use FFT or use

wavel ets to do the sane type of things, and Argonne
went with the wavel et technique. So there's a paper
| could give you that conpares those.

So you have to estinmate the true signal to
get the bias. And, (a) you have to use that if you
want to do Latin Hypercube Sanpling because you need
to know what the true value is to understand what the
noi se distribution; (b) you would have to find the
true signal to calculate the bias itself. And you can
wavel et de-noising, that's what's Argonne's usi ng and
| ndependent Conponent Analysis is another technique
that you can use if you have redundant sensors. |It's
a couple of techniques that we've investigated and
expl ai ned what the assunptions are, explain when you
can and shoul d not use those.

This is just one of the cases that we ran.
It basically shows you that they both give you very
simlar results. These are kind of relative here.
And we're now doing a sensitivity analysis to show
t hat how rmuch error can you have in your de-noising,
how wi Il that effect your final uncertainty analysis
result. But basically the I CA or the wavel ets give
you very simlar types of results.

This slideis the onthe process equi pnent
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nmonitoring tool box. This is the user manual that goes
along with it. It says the user nanual, the tutorial
and the guide and then a little description and
exanpl e usages of it.

CHAI RVAN APCSTOLAKI' S:  I's that that NUREG

MR ARNDT: W haven't decided how we're
going to publish it. 1t'll probably just be a
reference report.

MR HINES: It's our winter 2006
deliverable. So the deliverables, we have three
NUREGs and then we have this toolbox. And this
toolbox wll be used to evaluate the different
techni ques, all these different nodeling techniques
are inplenented in the toolbox. Al the different
uncertainty anal ysis techni ques, wavel et, de-noi sing
are inplenmented in the tool box.

And then for a third NUREGwe're going to
go in and look at limting case studies. |If these
assunptions aren't conpletely net, how do they effect
the results? And if you start getting outside of your
operating condition, does this thing fail? The way it
should fail is your uncertainty should just blow up
because you no | onger have confidence on your nodel

predi ctions. And does that do that or do you need an
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additional nodule that says are we now operating
within the Iimts of our training data? So we're
| ooking at all these limting case studies for the
t hi rd NUREG

MR. ARNDT: And the point of that work is
really to give the NRC a technically defendable
argurent that says if you guys don't do this or if you
don't do a good anal ysis of your error or if you don't
have good training data, then we're not going to |et
you do it until you fix it.

MEMBER SI EBER: It sounds |ike you got to
publ i sh that?

MR. ARNDT: Probably.

MEMBER S| EBER  Yes.

MR, ARNDT: Yes.

MEMBER SIEBER. O herwi se they will have
no clue as to what it is you want themto do.

MR, ARNDT: Yes.

MEMBER SIEBER  Could | take a | ook at
that, please, while you're --

MR H NES: This? Yes, sure.

CHAI RVAN APOSTOLAKI'S: And why didn't you
make this a NUREG?

MR. ARNDT: That's just the user guide and

the tutorial on the tool. And we mght. But the
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NUREGs are going to be actually the studies that were
performed using the tool.

MR HNES: 1| think when we originally
wote the statenent of work we had these three NUREGs
that we defined. And this thing has just continued to
grow and be extrenely useful. In fact, Kenny G oss
when to Sun M crosystens and is doing reliability of
their big servers. And he just said, you know, he
wants access to this. So he's going to refund a
proj ect so he can use these tools.

CHAI RVAN APOSTOLAKI'S:  Who is this fell ow
you nentioned tw ce?

MR. HINES: Kenny Gross is kind of the, |
call him-- he's alnost a father of these enpirical
nodel i ng techni ques. He was a guy from Argonne. They
won a research 100 award with the MSET techniques.
This 1995 DOE funded project, they had what they
called the shoot-out. Everybody brought their best
t echni que and they had a conpetition. And Argonne won
it with this.

CHAI RVAN APOSTCOLAKI'S:  So where is he now?

MR. HINES: Sun Mcrosystens hired him
You know, if we have a trip in a reactor it costs you
a mllion dollars, you know, you |ost day. If they

| ose an hour of eBay, that m ght be $8 mllion. So
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they keep going up to the nobre expensive type of
processes.

MR. GUARRO Do you nind going back to
nunmber 15 for a second:

MR H NES: Yes, sir.

MR GUARRO. You said that | CA and wavel et
gives simlar results. | nean, see some of these

factors that are simlar, sone are not. And so why do

you say that overall they're simlar? | mean, what is
rel evant here? |I'mtrying to understand, sinply.
MR HINES: Ckay. | can go into alittle

bit nore detail and tell you that sone of the ways
t hat the wavel et de-noi sing -- sone of the major rul es
that they use. Basically at the wavel et de-noi sing
you have t hese coefficients that you can set and then
you have t hese sensors. And you want to try to renove
as much of the variance as possi bl e such that when you
remove t he vari ance, the variance that you' ve renoved
is not correlated. If you renove the variance and it's
correlated, you're probably renoving actual plant
i nformati on.

And so there are alot of rules |ike that.
So if you |look at the second to the bottomit says
"expected correlation.” This would be the correlation

of the noise that you renoved. Actually, it basically
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has a correlation of zero, wavelet finds that out.
| CA renoves a little bit too nuch noi se.

MR. GQUARRO | was |ooking at that and |
saw those being really different.

MR HINES: Yes. Well, I'mtrying to | ook
at the one that has -- different stuff. Even a
correlation .3, you know is limting of even having
any useful information at all. And if you | ook up at
the expected noise variance, this is using sone
simul ated data. So we know what the actual noise
vari ances are, what the variance reduction shoul d be.
And you can see that the ICAreally filtered alittle
bit too nmuch. The third fromthe bottom|ine says
it's the "fractional variance reduction,” but it
reduced the variance a little bit too much.

