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LEGAL NOTICH

THIS REPORT WAS PREPARED AS AN ACCOUNT OF WORK
PONSORED BY ABB COMBUSTION ENGINEFERING IN( NEITHER
OMBUSTION ENGINFERING NOR ANY PERSION ACTING ONITS BEHALL

A, MAKES ANY WARRANTY OR REFPRESENTATION, EXPRESS OR
IMPLIED, INCLUDING THE WARRANTIHES OF FITNESS FOR A PARTICULAR
PURPOSE OR MERCHANTABILITY, WITH RESPECT TO THE ACCURALY,
COMPLETENESS, OR USEFULNESS OF THE INFORMATION CONTAINED IN
THIS REPORT, OR THAT THE USE OF ARY INFORMATION, APPARATLS
METHOD, OR PROCESS DISCLOSED IN THIS REPORT MAY NOT INFRINGE
PRIVATELY OWNED RIGHTS: OR

H, ASSUMES ANY LIABHITHSWITHRESTCT TOTHE USE OF.,. OR
TOR DAMAGES RESULTING FROM THE USE O) ANY INFORMATION
APPARATUS, METHOD, OR PROCESS DISCLOSED INTHIS REPORTY
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WALHINGTON, O C 2064 ‘

Yraeat June 22, 1992

Mr. A. £. Scherer, Director |
Nuclear Licensing

Combustion Engineering, Inc.

P. 0. Box 500 |
Windsor, Connecticut 06095 |

Dear Mr. Scherer:

SUBJECT: GENERIC APPROVAL OF C-E TOPICAL REPORT CEN-386-P, “VERIFICATION |
OF THE ACCEPTABILITY OF A 1-PIN BURNUP LIMIT OF 60 MWD/kg FOR |
COMBUSTION ENGINEERING 16X16 PWR FUEL (TAC NO, M82192)

On November 14, 1991, you requested NRC review and generic approval of the C-f
topical report CEN-386-P, entitled "Verification of The Acceptability of A 1-
Pin Burnup Limit of 60 MWD/kg for Combustion Engineering 16X16 PWR Fuel." The
methodology described in the topical report CEN-386-P was approved for
licensing agplications for ANO-2 and St. Lucie 2 in NRC safety evaluations
dated November 27, 1990, and October 18, 1991, respectively. Based on your
submittal and review of the previously approved SERs, we conclude that
CEN-386-P is not necessarily plant-cpecific for ANO-2 or St. Lucie 2, and
therefore CEN-386-P can be applied generically to other C-E 16x16 plants. The
NRC staff was supported in this review by our consultant, the Pacific
Northwest Laboratory, who previously provided input to the approval for
applications to ANO-2 and St. Lucie 2. In summary, the NRC staff approves the
generic apglicahility of CEN-386-P for licensin? applications. Our evaluation
applies only to matters described in the topical report.

In accordance with procedures established in NUREG-0390, “Topical Report
Review Status," we request that C-E publish accepted versions of this topical
report, proprietary and non-proprietary, within 3 months of receiving this
letter. The accepted versions shall include an "A" (desi nating accepted)
following the report identification symbol, and shall include this letter and
the ANO-2 SER dated November 27, 1990.

If our criteria or regulations change such that we can no longer accept this
report, applicants referencing this topical report will be expected to revise
and resubmit their respective documentation, or submit justification that the
topical report continues to apply without revision of their respective
documentation,

Sinceyely,
Ashgk C. Thadani, Director

Divfsion of Systems Technology
Office of Nuclear Heactor Regulation

Enclosure:
ANO-2 Safety Evaluation




Request for
Generic Approval of Topical Report CEN-386-P
"Verification of the Acceptability of a 1-Pin Burnup
Limit of 60 MWD/kgU for Combustion Engineering
16x16 PWR Fuel”
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ALLA BROWN BUOVE

November 14, 1991
LD-91~-05%7

Document Control Desk

U. 8. Nuclear Regulatory Commission
Washington D.C. 20555

Subject: Submittal of Topical Report CEN-386~P,
"Verification of the Acceptability of a 1-Pin
Burnup Limit of 60 MWd/kg for Combustion
Engineering 16x16 FWH Fuel"

References: 1) letter, S. R. Peterson (NRC) to N. 8. Carns
(Enterqgy Operations), "Issuance of
Amendment No. 111 to Facility Operating
License No. NPF-6 - Arkansas Nuclear One,
Unit No. 2 (TAC No. 74139) ,"
November 27, 1990,

2) Letter, J. A. Norris (NRC) to J. H.
Goldberg (FP&L), "St. Lucie Unit 2 =« Fuel
Pin Burnup to 60 MWd/kg," October 18, 1991.

3) CENPD-269-P, Revision 1-P, "Extended Burnup

Operation of Combustion Engineering PWR
Fuel , " July 1984,

Gentlemen:

This letter submits (as Enclosure 1) twenty-three (23) copies
of Combustion Engineering's (C-E's) Topical Report CEN-386-P,
"Verification of the Acceptability of a 1-Pin Burnup Limit of
60 MWd/kg for Combustion Engineering 16x16 PWR Fuel." C-E
requests that the NRC review this Topical Report for generic
application to C<E 16x16 PWR fuel.

