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NUCLEAR REGULATORY COMMISSION
+ + + + +
MEETING
ADVISORY COMMITTEE ON REACTOR SAFEGUARD
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+ + + + +
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+ + + + +
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January 16, 2008
+ + + + +
ROCKVILLE, MARYLAND
+ 4+ + + o+
The subcommittee met at the Nuclear
Regulatory Commission, Two White Flint North, Room
T2B3, 11545 Rockville Pike, at 8:30 a.m., Michael

Corradini, Chairman, presiding.
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PROCEEDINGS
(8:31 a.m.)
OPENING REMARKS

CHAIRMAN CORRADINTI: Okay, let's get
started. The meeting will come to order.

This is a meeting of the ESBWR
subcommittee. My name is Mike Corradini. I'm chair
of the subcommittee.

Other ACRS members in attendance are Said
Abdel-Khalik, Sam Armijo, Sanjoy Banerjee, on his way,
Dennis Bley, Otto Maynard, Bill Shack and Jack Sieber.

Graham Wallis and Tom Kress will also be
attending as consultant to the subcommittee. We have
one of our consultants here.

Gary Hammer of the ACRS staff is the
designated federal official for this meeting.

The purpose of the meeting is to review
and discuss the safety evaluation report with open
items for several chapters of the ESBWR design
certification.

We will hear presentations from the NRC's
Office of New Reactors, and GE-Hitachi Nuclear Energy
America, LLC.

The subcommittee will gather information,

analyze relevant issues and actions as appropriate for
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deliberation by the full committee.

The rules for participation in today's
meeting have been announced as part of the notice of
this meeting previously published in the Federal
Register. Portions of this meeting may be closed for
the discussion of unclassified safeguards and
proprietary information.

We have received no written comments or
requests for time to make oral statements from members
of the public regarding today's meeting. A transcript
of the meeting i1is being kept, and will be made
available as stated in the Federal Register notice.

Therefore, we request that participants in
this meeting use the microphones located throughout
the meeting room when addressing the subcommittee.

Participants should first identify
themselves and speak with sufficient clarity and
volume that they may be readily heard.

We will proceed with the meeting, and I'll
call upon Jim Kinsey of GEH to kick us off.

Ken.

MR. KINSEY: Thank you, Jim. My name is
Jim Kinsey from GE-Hitachi. I work in the regulatory
affairs organization.

We appreciate the opportunity to make
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these presentations with you this morning. We've
brought a relatively large integrated team from GE-
Hitachi that includes a number of members from both
our technical and our licensing organization.

I understand the agenda for the morning is
to go over a presentation of our DCD Chapter 4, which
includes the basically the reactor and internals, and
then that will be supplemented or discussed by the NRC
staff, and then we would plan to move into a
discussion of stability after the Chapter 4
discussion.

And with that I guess I'd like to turn it
over to John Sorenson to introduce the team.

MR. SORENSON: My name is John Sorenson.
I work in regulatory affairs at GEH.

On my right is Russ Fawcett, who will be
discussing the price of DCD Chapter 4. And further on
my right is Jerry Deaver, who will also be discussing
the remaining part the DCD Chapter 4.

We have -- Jeff has -- Mr. Kinsey brought
a team that covers a fairly wide range of disciplines,
so we have a fairly large contingent of engineers to
support us.

Content of Chapter 4 includes a summary
discussion, and then in the details of the fuel system
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8

design. Mr. Fawcett will Dbe discussing the fuel
system design and nuclear design and the thermal and
hydraulic design.

Mr. Deaver will discuss the acting
materials, and reactivity control system functional
design, and will give a brief summary.

Section 451 only provides a overview.
There 1s no detailed technical information. It only
provides an overview and a roadmap to the content of
the remainder of Chapter 4.

Now 1let me turn things over to Mr.
Fawcett, who will discuss Sections 4.2, 4.3 and 44.

MR. FAWCETT: Good morning, my name is
Russ, Russ Fawcett. And I'm the manager of core and
fuel advanced design for Global Nuclear Fuels.

And I'll provide a brief description of
BCD Section 4.2, .3 and .4, which describe the fuel,
assembly, design, evaluations and bases as well as the
control rod, the nuclear design of the core, as well
as the thermal hydraulic design.

Again this will be a brief description. I
think we conclude that brief is adequate, as the ESBWR
core 1s really Jjust another BWR core comprised of
proven technologies with characteristics very similar
to the existing fleets.
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9

The beginning of 4.2, the fuel system
design, similar in 4.3 and 4.4, we describe design
bases for the fuel assembly and the control rods; the
description of the design, as well as the evaluations
performed to demonstrate compliance.

In terms of the fuel rod design in the
evaluations, we performed thermal mechanical
evaluations based on either worst case or
statistically bounding limits including uncertainties.

And these analyses are performed to assure
that we comply with licensing requirements during both
steady state and anticipated operational occurrences.

Likewise the control design is evaluated
to coordinate stress, strain and fatigue limits; that
it's capable of being inserted during all modes of
plan operation in that it has mechanical compatibility
with the remainder of the reactor internals.

And again, by and large, the ESBWR fuel
system and control rods are similar to those used in
the operating fleet.

Next slide, please.

In terms of the fuel assembly, it is
identified as GE14E, which is really just a modest
variant of GEl4 that we have been delivering for many
years and is operating throughout the fleet.
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GE1l4E is comprised of the same components,
identical components and materials that were installed
in the GEl14 that we got experience in taking fuel to
assembly, average exposures as high as 68,0000
megawattage per ton.

That corresponds to approximately 80,000
peak pellet exposure, which is 15 percent higher than
our licensing limits.

So we have in-core radiation experience

far and above where we will be taking reload batches

of fuel.

MR. ARMIJO: Let me just interrupt.

When you say identical, do you truly mean
identical including cladding thickness, pellet
density, plenum to fuel wvolume ratio? I mean this

thing is really a scaled version of the standard GE14°?
MR. FAWCETT: I would say at the component

level with the exception of the fuel rod the answer is

yes. The spaces are identical; the pellets are
identical; the tubing is identical; the area of
thickness is identical; ©pellet to clad gap is
identical.

One key difference that you noted was the
fuel plenum to fuel volume ratio is actually bigger
for the ESBWR fuel rod, so we have introduced some
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additional margins. So we anticipate and will project
some fairly significant reductions in fuel rod
internal pressure relative to our current experience.

MR. ABDEL-KHALIK: Hydraulically they are
not really similar. Because you have different length
of part-length rods, ratio between part-length rod and
full-length rod, location spacers, et cetera.

MR. FAWCETT: Well, I would say on a nodal
basis they are the same. The integral hydraulic
resistance --

MR. ABDEL-KHALIK: Yes.

MR. FAWCETT: -- is different because it's
shorter.

Now recognize that our analytical methods
are nodal-based, and our hydraulic models for losses
are nodal-based or component-based.

And I'll touch on this a little bit later.

Now we have performed GEl4-gspecific testing to
confirm the adequacy of our hydraulic models.

CHAIRMAN CORRADINI: So if you do cover it
later I guess I'll add to Steve's question, which is
that because vyou are shorter vyou are trying to
preserve some sort of limit by reducing it so that you
can get the appropriate flow; I assume it's minimum
CPR.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

12

But when the time is right I'd appreciate
to be clear as to what's the limit you were bumping up
against to require the fuel to be shorter.

MR. FAWCETT: Well I think this is a good
time to discuss that. I don't know if you would say
that there was a hard limit per se, as much as what
was considered a good balance. And in developing
natural circulation reactors, and we've been doing
that for a very long time, it involves a composite
evaluation, looking at the pressure vessel height, the
core height, the power density, all the things that
influenced our recirculation flow, and the objective
is to construct or sample a good balance or balanced
performance.

And that's how we arrived at the preferred
assembly length that we have for GEl14E, that gives us
adequate core flow and sufficient peak design
flexibility to manage assembly powers.

Is MCTR the most important design
consideration? Yes, it probably is. The remainder of
the things that the nuclear designer considers in fuel
application are very straightforward to address, and
critical power is straightforward to address, because
we do have adequate flow with wvery mild transient
response, the core with good operating limits.
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MR. WALLIS: Your enrichment profile and
your burnable poisons and everything are all the same
as you already have?

MR. FAWCETT: I would say for a BWR fuel
application every cycle is different. The specific
nuclear design 1is tailored to meet a utility's
objective.

We used the same techniques in
distributing Gadilinium, the enrichment and the
assembly, that we do today.

So depending on cycle length and discharge
exposure, we may put Gadilinium preferred at the
bottom of the core to flatten axial power shapes.

I'll] say, one of the things that are
inherent, that I will touch on a little bit later, is
that the N-lattice, which is the ESBWR is comprised
of, which is the same as the ABWR lattice, exhibits
significantly more hot-to-cold reactivity swing than,
say, BWR-2 through 6.

So we don't have to solve problems with
cold shutdown margin as significant -- in fact it's
almost a nondesign issue today in the ESBWRs.

So to answer your guestion, yes, standard
techniques.

MR. ARMIJO: You're not using any
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unusually high Gadilinium concentrations or loadings
or anything else? What is your maximum Gadilinia?

MR. FAWCETT: Eight percent for a two-year
cycle. It's really a function of the cycle length,
and the cycle exposure, given the power density, ESBWR
cycle exposures are similar to what we have today.

CHAIRMAN CORRADINTI: Just to remind us, so
if you are going to start talking about things that we
need to talk about in a proprietary or closed session,
let us know, because we are not going to know.

MR. FAWCETT: Sure.

MR. ABDEL-KHALIK: Will vyou be talking
about the applicability of the GEXL1l4 correlation to
this short bundle?

MR. FAWCETT: Yes.

MR. ABDEL-KHALIK: Okay, in an open
session or closed session?

MR. FAWCETT: Open, to the extent we can.