So what we see here is that the wavelet is
very close to actual and that the ICArenoved a little
bit too rmuch of the signal

Now what's the degradation effect of
removing a little too nuch of a noise when you're
trying to predict what the true value, which is then
used to predict what the bias is? Wll, that's what
we're doing here in the next few weeks when we're
going to do a sensitivity study and show how does this

effect the bottom i ne.
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CHAI RVAN APOSTOLAKI'S: | guess | haven't

really grasped the big picture.

MR. H NES: Ckay.

CHAI RVAN APOCSTOLAKI S: Wavel et is used at
Argonne, is that correct?

MR. H NES: For de-noising the signals to
get the true val ue.

CHAI RMAN APCSTOLAKI'S:  Yes. And then | CA
was devel oped at Tennessee, your --

MR H NES: Yes.

CHAI RVAN APOSTOLAKI S:  Then why was there
a need for that to be devel oped? Wy can't the Agency
use the Argonne net hod?

MR. HINES: They can, but different
vendors nmaybe using different techniques. And these
are the techniques that are out there in the
literature

| CAis being used for sone additional on-
line nonitoring techniques.

CHAI RVAN APOSTOLAKI S:  So the vendors are
usi ng the Argonne net hod?

MR. HINES: The vendors are really -- and
| think this one reason V.C. Sunmer hasn't stepped up
the plate yet. The vendors don't have -- this has

been done nore in the research field rather than the
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vendors actually applying this and incorporating it
into their products. And | think that's why V.C
Summer is slow to put in this |icense anendnent
because they' re usi ng Expert M crosystem s product and
Expert M crosystemhas not finalized the version where
they've incorporated these uncertainty analysis
nodul es.

CHAI RVAN APOSTOLAKI'S: | guess I'mtrying
to understand why was there a need to devel op | CA?

MR HINES: ICA is being used for
additional things in sensor calibrating nonitoring.
If | have -- first stage determ ne pressure where
only have two sensors, if one of those sensors starts
to drift, I don't know which ones drifting and which
one | should put my control system on, channel A or
channel B. |CA can be used to determ ne what's the
process portion of those variables and what's the
drift of those variables. And if you give me two
sensors, | can tell you which one is drifting and
which one's not. That's some research that EPR
f unded.

So it's been a technique that's been
| ooked at for de-noising because it has these good
properties of being able to pull out noi se conponents

and process vari abl e conponents fromredundant sensor
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data. So that's why it's being studied.

MR. ARNDT: Let me answer the question
differently. This project didn't develop this
nmet hodol ogy. This project is designed to figure out
what's out there, what can |icensee choose to submt
to us --

CHAI RVAN APOSTOLAKI S:  So you had al ready
devel oped | CA?

MR. HINES: | CE was devel oped and used by
EPRI four years ago.

CHAI RVAN APOSTOLAKIS:  Ch, |I'msorry.

MR. HINES: And then used by TVA had a
foll ow on product to use to | CA

CHAI RVAN APOSTOLAKI S:  But the reason why
| confused is because slide 14 does |ICA nean
| ndependent Conponent Anal ysi s?

MR H NES: Yes, sir.

CHAI RVAN  APOSTOLAKI S:  Then there's
parent hesis (Ding UT).

MR. HINES: Yes. He graduated about two
years ago. He's one of ny Ph.D. students.

CHAI RMAN APOSTOLAKI' S:  Ri ght .

MR HINES: So he applied the ICA
t echni ques - -

CHAI RVAN APOSTOLAKI'S:  Ch, he applied the
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| CA? He didn't develop it?

MR HINES: Wll, ICAit's like the
princi pl e conponent so that's al ready been devel oped.

CHAI RVAN APOCSTOLAKI' S: Oh.

MR. HINES: But the application to sensor
calibration nonitoring was new.

CHAI RVAN APCSTOLAKI S: Ckay.

MR HI NES: These are the main functions
that you need to build these enpirical nodels, and
they're the functions that are incorporated.

Ckay. So for exanple, one of the vendors,
Sure Sense, is the software product that was used by
these six different in this EPRI inplenentation plan.
You know, they do data nmanipulation, so they have
different algorithns for outlier detection and
correction. You need to train the nodels on good
data. Model devel opnment is how do you determni ne which
paranmeters to put in a nodel so they have to be highly
correl ated vari abl es.

Then the prediction, the autoassociative
ker nel regression is what Smart Signal uses.
Aut oassociative MSET is what Sure Sense used.
Aut oassoci ative MSET is the conpany in Chicago. And
aut oassoci ati ve neural networks in the Hol | and React or

Project. So the three nodels were chosen because
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that's the three things that have been used in the
EPRI inplenmentation plan, was the three techniques
t hat have been used out there. So the ones we really
need to know about.

Model performance evaluation is how the
performance nmetrics that are being used to judge how
wel | a nodel can predict.

The uncertainty estimation is something
that the vendors are really a little bit slowin
incorporating into their systens, but they know they
must. And there's been a |ot of research by Argonne
and others in those areas.

And then the fault detection is howdo you
det ermi ne when your sensor has drifted enough that it
doesn't neet your requirenents anynore. You need to
either schedule for calibration or there could be a
different limt that says you need to take it out of
service and consider it failed.

MR. ARNDT: So for exanple if we get an
applicant that is using a particul ar methodol ogy and
a particular set of data and a particul ar uncertainty
anal ysis, we can then just plug in these nodels.

MR. HINES: Yes. And we will have al ready
studi ed these and we'll know what the assunptions are

and what you need to | ook for when these different
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t echni ques are bei ng appli ed.

MR WATERMAN:  This is M ke Waterman
speaking from-- I"'mdetailed to NRR right now, so |
can speak for NRR

When you say you' re | ooki ng for what they
shoul d be doing and things like that, is part of this
project going to provide NRRw th acceptance criteria
so that when a nodel comes in they actually have sone
subj ective acceptance criteria they can use to approve
or di sapprove, disapprove if you will, or at least to
recommend that the licensee go back and do a little
bit better job?

| understand it's good to know how t he
nodel s are used, froma regul atory perspective what's
al so inmportant is that we know where to drawthe |ine.

Is that al so part of your project?