The NRC has already provided plant-specific approval of
Tepical Report CEN-386<-P for application in Arkansas Nuclear
One Unit No. 2 and St. Lucie Unit 2 (References 1 and 2,
respectively) . Recently, the NRC was requested to approve
Topical Report CEN-186-P for Waterford Unit 3. In view of the
generic nature of the Topical Report, the NRC requested that

ABB Combustion Engineering Nuclear Power
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Document Control Desk (USNRC) LD~91-057
November 14, 1991 Page 2

C~E submit Topical Report CEN-=386=F for generic approval,
Generic approval will preclude the need for the NRC staff to
review similar information on individual plant dockets and
will allow utilities to plun for its implementation on their
plant,

Topical Report CEN«3186-P describes C-E's methodology for the
evaluation of C~E 16x16 PWR fuel for 1=pin burnup up to 60
MWd/ kg . The methodology extends and nodifies previously
approved C-E methodology for the evaluation of C-E PWR fuel
for 1«pin burnups up to 52 MWd/kg, described in Reference 3.

As requested by Mr. L. E. Phillips (NRC) in a telephone
conversation with Mr. Marin Robles (C-E) on October 3, 1991,
C-E has identified limitations to the generic applicability of
the Topical Report, These limitations are discussed in
Enclosure 11,

The material contained in Enclosure I is considered by C~E to
be proprietary. As such, it is recuested that the material be
withheld from public disclosure in accordance with the
provisions of 10CFR2.790 and that this naterial be
appropriately safequarded. The reasons for the classification
of this material as proprietary are delineated in the
affidavit provided as Enciosure II1.

Correspondence regarding the review fee payments for this
report should be directed Lo Combustion Engineering. If there
are any questions on the Topical Report, or if we can be of
other assistance to you or your Staff on this subject during
the review process, please do not hesitate to call either me
at (203) 285~5213 or Mr., Mario Robles of my staff at (203)
285-5215.

Very truly yours, '
COMBUSTION ENGINEERING, INC.

s A T00_

8. A. Toelle

Manager

Opevating Reactor Licensing
SAT: 1w

Enclosures: As Stated
(Enclosure I - Copies 000039 to 000061)

ee: L. E. Phillips (NRC)



Enclosure 1 to
LD~91~057

COMBUSTION ENGINEERING TOPICAL REPORT CEN-386~P

VERIFPICATION OF THE ACCEPTABILITY OF A 1-PIN

BURN-UP LIMIT OF 60 MW4/kg FOR COMBUSTION ENGINEERING PWR FUEL

JURE 19a9
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In Section 4.1.2.2.2.a of CEN-386-P, it was noted that
factors affecting cladding corrosion performance at
extended burnup cannot differ substantially from that in
the existing database without conducting additional
corrosion evaluations. The specific factors identified
in CEN~386-P are:

* average linear heat rate
* reactor coolant temperature
* reactor coolant lithium level

Furthermore, CEN-386-P states that the impact of cladding
changes to improve in-reactor corrosion resistance
compared to the cladding used in the current database
should be included in these additional evaluations.

Observations Cited in ANO-2 Bafety Evaluation Report

The SER cites two specific observatjons that may be construed
as limitations with respect to the generic application of the
methodology for extending the fuel burnup limit to 60 MWd/kg.
These observations are as follows:

In Section 2.0(a) of tue SER, it was observed that the
stress analyses at extended burnup should include the
effects of cladding thinning due to cladding oxidation.
C-E agrees with this observation. In Section 4.1.2.2.a
of CEN-386-P, however, the cladaing wastage associated
with the upper bound on oxide thickness was observed to
be negligible with respect to cladding stress
evaluations. If in the future cladding wastage is found
not to be negligible, then C-E will explicitly include
this effect in the cladding stress analyces. This
observation does that impose a limitation on the generic
applicability of the methodology in CEN-386-P.

In Section 2.0(e) of the SER, it was further observed
that since cladding oxidation is dependent upon reactor-
specific conditions (e.g., reactor coolant temperature
and water chemistry), it is necessary to examine cladding
oxidation on a reactor-specific basis. C-F also agrees
with this observation, as it is wholly consistent with
the second limitation contained in the Topical Report
which was discussed above.

References to Other Methodology

In addition to the observations above, the SER also referred



to other C-E methodology that was reviewed by the NRC and approved
¢n the ANO-2 docket. These other approved methodologies were part
of the basis for approval of CEN-386~P. Presumably, *he generic
approval of CEN-286-P would similarly require that equivalent
methodology be approved and used for all the plants to which CEN-
J86-P would be applicable. The C-E methodologies that were
reviewed and approved on the ANO-2 docket and which were referenced
in the SER are contained in the following:

CEN~214 (A)~P, "“CETOP-D Code Structure and Modelling
Methods for Arkansas Nuclear One - Unit 2," July 1982,

CEN-289 (A)~P, "Revised Rod Bow Penalties for Arkansas
Nuclear One Unit 2," December 1984.