MR. ARMIJO: Just one back issue that I
want to get and make sure before we leave this
prescription.

You are going to use a Dbarrier fuel
design. And I looked up the composition in one of
your reports, topical reports.

And it showed it was Jjust the pure
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version. I thought GEH was using an iron alloyed
barrier. I didn't find it in the SER or the DCE what
the actual line of composition is?

CHAIRMAN CORRADINTI: That is probably a
good topic for a closed session.

MR. ARMIJO: Okay, we'll get to that.

MR. SIEBER: The overall dimensions of the
fuel are in the core such that you get more neutron
economy that you otherwise would get with a longer
fuel.

MR. FAWCETT : I will say that fuel
requirements for ESBWR fuel efficiency is comparable
to the top quartile in the fleet, perhaps slightly
higher leakage axially, but it is large radially, and
on balance it is similar.

Next slide.

In terms of the control rod design, it is
a derivative of the Marathon control rod design. The
key noteworthy item here is for ESBWR we have
introduced some additional margins, mechanical
margins, and have modified the design to accommodate
B4C 12 over and above what's available in the existing
product line.

Next slide, please.

Okay, 4.3: the nuclear design, again, we
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described the design Dbases. That related to
reactivity management and assuring we do not have
positive reactivity coefficients, or such that would
allow a reactivity excursion as well as the overpower
bases that wultimately result in limits on the power
distribution.

Our analytical methods for steady state,
core simulations; how we calculate reactivity
coefficients as well as stability methods; and results
of our evaluations in terms of assuring negative
reactivity feedback; control requirements;
subcriticality during refueling; power distributions;
and stability.

Next slide, please.

A few words about the ESBWR core from,
again, from a core management --

MR. WALLIS: I'm sorry, you haven't vyet
tested it for flow-induce vibration, I understand?

MR. FAWCETT: That is correct.

MR. WALLIS: Are you going to do that?

MR. FAWCETT: Yes.

MR. WALLIS: Is it going to be different?

Haven't you already tested the 14 fuel?

MR. FAWCETT: Yes, we have. And overall

from an FIV point of view, the ES GEl4E will see less
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duty or less susceptibility to vibrations, Dbecause
flow rates are lower, that's why. But we will pass it
anyway.

Again, from a fuel designer's point of
view, the ESBWR is just another large BWR core that
does operate at somewhat lower flow rates. The rate
of power is 4,500 Megawatts thermal, and the core is
1,132 bundles.

Within the BWR fleet there is a wide range
of core sizes from as small as 240 bundles, to as high
as 872 bundles, with the ABWR.

Core size 1s not particularly noteworthy
from a core management perspective, except that small
cores tend to have higher flux radiance and higher
peaking than do large cores.

The design has FMCRD spine motion control
rod drives, which have a smaller notch size, and the
locking piston CRD.

The attributes of the FMCRD, it has a fast
scram which is another asset that provides vyour
transient response with redundant insertion and
reduced fuel duty.

The power density of ESBWR is moderate at
about 54 kilowatts per liter. Within the fleet we see
and have experienced a range of power densities from
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about 30 kilowatts per liter for the BWR2s to as high
as 60 kilowatts per liter or higher for BWR6s at power
uprated conditions.

So the power density of the ESBWR core is

moderate.

The --

MR. WALLIS: This 1s an average value
presumably?

MR. FAWCETT: Yes, it is.

MR. WALLIS: Are the peak wvalues
comparable with existing -- they probably are, they

are probably within the same range?

MR. FAWCETT: Peaking, similar yes, to a
moderate to high power density plant.

Also peaking 1is really an output. We
design whatever peaking conforms to thermal limits.

MR. ARMIJO: That 1s a pretty picture
there. What are you trying to show us with that?

MR. FAWCETT: Oh, Jjust the size of the
core.

MR. ARMIJO: Is there anything significant
about the colors?

MR. FAWCETT: Uh-uh.

MR. ARMIJO: Okay, the colors don't mean
anything?
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(Laughter)
MR. FAWCETT: I think that -- it's hard
for me to see -- I think that maybe peak assembly

power where blue is higher than red, versus yellow,
which is the periphery which does give a sense for the
radial power distribution.

MR. SIEBER: Ones on the end are oval
cores, right? The flow rate is about 30 percent less?

MR. FAWCETT: Yes.

MR. SIEBER: And the number of assemblies
compared to BWR6 is like 850 to 1,100 roughly?

MR. FAWCETT: The ratio is proportional to
your reduction in core --

MR. SIEBER: Well, the core is about two
feet shorter I guess.

MR. FAWCETT: Yes.

MR. SIEBER: The way I seem to figure it
out.

CHAIRMAN CORRADINT: Will there be a
discussion about reducing the core height and
increasing the core radial size on the stability
later. And the effect, when we discuss stability, I'm
curious of its effect on stability.

MR. FAWCETT: There 1s a discussion of
stability planned.
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CHAIRMAN CORRADINI: Okay, then let's just
go ahead.

MR. FAWCETT: The N-lattice, again, the
assembly, it's after the fact that it's shorter, has
the same dimensions as the assembly for the existing
fleet.

The N-lattice, the primary aspect or
parameter of the N-lattice is a slightly larger bundle
pitch, so there is a 1little more space in between
assembly.

And in the hot operating condition, that
reduces the wvoid coefficient slightly, which is good,
and in terms of —reactivity characteristics, it
improves cold shutdown margins.

This 1s the same lattice again that the
AVBWR 1s comprised of. So the cold shutdown margin
benefit has been demonstrated with AVBWR.

Next slide, please.

This has a 1little more substantive
information in terms of power distribution. This is
beginning of <c¢ycle power distribution for the
equilibrium design.

For design certification we prepared an
equilibrium design as it is more representative of the
plant lifecycle.
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We have also provided the staff with an
initial core design as well.

This illustrates the actual power shapes
that we observe are very consistent with that that we
observe with other BWR --

MR. WALLIS: No, in this picture,
presumably, red is hot?

MR. FAWCETT: Yes.

MR. WALLIS: Whereas 1in the previous
picture it was cold?

MR. FAWCETT: That is correct.

(Laughter)

MR. FAWCETT: So looking at those
distributions as is typical of assemblies that are
close to our design target, which is what the designer
is trying to achieve, is really a small population of
fuel.

And so those red assemblies would be
associated with assemblies having somewhere between 10
and 15 percent of thermal margin relative to the
operating limits. Likewise for LHGR.

Control rod patterns are the same kinds of
control rod patterns that we design for the operating
fleet.

MR. SIEBER: These power distributions
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will change, significantly is not the right word but,
somewhat as burnup progresses because of the change in
reactivity and also because of the rod patterns?

MR. FAWCETT: Yes.

MR. SIEBER: This is beginning of life, I
take it?

MR. FAWCETT: Just an example of beginning
of life.

MR. SIEBER: If you were to look at it
through 10 slices in time, you would see variations
all of which are enveloped by your thermal hydraulic
calculations?

MR. FAWCETT: Yes, 1in fact you would see
the axial power shape move from the bottom as the core
is depleted, and in the power and the voids tend to
collapse, you would see the axial power shape start to
move up the core.

MR. STIEBER: That's because of the
gadilinium depletion power.

MR. FAWCETT: And the physical inventory
depletion at the bottom.

MR. STEBER: But you never get to a top-
loaded core?

MR. FAWCETT: We concede, looking at the
top of the core with the peak, you know, and this
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nodalization as high as node 20. It's certainly --
it's an acceptable power shape.

So why do we need thermal limits?

And 1in terms of establishing thermal limits, we
certainly analyzed all the safe ones in the cycle that
exhibit all these different power shapes.

MR. SIEBER: And you are using this as an
example of an initial core but not a guarantee that an
initial core is going to react 1like that, other than
including the envelope that you designed, correct?

MR. FAWCETT: So this is the beginning of
cycle for an equilibrium cycle, yes. An initial cycle
would have somewhat different characteristics. You
know, again, really any power shape is acceptable, as
long as it meets thermal limits.

MR. SIEBER: Right.

MR. FAWCETT: Next slide, please.

Moving on to the thermal and hydraulic
design 1in Section 4.4, we describe the natural
circulation flow configuration, the power operating
map, and introducing feedwater temperature control.

We talk about the thermal and the
hydraulic design basis, ensuring that we have adequate
heat transfer, and that we comply with our specified
acceptable fuel design limits during normal operation
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And in terms of the methods and
evaluations focusing on compliance with critical power
limits, and core thermal hydraulics.

Again the ESBWR is very similar to the
existing plate.

MR. ABDEL-KHALIK: Is this where you are
going to talk about the applicability of the GEXL14
correlation?

MR. FAWCETT: Uh-huh, in two more slides.

MR. WALLIS: You are still using Finley
Dix (phonetic) after, whatever it is, 40 vyears or
something?

MR. FAWCETT: For the wvoid correlation,
the Dix void correlation, yes.

MR. WALLIS: No attempt to upgrade it in
anyway? It just seems to keep working?

MR. FAWCETT: Uh-huh.

MR. WALLIS: Rather amazing.

MR. FAWCETT: It was well done.

MR. WALLIS: It has enough coefficients in
it, I think.

MR. FAWCETT: Next slide, please.

A boiling water reactor has good natural
circulation flow depending on the design, or let me
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say that there is different capability depending on
the design.

The AVBWR has internal pumps, and a fair
amount of hydraulic resistance in the down-comer. The
BWR6 and other jet-pump plants have reduced hydraulic
resistance in the down-comer in higher natural
circulation flow.

The ESBWR has very 1little Thydraulic
resistance in the down-comer. We had a reduced core
height, and an extended chimney that increases the
level height and driving head in the down-comer.

So the ESBWR has very good natural
circulation flow characteristics.