MR. HINES: | understand what you're
saying. It's alnost that the |line gets drawn by
itself. If they properly apply these techni ques, and
we'll say has to be done to apply these techni ques so

there's some criteria there, but then is the nodel
uncertainty small enough that it's actually going to
be useful to then? That's why | said the |Iine al nost
gets drawn by itself.

MR, WATERVAN:  Yes.
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MR. HI NES: But there will be certain

criteria. If you do this, you need to use these
t echni ques and you need to verify that this is true by
usi ng techni ques.

MR. WATERMAN: Yes. Yes. Because usually
when we get a submittal, you | ook at the submtta
fromthe license and you' re al nbst guaranteed to see
where they neet all the criteria.

MR H NES: Right.

MR WATERVMAN: And it falls on the
regul ator to figure out whether or not they did that
correctly enough to take credit for that.

MR H NES: Right.

MR. WATERVAN.  So | guess that's what |
was | ooking for froma regul atory perspective i s how
do | go about doing that independent assessnent. And
| guess that's what you're telling ne.

MR HINES: And that's really the goal of
t he whol e product.

MR. WATERMAN:  Ckay.

MR. HINES: The whole project is to give
the regulators to the tools. The first NUREG says
where do you goto find this information. There's ten
years of literature out there. You know, you have 14

requi renents. Wiat literature corresponds to what
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requi renents and where do you go and how do you | earn
these things. So that's kind of a quick reference
manual .

The second NUREG says okay now we' re goi ng
to tell you how all these nodels work, what you need
to do, how the uncertainty anal ysis techni ques are.

The thirdis here's all theselimted case
studi es. When you apply it, these are things you need
to look for. D dthey do this, did they do this and
did they do this.

So we're trying to neet your needs and how
you've got to regulate this.

CHAI RVAN APOSTOLAKI S:  Does the regul atory
staff rely on NUREGs or eventually all these | essons
will have to be in a different docunment for the
reviewer? Utimately, | guess SRP will have to have
sone advi ce.

MR WATERMAN:  This is M ke Waterman
agai n.

What the regulatory -- the regulatory
staff when we say an application is acceptable, we
can't say it's acceptabl e because it says so in the
NUREG

CHAI RVAN APOSTOLAKI'S: No.  No.

under st and t hat .
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MR. WATERVAN:  The NUREG i s kind of

toothless with respect to that. So generally we need
to go fromthe NUREGinto the regul atory space and say
this guidance falls within this regul ati on because.
And because it falls within that regul ati on and t hese
are the acceptance criteria and we can tie those back
to regul ations, we can then say it is acceptable. But
just to have a NUREG by itself isn't generally enough
to license anything. The NUREG i s background.

CHAI RVAN APOSTOLAKI'S:  And you do that via
regul atory gui des?

MR. WATERMAN:  Yes, we do. Reg guides or

we - -

CHAI RMAN APOSTOLAKI'S:  And ultimately
there will have to be a regulatory guide where the
essence of the research will be?

MR. WATERMAN: O sonet hi ng anyway t hat
can link into a regulation directly. So you can this
is not acceptable per GDC 24, for exanple.

CHAI RVAN APOSTOLAKI S: Yes, | under st and.

MR. ARNDT: And it's very nuch case
specific. Inthis case it's a fairly narrow ki nd of
application so it probably wouldn't be a reg guide.
In this case one way to do it would be to go back to

the original generic SER and the 14 points that are
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necessary to be acceptable for a case specific
application. And appropriate application of
uncertainty estimation is one of the things that is
required.

CHAI RVAN APOSTCOLAKI' S:  Yes.

MR ARNDT: So that could be the Iink.

CHAI RVAN APCSTCLAKI S:  Because, you know,
it just struck me that to say that we will have three
NUREG reports and they will have the informtion,
can't see a reviewer of NRR, you know having three
reports in front of himand saying, you know -- there
must be sone ot her docunent --

MR, ARNDT: Yes.

MR ARNDT: -- that will summarize what's
relevant. But that's a regulatory thing, it's not
your job, | say that.

MR. ARNDT: The point is whether it's a
NUREG or a report or a whatever, the information and
the acceptance criteria and what's acceptable and
what' s not accept abl e and how you go about cal cul ati ng
what' s acceptabl e and what's not acceptabl e.

MR HINES: At the very end of these
NUREGs there's a section called "Challenges.” And
these are basically one paragraph things that these

are the things that you really need to worry about.
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CHAI RVAN APCSTOLAKI S:  But you have to

understand, that the regulatory staff doesn't want to
be chal |l enged. They want to know what to do.

MR. WATERMAN:  No. They want to chall enge
the |icensee.

CHAI RVAN APOCSTOLAKI S:  They are very

di fferent objectives. You can say challenges, you

know.

MR H NES: Yes.

CHAI RMAN APOSTOLAKI S: Because you are an
academi c.

MR. ARNDT: Let's go for it.

MR. HI NES: COkay. Sone different nethods
of detecting linear drift has becone significant.

This is the error uncertainty limt nonitoring. Let
nme show you on the next slide.

Basically this is an exanpl e of where we'd
have a residual, which is the prediction error. The
error between our prediction and our measurenent. So
this is like our residual. And this shows here's our
residuals going along and there's our uncertainty
nmeasurenents going along. Wen that 95 percent
confidence interval of that uncertainty neasurenent
crosses that tolerate, that drift limt then you have

to say, you know, | have a probl em
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And the way the industry is looking at it,
they have two different limts. One lint says okay,
we need to go ook at it and put it on our calibration
schedule. And the other |limt says this thing does
nmeet our requirenents anynore. It should be taken out
of service, declared inoperable. So this is one
nmet hod of doing the drift detection.

Anot her net hod that' s been used by Argonne
Labs cal |l ed the SPRT, the sequential probability ratio
test, rather than kind of doing an average, this is a
techni que that determines where the greater
probability is that this residual train has cone from
This distribution that has a nean of zero, meaning t he
residual hasn't drifted or this other distribution
that has a nean of let's say, 1 percent saying that it
has drifted. So it's a statistical technique that
determ nes fromincomng train of residuals what the
probability is that it cones from an unfaulted nean
distribution or a distribution that has sone faulted
nmean. And this is an exanple of our residual grow ng
with tinme and then a fault hypothesis. It's a
power ful technique that was devel oped by Wal d back in
1947.