For C~-E PWRs other than ANO-2, approved CETOP-D methodology is used
that is equivalent to that described in CEN-214 (A)-P. For C-E PWRs
other than ANO-2, the approved rod bow methodology described in
CENPD-225-P~A, "Fuel & Poison Rod Bowing," June 1983, is used in
place of that described in CEN-289(A)-P.

onclusion

The discussion above identifies that the only limitations to
the generic applicability of the CEN-386-P methodology for other
C~E 16x16 PWR fuel are described within CEN-386-P. Thus, it is
concluded that the NRC can provide generic approval of the
CEN-386-P methodology for all C-E 16x16 PWR fuel.

References

3 CEN-386-P, "Verification of the Acceptability of a
1-Pin Burnup Limit of 60 MWd/kg for Combustion
Engineering 16x16 PWR Fuel," June 1989.

2. CENPD=-269~P, Revision 1-Pp, "Extended Burnup

Operation of Combustion Engineering PWR Fuel," July
1984.

: P CEN-386-P, Supplement 1-P, "Responses to Questions
on Combustion Engineering Report CEN-386-P,
"Verification of the Acceptability of a 1-Pin
Burnup Limit of 60 MWwd/kg for Combustion
Engineering 16x16 PWR Fuel,"™ April 1990.



Letter from S. R. Peterson (USNRC) to N. S. Carns
(Entergy Operaticns, Inc.), "Issuance of Amendment
No. 111 to Facility Operating License No. NPF-6 -
Arkansas Nuclear One, Unit No. 2 (TAC No. 74139), "
November 27, 1990.

"Satety Evaluation by the Office of Nuclear Reactor
Regulation Related to Amendment No. 111 to Facility
Operating License No. NPF-6, Entergy Operations,
Inc., Arkansas Nuclear One, Unit No. 2, Docket No.
50~386," November 27, 1990,



Safety Evaluation Report (SER) of
Topical Report CEN-386-P
"Verification of the Acceptability of a 1-Pin Burnup
Limit of 60 MWD/kgU for Combrstion Engineering
16x16 PWR Fuel"

on Arkansas Unit 2
dated
November 27, 1990




d 'u_ UNITED STATES
Y {E{ . NUCLEAR REGULATORY COMMISSION

- WASMINGTON, D € 205%%

SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION
RELATED TO AMENDMENT NO. 11170

FACILITY OPERATING LICENSE NO. NPF=6

ENTERGY OPERATIONS, INC.

ARKANSAS NUCLEAR ONE, UNIT NO. 2

DOCKET NO. 50-368

A.  INTRODUCTION

Pursuant to 10 CFR 50.90 and 50.91, Entergy Operations, Inc. (the licensee)
proposes o amend Facility Operating License No. NPF=§ for Arkansas Nuclear
One, Unit No. 2 (ANO-2) in its submittal dated November 21, 1990. The
amendment would authorize operation of ANO-2 with rod-average fuel burnups up
to 60 megawatt days per kilogram of uranium (MWd/kgM) and is based on a
Combustion Engineering report as discussed below.

8. EVALUATION

1.0 Discussion

On July 20, 1989, the Arkansas Power and Light Company requested the U.S.
Nuclear Regulatory Commission (NRC) to review the Comtistion Enginevring, Inc.
(CE) report CEN-386-P to support Arkansas Nuclear One, Unit 2 (AND-2) operation
with rod-average fuel burnups up to 60 megawatt deys per kilogram of uranium
(MWd/kgM) for CE 16x16 fuel. The analysis used to demonstrate that the fuel
design criteria are met are presented in References 1 and 2. It should be
noted that Reference 2 is a topical report previously approved by NRC
(Reference 3) that extended the burnup level of CE designed fuel to 52 Mwd/kgM
(rod~average). The difference between References 1 and 2 is the incremental

increase in rod-average burnup from 52 to 60 MWd/kgM for the CE 16x16 fuel
design.

Presented in this report is a review of the CE mechanical design criteria,
analysis methods, and results for the ANO-2 fuel design application for CE
16x16 fuel. This review was conducted to assure that when the dusign
criteria/limits are met they will prevent fuel damage or failure and maintain
fuel coolability, as defined in the Standard Review Plan (SRP) (Referenze 4) up
Lo rod-average burnups of 60 Mwd/kgM.

Thic review was based on the licensing requirements identified in Secticn 4.2

of the SRP (Reference 4). The objectives of this fuel system safety review, as
described in Section 4.2 of the SRP, are to provide assurance that 1) the fuel
system is not damaged as a result of normal operation and anticipated operationa!l
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FUEL SYSTEM DAMAGE

The design criteria presented in this section should not be exceeded

during normal operation, including AQOs. Under each damage mechanism, there
is an evaluation of the design criteria analysis methods and analyses used by
CE to demonstrate that fuel damage does not occur for the 1Ex16 design during
normal operation, inciuding ADOs up to a rod-average burnup of 60 MWd/kgM.

(a)

Stress

Bases/Criteria = In keeping with the GDC 10 SAFOLs, fuel damage criteria

for stress should ensure that fuel system dimensions remain within operational
tolerances for normal operation and A0Os, and that functiona) capabilities

are not reduced below those assumed in the safety analysis. The CE design
basis for fuel assembly, fuel rod, burnable poison rod, and upper=end

fitting spring stresses is that the fuel system will be functional and

will not be damaged due to excessive stresses (Reference 2).