MR. WALLIS: So you have one curve on this
map. WE are used to seeing this map with all kinds of
things, regions and things, and here you have just --

MR. FAWCETT : Yes, it's natural
circulation flow is really -- the flow is a function
of the power system.

MR. WALLIS: This other map which is
referred to about a core power feedwater operating
map, are you going to show us that?

MR. SORENSON : We have a separate
presentation.

MR. WALLIS: You are going to get to that
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at sometime?

MR. SORENSON: Yes.

MR. ABDEL-KHALIK: But compared to a rated
full power flow, this is natural circulation flow?

MR. FAWCETT: Uh-huh.

MR. ABDEL-KHALIK: So for the ESBWR mass
flux at full power is roughly half of the mass flux at
full power at BWR6 for example?

MR. FAWCETT: I would say that -- now
recognizing that the fleet with extended operating
domains has quite a range of core flows at rated
power. So if we compare say ESBWR at 100 percent
power to BWR6 at 100 percent power, we have a single
flow for ESBWR for either flow.

For BWR6 at 100 percent flow, ESBWR mass
flux is about 70 percent of the BWR6 at 100-100, 100
percent power, 100 percent flow.

MR. ABDEL-KHALIK: Point nine five times
ten to the sixth pounds per hour --

MR. FAWCETT: Yes.

MR. ABDEL-KHALIK: -- per square foot.

MR. FAWCETT: Right.

MR. ABDEL-KHALIK: Versus 1.8 times 10%6.

MR. FAWCETT: ©No, actually in -- if -- I
should clarify, when we think of mass flux, or when we
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talk about mass flux, we tend to look at the active
in-channel mass flux, or four-circ plans like BWR6, at
100 percent flow.

The in-channel mass flux is approximately
one million pounds per hour per square foot. ESBWR is
approximately .6 and .7 depending on the assembly
power.

MR. SIEBER: The pressure drop 1is about
half, right?

MR. FAWCETT: Yes.

Next slide, please.

So here 1is where we talk about GEXL.
We've applied again GEXL1l4 1is a Dboiling length
critical quality correlation that's been developed in
GEXL14, the GE1l4 specific correlation was developed on
an extensive database from several different
facilities to describe the onset of boiling transition
for GEl4.

And we applied that GE14E with a shorter
overall length.

As part of the DC review we developed a
conservative set of correlation statistics for GEXL14
and applying it to GE1l4E. That conservatism manifests
itself in the operating 1limit MCPR. It's somewhat
higher by virtue of these conservative correlation
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statistics.

In being responsive to the staff, we
conducted a fullscale critical power test of GE14E.
What I'll say is a complete «critical power and
pressure drop test to confirm the adequacy of GEXL14.

We completed that in November.

MR. ABDEL-KHALIK: Where was that done?

MR. FAWCETT: Stern Labs. And our --

MR. ABDEL-KHALIK: Will we have access to
that data?

MR. FAWCETT: You will. We'll Dbe
providing a report on that. We are in the process of
completing our work on that analysis and the final
report that we will provide to the staff.

MR. ABDEL-KHALIK: When you talk about
conservative -- go ahead.

MR. SIEBER: I understand that's sending
two by diverse means, so that I get one.

MR. ABDEL-KHALIK: When you talk about
conservative statistics, I assume this is the way you
were applying of the correlation by assuming no
heating beyond the length of the GE14E.

And vyet even with doing that, it seems
like the calculated CPR is higher than the measured
CPR as indicated in your topical report.
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So how can that be conservative?

MR. FAWCETT: And it's a confusing thing
to understand why it's conservative. You are
absolutely right in that we declared GEXL14
nonconservative by an amount that we have established
throughout the DCD review. And so we say, GEXL1l4 is a
few percentage points nonconservative.

Now our process for establishing operating
limits is always to address any GEXL nonconservative
by increasing the operating limit. So that is how the
conservatism is propagated through the design.

So we have artificially declared GEXL
nonconservative.

MR. ABDEL-KHALIK: I don't know, maybe you
are not prepared to discuss the results of this
fullscale test for the GE14E, but how does that
compare to the level of nonsconservatism, the CPR
prediction of GEXL1l4 for the GEl4E as explained in the
topical report?

MR. FAWCETT: And certainly we will
provide the detailed results to the staff. But
qualitatively, the test data shows that GEXL14 is a
very good prediction of critical power for GE14E, just
like it is for standard GEl4, and with no significant
trends bias.
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So that testing confirmed that GEXL14
really is just as good a best estimate critical power
predictor for GE1l4E as it is for GE1l4.

MR. ABDEL-KHALIK: To be seen?

MR. FAWCETT: To be seen.

MR. ABDEL-KHALIK: It dimplied that they
sort of declared GEXL1l4 to be nonconservative by X
percent because of the conservative way in which it
was applied.

MR. FAWCETT: Right.

MR. ABDEL-KHALIK: Can you sort of say

with confidence that GEXL1l4 is conservative?

MR. FAWCETT: GEXL and our ©overall
critical power methodology is -- or let me say our
licensing basis 1is conservative. GEXL is a Dbest

estimate prediction of critical power.

The wuncertainty in the prediction of
critical power is addressed in the formation of the
operating limit, or in the existing fleet, the safety
limit. So that is how uncertainties in the prediction
of critical power are addressed.

So GEXL 1is a best estimate prediction of
critical power. Uncertainties are addressed in the
operating limit.

Effectively we've increased the
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conservatisms here in the operating limit by assigning
this penalty to the GEXL.

MR. ABDEL-KHALIK: But just looking at the
average one really can't tell whether there is a
consistent bias?

MR. FAWCETT: Right, but in looking at the
data GEXL is not showing any trends bias, or GEl4E,
and that will be illustrated in the report.

MR. ABDEL-KHALIK: I guess we will Jjust
have to wait and see. Thank you.

MR. SORENSON: That is the last slide we
have in Section 4.4.

MR. ARMIJO: Just one slide there, the one
showing the -- yeah, that curve of the ESBWR average
power per bundle versus average flow per bundle
curving back on itself, you know, does that imply you
could have for the same flow two different powers,
operating power per bundle?

MR. FAWCETT: Uh-huh.

MR. ARMIJO: Is that a problem? I don't
understand it, I guess that's what I'm telling you.

MR. FAWCETT: So I think I will ask Mr.
Wayne Marquino to perhaps --

MR. WALLIS: Isn't there something there
about the control rod position? It's not Jjust one
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curve?

MR. MARQUINO: That's right.

MR. WALLIS: It's along the curve.

MR. MARQUINO: This is Wayne Marquino,
GEH, and at different control rod positions we can
have different power levels with the same flow. That
curve 1is showing how power increases as we pull
control rods out.

MR. MAYNARD: The key is that the power is
setting the flow, not the other way around. So for
any given power you can only have one flow. You are
not setting a flow and see what the power comes out to

be; you are setting a power and then you are going to

MR. WALLIS: In the normal map for BWR you
would have rod lines. But you don't --

MR. MARQUINO: That's right.

MR. DERWER: Okay, thank vyou.

My name Jerry Derwer with with GEH. The

lead in the nuclear island systems and components

group.

I'll be covering 4.5 and 4.6. 4.5 deals
with reactor materials, basically there are two
sections within -- or parts to Section 4.5. One deals

with control rod drive materials; the second deals
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with the reactor internals materials.

With respect to the control rod driver
materials, basically the fine motion control rod drive
is essentially the same as the ABWR design that has
been previously certified.

MR. ABDEL-KHALIK: Excuse me if you will,
but when are you going to talk about stability?

MS. CUBBAGE: They are going to have a
separate panel. Excuse me, this is Amy Cubbage. They
are going to do it right after Mr. Derwer.

MR. ABDEL-KHALIK: Thank you.

MR. DERWER: Two major differences in the
design are the change from induction motors -- or to
induction motors from stepper motors.

Basically the ABWR has been in operation
in Japan with the stepper motors for over 10 years
with successful operation. The induction motors have
been incorporated in their newer designs, and there is
one plant with operational experience over two years
at this point with the induction loaders.

And they have also incorporated a seal-less
design to minimize leakage and maintenance with -- for
the drives themselves. Basically the drives also are
two-foot shorter because of the fuel geometry.

So those are the main differences. As far as
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materials are concerned, the drive is predominantly
stainless steel material. In a couple of areas we
used XM19 where we needed higher strength or -- and
corrosion resistance.

But fundamentally the drive materials are
pretty much the same as we've been using in the past.

The next drive shows the configuration of
the drive itself. I'll just point out a couple of
features.

Basically we have the traditional CRD
housing. We have a middle flange and a lower flange.

These are all the pressure boundary
materials, and we provide those in accordance with the
ASME code.

Starting from the bottom we have the motor
which is different from traditional hydraulic designs.

The motor is what drives the ball screw which will
advance the drive into the core, or withdraw it as
needed.

Then we have insert line. This is for the
scram function. So for normal operation we'd have the
motor-driven drive, but in a scram condition we have
the hydraulic design which -- the hydraulic control
unit drives a piston within the drive to insert the
blade rapidly.
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We only have insert lines as opposed to
prior designs which had the withdrawal 1lines also.
And we don't have the discharge line anymore.

MR. WALLIS: So when the hydraulic system
scrams, what happens to the motor drive? Does it just
rotate or clutch out or what happens to it?

MR. DERWER : Yeah, it clutches out
allowing the drive to be inserted.

And we have the traditional ball check
valve here. If we had a break in the line the insert
line, then this would be blocked by the check valve.

Let's see, we have the traditional bayonet
lock at the top. This is the same interface that we
had between the blade and the drive.

And we have as with other drives we have a
position indicator probe which gives us an accurate
idea of where the blade 1is. And then we have a
separation probe which tells us whether we separated
between the drive and the cover.

MR. WALLIS: The whole thing hangs on the
valve, does it? The whole thing is supported by that
valve, or is there some other support?