Okay. So conclusions. W've turned in

one NUREG. The second NUREG s been turned in in a
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draft form The toolbox will be turned probably in
Decenber .

CHAI RVAN APOSTOLAKI'S:  How | ong have you
been at it? How |long have you been doing this?

MR H NES. A year.

CHAI RVAN APOSTCOLAKI'S: | nean for the NRC,
for the Agency?

MR. HI NES: August |ast year. August [ ast
year. So a little over a year and two nonths.

CHAI RVAN APOSTOLAKI'S:  So you're in your
second year right now?

MR HI NES: Yes. W turned in our second,
and then the third will be turned in at the end of
next summer.

CHAI RVAN APCSTOLAKI S: Do you have any
students involved in this?

MR HINES: Yes, two students. Yes,
didn't do this all nyself. Yes. A lot of work and I
have two really good graduate students.

MEMBER S| EBER: And they won the footbal
ganme?

CHAI RVAN APCSTOLAKI S: \What ?

MEMBER S| EBER: They won the foot bal
ganme, too.

CHAI RVAN APCSTOLAKI S: Wonder f ul
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MR. HNES: No, ny students aren't playing
on the football team

So the second NUREG is basically the
analytical and theoretical study, the nethods to
predi ct bias and variance, an anal ysis of the nethods
and al so devel opnent of sonme enhancenents to what's
al ready been devel oped out there.

Derivation and application of analytical
uncertainty estimation techni ques.

Conmparison  of bootstrap and Latin
Hyper cube Sanpling techni ques, conparison of wavel et
and | CA and other types of de-noising techniques.

And t hen t he PEMt ool box, PEMst andi ng for
process and equi pment nonitoring tool box devel oped
that incorporates all the major algorithns that the
vendors have.

Also inthis second part where we're doi ng
the limted case studies, we're not only using or
t ool box, but we have conpiled a code for the nodels
fromboth Smart Signal and from Expert M crosystens.
So we're going to conpare what their conpiled --
because they don't want to give you the actual source
codes. | don't want it anyway because it has IP, it's
inmportant to themto keep that secret. But they've

told us what the algorithm uses and we can conpare
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that with our inplenentation of the algorithm and
conpare and see do their tools give you the results
that we woul d expect? And so far the early results
there is they give us exactly the same. You know,
there's alittle bit of randomuncertainty, you know,
as always then they use Monte Carl o techni ques. But
t hey perform exactly as expected.

MR. ARNDT: Which is inportant because
we're going to use this as a tool to evaluate their
nmet hodol ogi es.

CHAI RMAN APOCSTOLAKI' S:  Ri ght .

MR. ARNDT: W got to have the tool that
is giving us the right answer and not giving us
probl ens.

CHAI RVMAN APOSTOLAKI S: Thanks.

MR WATERVAN: So, Steve, this is MKke
Wat erman again now from Research. So what you're
saying is that if we have the tool box, we should be
able to go a licensee and say send us all of your data
that you used. And then we take their data and run it
t hrough our own tool box and say, ah, | ooks like you
did good. So we have sone | evel of confidence that
you correctly applied the techni ques or we'd cone back
and say "Well, we noticed that we have nore bias here,

nore variance than what you stated you would have."
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Is that is what is foreseen for the use of the
t ool box?

MR.  ARNDT: Yes. It gives us the
opportunity if we want to structure the review that
way. And we can structure the review in a nunber of
different ways. But if we have to reason to believe
where we want to do an independent test of the
uncertainty analysis, for exanple, we can get the
data, their training data and use this tool to
convi nce ourselves that the bias or the whatever
uncertainty prediction is what they're telling us it
is.

MR HINES: Yes, | think you could do
that. 1'd be surprised if that was actually done.

t hi nk through the second phase we woul d come through
and we woul d have confidence that their tools work as
desi gned and we woul d | ook at the |inear bias studies
and al nost have their tools validated that way. |
nmean, |'mnot a regulator, but | would think to have
a reqgul ator conpletely understand all of this to such
a detail; | nean it's all there. But it gives us --
that's a lot of material for soneone to read and
understand and go out and apply. But you would have
the option to do that.

MR, WATERVAN:  Yes.
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MR. ARNDT: Wat we're going to have is
we're going to have the limting case studies which
al |l ow soneone to |l ook and say all right, these the
particul ar areas you're going to get yourself in
trouble with. So you can look at it fromthat
st andpoi nt.

W' re goi ng to have t he generic technol ogy
i ssues that allow you to reference and ask specific
guesti ons.

And we're going to have the tool that if
you want to go to that extent, you can actually go out
and val i date the technol ogy.

MR. WATERMAN:. Yes. | was |looking at it
sort of fromthe perspective of Reactor Systens
Branch, a licensee comes in with a new correl ati on or
whatever. And they show their anal ysis reads such-
and-such a point. Well, Research Systens Branch goes
ahead and plugs that nodel into RELAP5 and conmes up
with their own conclusions and checks their
concl usions against what a |licensee or a vendor
concl ude.

MR HINES: That's right. This is --

MR. WATERMAN:  And | was sort of | ooking
at this as a simlar type of application where the

| icensee comes in and says this is the nodel we used,
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and here's the data and this is the result and
therefore you can license it. And we take the tool box
and we say we're going to do an i ndependent anal ysi s.

MR. ARNDT: Yes. This is entirely
anal ogous to that.

MR. WATERMAN:  Ckay.

MR. ARNDT: And it's just |ike anything
el se, it's a workl oad, staffing, hownuch effort do we
want to put into it decision.

MR. WATERMAN:  Ckay.

MR. ARNDT: But we have the capability to

do so.

CHAI RMAN APOCSTOLAKI'S:  That's it?

MR. ARNDT: That's it.