The CE stress criteria for the fuel assembly components are provided in
References 11 and 12. The design limit for fue)l rod and burnable poison
rod cladding 1s that the maximum primary tensile stress is less than
two-thirds of the Zircaloy yield strength as affected by temperature.

The design limit of the Inconel X-750 upper-end fitting spring is that
the calculated shear stress will be less than or equal to the minimum
yield stress in shear.

Many of these bases and limits are used by the industry at large. CE

has employed various conservatisms in the limits such as the use of unir-
radiated yield strengths for zirconium-based alloys. The NRC has concluded
(Reference 3) that the fuel assembly, fuel rod, burnable poison rod, and
upper-end fitting spring stress design bases and limits were acceptable

for rod-average burnup levels up to 52 Mwd/kgM. Extending the burnup

level to 60 Mwd/kgM does not reduce the applicability of these criteria,
and thus, these criteria are found acceptable for use in the current

ANO-2 applications for the CE 16x16 design.

Evaluation - CE has stated that the methods used to perform stress analyses
will not change from those used and approved for previous applications.
These analyses are performed using conventional engineering formulas

from standard engineering mechanics textbooks and performed in accerdance
with ASME general guidelines for analyzing primary and secondary stresses,
The NRC has concluded (Reference 3) that these stress analyses are acceptable
for rod-average burnup levels up to 52 MWd/kgM. Extending the rod-average
burnup level to 60 MWd/kgM does not reduce the applicability of these
methods and thus these analysis methods are found to be acceptable for
application to the CE 16x16 design up to a rod-average burnup of 60
Mwd/kgM. As noted in Section 3.0(e), stress analyses at extanded burnup
levels must include the effects of cladding thinning due to c'adding
oxidation.
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(b) Design Strain

Bases/Lriteria = With regard to fuel assembly design strain, the CE design
basis for normal operation and A0Os is that permanent fuel assembly
deflections shall not result in control element assembly (CEA) insertion
time beyond that allowable. This basis is satisfied by adherence to the
stress criteria mentioned above and strain criterion yet to be discussed.

The submitted topical report. provides a design criterion for fuel rod and
burnable poison rod cladding uniform circumferential strain (elastic plus
plastic) of one percent (1X) as a means of precluding excessive cladding
deformation. This strain criterion is consistent with that given in
Section 4.2 of the SRP.

The material property that could have a significant impact on the cladding
strain criterion at the requested extended burnup levels is cladding
ductility. The strain criterion could be impacted if cladding ductility
were decreased, as a result of extended burnup operations, to a level that
would allow cladding failure without the 1% cladding strain criterion
béing exceeded in the CE analyses.

Recent measured cladding and plastic cladding strain values from CE fue)
rods (Reference 13) and other pressurized water reactor (PWR) fuel vendors
(Reference 14) have shown a decrease in cladding ductilities when local
burnups exceed 52 Mwd/kgM. The cladding plastic strain values decreased

to 0.03 from 0.11X when local burnups were between 55 and 63 Mwd/kgM.
ANO-2/CE was questioned on whether these significant reductions in cladding
plastic ductilities justified a decrease in the 1X design criterion for
total uniform strain (elastic plus lastic) for CE fuel with local burnups
greater than 55 Mwd/kgM (Reference 13).

ANO-2/CE has responded (Reference 9) that because of the increase in the
yield strength and the corresporiding increase in elastic strain of the
cladding due to irradiation, the typical elastic strains were above 1%

using nominal values for irradiated yield strength and Young's modulus at
burnups greater than 55 Mwd/kgM. ANO-2/CE was further questioned about

the probability that the combined elastic plus plastic strains between 55
and 63 MWd/kgM would fall below the 1% strain criterion. ANO-2/CE presented
(Raference 10) a statistical analysis of their measured yield strength

data from cladding with local burnups greater than 55 Mwd/kgM and calculated
a two-sided tolerance 1imit about the mean value for yield strength. They
also calculated a two-sided tolerance limit about the mean value for

Young's modulus using data from the open literature. Using the lower

bound tolerance limit for yield strength and the upper bound tolerance

limit for Young's modulus, plus the range of plastic strain, they calculated
that there is a 9% probability that cladding strain would fall below the

1% total limit for a strain limit.
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This reviewer has performed an independent simplified statistical analysis
4t a 5% probability level that total uniform strain will fall below 1%
using a one-sided lower tolerance limit of the measured yield strengths

at burnups greater than 55 MWd/kgM and a one-sided upper tolerance limit

of the measured values for Young's modulus. This analysis has demonstrated
that there is slightly less than a 5% probability that cladding strain

will fall below the 1¥ total uniform strain limit. The 5% probability

of falling below the 1% strain limit calculated by this reviewer is
conservative because this simplified approach has ascumed that combining
the yield strength and Young's modulus tolerance 'imits will result in an
equivalent plastic strain tolerance limit. Hall and Sampson (Reference 15)
have provided a more exact analytical procedure for determining either
one-sided or two-sided tolerance limits for the distribution of the
quotient (e.g., plastic strain) of two independent normal variables (e.g.,
yield strength and Young's modulus) for this application.