MR. DERWER: Well, the housing -- the load
path for the fuel assembly and so forth i1s down
through the control rod guide tube.
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MR. WALLIS: Which is also fixed?

MR. DERWER: Yes, and this is the main
welded structure within the assembly. It transfers
the load into the vessel bottom head.

We have a locking feature in the drive
such that we don't need the pull out protection in the
drive, which is a difference from the hydraulic type
designs.

MR. BLEY: What keeps this drive in
position?

MR. DERWER: Well, basically, we have a
brake assembly that once it's moved it holds its
position.

MR. BLEY: What kind of assembly is that?

The motor has nothing to do with that, right?

MR. DERWER: The motor is powered to turn
it. And 1f the power is stopped, then there is a
break assembly in here that you know it's prevention
from dropping of the blade and moving of the blade
after the motor has moved it.

MR. BLEY: That is something that releases
when the motor is driving and grips otherwise?

MR. DERWER: Yes, there 1s magnetic
indicators in here that operate it.

CHAIRMAN CORRADINT : is there any
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difference between this drive and the ABWR line motion
control rods?

MR. DERWER: Fundamentally all these
components are the same basically. It's Jjust a
difference 1in a motor down here that 1is really
different.

CHAIRMAN CORRADINTI: Which vyou are
changing into some ABWRs is what I remember you
saying?

MR. DERWER: Yes, they have already
changed to the induction motor.

Basically it's just a cost factor that
they went to the induction motors, and easier to
control.

MR. ARMIJO: So mechanically, materials,
everything is the same --

MR. DERWER: Yes.

MR. ARMIJO: -- except for the induction
motors?

MR. DERWER: That's exactly right.

MR. ARMIJO: Okay.

MR. DERWER: I think that is all I wanted
to talk about.

MR. BLEY: I'm sorry to go back to this.

MR. DERWER: Okay.
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MR. BLEY: When you change from a stepper
motor, was the stepper motor involved in holding the
rod in position? Or was that still the same brake
arrangement?

MR. DERWER: Oh, the same brake
arrangement. All that is the same.

Moving forward, including on to the
reactor materials, reactor internals are predominantly
stainless steel materials which we control the carbon
content.

So as I explained in previous sessions we
control the materials to be resistant to intragranular
stress corrosion cracking, and then we control the
impurities and surface things that can occur with
materials.

And then we -- additionally we control
cowork and -- to avoid those kind of issues with the
stainless materials.

In some cases we use a modified Alloy 600
material. We use code case and 580-1, which allows
the niobium content to increase, and it stabilizes the
feed canal to be resistant to intragranular stress
corrosion cracking. A

MR. SHACK: What 1is the carbon limit on
that material?
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MR. DERWER: Well, it's that ratio between
niobium and carbon that is important, vyou have to
establish a certain ratio there. So it can vary, but
there are ranges that it has to be within.

MR. ARMIJO: is that defined in the code
case? The range?

MR. DERWER: Yes, it is.

MR. SHACK: But i1f you just depend on that
ratio, don't you end up with a knife 1line attack
problem you had with the 3477

MR. DERWER: Brian, can you? We have
Brian Frew here who is our materials expert. He'd be
in a better position to answer that.

MR. FREW: Brian Frew from GEH. No, the -
- we haven't had issues with knife line attack in this
material. I mean you have to control that ratio.
There is sufficient chrome to avoid that problem.

MR. SHACK: What is the -- do you have a
range on the carbon? What is the upper limit on the
carbon?

MR. FREW: The upper limit is -- I'd have
to look at the code case to tell you the exact number.

But with that ratio the carbon content tends to be
lower.

MR. SHACK: You are following the Japanese
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experience?

MR. FREW: Yes.

MR. SHACK: Their choice of these
materials?

MR. FREW: Yes.

MR. SHACK: And this has been used in all
the ABWRs?

MR. FREW: Yes. Yeah, it's been --

MR. SHACK: And there is a statement that
says your stresses everywhere are below the threshold
for intragranular IASCC. Does that mean you don't
have any welds, or all the welds are stress-relieved?

MR. DERWER: I wouldn't say that as a
positive statement.

MR. SHACK: I wouldn't think you would,
no. MR. DERWER: We are working on things like
that, recognizing vyou know the shroud is a large
structure, and when we fabricate a structure we would
to solution heat treat it, but we are not there yet.
We are exploring those issues at the moment.

MR. SHACK: But this is a bolted shroud as
I understand, so it could be replaced if it had to be?

MR. DERWER: Yes. That's correct.

Looking at the components that wuse the
Alloy 600 materials, the shroud supports, which in
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this case are brackets for the lower vessel. I'l1l
show you on the next slide.

Then we basically, the CRD penetration is
the typical ©penetration which provides wus this
transition between the low alloy steel and the
stainless housing.

The chimney head bolts in prior BWRs, the
shroud head bolts, have the same basic design where we
use the 1Inconel material for thermal expansion
differential to apply the load actually in the bolt
when it heats up.

Then we have in-core guide tube
restraints. This 1is a lattice of materials that
stabilize the cores in the lower plenum area, and
again, we use this because of the thermal expansion
characteristics.

Then we use it in the guide rods. Guide
rods are just for guiding in components like the dryer
and the separator when we do refueling, so they don't
-- aren't in actual operation when the plant is
operating. They just -- they are sitting in there.

We do use castings. Basically the casting
applications are the same as we've always used for the
orifice fuel supports, the feedwater end brackets, and
the veins in the separator itself where it swirls the
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steam flow.

We wuse XM-19 for all Dbolting in the
reactor. In the past we've used stainless steel
without any real problems, but we feel that the XM-19
provides more corrosion resistance and  higher
strength, so it's an improved material, and that's
what's been used on the BWR6, or the ABWRs, and we
haven't had any issues with that.

The X-750 is limited strictly to a
retainer screen in the shroud -- in the chimney head
assembly. It's -- we have a retainer that holds the
nut in place, and it only gets exercised when we are
trying to unbolt or bolt the chimney head. So that is
a very limited application, and it's not really
stressed in operation.

Going to the next slide --

MR. ARMIJO: Before you leave that, Jerry,
in the SER, in the DCD, the staff from GEH had some
exchanges related to the use of 304 and 316 stainless
steels, in which I believe GE made a commitment, or it
was your intent to limit the carbon content in those
alloys to effectively -- the same levels as the L-
grades. 304 would have an 0O2-carbon maximum of seven
three sixteen, the same as your L-grades. And that is
nice, but the implication was that you were using, or
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you stated you were using these steels because they
were higher strength than the L-grades. And that
confused me.

Why -- what would you add to 304 or 316 to
get higher strength than a 304L or a 316L?

MR. DERWER: Well, yes, material suppliers
use a nitrogen addition to help.

MR. SHACK: So you'd use a nitrogen
strengthener?

MR. DERWER: Right.

MR. SHACK: Okay, so you'd get that, and
you'd increase the yield strength?

MR. DERWER: Exactly, and so we want them

-- the improved mechanical characteristics, properties

MR. SHACK: Without the sensitization
risk?

MR. DERWER: Right, and with still the low
carbon issues.

MR. ARMIJO: Have vyou tested these
nitrogen strengthened 300 series steels for IGSEC
resistance in high temperature oxygenated water tests
or anything?

MR. DERWER: Yes, they were tested. We
are performing on these.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

44

MR. ARMIJO: Okay, so they have been
tested and found to be acceptable?

MR. DERWER: Yes.

MR. SHACK: You said you were going to
give us detailed specifications once you had them. I
assume you are just pushing the nitrogen up to the 304
limit, you are not actually making this an LN series
steel?

MR. DERWER: Right.

MR. SHACK: So you just go up to that
limit. But the Japanese actually use the LN grades,
right? They take the nitrogen up to .12 or .147?

MR. DERWER: That could be; I'm not
familiar with what they have been doing.

MR. SHACK: But you are just going to push

it up so it stays at 304, but you are just taking the

(Telephonic interference)

MR. SHACK: -- as you do with the 316
nuclear -- the nuclear grade?

MR. DERWER: That's correct.

Going to the next slide, I was just going
to -- this is a small picture of the reactor, but I
will point out where we have Dbeen wusing these
materials. It's here at the attachment to the shroud,
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these are brackets in the lower bottom head area.

In the stuff tubes as I've explained
before, the major <change 1is the addition of the
chimney and partitions within the reactor. And these
are stainless steel materials.

And the other change is, the routing of
the standby 1liquid control 1line is different. We
bring it in from the upper part of the vessel now, and
bring it in, and we penetrate through the shroud so
that the injection of the sodium pentaborate solution
can be injected directly into the core region itself.

MR. SHACK: This is still the same -- so
you are going to have like the nickel weld pads, where
you make the attachment welds for things and the
internals and stuff as you do in the conventional BWR?

MR. DERWER: Yes, you are talking about
brackets?

MR. SHACK: Yes.

MR. DERWER: Well, typically, in the upper
part of the vessel we have stainless steel cladding,
and the brackets, you know, are welded onto structural
material as a base for those brackets.

When we get into the bottom head where we
have mainly Inconel components there, or welded on,
we've changed the cladding material to Inconel for the
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bottom head region only.

MR. SHACK: So the whole bottom head is
clad with an Inconel weld?

MR. DERWER: Yes, it is. So for
components like the scrub tubes and in-core housings,
and the shroud support, all those Inconel welds are
made to an Inconel clad structural material base.
Okay?

MR. ABDEL-KHALIK: What determines the
size of the cell in the chimney?

MR. DERWER: Well, that is -- basically
has 16 Dbundles within the cell itself. So it
encompasses four units that we typically had in --
associated with the control rod blades.

So we have four blades, and they are
associated with four fuel assemblies with -- in each
of those.

Wayne Marquino would be best to address
that issue.

