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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION
BEFORE THE ATOMIC SAFETY AND LICENSING BOARD
In the Matter of:

)

DUKE ENERGY CORPORATION
(Catawba Nuclear Station,
Units l and 2)

)
)
)

Docket Nos.

50413-OLA
50414-OLA

)
DUKE ENERGY CORPORATION'S REPLY FINDINGS OF FACT
AND CONCLUSIONS OF LAW REGARDING CONTENTION I
In accordance with the scheduling order of the Atomic Safety and Licensing
Board ("Licensing Board"),' Duke Energy Corporation ("Duke") submits these reply findings of
fact and conclusions of law on Contention I in this proceeding. Duke filed its initial proposed
findings of fact and conclusions of law on August 6, 2004.2 The NRC Staff filed proposed
findings and conclusions on the same date.3

Duke's initial proposed findings of fact and

conclusions of law, as generally supported by the NRC Staff's proposed findings, address and
are sufficient to resolve all contested issues raised by Contention I.

I

"Order (Regarding Proposed Redacted Memorandum and Order, and Proposed Schedule
Changes)," May 25, 2004, at 2.

2

"Duke Energy Corporation's Proposed Findings of Fact and Conclusions of Law
Regarding Contention I," August 6, 2004 ("Duke Findings").

3

"NRC Staff's Proposed Findings of Fact and Conclusions of Law Concerning BREDL
Contention I," August 6, 2004 ("Staff Findings").

1

Blue Ridge Environmental Defense League ("BREDL") filed proposed findings
of fact and conclusions of law on August 6, 2004.4 As shown belowv, the BREDL Findings are
contrary to the evidentiary record in this proceeding. In fact, the record clearly supports, by a
preponderance of the evidence, a determination that with respect to the matters raised in
Contention I there is reasonable assurance that the proposed license amendment will not
endanger public health and safety.
I.

FINDINGS OF FACT

The following reply findings address the most significant of the BREDL proposed
findings of fact and conclusions of law. In general, BREDL has ignored the beneficial impacts
of Mixed Oxide ("MOX") fuel, as well as the conservatisms inherent in an Appendix K
evaluation. BREDL's proposed findings represent speculative arguments based on information
generated by others, often taken out of context. In total, BREDL's proposed conclusions of law
are not supported by the record.
BREDL's proposed findings, conclusions, or arguments that are not specifically
addressed herein are either immaterial to the resolution of Contention I or address discrete
matters not in dispute.
Introduction
1.

BREDL Finding 4: BREDL suggests that Dr. Lyman is a "qualified expert ...

whose testimony should be given full weight." This finding cannot be accepted. Duke does not
challenge Dr. Lyman's status as an expert on the matters raised by Contention I. However, his
actual, direct experience in the area of Loss of Coolant Accident ("LOCA") analysis is very

4

"Blue Ridge Environmental Defense League's Proposed Findings of Fact and
Conclusions of Law Regarding BREDL Contention I," August 6, 2004 ("BREDL
Findings" or "BREDL Conclusions").

2

V

limited and his opinions are based solely on second-hand review of the public literature. The
weight of his testimony must be viewed accordingly.

Duke Finding 16; Staff Finding 4.7.

Moreover, Dr. Lyman has made arguments in this matter that seriously undermine his objectivity
and technical credibility, a finding which goes directly to the weight to be given to his testimony.
Duke Findings 115-122.
Regulatory Requirements
2.

BREDL Findings 6 and 11: These two proposed findings confirm that the key

issues in dispute concern compliance with the acceptance criteria in 10 C.F.R. § 50.46 for peak
cladding temperature ("PCT"), maximum cladding oxidation, and preservation of coolable core
geometry.

These findings also confirm Duke Finding 33 -

that is, that the regulatory

acceptance criteria related to long-term coolability and total core oxidation (hydrogen
generation) are not in dispute. BREDL has made no argument related to those acceptance
criteria. Proposed BREDL Finding 17 seems to inconsistently re-introduce the issue of longterm core coolability. However, Dr. Lyman removed that issue from his testimony (Tr. 2239)
and, in any event, Duke demonstrated that there is no issue with respect to long term cooling.
See Duke Finding 33.
3.

BREDL Finding 7: In this proposed finding, BREDL states that "[t]he NRC did

contemplate requiring fuel relocation to be included in Appendix K models, but decided such
action was not necessary in the course of its resolution of Generic Issue 92." It is patently true
that the NRC did indeed conclude, in resolving Generic Issue 92, that it is not necessary to
include fuel relocation in Appendix K models. However, it is an overstatement for BREDL to
suggest that the "NRC did contemplate" requiring that fuel relocation be modeled. There is no
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indication in the record that the NRC ever considered a rulemaking on the issue of fuel
relocation.
4.

BREDL Finding 8: Like proposed BREDL Finding 7, this proposed finding

asserts the NRC's "acknowledgement" that "fuel relocation effects is a non-conservatism in
Appendix K with a very large potential impact" and that resolution of Generic Issue 92 "may
have been in error." The proposed finding, however, overstates the Staff's view. The exhibits
cited by BREDL (Exhibits 26 and 27) only report a result of a calculation; they do not
categorically state, as suggested by BREDL, that there will be a "very large potential impact" on
PCT. Duke Rebuttal Testimony, 1 13. The proposed finding also specifically includes a material
omission

-

the finding does not address the context of the discussions in Exhibits 26 and 27.