Therefore, because 1) there is a very low probability of total uniform
strain falling below 1X¥ in the CE 16x16 fuel cladding, 2) histories are
used in the CE strain analysis, and 3) no fuel failures have been observed
on fuel rods irradiated with rod-average burnups to 63 MWd/kgM, we conclude
that the 1X total uniform strain limit remains applicable for the ANQ-2

use of the CE 16x16 fuel design up to a rod-average burnup of 60 Mwd/kgM.
However, it should be stressed that future requests to extend the rod-average
burnup Timit beyond 60 MwWd/kgM should be accompanied with measured cladding
strain, yield, and fracture strength data at the extended burnup levels
requested. This data is necessary to demonstrate that the total uniform
strain criterion of 1% remains applicable at these higher burnups and that
fuel cladding brittle fracture will not occur during normal operation and
ACOs at these higher burnups.

Evaluation - CE utilizes the FATES3B (Reference 16) computer code to
predict cladding strain and other fuel performance phenomena at high

burnup levels. This code has been approved by the NRC for fuel nerformance
analyses up to rod-average burnups of 60 MwWd/kgM (Reference 17). The
FATES3B code will take the place of the earlier FATES3 code (Reference

18). The use of the FATES3B code for calculating cladding strain is
acceptable for rod-average burnups up to 60 Mwd/kgM.

Strain Fatigue

Bases/Criteria - The ANO-2/CE strain fatigue criterion is different from
those described in Section 4.2 of the SRP, viz., a safety factor of 2 on
stress amplitude or of 20 on the numbe: of cycles using the methods of
0'Donnell and Langer (Reference 19). Instead, CE has proposed in the past
that the cumulative strain cycling usage (i.e., the sum of the ratios of
the number of cycles in a given effective strain range to the permitted
number in that range) will not exceed 0.8. For Zircaloy cladding, the
design Timit curve has been adjusted to provide a strain margin for the
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effects of uncertainty and irradiation. The resulting curve given in
References 2 and 11 bounds all of the data used in the development of the
criterion that s discussed in the SRP. The NRC has previously concluded
that the proposed criterion was acceptable for current burnup levels
(Reference 3).

The material property that could have a significant eff.ct on the strain
fatigue criterion is cladding ductility. As discussed in the above
section for design strain, extended burnup operation above local burnups
of 55 MWd/kgM has demonstrated a significant reduction in cladding
ductilities. However, as also discussed herein, there is a low probability
that cladding ductility will fall below the acceptable limit for total
Lniform strain at a rod-average burnup of 60 Mwd/kgM. In addition, there
s a considerable amount of conservatism in the ANO-2/CE strain fatigue
calculation. Therefore, we conclude that the strain fatigue criterion
proposed in Reference 1 is acceptable for licensing applications to CE
16x16 fuel up to a rod-average burnup of 60 Mwd/kgM.

Evaluation - The fuel and cladding models used to determine fuel and
cladding diametral strain for the fatigue analysis are those in the

FATES3B code (Reference 16) which has been approved by the NRC (Reference
17). The power history used for the fatigue analysis includes conservative
estimates of daily power cycling and AOOs and has been described previously
in Reference 2. This analysis also accounts for a conservative number of
hot and cold shutdowns during the fuel lifetime. This power history takes
into account the extra duty required for rod-average burnups up to 60
Mwd/kgM. Therefore, we conclude that the strain fatigue analysis models
referenced are acceptablas for application to the ANO-2 use of the CE 16x16
fuel design up to a rod-average burnup of 60 Mwd/kgM.

Fretting Wear

Bases/Criteria - Fretting wear is a concern for fuel and burnable poison
rods and the guide tubes. Fretting wear may occur on the fuel and/or
burnable rod cladding surfaces in contact with the spacer grids if there
is a reduction in grid spacer spring loads in combination with small
ampiitude, flow-induced, vibratory forces. Guide tube wear may result
when there is flow-induced vibration between the control rod ends and the
inner wall of the guide tubes.

while Section 4.2 of the SRP does not provide numerical bounding value
acceptance criteria for fretting wear, it does stipulate that the allowable
fretting wear should be stated in the safety analysis report and that the
stress/strain and fatigue limits should presume the existence of this

wear,
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The report has addressed fuel and burnable poison rod fretting wear by
referring to Reference 2 and stating that no significant wear has been
observed for CE fue rods, and no additional fretting wear was expected

due to the extension of rod-average burnup level to 60 Mwd/kgM. Indicated
in Reference 2 is that a specific fretting wear limit was not used for CE
fuel assembly components, because it has not been a problem for current CE
“wel designs. This same data was used to explain why fretting wear was

not accounted for in the fuel and burnat'e poison rod analyses for

cladding stress and fatigue. In order to support this claim, in the
previous review, CE provided fuel examination information from 744 assemblies
with average burnups up to approximately 52 MWd/kgM that showed no failures
or significant wear on the surface of their fuel or burnable poison rods.
It is noted that since this time, CE has performed a visual examination of
14x14 designed fuel rods irradiated to rod-average burnups up to 56

Mid/kgM and found no surface anomalies other than minor scratches
(Reference 13).