MR. MARQUINO: We also considered the
range of data where we had the high diameter of our
chimney characterized. Initially we had I think it
was Wilson and EBWR reactor measurements, set the size
of the chimney partition.

And eventually we had the Ontario
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hydrotest specifically for the ESBWR.

MR. WALLIS: Why do you have partitions at
all?

MR. DERWER: Well, that is important to
make sure we straighten the steam flow up up to the
separator area?

MR. WALLIS: You don't want to have some
sort of swirling going on in there?

MR. DERWER : Exactly, we get some
vortexing otherwise that --

MR. WALLIS: It seems to me that you have
designed them to be as big as vyou have tested
essentially.

MR. SHACK: Again, your original design
was change three, wasn't it?

MR. MARQUINO: I think the very first
ESBWR design did not have them, but before -- I think
before we submitted anything we put partitions in.

CHAIRMAN CORRADINI: So you were going to
finish the statement when you said you had compromised
what with the vortexing, with the swirling?

MR. DERWER: Oh, yeah, if we didn't have
the partitions, you'd get the vortexing and steam, you
know, vortexing within the core. And so you'd get a
very unequal steam flow into the separators.
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MR. SIEBER: I think vyou would get
chugging.

CHAIRMAN CORRADINI: I was going to say,
you get a washing machine. You've got -- you could

have enormous wiggles in the system by having an
enormous washing machine.

But what I am curious about 1is, the four
by four sites, if this is the wrong place to discuss
it, that's fine, but eventually I'd like to discuss
this question, because I'm kind of curious, was it
picked or by the experiments, was four by four look
alike some sort of optimum because of some sort of
characteristics?

MR. MARQUINO: This is Wayne Marquino. It
was picked based on Dodoward (phonetic) and the total
experience at the time we had to set that design. And
there was the ESBWR reactor did not have a chimney.
It had a pretty big hydraulic diameter.

When we saw some -- it didn't have adverse
performance, but we saw some recirculation in there,
and basically we don't want to use a CF - you know, a
very complex CFD code to analyze the flow there, so to
keep it within the applicability range, or a TRACG
code, we set the chimney size, the partition side.

MR. WALLIS: So you wanted it to be one
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dimensional?

MR. MARQUINO: No. No.

CHAIRMAN CORRADINI: I know what you said,
but what you are telling me, I changed the design so I
could analyze it.

MR. MARQUINO: That's right. That helped.

MR. WALLIS: You want it to be one
dimensional, essentially, is that it?

MR. MARQUINO: Yes.

MR. ARMIJO: Just a quick question. Now
there is going to be a lot of welds in that chimney.
Is that correct, that these are going to be all welded
construction, all the lengths up and down those --

MR. DERWER: Are vyou talking about the
partitions specifically?

MR. ARMIJO: Yes.

MR. DERWER: There will be a considerable
number of welds.

MR. ARMIJO: Are these 1like full length?

MR. DERWER: Yes, they are. Our idea 1is
to use a cruciform for the intersections where the
cells are, and then we would have plates that are
welded full 1length, full penetration, and with a
cruciform design it allows us to take the weld away
from the discontinuity of the intersections. So --
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MR. SIEBER: So that's sort of 1like an
extruded or --

MR. DERWER: An extruded -- it's like in
the blades where we have the tie rods.

MR. ARMIJO: Okay, and that material will
be the same as the shroud, it's not an L-grade?

MR. DERWER: Oh, it'll be stainless.

MR. ARMIJO: Stainless steel, very 1low
carbon.

MR. DERWER: Low carbon, and we have a
program where we are going to develop a mock up and
use the actual welding parameters, and then our GRC is
going to evaluate it for stress corrosion.

MR. WALLIS: Is there a follow up with
flow induced vibration in the chimney?

MR. DERWER: No, we actually had Hitachi
do a flow test for us.

MR. WALLIS: With a full sized chimney
matrix or just one cell?

MR. DERWER: Well, we did one cell. We
started out with a 1/12th scale. We went to a 1/16th,
one sixth, and then they openly did a full scale with
a single cell, and when we did that we saw that the
vibration characteristics improved for the full one.
And that is why we ultimately did that.
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CHATRMAN CORRADINT: WE may want to move
on, because we are going to hit them with the
stability.

MR. ABDEL-KHALIK: Just one question which
is related to this, which is again the size of the
cells, the projection of what you call super cell is
four by four, 16 bundles, is that correct?

MR. DERWER: Yes.

MR. ABDEL-KHALIK: So in either a fresh or
an equilibrium core, what is the largest radial power
gradient between a bundle and a bundle that is four
rows away?

MR. DERWER: I don't think I can quote a
number off the top of my head.

MR. ABDEL-KHALIK: I mean looking at the
power distribution maps, even though they are sort of
qualitative in nature, it is possible to have one of
these super cells where you have a very large power
gradient between the bundle that is on one edge of
this cell, and another bundle that is four rows away.

So the issue of one dimensionality of the
flow within the chimney can be sort of questionable in
situations of this sort.

MR. FAWCETT: I'd like to turn to Mr.
Marquino.
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MR. MARQUINO: In terms of numbers we will
have to get back to you, but let me clarify something.

We have maybe a 2-1/2 dimensional analysis
of the chimney in our TRAK code. We model different
power bundles within a chimney partition. We have the
ability to do that, and we have the ability to monitor
different power partitions.

The biggest gradients are at the edge of

the core. You can kind of get that from the colors on

his map.

MR. ABDEL-KHALIK: But we would 1like to
find out 1f vyou don't mind, if you have that
information.

MR. MARQUINO: Okay, we can get you some
information on that.

CHAIRMAN CORRADINI: Please proceed.

MR. DERWER: Okay, I believe I have pretty
well covered most of what I wanted to on the figures.

Okay, the next is the 4.6 which is the
basically the system for reactivity control of -- this
is the control rod drive system.

This system is essentially the same as the
provision control rod drive system that you have seen
in the past, except that we've added one new feature,
and that is the high pressure make-up flow. This is
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ju9st a belt and suspenders thing that adds a feature,
you know, if it's needed in an accident condition.

The three major components are the prime
motion control rod drives. There are 269. The
hydraulic control units, which are 135. So there are
two HCUs that support two drives.

And then we have the hydraulic subsystem
which is the system that provides flow to the system.

MR. WALLIS: How much water do you bring
in through these control rods? What does it
correspond to in terms of megawatts and boil off? Can
it supply the boil off after two hours of decay heat
or something?

MR. DERWER: Are vyou talking about the
amount of fluid that is injected?

MR. WALLIS: Well, you are introducing
here a sort of a pumped versus cooling system.

MR. MARQUINO: But you need a small
quantity of water, compared to the core volume.

MR. DERWER: It's a very small volume.

MR. WALLIS: Is it really?

MR. MARQUINO: It does have the capability
right after scram to go into high flow mode, and that
makes up for boil off decay heat.

MR. WALLIS: It could cool the core?
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MR. MARQUINO: Yes, so it's diverse from
the IC function.

MR. WALLIS: So if quality is turned off -

(Laughter)

MR. DERWER: So going to the next slide,
so the FMCRDs is a -- has been mentioned before, has
the electric motors to drive it during normal
operation, the hydraulic function during normal
conditions.

The HCUs as always have been the source of
hydraulic power for scram, and those fundamentally are
the same. As a matter of fact the HCUs for ABWR where
we used directly for ESBWR, and the hydraulic system
basically provides demin water, and regulates and
distributes it to the HCUs and the perch (phonetic)
flow within the drives. The perch flow helps keep the
drives clean, and does keep them cooler with the perch
flow.

MR. ABDEL-KHALIK: What is the total worth
of all the control rods in a cold clean core?

MR. FAWCETT: The cold rod worth?

MR. ABDEL-KHALIK: Yes, total.

MR. FAWCETT: 1In other words cold all rods
out to cold, all rods in?
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MR. ABDEL-KHALIK: Correct.

MR. FAWCETT: I believe it's around 15
percent, but we would need to confirm that.

MR. ABDEL-KHALIK: Okay, thank you.

MR. DERWER: And moving forward, this is a
schematic of the CRD system. As I mentioned it is
provisional with prior systems. These are the FMCRDs
on this side. This box pertains to the hydraulic
control units. The new feature is the -- coming off
the pumps is, we have these valves that are normally
closed. This is the flow path --

(Telephonic interference)

MR. DERWER: -- flow into the reactor
water cleanup, and ultimately into the feedwater
system which would go back into the reactor vessel
itself.

In this system we draw out water from the
condensate storage tanks which is typical, and so
there's nothing really new about the system.

Okay, if you want to cover that, John?

MR. SORENSON: Well, I think the bottom
line is, we continue to work with NRC staff to resolve
and adjust open items.

MR. ARMIJO: There are a lot of open
items. There's 31 in chapter four that I know of.

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

56

Maybe I got to ask that staff at some point.

MR. SHACK: Let's do that after break.

CHAIRMAN CORRADINI: Well, they'll have an
answer.

MS. CUBBAGE: And GE needs to switch teams
to continue with Chapter 4.

MR. ARMIJO: We still have one more
presentation for Chapter 4, so I want to move on to
it.

Any other questions for this group?

Okay, thank you very much. You are going
to have another member join you?

MR. SORENSON: We are ready to begin.

Let me introduce Dr. Jun Yang, who will
provide a discussion of the ESBWR stability
evaluations.

MR. YANG: Good morning, everyone. My
name is Jun Yang, and I am here to share with you the
evaluation results for ESBWR stability, including
recent events since our last meeting.

I'm going to start out today by specifying
the 1licensing requirements that ESBWR needs to
satisfy.

So the conditions that need to be examined
for stability through normal operation and also AOOs
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and the JDC-12 requires that power oscillation is
either not possible or can be detected and suppressed.

Next slide, please.