CHAI RVAN APOSTOLAKI S: Thank you very much.
Thank you.

MR. HI NES: Thank you.

CHAI RVMAN APOSTOLAKI'S:  What | woul d 1ike
to do now is give sonme advice to the staff regarding
t he Novenber full Commttee neeting, what we would
expect to see. And then go around the table and see
what ki nd of advice you will be giving ne in drafting
the letter.

Vell, et ne start this way, Bill, what is

it that you will be asking us to do in Novenber? You
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will request a letter?

MR. KEMPER  Yes.

CHAI RMAN APCSTOLAKI S: Sayi ng what ?

MR. KEMPER: Saying that you think that
this is a good research program

CHAI RVAN APOSTOLAKI S:  And advi sing the
EDO that he do what? | nmean, do we just say it's a
good program and don't wusually advise them to do
somet hi ng?

MR. THORNSBURY: For exanple, if you were
going to be sending it to the Comm ssion, we woul d say
okay, we think it's ready to go to the Conm ssion or
is it going to be sent or issued?

MR KEMPER No. W don't intend to send
this to the Conmssion. This is different than we did
last time. Just a nmanagenent decision. And in RES
Carl Pepperello intends to issue it wunder his
signature to the other office directors and copy the
Comm ssion. But we are hoping that the ACRS wll
endorse this as neaningful, worthy research that
Agency resources shoul d be expended to provide to the
Staff.

MR. ARNDT: And if you have any comments
on or input on priorities or resources or anything

like that, we would be interested in hearing.
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CHAI RVAN APOSTOLAKI S: Just wondering. |

nmean, what exactly would the recommendati on be?

What did we say in the human liability?
Do you renenber? Does anybody renenber?

MR. KEMPER: We've been through this once
before. W can pull the nenpo what happened with the
previ ous search plan that you all approved back in
2000.

CHAI RVAN APOSTOLAKI S:  Because | don't
remenber a case where the letter says you know, this
is a good thing, live with it. | nean, we don't do
that. W have to say sonmething that the EDO has to do
something. Now it may be what you said, Bill, that

this is a plan that now can be inplenented and go

ahead.

MR. KEMPER R ght.

MR ARNDT: We're check.

CHAI RVAN APOSTCOLAKI S:  Sorry.

MEMBER SIEBER: W could wite a letter
to--

CHAI RVAN APCSTCLAKI'S:  You have to be
closer to the m crophone.

MEMBER S| EBER:  You could wite a letter
that had the conclusion that the research plan is

appropriate to nmeet Agency needs.
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CHAI RMAN APOSTOLAKI' S:  That is a very good

poi nt. Yes.

MEMBER SIEBER  Even without a
recommendat i on.

CHAI RVAN APCSTOLAKI'S:  And | eave it at
t hat ?

MEMBER S| EBER  Yes.

CHAI RVAN APOSTOLAKI S:  Yes, that's a good
poi nt .

Anyway, we'll check back letters and see
how it is done.

MR. KEMPER  Yes.

CHAI RVAN APOSTCLAKI S:  Now, what advice
should we give the Staff regarding the presentation?

MEMBER BONACA: One conment had, yes, and
| would like to repeat. | nmean, tonme | think it is
a good plan. | amvery appreciative of the plan
because | think it gives also a coherent sumary of
all that you're planning to do. There is information
t hat you do have about the chal |l enges, exanpl es of the
challenges, | nmean in the field. To the degree to
whi ch you can provide them it gives further inports
to the need for the work. In sone cases, it really
makes it -- you know, you get an understandi ng of how

this new technol ogy that is being inplenents all over
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the place, it's representing a challenge right now
| think that would be useful to the Commttee.

MEMBER KRESS: How nuch tinme do we have on
t his?

CHAI RVAN APOSTCLAKI'S: An hour and a hal f.

MEMBER KRESS: That's not nuch tinme to do
alot. W need to focus that tinme on the actual plan
itself.

CHAI RMAN APOSTOLAKI'S:  That's right.

MEMBER KRESS: And | don't --

MEMBER BONACA:  Well, | wasn't proposing
an extensive, you know, but whatever you have sone
exanples that you can fit there, that's all | neant.

CHAI RVAN APOSTOLAKI'S:  Yes. | think you
have to start at a high | evel.

MEMBER KRESS: Yes.

CHAI RVAN APOSTOLAKI S: Because some of the
nmenbers have not been exposed to this. You know, why
is there a need for a plan? Wat is the plan trying
to achieve? What does it --

MEMBER KRESS: Yes, and what's in the
pl an.

CHAI RVAN APOSTCOLAKI S:  Yes.

MEMBER KRESS: Get down to that |evel.

CHAl RMAN APOCSTOLAKI S:  How does it neet --
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what needs of the regulatory function of the Agency
are we going to neet after we inplenment this plan.

MEMBER KRESS: Right.

CHAI RVAN APOSTOLAKIS: | tried to capture
some of that yesterday.

MEMBER SIEBER: It seens to ne that you
ought to start off by describing howthis part of the
industry is changing and that it applies to, perhaps,
advanced reactors, newreactors and repl acenents. And
so the --

MEMBER KRESS: Yes. That's to the
context. | think that's a good idea.

CHAI RVAN APOCSTOLAKI'S: | would start with
t he repl acenents.

MEMBER SIEBER: And then you'd need to
descri be how s the Agency going to react to this.

MEMBER KRESS: Ri ght.

MEMBER SI EBER: I n ot her words, people are
going to submt applications. You m ght even want to
spend two m nutes on 5059 probably is good enough to
approve this stuff in plants. And what those
applications are likely to contain. And what are the
chal l enges for the Staff for review ng and approving
t hose.

CHAI RVAN APCSTCOLAKI S:  Exactly. Exactly.
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MEMBER SIEBER  Then you go to the

research plan and say we' re devel oping these tools to
get ready for this new adventure.

CHAI RVAN APOSTCOLAKI S:  Yes. Yes.