Due to the lack of significant fretting wear in the examination of more

than 744 CE fuel assemblies, with rod-average burnups to 56 MWd/kgM and
existing fuel surveillance programs, we conclude that CE has demunstrated
that fretting wear in their fuel and burnable poison rods will be acceptable
up to rod-average burnups of 60 Mwd/kgM.

Guide tube wear, however, was observed in several CE ‘uel assemblies in
1977. Since then a design change in the guide tubes has greatly reduced
guide tube wear for both 14x14 and 16x16 fuel assembly designs. However,
it was noted in the NRC review of Reference 2 that very limited low burnup
data were available for this new guide tube design (Reference 3). For
this submittal, ANO-2/CE was requested (Reference 8) to provide guide tube
wear data for the new unsleeved guide tube design to be used in the
subject reload and future CE 16x16 plant reloads and compare this data to
their maximum predicted wear correlation. ANO-2/CE has provided (Reference 9)
this comparison, which demonstrates that the measured wear data is a
factor of 3 below the CE correlation for maximum wear. However, it should
be noted that the maximum in-reactor operating times of the wear data are
only one-third of those expected for rod-average burnups to 60 Mwd/kgM.
The ANO-2/CE response has argued that this lack of wear data at the
maximum burnup level requested is satisfactory because 1) the Cl maximum
guide tube fretting wear correlation is very conservative, and 2) there is
a large margin between maximum predicted fretting wear at the maximum
burnup level requested and the minimum amount of allowable wear that a
guide tube can sustain without violating any design criteria.

Oue to the conservative nature >f the CE guide tube fretting wear correlation
and the large margin that exists before design criteria are violated, we
conclude that guide tube wear in the CE 16x16 fue! design is acceptable up

Lo a rog-average burnup level of 60 Mwd/kgM.
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Evaluation = The ANO-2/CE submittal has suggested that the lack of a

large amount of measured fretting wear in CE fuel and burnable poison rods
supports their conclusion that they do not need to include the effects of
cladding thinning due to fretting wear in their stress, strain, and
fatigue analyses for the fuel and burnable poison rods. However, this
does not answer the question of what effect the calculated impact of a
small reduction in cladding thickness has on safety and design analyses,
e.g., LOCA and stress/strain. In the past, CE (Reference 2) has indicated
that the most limiting LOCA analysis is early-in-life when stored energy
is the highest and fretting wear is insignificant for this analysis. We
agree with this assessment. ANO-2/CE has also responded to a question on
cladding thinning due to oxidation by conservatively reducing cladding
thickness of the 16x16 fuel rods by 3 mils in their stress analysis [see
Section 3.0(e)). This inclusion of cladding thinning due to corrosion is
Jjudged to bound thinning due to fretting wear because corrosion is the
greater of the two thinning mechanisms and because these two mechanisms do
not occur simultaneously at the same location on a fuel rod. For example,
where fretting wear is present on the fuel or burnable poison rod, oxidation
will not be present and vice versa. Therefore, it is concluded that
cladding thinning of the fuel and »urnable poison rods due to fretting
wear are bounded by CE's analysis of cladding thinning due to oxidation.

As noted in the "Criteria" section, guide tube wear has been a problem in
the past for CE assemblies Design changes have been implemented by CE
for both 14x14 and 16x16 assemblies to reduce guide tube wear. Both
out-of-reactor and in-reactor confirmation tests have been performed to
show that these design changes have resulted in a significant decrease in
guide tube wear for in-reactor residence times that are one~third of those
expected for an extended burnup level of 60 MwWd/kgM. Extrapolating the
guide tube wear to the in-reactor residence time expected for an extended
rod average burnup level of 60 MWd/kgM has demonstrated that guide tube
wear will remain at a relatively low level. We conclude that guide tube
wear is not expected to be a problem up to a rod-average burnup of 60 Mwd/kgM
for the newly designed guide tubes in the CE 16x16 gesign (based on the
low level of wear at lower burnups). The licensee should continue to
examine guide tubes up to the extended burnup levels requested to confirm
that wear is not a problem at these burnup levels.

Oxidation and Crud Buildup

Bases/Criteria - Section 4.2 of the SRP identifies cladding oxidation and
crud buildup as potential fuel system damage mechanisms. General mechanical
properties of the cladding are not significantly impacted by thin oxides

or crud buildup. The major means of controlling fuel damage due to
cladding oxidation and crud is through water chemistry controls, materials
used in the primary system, and fuel surveillance programs that are all
reactor specific. Because these controls are already included in the
specific reactor design, a design limit on cladding oxidation and crud is
considerad to be redundant, and thus, not necessary.
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This does not, however, eliminate the need to include the effects of
cladaing oxidation and crud in safety analyses such as for LOCA and
mechanical analyses. This will be discussed in further detail in the
evaluation presented below.