Exhibit 27 considers relocation only to be a regulatory issue to be re-visited if the NRC chooses
to remove conservatisms in the Appendix K approach as part of risk-informing the regulations.
See Duke Rebuttal Testimony, 1 14; Duke Finding 50. Duke's MOX fuel LOCA analysis
remains an Appendix K analysis, and the NRC does not currently require modeling of fuel
relocation in an Appendix K model. See Duke Findings 40, 51. Exhibit 26 also, on its face, does
not "re-prioritize" the generic issue. The author of that memorandum, Dr. Meyer, has made his
position and the NRC Staff's position very clear in the record of this proceeding. Tr. 2667
(Meyer); Staff Rebuttal Testimony, ¶ A.5; Staff Finding 4.23.
5.

BREDL Finding 9: The fact that fuel relocation is modeled in the Westinghouse

"best estimate" evaluation model used for the Catawba co-resident Low Enriched Uranium
("LEU") fuel is immaterial.

Under 10 C.F.R. § 50.46, an applicant may use either a best

estimate model or a model that conforms to Appendix K. Duke Finding 22; Staff Finding 2.3.
The MOX fuel lead assemblies were analyzed using an Appendix K model. Duke Findings 24,
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51. That model has been estimated to include conservatisms relative to a best estimate model of
more than 600'F for peak cladding temperature ("PCT") to address uncertainty. Duke Finding
40. No aspect of the adaptation of the AREVA Appendix K model to MOX fuel was disputed.
Duke Finding 25.
6.

BREDL Finding 10:

BREDL argues that it is appropriate to apply the

requirements of 10 C.F.R. § 50.46, only if Appendix K is not strictly applied to exclude
consideration of relocation of the fuel during a LOCA. However, this argument ignores the very
approach to relocation embodied within an Appendix K evaluation model. Any uncertainty
related to relocation effects is addressed by the inherent conservatisms in the model rather than
by specific best estimate modeling. Duke Finding 101. Moreover, the record does not support
the premise in the proposed finding that MOX fuel is susceptible to a unique relocation impact.
In fact, the record shows that fuel relocation is not uniquely, or even primarily, a MOX fuel
issue. See, e.g., Duke Findings 55-59, 102, 110.
General Findings of Fact
7.

BREDL Findings 11-13: These proposed findings are no more than a summary of

Dr. Lyman's initial testimony, at page 2.
addressed by Duke's Rebuttal Testimony,

Dr. Lyman's broad conclusions are specifically

¶¶ 7-14. Contrary to Dr. Lyman's characterization,

Duke has done far more than make an "assertion" that the lead assemblies will meet the LOCA
acceptance criteria. Duke has performed a full large break LOCA analysis. See Duke Findings
21-30. Duke concludes, based upon that analysis and an ample evidentiary record, that it has
addressed uncertainties in MOX fuel behavior and that the proposed license amendment meets
the requirements of 10 C.F.R. § 50.46. See, e.g., Duke Findings 31-38, 54. Duke further
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concludes, based upon the total evidentiary record, and as supported by the NRC Staff, that the
"reasonable assurance" standard for public safety has been satisfied. Duke Findings 123-126.
8.

BREDL Finding 12: In this proposed finding BREDL specifically repeats the

testimony of Dr. Lyman that fuel relocation "may be a greater concern for MOX fuel rods than
for LEU fuel rods." This assertion is addressed further below. Suffice it to say here, however,
the record does not support the assertion. See Duke Findings 55-95.
9.

.BREDL Finding 13: Here BREDL invokes the "reasonable assurance" standard.

However, BREDL throughout its proposed findings ignores the many factors and assessments
discussed throughout the Duke Findings and further below

-

-

that demonstrate that the

"reasonable assurance" standard is in fact met.
10.

BREDL Finding 14: This proposed finding states that Dr. Lyman testified that

"experts" have concluded that MOX fuel may experience more severe relocation. However, no
expert is identified here, and none were called by BREDL to provide testimony subject to crossexamination. Moreover, in this proposed finding BREDL reads the NRC Staff initial testimony
(at p. 14) to confirm "the possibility" that the amount of fuel that is relocated in MOX fuel rods
may be greater than in LEU rods. However, this is, at best, a very selective reading of the Staffs
testimony. In the referenced testimony the Staff states only that the postulated scenario "is
possible"-if the MOX fragments were smaller than LEU fuel fragments. The record does not
establish that the condition in that testimony (regarding smaller fuel fragments) will be satisfied.
See Duke Findings 60-72. Moreover, the NRC Staff testimony is quite clear that, even if more
fuel material relocates in MOX fuel, "it would not matter." Staff Testimony, I A.38.
11.

In proposed BREDL Finding 14 BREDL also selectively reads the NRC Staff

testimony (at p. 17) as "confirming" that fuel relocation could cause the cladding temperature in

6

the balloon to increase by several hundred degrees. However, in fact, the Staff testimony does
no more than acknowledge the generic issue that applies to both LEU and MOXfuel. Staff
Testimony, I A.47. The Staff in that discussion also observes that "[t]he assumption that the
relocation effect would be more severe for MOX fuel than LEU fuel is speculative." Id. The
Staff continues in the next paragraph of its testimony to conclude that the use of four MOX fuel
lead assemblies will not adversely affect the health and safety of the public. Id., ¶j A.48. To the
extent BREDL would rely on the Staff "experts" to support its position, BREDL would clearly
fail.
12.

BREDL Finding 15: This finding merely cites the 2001 study by the Institut de

Protection et de Suret6 Nucleaire ("IPSN," now "IRSN"), reported on in Exhibits 4 and 29. The
2001 IRSN calculation is fully and accurately addressed in Duke Findings 46-49, 56.