MEMBER S| EBER  And then draw sone
conclusions it's a wonderful plan, we're going to be
all prepared. Even if it costs double, it would be
worth it.

CHAI RMAN APOSTOLAKIS:  Now as | recall you
are tal king about the six areas, aren't you?

MR, ARNDT: Yes.

MR. KEMPER: Yes. Five, actually.

CHAI RVAN APOSTOLAKI'S: | think that you
woul d be useful if you justified in that high |evel
context why did you decide that these six areas are a
probl em \What needs are they going to neet? kay.
If the tools that wll be produced and whatever
nmet hods are produced, will be produced fromthese six
areas, why these six and not another set? Wy not
four? You know, that | think is what the Commttee
expects to see froma plan. That we are fundanental |y
-- the fundanental question is what Agency needs are
you going to satisfy if you inplenment this. This is
t he fundanmental questi on.

Now, as Jack said, you know you start by
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setting in context and so on. But don't forget the
fundanmental question. W are doing sonething, we are
expendi ng resources to neet Agency's need.

MEMBER KRESS: | think there would be
certain nmenbers of the Committee that would love to
hear that presentation we just fromthe University of
Tennessee. But, unfortunately, you' re just not going
to have it. That would eat up the whole tine.

MR. ARNDT: No, we're not going to --

MEMBER KRESS: Somebody with the EM and- -

MR. ARNDT: Right. The point of ding it
here is to give you sone feel of where we're going on
certain prograns to understand. But the presentation
for the Committee --

MEMBER KRESS: Just cannot get that
det ai | ed.

MR. ARNDT: -- will be a high |evel of
relatively little level of detail. But | think we can
structure in such a way that it goes to why we're
doi ng things, how we're doing things. |In some cases
it's to nmeet imedi ate needs, in sone cases to get
ready for things.

MEMBER BONACA: That was nmy comment, by
the way, that Jack actually verbalized nuch better

The need for context, however, is inportant. Because
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this is ny opinion. |'ve attended a nunber of these
presentations and they have been all high level. Too
many statenents about we will do this and this, which
presune a | evel of understanding of the issues in the
field, the problens, the challenges there are. |
think part of the Commttee would be lost in that very
hi gh | evel

MEMBER SI EBER: | think so, too.

MEMBER BONACA: And to the degree to which
you can franme the environment we're |iving and what we
are facing, | think this would be hel pful.

CHAI RVAN APCSTOLAKI S:  And al so sone of
the stuff that you have in the appendices in the
report, you know the privatization and all that. |
think that's good stuff. You should bring it up
front. | nean, that you have attenpted to prioritize;
you use a particul ar nethod, as you say in the report,
you know, these are the factors that influenced our
deci si ons.

MEMBER KRESS: | wouldn't go into great
detail on that.

CHAI RVMAN APOSTOLAKI'S:  No detail. But how
show t hat you have done it.

MEMBER KRESS:. Yes, show that you have

done it.
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MEMBER SIEBER: One of the things that

made these | ast two days interesting for me is there
a mxture between the high level and the practica
t hi ngs.

MR. ARNDT: Right.

MEMBER SIEBER And if we act like
regul ators and stick at the high |l evel, phil osophi cal
precepts and so forth, it's going to be very
uni nteresting presentation. | think youneedtoretain
the mx that's actually built into the research plan
into your presentation of it. The sane ki nds of things
that you did during this last two days.

MR. ARNDT: Ckay.

MEMBER S| EBER: And, you know, that keeps
peopl e i nterested.

MR. ARNDT: [It'Il be chall enging, but
we'll see what we can do.

MEMBER S| EBER Yes. And here's the
phi | osophi cal approach and here's the hardware
application and these are the kinds of folks who are
likely to enploy it, and here's the decisions that
we're going to have to make.

MR. ARNDT: Yes. | think we can probably
work some of that into naybe a thread exanple

t hroughout the issue based on one of the current
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applications or sonething like that.

MEMBER SI EBER  Ri ght.

MR.  ARNDT: O data, conputational
results.

MEMBER SIEBER  Oconee woul d be an
exanpl e.

MR, ARNDT: Cconee or --

CHAI RVAN APOSTOLAKI'S:  How you do it is
entirely up to you

MR. ARNDT: Ckay.

CHAI RVAN APCSTCOLAKIS:  We're just telling
you what kinds of issues or questions --

MR. ARNDT: Ckay.

MEMBER KRESS: | think this tinme we could
do without the EPRI presentation of it, too.

MR, ARNDT: Yes.

CHAI RVMAN APOSTOLAKI'S:  You think so?

MEMBER KRESS: | would think so.

MEMBER S| EBER: Well, that issue isn't
sol ved yet, at least in nmy mnd.

MR. ARNDT: No. That's an open issue.

MEMBER SIEBER: And so it's interesting
but fails to --

MEMBER KRESS: That one will conme back to

us, | think.
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MR. ARNDT: Ch, yes.

CHAI RVAN APOSTOLAKI S:  And, yes, | nmean we
will have other opportunities to review individual
projects as they are progressing or conpleted. So the
Committee will cone back to it. But right now we're
focusi ng on the plan.

MR. ARNDT: Yes. And | think the big
issue not only is the plan itself, but the program
that it's putting forth. So really what we want the
Commttee to be able to comment on is the program
sound and is the plan for the future the right
di rection.

MEMBER BONACA: Yes. The fact is, you
know, as you all recall back in May we presented or we
tried to present the entire plan in a fair armount of
detail. So nmuch so we didn't get through the
presentation. But any rate, that information wasn't
made available to the Commttee. So |I'm hoping that
we can bank on sone of that nmenory still being there,
if youwll, or famliarity still being there with the
plan. | nean, we could just redo that, but | don't
know --1"mhoping that fromthis tine since we've had
this interaction with you all, we can go to a hi gher
| evel, though. Albeit | respect what you're saying,

you know, but if we get mired down too nuch and we
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tal k about wavel et de-noi sing, you know what happens
there. W'Ill end up getting all tangled up and we'll
never get through.