Evaluation - As noted above, the amount of cladding oxidation expected
for a particular reactor is dependent on fuel rod powers (surface heat
flux), chemistry controls, and primary inlet coolant temperatures used by
that reactor, but the amount of oxidation increases with in-reactor
residence time and cannot be eliminated. Therefore, extending the
roc-average burnup level to 60 MWd/kgM could result in 1) thicker oxide
layers that provide an extra thermal barrier that increases ¢ladding and
fuel temperatures, and 2) cladding thinning that can affect the mechanica)
analyses. The degree of this effect on thermal and mechanical analyses is
dependent on reactor coolant temperatures and the level of success of a
reactor's chemistry controls.

The ANO-2/CE submittal (Reference 1) has provided oxide thickness measure~
ments from fuel rod cladding irradiated in ANO-2 near the burnup level
requested and placed a conservative upper bound limit on the measured
values. The upper bound oxide thickness at a rod-average burnup of 60
Mwd/kgM was used to estimate the increase in cladding temperatures and
stress, and found to have little impact on either of these analyses.
Therefore, we conclude that cladding oxidation is acceptable for the CE
16x16 fuel design in ANO-2 up to a rod-average burnup of 60 Mwd/kgM.

There is an indication that cladding corrosion may limit the fuel rod
performance lifetime for higher burnup irradiations for specific plants.
Because cladding oxidation is dependent on reactor-specific conditions,
such as reactor coolant temperatures and water chemistry, it is necessary
to examine cladding oxidation on a reactor-specific basis. Also, future
requests to extend the rod-average burnup limit beyond 60 Mwd/kgM should
be accompanied with reactor-specific corrosion data at the burnup levels
requested.

Rod Bowing

Bases/Criteria - Fuel and burnable poison rod bowing are phenomena that
alter the design-pitch dimensions between adjacent rods. Bowing affects
local nuclear power peaking and the local heat transfer to the coolant.

Rather than placing design limits on the amount of bowing that is permitted

the effects of bowing are included in the safety analysis. This is
consistent with the SRP and the MRC has approved this for current burnup
levels (Reference 3). The methods used for predicting the degree of rod
bowing at the extended burnups requested are evaluated below.

Evaluation = The CE analysis methods used to account for the effect of

fuel and poison rod bowing in 14x14 and 16x16 fuel assemblies are presented
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in Reference 2 and CENPD-225 (Reference 20) with its supplements. These
methods have been approved by the NRC (References 3 and 20) for fue! and
Type 3 poison rods to current burnup levels.

Referzance 2 has compared 14x14 rod bow data with burnups to 45 Mwd/kgM to
their licensing rod bow model and demonstrated that the mode! becomes more
conservative at higher burnups. These data appeared to suggest that the
rate of rod bow significantly decreases at burnups greater than 30 to 35
MWc'/kgM while the CE analytical mode! for rod bow assumes l1ittle or no
decrease in the rate of rod bowing with burnup. This results in very
conservative predictions of rod bowing in CE 14x14 designed fuel at high
burnup levels. Reference 2 has also demonstrated that the CE rod bowing
model for 16x16 fuel rods was very conservative by comparison to data with
burnups up to 33 MWd/kgM. ANO-2 has indicated that they routinely perform
visual examination of their fuel assemblies to provide assurances of
satisfactory performance of their fuel. The phenomenon of rod bowing is
generic to all LWRs even though design differences such as the length
between spacers and rod diameter are important to the amount of rod
bowing. Therefore, other fuel vendor experience with rod bowing is
valuable in evaluating the trend in rod bowing at extended burnups.

FRAMATOME has measured rod bow on their FRAGEMA fuel assemblies for fuel
burnups up to 53 MWd/kgM and found that the rate of rod bowing versus
burnup decreases at burnups greater than 30 to 35 MWd/kgM (Reference 21).
Similar measurements of rod bowing have been made by Kraftwerk Union AG
(KWU) on their fuel designs up to burnups of 50 Mwd/kgM (Reference 22) and
found that due to the scatter in their limited data, the decrease in the
rate of rod bowing was not as evident as that demonstrated in References 2
and 21. However, KWU did find that rod bowing was limited to gap closures
of less than 40% on their fuel designs which is consistent with the data
in Reference 2.

We conclude that the CE analysis methods (Reference 20) applied to the

CE 16x16 fuel design in ANO-2 will remain conservative up to the extended
burnup level requested and, therefore, are acceptable up to a rod-average
burnup level of 60 Mwd/kgM.

Axial Growth

Bases/Criteria - The core components requiring axial-dimensional evalu=-
ation are the CEAs, burnable poison rods, fuel rods, and fuel assemblies.
The CEAs are not included in this extendcd burnup review. The growth of
burnable poison and fuel rods is mainly governed by a) the irradiation and
stress-induced growth of the Zircaloy-4 cladding, and b) the behaviar of
poison, fuel, and spacer pellats, and their interaction with the lZircaloy-4
cladding. The growth of the fuel assemblies is a function of both the
comprehensive creep and the irradiation-induced growth of the Zircaloy-4
guide tubes. For the Zircaloy cladding and fuel assembly guide tubes,



= 17 =
-

the critical tolerances that require controlling are a) the spacing

between the fuel rods and the upper fuel assembly fitting (i.e., shoulder
gap), and b) the spacing between the fuel assemblies and the core internals.
Failure to adequately design for the former may result in fuel rod bowing,
and for the latter, may result in collapse and failure of the assembly
hold~down springs. With regard to inadequately designed shoulder gaps,
problems have been reported (References 23, 24, 25, and 26) in foreign
(Obrigheim and Beznau) and domestic (Ginna and ANO=2) plants that have
necessitated predischarge modifications to fuel assemblies.