In

particular, the comment from IRSN quoted by BREDL regarding the assumption that MOX fuel
would have a higher relative power than LEU fuel has been addressed. The record establishes
that the power difference actually would be a benefit, not a penalty, for Catawba MOX fuel lead
assemblies relative to the LEU fuel in the same core. Duke Testimony,
13.

¶¶ 129-142.

BREDL Finding 16: This proposed finding describes potential impacts of fuel

relocation. The central argument is that relocation "could increase the severity of a LOCA by
resulting in greater fuel rod peak cladding temperature (PCT) than in a situation in which fuel
relocation did not occur ....

This increase could be as much as several hundred degrees."

However, the record shows that the relocation node is ordinarily not the PCT location.
Therefore, even if there is an increase in cladding temperature at a balloon due to fuel relocation,
this does not translate to an increase in PCT, much less one of "several hundred degrees." Staff
Testimony, I A.46, Duke Rebuttal Testimony, 1 73.
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14.

BREDL Finding 17: See the discussion of BREDL Findings 6 and 11 above.

15.

BREDL Finding 18:

In this proposed finding, BREDL characterizes the

testimony of Duke's experts, Mr. Harvey and Mr. Dunn. The characterization appears to be
based upon the Duke Testimony, 1 98.

However, contrary to BREDL's reading, Duke's

testimony simply states that the density of the relocated fuel will not be close to the original
pellet density (typically around 95% of theoretical density). This testimony is not "undermined"
in any way by the NRC Staff testimony (at p. 12) cited by BREDL. The Staff testimony relates
to the theoretical size of the balloon -

which the Staff characterized as involving an increase in

diameter "usually smaller" than 100%.

Staff Testimony,

¶ A.32.

BREDL is again

mischaracterizing the record. Moreover, the record specifically shows that the cladding strain
for the MOX fuel PCT case is 51%. Duke Testimony,
16.

¶ 56.

To the extent proposed BREDL Finding 18 again references the 2001 IRSN report

(Exhibits 4/29), that report has been thoroughly addressed elsewhere. See e.g., Duke Testimony,

¶¶ 152-154.
17.

BREDL Finding 19: This proposed finding quotes Dr. Lyman's testimony that,

when relocation does occur, the FR2 test (Test E4) shows that the peak temperature of the
ballooned region is within about 207F of the PCT and the unruptured node. While this may have
been true in that test, the FR2 test is in fact entirely consistent with Dr. Meyer's testimony that
"[b]ecause of the larger surface area of the ballooned region, its cooling is enhanced and the
ballooned region is seldom the location of the calculated peak cladding temperature when
relocation is ignored." Staff Testimony,
18.

¶ A.42.

BREDL Finding 20: The evidentiary significance of Exhibit 27, Attachment 5,

has been addressed in Duke Finding 50. The document merely reports as an upper bound the
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2001 IRSN calculation of a relocation effect for LEU fuel of 313'F. That IRSN calculation did
not include enhanced cooling effects. Duke Rebuttal Testimony,
19.

¶ 73.

BREDL Finding 21: BREDL acknowledges Mr. Dunn's testimony (Tr. 2400)

that -because

of cooling mechanisms at the ruptured location

-

the peak cladding temperature

is generally not at the ruptured location. BREDL's proposed finding nonetheless argues that Mr.
Dunn "would not concede" that the non-ruptured location would in all certainty remain the
limiting case.5 However, Mr. Dunn's actual testimony did not address the point made by
BREDL. His testimony was that, assuming a combination of the extra cooling mechanisms and
reasonable fuel relocation effects, the result will be a rupturedlocation temperature "that's close
to, maybe slightly below, could be slightly above, within a reasonable bound of uncertainty well
within the conservatisms that we talk about ... when we do a calculation under Appendix K."
Tr. 2400 (Dunn). His testimony actually relates to a comparison between a no relocation case
and a relocation case at the ruptured location; it is not directed at all to a comparison of a
ruptured node cladding temperature to PCT at a non-ruptured location. Moreover, Duke pointed
to the most comprehensive tests available, and those tests demonstrated precisely Mr. Dunn's
point about the "near match" between cooling benefits and fuel relocation impacts.
Testimony,
20.

a

Duke

150.
BREDL Finding22: BREDL would find, based upon no more than Dr. Lyman's

speculation, and the mischaracterized testimony of Mr. Dunn as addressed above, that "the
ruptured node could in fact be limiting with respect to PCT." However, no evidence actually
supports this speculation. In fact, Exhibit 53 states that the ruptured node is typically non5

BREDL's proposed finding states that Mr. Dunn "would not concede" the point.
Presumably, BREDL's argument is that Mr. Dunn would not categorically maintain that
the non-ruptured location would remain the limiting case.
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limiting, even in Westinghouse analyses that model fuel relocation. See also Duke Findings 4243. Moreover, no evidence supports a conclusion that a ruptured location PCT would involve a
non-compliance with the acceptance criteria of 10 C.F.R. § 50.46. See Duke Findings 31-32,
111-112.

BREDL argues that Duke has not attempted to estimate the magnitude of the

speculative reduction in margin, but there is no reason to conclude that there would be a
reduction in margin or that any such reduction would be significant.

Moreover, BREDL's

argument relates entirely to LEU fuel, and does not involve a difference between MOX fuel and
LEU fuel.
21.

BREDL Findings 23-24: These proposed findings fail to establish that the PCT

acceptance criterion (2200'F) in 10 C.F.R. § 50.46 is not satisfied. Moreover, these matters are
completely addressed by Duke Findings 103-111. Applying a hypothetical relocation penalty to
the highest ruptured node temperature for the cases that form the LOCA limits does not result in
a temperature greater than 2200'F.
22.