CHAI RVAN APOSTOLAKI'S:  Yes. | would agree
with that. | believe the six areas that you have
identified nmust be justified and di scussed.

MR, ARNDT: Yes.

CHAI RVAN APOSTOLAKI S: And then maybe i st
the projects under each one or without really going
into detail

MEMBER BONACA: Yes. That's kind of what
| was thinking. Right.

CHAI RVAN APOSTOLAKI S:  Because there's no
time to do that.

MEMBER BONACA: Right. Exactly. Just an
hour and a half, and it goes very fast.

CHAI RVAN APOCSTOLAKI S:  Because even with
their commttees, you know, one nenber who is not a
nmenber of the Subcommittee can always raise any
guestion he wants and he expects to be convinced.

MEMBER SI EBER  And he will.

CHAI RVAN APOSTOLAKI'S: | nean, we cannot
say but you know we said that in May. That's the way
t hi ngs are.

MEMBER S| EBER:  And he will.
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CHAI RVAN APCSTOLAKI S: Huh?

MEMBER SIEBER  And he will.

MR. GUARRC Perhaps you can use in each
area an exanple of a project that reflects sone of
your criteria for high priority and just show that.

CHAl RMAN APOSTCOLAKI'S:  It's up to you.

MR. ARNDT: We coul d present sonething
like this or alternatively this one, which basically
has got the sane information in a slightly different
format.

CHAI RVAN APOSTOLAKI S:  Figures area al ways
pr ef er abl e.

MR, ARNDT: Yes.

CHAI RVAN APCSTCLAKI S:  Right, figures are
al ways preferable. Because renenber, you are al so
tal king at the sane tine.

MR. ARNDT: So we can present it at this
| evel .

MR. GUARRO Sure. Because they are this
| evel .

MR. ARNDT: Because it tells us what we're
doing, it's nice color coded. The green is what is
currently going on and the yellow has got future
proj ects.

CHAI RVAN APOSTOLAKI'S:  And you will have
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already justified the --

MR. ARNDT: Right. W wll previously
di scuss --

CHAI RVAN APOCSTOLAKI S:  The current event
wi |l have been justifi ed.

MR. ARNDT: Wiy we have these particul ar--

MEMBER BONACA: So you will also discuss
what's already going on and what is the plan for the
future.

MR. ARNDT: Right.

MEMBER BONACA: Which is also, that's very
important. Because | nean this is a time al so where
we're putting it together -- | think this is
information is extrenely useful.

CHAI RVAN APOSTOLAKI S:  But, again, you
m ght questions like at the end of the day, so to
speak, or at the end of the decade what is it that you
will produce? Are you going to nmake the review
process nore efficient? Are you going to enhance the
technical basis so it will be nore effective? But,
again, if you leave it at that high |l evel, people are
not convi nced.

MR, ARNDT: Yes.

CHAI RVAN APOSTOLAKI'S: | nean, you have to

have exanpl es.
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MR. ARNDT: | think doing exanples | think
is the only practical way of doing this. |Is taking
two, three, four -- however nmany the tine allows and

tal ki ng through specific exanpl es.

CHAI RVAN APCSTOLAKI S:  Ckay. Geat. Dd
we exhaust the subject?

MEMBER KRESS: | think so.

MEMBER S| EBER: |' m exhaust ed.

CHAI RVAN APOSTOLAKI S:  Let's go around the
table and I want you guys to give nme sone advice as to
what you woul d expect to see in the letter.

Now, Sergio, you're going to al so send ne
something in witing, right?

MR, GUARRO  Yes.

CHAI RVAN APOSTOLAKI S:  Ckay. Mario, you

have al ready expressed an opi ni on.

MEMBER BONACA: | already expressed the
opi ni on.

CHAI RVAN APCSTOLAKI S: Wi ch is?

MEMBER BONACA: | think it is a good plan.
And | think we -- you know, at this level we're not

going to comment on i ndividual tasks.
CHAI RVAN APCSTOLAKI' S: No.
MEMBER BONACA: | mean, that's not the

point. The point is that | think it's a conprehensive
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view of what the situation is and the chal |l enges that
| think NRRis going to face in the future. | think
there is sufficient consideration of users need, and
that's an inportant el enent that we al ways question

CHAI RVAN APOSTOLAKI' S:  Very good.

Ser gi 0?

MR GUARRO Well, | don't have nmuch nore
to add. | think | agree with what Mario just said.
| think | was inpressed by, you know, how
conprehensive this is. And | think it'll be a very

good plan to execute. There are challenges in the
execution | think, but --
CHAI RVAN APOSTOLAKI S:  Ckay. Very good.
Ton?
MEMBER KRESS: Cee, | make it unani nous.
| was inpressed. It was a very good plan. And --
CHAI RVAN APOSTOLAKI'S: | haven't seen so
many i npressed people in ny life.
MEMBER KRESS: You don't often see plans
that are this well thought out and thi s conprehensi ve.
MEMBER S| EBER: You aren't done asking
everyone.
MEMBER KRESS: Yes. And I'malso
i npressed that you got good peopl e working onit, too.

CHAI RVAN  APOSTCLAKI S:  Except the

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

134

Uni versity of Tennessee guy. | don't know about him

MEMBER KRESS: That's an automatic --

CHAI RVMAN APCSTOLAKI'S: W don't want to
give too much credit to the University of Tennessee.

MEMBER KRESS: At the University of
Tennessee they're automatic. Ckay.

CHAI RMAN APOSTOLAKI'S: M. Sieber?

MEMBER SIEBER: |'mworried. Okay. And
| think that NRR and Research are looking in the
crystal ball trying to see what the future is. And out
there there are peopl e who are com ng up with physical
needs for new instrunents and controls. W have not
too much of a clue as to what they are going to put
in, whether it's going to be a whol esal e t hing or just
change it out piece by piece. And anyone who is
bought personal conputers recognizes that the day
after you buy it it's obsolete and that there are so
many CPU chips out there of different types and
di fferent |anguages and service pack after service
pack after service pack; it's going to be very
difficult to reviewall of this.