And based on the stability results we have
seen so far, we can safely conclude that ESBWR are
stable during normal operations, and A0Os, and the
growth of large power oscillations is not a credible
event.

In addition GEH will implement a detect

and suppress solution to further protect --

MR. WALLIS: This isn't Jjust based on
analysis, this is also based on comparison with
experiment, isn't it, this conclusion, first

conclusion?

MR. YANG: It is mainly based on the TRACG
analysis in terms of decay ratio.

MR. WALLIS: There had to be experiments
too. Maybe it's a different forum where we
investigate these.

MR. MARQUINO: There has been experiments.

We saw the Advisory Commitee's view about two years
ago when we submitted our TRACG method for analyzing
ESBWR stability.

MR. WALLIS: I remember that. I'm just

thinking about what would they call it, the
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experiments in Holland, the Genesis experiments. Have
you come to terms with those yet in TRACG? Because
they had difficulty modeling -- they had a Freon loop
that modeled the whole system and supposedly scaled
properly. They had some trouble modeling it
analytically.

Have vyou come to terms with that vyet?
Maybe we should investigate this in a subcommittee or

some other subcommittee.

MR. MARQUINO: We didn't have any open
items.

MR. WALLIS: Well, I wondered about that.
Because they had real trouble -- this was presented

in Pittsburgh in the fall, and maybe you should look
at the Genesis experiments, because we are going to
ask about them again.

MR. MARQUINO: I think this is not exactly
the forum, but I think we have to talk about them.

MR. ABDEL-KHALIK: The DCD says that, in

Section 4 (d) (1) (5), that therefore the stability
during AOOs is assured by the scram protection. And
in there you talk about a level -- low level trip, and

the high powered trip.
MR. MARQUINO: There is a scram protection
on Level 3.
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MR. ABDEL-KHALIK: Right. Now how does
that protect against regional instabilities during
AQOOs?

MR. YANG: So basically all the density
being reduced the stability will be protected by
limiting the power level. So scram protection will
limit the power level.

MR. ABDEL-KHALIK: How does the high flux
trip protect against regional instability?

MR. YANG: Once you do the high level
height, similar to the high-power scram established,
and the power, the low ratio will decrease. So based
on the TRACG results the decay ratio will improve,
give you a lot of margin, so that the regional decay
ratio, regional performance, is protected.

And I will get to that in later slides.

MR. MARQUINO: I think vyour concern is
that if you are in a regional oscillation, the sides
of the core are oscillating, the APRM won't have a
good indication of that, right?

MR. ABDEL-KHALIK: Correct.

MR. MARQUINO: But what we're crediting is
the average power of the core which does increase in
the loss of feedwater heating event.

We are not saying that that is going to
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detect the oscillations, but it's going to detect the
power increasing as the feedwater temperature drops.
MR. ABDEL-KHALIK: I guess you will talk

about that in more detail.

MR. WALLIS: So these oscillations never
occur?

MR. MARQUINO: Right.

MR. WALLIS: They never occur unless they
are really -- I guess with the MELLLA+ we go into some
discussion about, couldn't wuse the DIVOM curves
because of single channel oscillations. You ever get

into that? How do you know, because TRAC says so?

MR. MARQUINO: We will see numbers in a
minute.

MR. ABDEL-KHALIK: Back to the point you
are making, the high flux drift, I guess you're saying
it protects against overall increase in power level?

MR. MARQUINO: Right.

MR. ABDEL-KHALIK: During a 1loss of
feedwater heating event?

MR. MARQUINO: Right.

MR. ABDEL-KHALIK: Now are you sure that
yvou will actually hit that point sooner than the point
where these regional oscillations coupled on top of
the overall power increase would put you at a point
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where you will exceed your CPR limits?

MR. MARQUINO: Yes, because we analyze
with the -- in order to get the regional oscillations,
the power has to be above that trip. So that is what
Dr. Yang is demonstrating with his calculations, that
from a loss of feedwater temperature, or a loss of
feedwater, or just normal operation, where enveloped
by a certain power level, and at that power level the
core is stable.

MR. YANG: There is less stress in AO0O
stabilities.

Next slide, please.

These are all the major possible
conditions that can lead to instability at least here.

And all this scenarios have been analyzed by using
TRACG code, and the methodologies using stability LTR,
and has been approved by NRC.

So basically for density being induced
instability which is also called Type II instability,
there are three modes to consider.

The single channel mode is when the flow
of a single channel oscillate with small power
oscillation. And the core alignment mode is when the
power in the flow of all core channel, oscillating in
phase; while the regional model is when half the core
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oscillates out of phase with the other half.

And also several other kind of instability
-- mode of instability are considered during the plant
start-up including the condensation in the region
instability, and also the flashing the void induced
LOOP instability also considered during plant startup.

Also the xenon transient effect on the
power distribution is also considered wusing TRACG
methodology for simulating the plant startup.

MR. ABDEL-KHALIK: Do you analyze
situations where some of these instability modes are
coupled, where you have single channel instabilities
on top of regional instabilities?

MR. YANG: I think, in a sense, there are
a couple actually. Because the regional instability,
there is a limiting bundle we analyze. So it is the
single channel we are considering in the original
model.

We see like the limiting bundle based on
the power peaking and also the harmonic peaking.

MR. ABDEL-KHALIK: So you don't ever
foresee a situation where the core is going like this,
and within that region a channel is going like this at
the same time?

MR. YANG: Right, we are monitoring the
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limiting channel during the regional model also. So
inside there are a couple, we evaluate the performance
based on a single channel performance.

MR. WALLIS: I think when you do that the
limiting bundle has the same frequency as the regional
mode; it's not doing its own thing on top of that.

MR. YANG: That 1s covered Dby the
hydraulic single channel mode.

So basically for the single channel mode
it's purely concentrated on the hydraulic performance
of single channel. And I will get to that, showing
you the decay ratio value, you can see the margin.

Next slide, please.

This slide shows the decay ratio result
for the normal operating conditions, both the
equilibrium for any initial core. Since the last ACR
meeting, GEH has performed a series of additional
analysis for its colder 1level sensitivity, and it
determined that the peak hot access cycle point is the
limiting state.

MR. WALLIS: So you did use a Courant
number of one? You put enough nodes in that chimney?

Because this was a question we had before?

MR. YANG: Right, we addressed that by

using fine nodalization model.
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MR. WALLIS: So you didn't artificially
damp the void perturbation?

MR. YANG: Right, and also in TRACG --

MR. WALLIS: I think in some other forum
we probably should look at the details of that, too,
again, visit that again.

MR. MARQUINO: Okay, I want to clarify
what Jake is discussing is the channel nodalization.
And we answered a 1lot of your dgquestions and did
additional investigations of the chimney numerical
tracking, and we dispositioned that in the TRACG
review.

So what we did in --

MR. WALLIS: Well, we said we wanted to
revisit it again in our letter, I think, because you
hadn't actually reported your current number of one
results throughout the whole chimney at that time.

I understand you have done some better
simulations done.

MR. YANG: The calculations showed that
the chimney region has a minimum effect on stability
performance, especially with decay ratio value.

So you can see that all three mode decay
ratio meet the acceptance criteria with wvery good
margin, and all the region can be made here is, among
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this remote, if the channel, single channel mode, has
the largest margin, which means hydraulically, yes, we
believe our channels are very stable.

And the regional mode is limiting mode,
and -- but adequate modeling is --

Next slide, please.

So here we start talking about AO0O
stability. So beyond normal operation, in the AOO
space, there are two limiting events that have been
identified. One is the lost feedwater heating event
where the power will increase as the feedwater
temperature reduces. Another one is loss feedwater
flow event, where the water level drops.

And the trajectories of these two events
are given on this power core fuel map, and you can see
that three lines of defense are established, to handle
the power level for the lost feedwater heating event.

So on detection of a temperature drop in
feedwater, the SCRRI will be initiated through control
of power, overall power level.

And if ©power keeps rising, simulate
thermal power  scram, and the trip from this
detect/suppress solution will further limit the power
level.

And as far as the loss of feedwater flow
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event, the scram on a level three will protect
stability.

Next slide, please.

MR. ABDEL-KHALIK: If T may just go back
to the previous table where you talk about the channel
decay ratio. You talk in the DCP about the
statistical analysis, or the channel decay ratio that
you have done 59 trials or something like that. And
you select the parameters from the distribution. And
you say that a TRACG calculation is made for the
perturbed set of parameters to obtain a steady state.

Were vyou able to obtain a steady state
result for each of the 59 trials?

MR. YANG: Yes.

MR. ABDEL-KHALIK: For each case?

MR. YANG : Yes, because to evaluate
stability performance, we need to have a variable
steady state first, using TRACG.

MR. MARQUINO: To evaluate the decay ratio
number, yes.

MR. ABDEL-KHALIK: Okay, thank you.

MR. YANG: Okay, back to AOOs. From the
results for the normal operating condition, we know
that regional mode is limiting mode. So here only the
regional decay ratios are given.
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And vyou can see that for this two AOO
events, limiting events, the decay ratio value shows
adequate margin against acceptance criteria.

MR. WALLIS: Doesn't this vary with the
time in the cycle? Because the power distribution is
so very different in the beginning and end of cycle,
it must affect stability?

MR. YANG: Actually it --

MR. WALLIS: It's a worst condition there
or something?

MR. YANG: We determine the limiting cycle
point is at peak access, so we perform this --

CHAIRMAN CORRADINT: Sorry, the limiting

cycle point is what?

MR. YANG: Is at the peak of access,
reactivity cycle point. Is where the max reactivity
is the maximum during the cycle. And that would give

you the worst axial power shape.

CHAIRMAN CORRADINT: So 1it's near the
beginning of cycle.

MR. YANG: It's right in middle of --
middle of cycle and end of cycle.

MR. WALLIS: The Dbottom is worse for
instability?