BREDL Finding 25: BREDL in this proposed finding argues that there is

uncertainty with respect to whether the calculated 313'F fuel relocation effect (for LEU fuel)
from the 2001 IRSN study is truly bounding. Ironically, the "uncertainty" cited here is based
upon the existence of a smaller calculated effect from IRSN

-

the maximum 270'F impact

reported in IRSN's May 2004 presentation (Exhibits 5/30). With respect to the "confusion"
between the IRSN slide language and the accompanying data plot, BREDL did not present IRSN
to explain the discrepancy or to respond to questions. The report, therefore, can be disregarded
in this respect because it lacks any evidentiary value.6

6

Note, however, the 2004 IRSN

Indeed, BREDL's argument is fundamentally unfair. BREDL's case is based upon the
work of IRSN. BREDL did not call any IRSN witnesses. Then BREDL alleges
"uncertainties" based on inconsistencies and ambiguities in IRSN's work product.
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presentation (Exhibits 5/30) is the only IRSN calculation presented by BREDL that suggests a
MOX-LEU difference. That difference has been demonstrated to be completely irrelevant to the
Catawba lead assemblies because the assumption regarding initial stored energy does not apply
to the lead assemblies. See Duke Findings 57-59, 93.
23.

BREDL Finding 26: BREDL in this proposed finding acknowledges that, if fuel

relocation effects were considered (and they are not required to be in an Appendix K evaluation
model), both adverse fuel relocation effects and benefits related to MOX fuel effects should be
considered. Duke agrees. See Duke Finding 109. However, BREDL confuses the facts. The
decay heat benefit of up to 750 F cited in the testimony (and acknowledged by Dr. Lyman) is
indeed reflective of a MOX-LEU fuel difference. The calculations BREDL presents related to
fuel relocation effects of several hundred degrees are LEU effects. They are not representative of
a MOX-LEU difference. As noted above, the only calculated impact attributable to MOX fuel
cited by BREDL was 18'F from Exhibits 5/30 -

and even that result was based on assumptions

that do not apply to the MOX fuel lead assemblies. Duke Findings 57-58.
24.

BREDL Finding27: In this finding BREDL attempts to utilize the 1841'F peak

ruptured node temperature provided in Exhibit I as the basis for an assessment of fuel relocation
effects on PCT. This approach uses the wrong LOCA analysis case and has been thoroughly
discredited. See Duke Finding 105. The latest "logic" embodied in this proposed finding would
essentially equate 1750'F to 18411F based on the testimony of Mr. Dunn that 100 0F is not a
significant difference in a LOCA analysis (Tr. 2392). However, it does not follow that an
arbitrary 911F penalty (1841'F minus 1750WF) should be applied at the outset of the pseudoscientific assessment of relocation effects. The appropriate baseline for that assessment remains
the 1750'F result used to define the LOCA limits for the MOX fuel lead assemblies at Catawba.
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In any event, even if 1841PF were used, the result would not be a number in excess of 22001F.
See Duke Finding 111.
25.

BREDL Findings 28-30:

These proposed findings address the acceptance

criterion for local oxidation. Duke has demonstrated, by an analysis similar to Dr. Lyman's own
analysis, that -

even assuming the most pessimistic result from the 2001 IRSN study (for a 0.70

filling ratio) -

the 10 C.F.R. § 50.46 local oxidation acceptance criterion is not exceeded. Duke

Finding 112. Dr. Lyman speculated that oxidation may increase if relocation is assumed to cause
higher cladding temperatures. However, Mr. Dunn specifically addressed this in his testimony
and concluded that, even assuming higher temperatures due to relocation, local oxidation would
still be less than 11.0%. Duke Finding 113. Even this result provides substantial margin to the
acceptance criterion of 17.0%.
26.

BREDL argues in proposed BREDL Finding 30 that the IRSN calculation was

terminated at 200 seconds, while the Catawba LOCA analysis was run for 400 seconds. In fact,
however, Duke's approach is a conservative over-estimate of relocation effects on oxidation,
because IRSN over-estimated relocation effects on ruptured node temperature (which will drive
the oxidation results) by not accounting for the beneficial effects of fuel rod ballooning (the
enhanced cladding cooling). Duke Rebuttal Testimony,

¶ 73. In addition, the Staff's expert, Dr.

Meyer, indicated in response to questioning from Dr. Lyman that the addition of the IRSN
oxidation value to the Duke MOX prediction (as provided by Mr. Dunn) would result in a
legitimate estimate. Tr. 2664-65 (Meyer).
Fuel Pellet Fragment Size
27.

BREDL Findings 32-43: These proposed findings summarize Dr. Lyman's theory

that filling ratios may be greater for MOX fuel than for LEU fuel. This speculative theory has

. 12

been thoroughly addressed in the record and by Duke Findings 60-72. In fact, the weight of the
evidence cited in Duke's findings shows that there will be no significant difference in fuel
fragmentation and filling between MOX and LEU fuel. Moreover, even if a difference existed,
the evidence supports the conclusion that fine MOX materials will not affect LOCA performance
because a substantial portion would not be retained in the ruptured fuel rod.

See Duke

Finding 69.
28.

The quantitative bounding analysis presented by Duke in Duke Findings 103-111

also specifically assumes a relocation effect based on a very high filling fraction of 0.70. The
experts specifically testified that the filling ratio for MOX fuel will be less than 0.70. Duke
Findings 61, 70. Therefore, the argument on filling ratio is mooted by the bounding analysis
cited in Duke's Findings of postulated impact on cladding temperature at the ruptured location.
29.