And so the question is when we | ook in the
crystal ball, are we picking the right things to
direct our noney at? And so if | were to question

anything at all, | would question are these the right
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tasks? And |I'mnot sure that we as ACRS can cone up
with any better answer than the Staff can conme up
with. But | think we need to sonehow, at | east
personal ly | have to | ook at and address that issue so
that 1" mconvinced that these are the right things to
do. And | think that we would wite a really good
letter if we were all convinced and woul d say these
are the right things to do based on what we know
today. But otherwise, | actually do think they're the
right things to do. Yes, but on the other hand, |
don't have a basis yet

CHAI RMAN APOSTCLAKI S:  That's why
nmentioned that | really insist that you really have to
justify the six areas.

MEMBER S| EBER  Yes.

CHAI RVAN APCSTOLAKI S:  And you have to
spend sone time on it and say after you do the other
things |ike the context and how we serve the agency
and all that, why these --

MEMBER S| EBER: Wy t hese?

CHAI RMAN APOSTOLAKI S: --and not sonet hi ng
el se.

MEMBER S| EBER  Yes.

CHAI RVAN APCSTOLAKI S: Wy are they fairly

conpl ete based on what the conmunity knows right now.
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| mean, you know, if sonething comes up
three years from now that nobody has thought of,
nobody will blame you. But we don't want sonebody
right now to say but you missed this big thing. So
you have to convince the Commttee, | think, that
t hese are the good areas that cover -- you have done
as good a job as anybody could under the --

MEMBER SI EBER: Right. In sunmary, that's
what |'ve been thinking about in preparing for this
neeting and hearing the neeting; are these the right
t hings to do.

MEMBER BONACA: Al though, | nean, | got

the sense that it's conprehensive. It seens to ne
that | would be nore concerned about they have too
much in the fire than too little. Mybe, I'mjust --

| don't know enough to say that |I'mm ssing certain
t hi ngs.

MR. ARNDT: Yes. And that is always a
chal l enge in research plans, as you all know.

CHAI RVAN APOSTOLAKI S:  But that's the
i nportance of prioritize.

MR ARNDT: It is. That's right. And
it's both a prioritization between individual topics,
it's a prioritization between today needs versus

tomorrow needs. It's a prioritization on how rmuch
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time you spend | ooking and how nuch you tine spend
doing. So there's a dinensions to that, and we'll try
and address that as best we can.

MR GUARRO. You al so have a tinetable for
i npl enentation. | mean, you are planning for
2006/ 2007. So you have time to get to a closer
hori zon and nake deci si ons on whet her you shoul d j ust
drop sonet hi ng and do sonet hing el se?

MR. ARNDT: Right. And we plan on doing
that with a yearly update.

MEMBER S| EBER: By the way, the person to
answer the question are these the right things is NRR
Do they want to include a few mnutes for NRR
reviewers to say does this work, here are the tools
are need.

CHAI RMAN APCSTOLAKI S:  Li ke we had M.
Loeser, is that his nane?

MR, ARNDT: Yes.

CHAI RMAN APOSTOLAKI S: He gave sone pretty
good answers the | ast day.

MEMBER SIEBER So you nay want to do
that. That was conpelling for ne.

CHAI RMAN APCSTOLAKI'S:  Yes. And maybe
NMSS, t oo.

MR, ARNDT: Yes.
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CHAl RMAN APCSTOLAKI S:  Those are the two

deci si on makers, right?

MR. ARNDT: Well and NCR

CHAI RVAN APCSTCOLAKI S: Onh, speaki ng of
that, are we going to say anything about the security
pl an? Can we say anythi ng?

MEMBER SIEBER. No. W were supposed to
forget all about that.

MEMBER KRESS: Well, obviously we'll have
to cover that as one of the areas, you know. So we
can provide a lot of information w thout the STI and
the security part.

CHAI RMAN  APOSTOLAKI S:  So how t he
Comm ttee then express a viewif they haven't seen the
nore detail ed?

MR ARNDT: Well, the can take the |ead
fromthe Subcommttee if you'd like.

MEMBER KRESS: W can't explain to themin
detail why we think this is so inportant --

CHAI RVAN APOCSTCOLAKI'S:  So the letter
shoul d address everything then.

MEMBER S| EBER  Yes.

MEMBER KRESS: Ch, yes, definitely.
Security is a major conponent of the Research plan.

CHAI RVAN APOSTCLAKI'S:  Ckay. So NSIR
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shoul d be here as well?

MEMBER S| EBER: | think anybody that's
been on the Internet a few tinmes understands what
security means and why it's inportant.

CHAI RVAN APCSTOLAKI S: Ckay. |Is there
anyt hi ng el se.

MR. WATERVAN:  Well, Dr. Apostol akis,
Research is taking a | ot of kudos for a good research
plan. 1'd like to point out that that plan has been
mgrating into the plan it is nowin part because NRR
provided a |lot of comments, maybe they didn't agree
with the things we had. But those conments we tried
to address those conments anyway. And as a result, |
think the plan inproved because of comrents from NRR
and NMSS and NSI R So | think we ought to give them
sonme credit for the structure of the plan.

MEMBER BONACA: Well, that's why the
nessage has to recognize that, because at |east |
recognized it. | nean that would be a question that
the Conmttee nenbers will raise. |Is the custoner
satisfied with that and their participation, that has
to be conmuni cat ed.

MR KEMPER: And I'd like to just make a
statenent before we close, too. As | said at the

outset of this nmeeting, | really appreciate you alls
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participation and the tinme that we've been able to
spend with you. | guess this is like the second day
and a half session here. So we've spent a |ot of
time. But we really appreciate the val uable insights
that you give us. And | look forward to interacting
wi th you on many nore of these projects in the future
over the next, who knows.

CHAI RVAN APOSTOLAKI'S:  Very good. Thank
you very.

So l'd like to thank the presenters, al
of the them and the participants. And with that
happy note, we are adjourned.

(Wher eupon, at 11:49 a. m the Subconmittee

was adj our ned.)
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