MR. YANG: Yes. So actually this decay
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ratio obtained, and that peak of access point.

CHAIRMAN CORRADINT : So just SO I
understand what you just said, so I were to plot the
overall core K effective, what you are saying is, with
gadilinium burn out, instead of going down you are
doing this, and you are picking that peak point?

MR. YANG: Yes, there is the peak during
the cycle.

CHAIRMAN CORRADINI: Okay.

MR. YANG: This decay ratio number recall
is the worst case.

MR. ARMIJO: In an initial care would you
expect it to be less? Would it meet the acceptance
criteria in an initial core? Would it be closer to --
the decay ratios be <closer to vyour acceptance
criteria?

MR. YANG: Yes, we provided in the initial
core stability evaluation, the initial core LTR, and
the results were similar results to the palladium
core, and Dbetween these two cores, the equilibrium
core is a limiting condition for stability.

MR. ARMIJO: Equilibrium core is limiting?

MR. YANG: Yes.

MR. ARMIJO: Okay.

MR. YANG: Next slide, please.
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So following -- we are going to the
startup stability -- following the established startup
procedure, the voiding begins out of the core. So

there is no void reactivity oscillations during this
phase, so the core flow remains single phase sub
cooled. So largely CPR moderator is maintained during
the plant startup.

And there is no oscillation can challenge
the fuel design 1limit during the startup. So
stability is not of concern for plant startup.

MR. ABDEL-KHALIK: Do we have a complete
description of the startup procedure from cold
shutdown all the way to hot flow power step by step?

MR. YANG: In DCD 4B there is a startup
analysis up to 300 megawatts. And there is an in-
process effort to using Tri-G (phonetic) to get to the
full power rated commission.

MR. ABDEL-KHALIK: You know I looked
everywhere looking for  -- from an operational
standpoint, a step-by-step procedure for how to go
from a cold shutdown to a hot full power. And I
couldn't find it.

MR. SIEBER: Well, vyou wouldn't find that
in this kind of a document. Procedures are a tier
lower than that, more detailed. The FSAR DCD sets the
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envelope and the limits. The procedures themselves
are the product of the wutility operator. So they
don't appear.

MR. MAYNARD: Typically they would be
inspected during startup and they wouldn't Dbe
submitted as part of the FSAR.

MR. YANG: And for existing plant --

MR. ABDEL-KHALIK: But without knowing the
detail step by step procedure for this machine, I
would find it hard to say that, oh, we have no

stability problems there at startup.

MR. MAYNARD: I'm just saying where the
review normally takes place is at that point. But the
NRC still, they do review those. I'm not sure when

the ACRS would get something like that.

MR. SIEBER: You wouldn't. You wouldn't.

MR. MAYNARD: Without asking for it.

MR. SIEBER: The commission wouldn't get
it either. 1It's just part of a startup.

MR. MAYNARD: It would be -- there would
be some estimate of it in the COL phase I would
assume.

MR. SIEBER: Yeah, and the startup test
procedures would determine whether the procedures were
adequate to meet the limits that were set in the DCD
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and the FSAR, and you would design and run tests to
show that.

MR. MARQUINO: And we have documented the
initial startup testing in Section 14.2 of the DCU.

MS. CUBBAGE: Yes, I was just going to
indicate that the staff has an open RAI at this time
requesting that the maximum heat up rate be specified,
and that limit would be implemented by the utility in
their startup procedure.

MR. KINSEY: And again this is Jim Kinsey
from GE-Hitachi, again getting back to the discussion
we just had.

It is not our intention to put a detailed
startup summary in the DCD, although we won't know
that one -- we recognize that one is needed as part of
the overall process, but it would be further down the
road in the process.

MR. ARMIJO: But to understand this plant,
how can you analyze it unless you think it through
what's going to happen at each step?

CHATRMAN CORRADINT: I guess in 4(d) (6) on
a nondimensional map you kind of hand wave yourself
through the startup.

But I think what Sam is looking for is
some sort of progression. But you showed one slide
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but the next figure in you DCD is the one that I'm
assuming you are eventually going to talk to relative
to how you proceed through -- you proceed through a
Type I instability in the chimney, but by doing that
avoid the Type II instability.

MR. YANG: There is I believe there is a
trajectory including 4(d) on the sub-cooling number
map, but that's a schematic figure, and there is an
effort to perform evaluating Type II instability over
the plant start to the full power. We will establish
several steps and achieve the steady state -- good
steady state at the different power level, and the
performance stability, and provide the decay ratio
values.

CHAIRMAN CORRADINT: I see. Okay. Can I
say that back to you one more time? So you are going
to use TRACG and have stop pourings to see how the
decay ratio evolves as you proceed down through low
whatever it is, low power but increasing temperatures,
and then come back up through your path, and look at
the various stability decay ratios all the way through
that?

MR. YANG: And those we can't see from the
power flow map, my prediction 1is, the stability
performance will improve the power decrease, because
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the power flow ratio decreases, Dbecause the power
changes more quickly than the flow changes.

MR. MARQUINO: Let me try and address what
you said and give vyou a brief 1like one minute
description of the startup.

We heat the wvessel wup with external
heating to get up to 80 Centigrade based on RT and DT
limit before we pull rods. And at that point we pull
rods, and that is the beginning of our TRAC analysis.

We start TRAC with the rods full in; pull the
critical; and then we are limited by a heat uprate
that is the =same tech spec heat uprate as the
operating plants, 100 degrees Fahrenheit, and we've
shown that the reactor is stable, and it doesn't get
into a Type I or condensation slash flashing
instability during the heat up and pressurization that
we are limited by that thermal stress power level
versus the Type I instability power level.

So that was in Section 4D of the DCD. When one
unique feature of the ESBWR is because of the Type I
instability we minimize the steam load and the VOP
during startup. So we -- in the initial core
evaluation, analyze with some steam flowing from the
reactor based on condensation in the drains. But we
try and minimize the steam flow until we get to high
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pressure, and we are out of any Type I instability
concern.

Now vyou were talking about what we are
going to do?

CHATRMAN CORRADINT: Well, I'm just
repeating what I thought he said, which was, you will
take us through the startup path and at some selected
points in there look at a TRACG analysis to see that
your decay ratios and how they are evolving as you are
coming up in power and flow; that's what I thought I
heard.

MR. MARQUINO: No, we documented our
stability evaluation in 4D, and we were looking for --
we started out looking for flow instability in the
fuel channels. And three years ago the staff asked us
to do a kinetics evaluation, so we responded by
including a 3-D kinetic simulation, and that is in 4D
oW .

We don't have to characterize the decay
ratio, because we show the power is stable during the
startup, and we have very large margins to CPR.

CHAIRMAN CORRADINI: Thank you.

MR. YANG: The next slide, please.

In summary, based on the approved
methodology, the results show that ESBWR is stable
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during normal operations and AOOs, and based on the
results, we can see -- we can say the ESBWRs meets the
GDC-10 and 12 requirements.

I will take -- I will use the next two
slides to go through the affirmatory items for this
stability LPR summation, and for the first three
items, GE's -- GEH's resolution is that there is no
change in the field design, the phase parameters.

And also we show that stability is not
sensitive to CPR correlations.

And also we have evaluated stability
performance during ATWS. And it show that stability
performance is not of concern during ATWS events.

Next slide, please.

And there is an ongoing effort to develop
the detect-suppress solution which will, based on
existing methodology, but it will consider the ESBWR
characteristics.

And for the startup stability, I think Mr.
Marquino summarized, and we will further evaluate with
different methodologies and also 1looking at xenon
trending effect.

MR. WALLIS: The ESBWR is stable during
startup as long as you startup slowly enough, but you
go 1into it for other reasons. It isn't inherently
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stable. You've got to do things right. Isn't that
true?

MR. MARQUINO: That's true.

There was a lot of focus on this in some
universities and lab testing, and they did prove that
if you do something you can get the flashing
condensation instabilities.

But in the bundles, we are -- we're not
limited in that we -- as long as we comply with the
heat uprate, which we already had as a limit, we can
generate that regime.

MR. ABDEL-KHALIK: On item #5, will we
have the opportunity to review that design detail?

MR. YANG: Right, there is an open item on
this and GEH will address this.

MR. ABDEL-KHALIK: Right.

MR. YANG: So on the last item, we have
shown that for the gap conductance obtained from
different model, they are similar. One 1is from the
prime pallette model, another one is just for gap-
conducting model. And the results show there gave
similar results on the stability performance.

That will be all for stability.

CHAIRMAN CORRADINI: Other questions?

MR. MAYNARD: On stability, what is your
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current status on simulator? Do you have a simulator?

MR. MARQUINO: Yes.

MR. MAYNARD: Have you run a startup on
the simulator?

MR. MARQUINO: I have the simulator right
here on my laptop. I can show you during a break
maybe.

We --

MR. MAYNARD: I wonder if that might be a
way to go through a startup in similar -- you asked
for a detailed procedure. Well, a detailed startup
procedure 1is going to be involving a lot of system
line and some other things that are going on.

I think you are really interested in the
key aspects from the reactivity -- and there may be a
way to step through that without having a detailed
procedure --

MR. SIEBER: Well, Chapter 14 doesn't give
you the details. It tells you all the criteria you
have to meet.

MR. MAYNARD: I think what vyou are
interested in is what is going to occur, what limits
on rates and what parameters are really being looked
at from step to step there. If you have something
like that, I think it would help with the process.
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MR. ARMIJO: You know, related to that,
one of the things that BWR used to be very good at,
the old BWR had flow controlling power, and so you
wanted to raise power very smooth, very slowly; for
example, preconditioning fuel that was -- had PCI
risk, that was a nice feature of the -- with the
conventional BWR.

With the ESBWR I personally don't know
exactly if you could do the same thing.

MR. MARQUINO: Dr. Perditza (phonetic) has
a presentation that will go through that shows how we
will do that.