BREDL Finding 33: This proposed finding asserts the "vulnerability" of MOX

fuel to relocation that is associated with development of a high burmup "rim" region. This
proposed finding is pure speculation and unsupported by the record.
Testimony,
30.

See Duke Rebuttal

¶¶j 26-27.
BREDL Finding 35:

This proposed finding based on the CABRI tests is

specifically refuted by the record cited in Duke Finding 71.

The CABRI tests are not

representative of LOCA conditions.
31.

BREDL Finding 36: This proposed finding asserts Dr. Lyman's expectation that

the onset of fuel relocation in MOX fuel may occur earlier in its irradiation history than in LEU
fuel. In fact, the record shows (based on an IRSN study, Exhibit 31, offered by BREDL) that
fuel relocation is not specific to high bumup fuel and can occur very early in the operating life of
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LEU fuel. Tr. 2463-64 (Lyman). Thus, Dr. Lyman has not established that this is a significant
MOX-LEU difference.
32.

In proposed BREDL Finding 36 BREDL also asserts that "the particle size

distribution in MOX fuel will be smaller than in LEU fuel at the same rod-average burnup, to the
extent that fine fragments are generated in the ultra-high burnup plutonium agglomerate
regions." This statement is misleading. The condition ("to the extent") included in the statement
is important. In fact, a materials science expert, Dr. McCoy, testified that the "rim" region
(whether at the periphery or around the plutonium agglomerates) would be tougher and less
likely to produce fine fragments. Duke Rebuttal Testimony,
33.

¶ 29.

BREDL Finding 37: This proposed finding relates to thermal conductivity and

radial temperature gradient for MOX fuel versus LEU fuel. The finding is specifically refuted by
the record cited in Duke Finding 67. Dr. McCoy specifically testified that there will be no
significant differences in thermal gradients or thermal stresses between MOX fuel and LEU fuel,
and the effect on fragmentation will be similar. Duke Rebuttal Testimony, 1 34. Thus, there
cannot be a significant MOX-LEU difference in this area.
34.

BREDL Finding 38: This proposed finding summarizes Dr. Lyman's initial

testimony at ¶ A.l 1. He recounts the difference in opinion among participants in the 2001 PIRT
panel on LOCAs and high burnup fuel. That difference of opinion, however, was addressed by
Duke's expert, Mr. Harvey

-

who pointed out that, when looked at in total, there is little support

from the PIRT expert panel that fuel relocation is an important phenomenon with respect to
LOCA analyses, or more particularly for the MOX fuel lead assembly LOCA analysis. Duke
Rebuttal Testimony,

¶T 36-37. In the overall context of the evidentiary record, and given that
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these PIRT "experts" were not available for questioning, this "difference in opinion" argued by
Dr. Lyman and BREDL has no evidentiary value.
35.

BREDL Findings 39-43: In these proposed findings, BREDL argues with a

conclusion of the NRC Staff expert regarding fine fuel material created in a LOCA. Dr. Meyer
gave his opinion that there would be few or no small particles in the ballooned region that would
make a difference between MOX and LEU fuel with respect to the relocated fuel mass. Dr.
Meyer's testimony, supported by Exhibit 40, was that small particles or fines would be blown
out of the burst opening when the rod depressurizes.

Staff Testimony,

¶ A.40. Dr. Meyer

specifically responded to the criticisms of Dr. Lyman (e.g., the applicability of the Argonne tests
reported in Exhibit 40). Tr. 2653-58. In contrast, the testimony of Dr. Lyman cited in these
proposed findings is only speculation. Dr. Lyman's testimony (e.g., that the fine material may
originate in plutonium agglomerates distributed throughout the fuel pellet) does not establish that
there is a significant difference between MOX fuel and LEU fuel or that there in fact would be
substantial quantities of fine material remaining in the fuel rod. See Tr. 2658 (Meyer) ("we were
merely speculating as to whether such a small change in the distribution of small particle sizes
between LEU and MOX is going to have any effect at all on the packing fraction"). 7
36.

In fact, Duke's expert -

a qualified materials scientist -

testified that, based on

the microstructure of the fuel, the fragmentation of MOX and LEU fuel will be similar. Duke
Finding 62. Moreover, his expert opinion is that "rim" material is tougher and more resistant to
cracking, and that plutonium agglomerates will not yield more fine particles than LEU fuel.
Duke Finding 66. The fact that a substantial portion of any fine material (as argued by Dr.
7

For example, in proposed BREDL Finding 40, BREDL refers to "excess fine particles
generated in MOX fuel," when the presence of such "excess fine particles" is an
unsupported assertion.
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Meyer), or even a smaller portion of that material (which surely even Dr. Lyman must
acknowledge, based on Exhibit 40), will be blown out of the fuel rod is simply added assurance
on top of the reasonable assurance established by Dr. McCoy's testimony.
Fuel-Cladding Interaction
37.

BREDL Findings 44-46. These proposed findings summarize Dr. Lyman's initial

testimony (¶ A. 12) related to speculative differences between MOX and LEU fuel with respect to
fuel pellet-to-cladding interaction. This testimony is thoroughly addressed in the record cited in
Duke Findings 82-89.
38.

The record

-

including the expert testimony of Dr. McCoy and Dr. Meyer, and

the exhibits offered by BREDL

-

supports three conclusions. First, hypothetical pellet-to-

cladding bonding might be beneficial to controlling relocation

-

but Duke did not credit that

benefit. Duke Finding 86. Second, because of similarities in fuel chemistry and operating
conditions, any pellet-to-cladding interaction will have similar effects in MOX and LEU fuel.
Duke Finding 85; Duke Testimony,

¶ 123. Third, the Staff expert, Dr. Meyer, maintains that the

cladding balloon will be a function of the cladding, regardless of the fuel pellet type. Staff
Finding 4.27; Tr. 2628, 2643 (Meyer). BREDL's attempt in proposed BREDL Finding 46 to
characterize the opinions of Duke and the NRC Staff experts as "speculative and unpersuasive"
is ironic, given the entirely speculative nature of Dr. Lyman's asserted "difference" in this area.
39.

Proposed BREDL Finding 45 is also a red herring. BREDL's "argument" is that

Duke has not quantified the conservatism involved with respect to fuel-cladding bonding for
MOX fuel. Duke in its LOCA analysis for the MOX fuel assemblies did not assume any fuelcladding bonding.
Testimony,

m¶

There is no requirement to quantify that conservatism.

44-46.
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Duke Rebuttal

40.

Contrary to the implication of proposed BREDL Finding 46, there is absolutely

no disagreement between the Duke and Staff experts that using unirradiated properties in a MOX
fuel LOCA analysis to evaluate cladding swelling (as Duke has done) is conservative. Tr. 267677 (Meyer).
Cladding Balloon Size
41.

BREDL Findings 47-51: These proposed findings summarize Dr. Lyman's initial

testimony (¶ A. 14) related to differences in the cladding balloon size for

M5TM

cladding relative

to Zircaloy-4 cladding. Dr. Lyman's specific speculation is that the balloon in M5™cladding
will be greater than for Zircaloy-4, because of the "greater retained ductility" of M5TM. This
issue is thoroughly addressed in the record cited in Duke Findings 73-81. The record actually
supports a conclusion that there will be little difference in the consequences of fuel relocation
due to cladding differences.
42.

The record specifically supports three conclusions in this area. First, the ductility

v. irradiation curves for M5Tn and Zircaloy converge with irradiation.

Thus, there is no

substantial difference. Duke Finding 78. Second, Exhibit 41 (based on "ramp" testing) shows
that M5TNI cladding actually does not develop larger balloons than Zircaloy-4 under LOCA
conditions. Duke Finding 79. Third, this cladding issue does not MOX-LEU difference under Contention I. Duke Finding 77.

in any event -

relate to a

Some of BREDL's specific

proposed findings in this area are further discussed below.
43.

BREDL Finding49: This finding, reciting faults Dr. Lyman finds in ramp testing,

is specifically addressed by Duke Finding 80. BREDL appears to advocate using cladding with
inferior performance (characterized by corrosion, spalling) to reduce cladding swelling. This
obviously would not be prudent.
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44.

BREDL Finding50: Among other things, this proposed finding summarizes Dr.

Lyman's initial testimony (I A.14) related to the cooperation of AREVA regarding access to
irradiated high-burnup M5Tm LEU fuel for testing. That testimony is immaterial to the technical
issues raised in Contention I, but nonetheless was addressed by Mr. Dunn. Duke Rebuttal
Testimony,
45.

¶¶ 60-61.
BREDL Finding 51: This proposed finding merely summarizes Dr. Lyman's

initial testimony (¶A.14) regarding use of M5S™cladding in France and Germany. Dr. Lyman's
testimony is, however, speculative at best. Mr. Dunn explained that M5S™cladding has not been
deployed on a large scale basis in France because the fuel management scheme there has not
incorporated high burnups.

Duke Rebuttal Testimony, 1 63.

Nonetheless, M5™ cladding

experience is not "extremely limited." In Germany alone, 193 MOX fuel assemblies with M5™
cladding have been delivered since 1998 and an additional 192 LEU fuel assemblies with M5™
cladding have been delivered in the same time period. Id., 1 64. The total experience base for
M5T™-clad fuel assemblies is substantial and growing, with more than 3070 such assemblies
supplied worldwide, to 41 reactors, though mid-2004. Id.
Coolable Core Geometry
46.

BREDL Findings 52-53: These proposed findings summarize Dr. Lyman's initial

testimony (¶ A.15) related to maintaining a coolable core geometry.

This testimony was

specifically addressed by the Duke expert, Mr. Harvey. Duke Rebuttal Testimony,

m¶

The maximum calculated blockage value for the MOX fuel LOCA analysis was 52%

-

66-69.
well

below the maximum blockage value where core cooling has been demonstrated. Id., ¶ 69. There
is no evidence that fuel relocation will result in a significant change in the ability to cool the fuel
assembly. In fact, the evidence shows that beneficial cooling effects are a near match for adverse
relocation effects. See, e.g., Duke Testimony,

¶j 150; Tr. 2440-42 (Dunn).
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47.

Moreover, contrary to Dr. Lyman's assertions that this issue is a greater concern

for MOX fuel, the calculated results for the MOX fuel assemblies actually have more margin to
the regulatory limits than for the co-resident LEU fuel. Duke Rebuttal Testimony,

m¶

68, 71. In

addition, as noted many times, the MOX lead assemblies will be loaded in non-limiting core
locations with lower power than the LEU assemblies. Duke Testimony,

¶j 138.

"Smaller" Safety Margins
48.

BREDL Finding54: This proposed finding refers to the comparison calculations

for MOX fuel and LEU fuel reported in the License Amendment Request, Table 3-5 (Exhibit 1,
at 3-43). The calculation shows about a 40'F difference in PCT for the MOX case (2018'F at a
non-ruptured location) and the LEU case (1981'F).