MR. ARMIJO: Okay, I'll just hold on.

CHAIRMAN CORRADINT: Any other questions
from the members? Or

else we will go into a break.

Thank you very much, and we will have the
staff talking to us about their SER and open items
after a break at 10:30.

(Whereupon at 10:14 a.m. the proceeding in the above-
entitled matter went off the
record to return on the record
at 10:30 a.m.)

CHATIRMAN CORRADINT: All right, so let's
get started. The staff is here, so we will let them

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




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

79

begin.
SER WITH OPEN ITEMS FOR CHAPTER 4

MR. DONOGHUE: Before we get started, I'm
Joe Donoghue. I'm the branch chief in reactor systems
NRO. I just want to give you a couple of words on the
staff's perspective of getting ready for this meeting.

You see members, you will see some more
members, including people in front of you, from NRO
and from NRR. Remember that we formed NRO a little
over a year ago, so there are people that -- this is a
long review for ESBWR, and the people who had started
out, reviewing NRR, and there are some people that are
still in NRR. So don't be confused when you see that
on slides.

Just wanted to say that in preparing for
this, we have a -- the staff members here, we
contractor support, and we are also going to have
members of the staff of research, the Office of
Research here.

We prepare presentations to cover a lot of
ground. We do have to cover a lot of material, but
there is more for us to do, we realize that.

So we basically have given you a status of
the review. There are many open items. I think that
was mentioned earlier.
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There 1s also relatively new information
that has come in. In the earlier presentation you
heard about, I know you were interested in, the staff
is reviewing -- it's still reviewing. There are more
areas for us to inquire about, and we realize that.

And if you get into some areas of detailed
guestioning, we are prepared for some of that, but
it's up to the committee how you want to spend the
time today and tomorrow.

We are prepared to do some of that detail
today. We can come back in future meetings and give
you some more detailed presentations.

And definitely by the time we are at the
final SER stage, when we think we have resolved the
open items, then we'll be ready to talk in a lot more
detail, okay?

CHAIRMAN CORRADINT: That sounds good.
Thank you very much. I would say just to answer one
of the points you raise is, we want to try to get
through at an appropriate level the four chapters over
the next four days.

If there are major things we have to note
and come back and schedule an additional meeting on
this, I think staff will then have to decide, and
we'll try to find a mutually agreeable time to do
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that, to get into more detail.

MR. DONOGHUE: Thank vyou.

MR. BAVOL: Well, good morning. My name
is Bruce Bavol. I'm the lead project manager for
Chapter 4, ESBWR.

This morning's presentation, the outline,
we are going to be briefing the subcommittee on the
staff's ongoing review, like Joe mentioned, of the DCD
application.

First up will be 4.2, fuel system design.

And we will be doing 4.6, functional design of fine-
motion control rod drive; 4.3, nuclear design; 4.4,
thermal hydraulic design; and finally 4 delta and 21.6
stability.

I left off 4.5, reactor materials. That's
not going to be part of the presentation, but we have
the technical reviewers in the audience today if there
are any questions.

Besides myself, Amy Cubbage is discussing

items this morning. She is the team lead for this
project. The lead technical reviewers are going to be
Paul Clipper (phonetic), George Thomas, Dr. Peter
Yarskey (phonetic), James Gilmer, Dr. Weidong Wang,

Dr. Jose March-Leuba, excuse me, you know who he is.
Robert Davis, and Nihar Ray.
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This slide indicates a summary  of
regulations and review guidance. Just wanted to post
that briefly.

REI status. The original number of REIs
started out 184, and we've resolved 150, and the
number of open items is currently 34, but as this is
an ongoing review, these numbers --

MR. WALLIS: Only 34? When you read these
documents, 1t seems 1like more than 34. Is that
because they are ongoing, or they are being tracked
for something? 1Is that why it seems so many?

MS. CUBBAGE: It should match with what
you have there.

MR. ARMIJO: I had 31, but close enough.

(Simultaneous voices)

(Laughter)

CHAIRMAN CORRADINI: We are also trying to
get them one at a time.

(Laughter)

MR. BAVOL: Each chapter will lay out the
specifics for that. But like you were saying there is
ongoing information still being reviewed. So these
numbers will definitely change.

The first section up for discussion is
Chapter 4.2, and I'd like to introduce Paul Clifford
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from NRR.

MR. CLIFFORD: Good morning. I will begin
my presentation by describing the fuel design criteria
that is specified in the DCD, and then I'll move on to
discuss the topical reports which detail the hardware,
the fuel design and the control blade design, which
will be wused by the ESBWR, and that meet the fuel
design criteria specified in the DCD.

The fuel design criteria that are
specified within ESBWR DCD, for example, shall not
fail fuel during an AOO, maintain a coolable geometry,
is consistent with the currently operating fleet, and
likewise, the control blade design requirements, such
as the ability to insert control blades during seismic
events and design basis events are consistent with the
current operating fleet.

MR. BANERJEE: This includes earthquakes,
right?

MR. CLIFFORD: Right.

Even though the criteria was identical to
the current fleet, the staff did identify a couple of
open items with the criteria themselves.

The first issue we identified which is an
allowance for limited fuel centerline melting during
AOOs. That remains and open item.
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And secondly, the staff had concerns with
the mechanical database according to 1 percent plastic
straining criteria at end-of-life conditions.

MR. ARMIJO: I have a question on that.
There seems to be an open item related to the use of
uniform strain or ultimate strain, the difference
between GEH and the staff.

Could vyou give us a 1little summary of
exactly what the issue is there?

MR. CLIFFORD: Sure. The cladding -- I'm
sorry, the staff prefers the use of uniform strain
based upon more typical stress characteristics such as
you would find in a balloon test, as opposed to the
ultimate tensile strength you would see -- I'm sorry,
the ultimate stress that you would get during like a
tensile test.

The type of 1loading that you see, and
also, there were sensitivities 1in the results with
gauge length, et cetera. And what we've seen from GE
to justify the 1 percent classic strain we feel needs
further support, and GE -- GEH I should say - actually
I've used to «calling them G&F, but GEH -- has
indicated that they have some uniform strain data from
the Japanese counterparts which they will be providing
to close out this open item.
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MR. ARMIJO: is that your understanding,
the GEH will move toward the uniform strain, and we'll
close it out that way? Is that your expectation?

MR. CLIFFORD: That is my expectation.
And also, that gets onto another slide here, they will
be providing corrosion limits and hydrogen limits from
which will be the basis of the uniform strength.

MR. ARMIJO: What is this word, prefers
uniform strain? Is the limit on the uniform strain,
or is it on the ultimate strain?

MR. CLIFFORD: The SRP, which 1s our
standard, provides a steady stream. This criterion
goes back more than 25 years. So I think we have seen
some mechanical testing data that has caused us to
rethink the previous acceptance criteria from many
many decades ago, and now we are moving toward uniform

stress based on other testings.

MR. MAYNARD: Are we changing the
requirement?

MR. CLIFFORD: We are not changing the
requirement. They are specifying the requirement. I

guess our open item is, we don't see that they have
the capability of demonstrating that they meet their
own criteria.

We don't necessarily tell them that they -
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- they define their own samples, when the point of

cladding failure occurs. And they specify this 1
percent plastic strain. And based on ultimate
tensile.

And we asked them to demonstrate that they
can meet that with their current cladding. And I
don't believe to this point that they provide enough
evidence.

And as I indicated, they have stated that
there is additional test data 1in their Japanese
counterparts which they will use to close this open
item.

MR. MAYNARD: And it's an important issue.

But you talk about the staff prefers. We are dealing
in a regulatory environment, there should be a
requirement, and are they meeting the requirements or
not, as opposed to redefining what the staff may want.

Is this stuff that is just not very well
covered in the regulations?

MR. CLIFFORD: There are is no regulation
specifying --

MR. MAYNARD: Reg guides, sort of thing?

MR. CLIFFORD: The SRP, which was recently
updated, provides for clarification on what staff
would like to see.
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MR. MAYNARD: Yes, but the SRP applies to

the staff review. What is the requirement on the
applicant? I just wondered whether we are going
beyond what the regulation requires just because -- I

want to make sure that when we have different staff
members that may come in to all of a sudden start
changing, say now, we really prefer this, or we really
prefer that.

MR. CLIFFORD: That's a very good point.
I think that that's one of the reasons we added
further details to the SRP so that we don't get into
different regulatory instability I guess vyou would
call it.

MR. SHACK: But there is this
interpretation. I mean you have a GAC reguirement,
then what do vyou use to demonstrate that you are
meeting that requirement I think is where we begin to

get these interpretative differences.

MR. MAYNARD: That's where most of them
come.

MR. CLIFFORD: And now we are moving on to
the hardware section, the actual -- there are four

topical reports that were submitted, two for the fuel
assembly design, and two for the control blade design.
The two topical reports which were
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submitted for GE14E were reviewed, and in addition,
the staff performed some FRAPCON Dbenchmark or
independent calculations to verify that they met the
design requirements. And we performed an audit down
in GE Wilmington their engineering calculations.

GE previously identified that the GE14E is
almost identical to the GEl14, except it's slightly
shorter components, materials, et cetera.

Of course that was important for the staff
to ensure that there was applicable operating
experience.

During the course of the interview we
identified a couple of open items with the GE14E. The
first is although the components are identical, the
space -- the distance between the spacers in effect
flow induced vibrations, and we have asked GE to
perform some full flow testing, and they agreed to.
And we are still waiting for the results. They may
have already performed it; I'm not sure. They are due
any time now.

The second is that we expected them to
provide us with the corrosion limits for both oxides
and hydrogen uptake.

The third item is that during the FRAPCON
benchmark we identified some discrepancies between the
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JESTER-M model and the FRAPCON model, and subsequently
GE issued an evaluation, and the staff is reviewing
that.