Dr. Lyman again asserts that this

demonstrates the reduction in margin associated with MOX fuel. However, this assertion is
again a selective reading of the record, at best. The fact remains that the reported PCT result for
MOX fuel remains less than the PCT result for the LOCA analysis of record for the co-resident
LEU fuel at Catawba. Duke Rebuttal Testimony, 1 68; Tr. 2372-73 (Harvey). BREDL's focus
on an alleged reduction in margin is also immaterial to the issue of compliance when utilizing a
deterministic Appendix K evaluation and the 10 C.F.R. § 50.46 criteria.
49.

Additionally, the small difference cited in proposed BREDL Finding 54 between

the MOX fuel and LEU fuel LOCA cases would likely be reversed if Duke had taken credit for
certain MOX characteristics that would have been beneficial for MOX.

Duke Rebuttal

Testimony, 1 71.
50.

BREDL Finding 55: This proposed finding summarizes Dr. Lyman's initial

testimony (1 A.16) and again argues that reductions in margin are important -

this time because

the "linear heat generation rate for MOX fuel is generally higher than that for LEU fuel." The
assertion regarding greater linear heat generation rate for MOX fuel, however, has been
19

specifically and comprehensively refuted by the record. The Catawba MOX fuel lead assemblies
will have lesser, not greater, linear heat generation rate than the co-resident LEU fuel assemblies.
The MOX-LEU difference in linear heat generation rate is actually a benefit, not a penalty, for
the Catawba MOX fuel lead assemblies relative to the co-resident LEU assemblies. Duke
Testimony,
51.

¶¶ 129-142; Duke Rebuttal Testimony, ¶ 72; see also Duke Findings 93-95.
BREDL Finding 56: In this finding, BREDL argues with Mr. Nesbit's testimony

that an Appendix K evaluation model has 6007F margin in PCT built in, relative to a best
estimate LOCA calculation. See, e.g., Duke Rebuttal Testimony, 11I. BREDL argues that
Duke may not "take credit" for this margin and that it must "simply show compliance with the
performance limits in 10 C.F.R. § 50.46, using an Appendix K analysis." In fact, Duke has
shown compliance exactly as BREDL suggests. Duke has used an Appendix K evaluation model
and demonstrated compliance with the performance limits in 10 C.F.R. § 50.46. Duke has done
this, fully consistent with the Appendix K methodology, without specifically modeling relocation
effects. Duke Findings 31-34, 38. Duke has also demonstrated compliance with these limits by
adding a hypothetical relocation penalty based on the worst case 2001 IRSN calculation
(approximately 320'F) offered by BREDL. Duke Findings 103-114.
52.

The Duke testimony on the margin in an Appendix K evaluation model relative to

a best estimate model is also being distorted by BREDL in this proposed finding. Duke does not
"take credit" for that 600'F in its Appendix K evaluation model. Instead, Duke in its testimony
was explaining how uncertainty is implicitly addressed in an Appendix K model

-

by building

margin into the required assumptions and models to compensate for factors not specifically
modeled (in contrast to a best estimate model). In fact, BREDL's approach is the inaccurate
approach. BREDL would penalize the Appendix K results by adding the relocation penalty
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(3207F) on top of an analysis approach that already compensatesfor the relocation uncertainty
by adding about 6007Fin conservatism with respect to PCT. The BREDL approach is, in effect,
double counting for relocation.

See Duke Finding 104.

(Nonetheless, as discussed in the

paragraph above, the acceptance criteria are still met even when the additional penalty is
applied.)
53.

BREDL Finding57: BREDL observes that an Appendix K model does not "take

relocation into account." However, it does
above.

-

through inherent conservatism as just discussed

The further assertion that "it is impossible to determine whether the MOX [lead

assemblies] will be limiting with respect to PCT if fuel relocation occurs" is simply unfounded.
The entire record demonstrates otherwise.

Moreover, this assertion would suggest that no

Appendix K evaluation model would ever be acceptable 54.

for either LEU or MOX fuel.

BREDL Finding 58: This proposed finding again suggests that Appendix K

models cannot be applied to MOX fuel without taking into account fuel relocation effects, which
"may be more severe for MOX fuel." Again, BREDL ignores the conservatism built into the
Appendix K evaluation model to address uncertainties such as relocation effects (i.e., those
effects are "taken into account"). Duke Findings 97-102. Moreover, the record does not at all
support the assertion that relocation effects "may be more severe for MOX fuel." See Duke
Findings 55-95. Among other testimony, the NRC Staff expert, Dr. Meyer, specifically agreed
that the difference between LEU fuel and MOX fuel (for PCT) appears to be "zero." Tr. 2670
(Meyer). BREDL has alleged, but certainly has not substantiated, a MOX-LEU difference.
55.

BREDL Findings 59-60: These conclusory proposed findings merely restate Dr.

Lyman's testimony that there are substantial uncertainties related to MOX fuel relocation effects
and that "NRC approval should be contingent upon a demonstration that uncertainties of this
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magnitude do not undermine reasonable assurance of adequate protection of public health and
safety." In fact, however, the record shows that the uncertainties associated with relocation
effects specifically attributable to MOX fuel are quite small. Moreover, as previously noted
(many times), uncertainties for relocation effects for both MOX and LEUffuel are addressed by
the substantial conservatisms built into the analysis. See Duke Testimony, ¶¶158-160; Duke
Rebuttal Testimony,

¶¶ 8-16. As also noted previously with respect to MOX fuel specifically,

other factors relevant to relocation impact, such as linear heat generation rate, are actually
beneficial to the MOX fuel lead assemblies.
Experimental Data Base
56.

BREDL Findings 61-63: These proposed findings again assert the "insufficiency"

of the data base to address uncertainties related to MOX fuel.

BREDL argues for further

experimental data based on integral LOCA tests (supplemented by separate effects tests). The
record, again, does not support these conclusions. First, the record does not support a conclusion
that the relocation issue is particularly significant for MOX fuel. See Duke Findings 55-95.
Second, the record demonstrates that relocation effects for both LEU and MOX fuels are
addressed by the conservatisms in the Appendix K LOCA evaluation methodology. See Duke
Findings 97-102. Third, the record demonstrates, that even if a substantial relocation effect were
assumed, the regulatory acceptance criteria in 10 C.F.R. § 50.46 would still be met. See Duke
Findings 103-114. Moreover, while the French research agency may be interested in conducting
LOCA tests on MOX fuel, we note that a number of French reactors operate today with far more
MOX fuel assemblies than the limited (four) demonstration assemblies presently proposed for
Catawba.
57.

BREDL Finding 64: BREDL attempts to characterize the evidence presented in

this case on Contention I as inadequate and even minimal. In fact, however, Duke and the NRC
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Staff have presented substantial expert testimony, from qualified and experienced experts, on the
issues raised by BREDL. Duke has also presented evidence from the most comprehensive
experiments to date on the fuel relocation phenomenon (the Kik tests at the FR2 reactor in
Germany), which demonstrate that relocation effects are mitigated by cooling benefits. Duke
Finding 43. Duke and the NRC Staff have also presented direct evidence demonstrating that
BREDL's concerns regarding filling ratio for MOX fuel are not substantial. Duke Findings 6072. Duke has also pointed out specific characteristics of the MOX fuel lead assembly program
that are conservative with respect to LOCA, relative to LEU fuel. Duke Findings 26-27, 90-95,
100-101. These are just some ofthe areas where, contrary to this proposed finding, the record is
plainly quite robust.
58.

In contrast, Dr. Lyman has presented only speculation and, in effect, one

calculation of adverse fuel relocation effects. That calculation was prepared by IRSN (Exhibits
4/29). That calculation was not supported by any experiment; makes no allowance for the
demonstrated cooling benefits associated with cladding swelling and rupture; assumes a very
conservative filling fraction; and was substantially rejected by a calculation by Electricite de
France and Frarnatome ANP (Exhibit 3). See Duke Findings 46-49, 52, 106. Duke and the NRC
Staff have completely addressed the issues raised by Contention I; have convincingly
demonstrated that relocation is not a significant issue for a LOCA evaluation conducted using the
current Appendix K methodology; and have thoroughly shown that analysis uncertainties are
adequately taken into account.
II.
59..

CONCLUSIONS OF LAW

BREDL Conclusion 65: BREDL argues that Appendix K should not be strictly

applied to exclude the consideration of relocation.

However, Duke has performed LOCA

analyses for MOX fuel using the conservative Appendix K methodology
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-

which does not

require specific modeling of fuel relocation because that uncertainty is addressed by
conservatism in the methodology.

BREDL's approach of "cherry picking" one non-

conservatism is contrary to the Appendix K methodology and ignores the conservatisms in the
analysis (acknowledging only the conservatism of up to 75TF on PCT related to MOX fuel decay
heat characteristics).

Duke Findings 107-102.

Moreover, notwithstanding this erroneous

approach, BREDL has not established that any regulatory acceptance criteria in 10 C.F.R.
§ 50.46 would not be met -

even if relocationwas specifically considered. Duke Findings 103-

114. Duke and the NRC Staff have shown that the MOX fuel lead assemblies are in full
compliance with the LOCA criteria.
60.

BREDL Conclusion 66:

BREDL would conclude that, as a matter of law,

uncertainties related to relocation effects for MOX fuel must be addressed by "integral tests of
MOX fuel assemblies under LOCA conditions." However, the evidentiary record
whole

-

-

taken as a

does not, support such a conclusion. As such, there is no legal or regulatory basis for

requiring such tests.
61.

BREDL Conclusion 67: As shown in the evidentiary record, in Duke Findings

55-95, and above, BREDL's conclusion that certain characteristics of MOX fuel "appear to
exacerbate the effects of fuel relocation" is based on no more than qualitative speculation.
BREDL's conclusion is not supported by any test or calculation. Moreover, the conclusion is
contrary to the substantial weight of expert opinion in this proceeding.
62.

BREDL Conclusions 68-69: Duke's proposal for four MOX fuel lead assemblies

supports an important nuclear non-proliferation initiative. Obviously, requiring further tests of
MOX fuel

-

requiring irradiated assemblies for testing

-

would present practical difficulties.

Moreover, the use of lead assemblies in commercial nuclear reactors is consistent with NRC
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Staff preference and guidance documents. It is an approach that has been used routinely to
support fuel design improvements. See Duke Findings 2-3. Most importantly, however, the
record in this proceeding demonstrates that the lead assemblies comply with NRC requirements
and will impose no undue risk to public health and safety. See, e.g., Duke Findings 54, 57-59,
72, 81, 89, 95. Accordingly, the proposed license amendment should be granted.
63.

In total, as discussed in Duke's initial proposed conclusions of law -

the complete evidentiary record and reasonable credibility determinations

-

based upon

Contention I should

be resolved on the merits in favor of the applicant, Duke (supported by the NRC Staff), and
against the intervenor, BREDL. With respect to the issues raised in Contention I, Duke and the
NRC Staff have specifically shown by a preponderance of the credible evidence that there are no
significant differences between MOX and LEU fuel behavior that would impact fuel
performance in a LOCA, the LOCA design basis accident analysis, or compliance with
applicable NRC regulations.
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