For burnable poison and fuel rods, CE has a design basis that sufficient
shoulder gap clearances must be maintained throughout the design lifetime
of the fuel at a 95% confidence level. Similarly, for fuel assembly axial
growth, CE has a design basis that sufficient clearance must be maintained
between the fuel assembly and the upper guide structure throughout the
design lifetime of the fue) assembly at a 95% confidence level. This
basis allocates a fuel assembly gap spacing which will accommodate the
maximum axial growth, when establishing the design minimum initial fuel
assembly clearance with respect to the core internals. These design bases
and limits dealing with axial growth prevent mechanical interference and
thus have been approved by NRC for previous extended burnup levels
(Reference 3). We conclude that these design bases and limits will ensure
that contact is prevented, and thus, are found to be acceptable for the CE
16x16 fuel design to 60 Mwd/kgM.

Evaluation = The CE methods and models used for predicting fuel rod and
assembly growth in this submittal (Reference 1) have been changed somewhat
from those previously approved to better predict tne new higher exposure
growth data. This evaluation will discuss the new revised models used to
predict fuel rod and assembly growth, We will then discuss how CE uses
these revised models to predict 1) the shoulder gap spacings between the
fuel rod and the upper fuel assembly fitting, and 2) the gap spacing
between the fuel assembly and core internals.

The new revised fuel and burnable poison rod growth model is based on CE
14x14 and 16x16 rod data wiih rod-average burnups above those requested.
The model predicts a "best estimate" value of rod growth with uncertainties.
The new revised assembly growth model is based on the SIGREEP computer
code and growth data from assemblies with stress relief annealed (SRA)
guide tubes with assembly average burnups below those requested in this
submittal. The SIGREEP prediction of assembly growth takes into account
the different axial stresses on the guide tubes for different CE plant
fuel assemblies including the ANO-2 assembiies and uses input parameters
with assigned statistical uncertainties along with Monte Carlo random
selection techniques and combinations of these uncertainties to obtain a

probability density function of assembly growth at a given fluence (burnup)
level.
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The CE evaluation of shoulder gap spacing uses the lower bound probability
density function for assembly growth and the upper bound probability
density function for rod growth with uncertainties in the SIGREEP computer
code to predict the shoulder gap at an upper bound 95% probability with a
95% confidence level, This CE methodology for predicting an upper bound
95/95 shoulder gap spacing has been compared to measured shoulder gap data
(Reference 1) that have assembly-average burnups below those requested in
this submittal. These CT upper bound predictions do indeed bound the
shoulder gap data and appear to become even more conservative at the
higher burnup levels. It should be noted that in the shoulder gap calcula~
tion the amount cf fuel rod growth is much greater than the amount of
assembly growth, therefore, the prediction of fuel rod growth dominates
the analysis of shoulder gap spacing. It should also be noted that the CE
rod growth data have rod-average burnups greater than those requested in
this submittal.

We conclude that the CE analysis methodology is acceptable for application
to the CE 16x16 design up to a rod-average burnup of 60 MWd/kgM because

1) CE has fuel rod growth data above the burnup leve! requested, 2) fuel
rod growth dominates the shoulder gap spacing analysis, and 3) the large
amount of conservative margin CE has demonstrated in their prediction

of shoulder gap spacing.

The CE analysis of the gap spaciig tetween the upper fuel assembly and

core internals uses the SIGREEP probabiiity density function for assembly
growth to predict a minimum 95/95 value for this gap spacing in order to
prevent bottoming out of the assembly hold-down springs. Because CE does

not have assembly growth data up to the burnup level requested, they were
questioned (Reference 8) on the Jap margin that exists at the burnup level
requested in this submittal to prevent bottoming of the hold-down spring.
ANO-2/CE's response (Reference 9) indicated that there was approximately
one-third of the original as-~fabricated gap spacing left prior to bottoming
out of the hold-~down spring at the burnup requested. Due to this significant
margin and CE's conservative analysis methodology, we conclude that
bottoming out and failure of the hold-down spring due to fuel assembly
growth is not expected for the CE 16x16 design up to a rod-average burnup

of 60 MWd/kgM. However, we encourage ANO-2 to visually examine the hold=-down
springs for thosc assemblies discharged with rod-average burnups near or

at the 60 Mwd/kgM level.

Rod Internal Pressure

Bases/Criteria - Rod internal pressure is a driving force for, rather
than a direct mechanism of, fuel sysiem damage that could contribute to
the loss of dimensional stability and cladding integrity. Section 4.2 of
the SRP presents a rod pressure limit that is sufficient to preclude fuel
damage in this regard, and it has been widely usea by 'he industry; it
states that rod internal gas pressure should remain beiow the nominal
system pressure during normal operation, unless otherwise Justified. CE
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has elected to justify a rod internal pressure 1imit above system pressure
in Reference 27 and this proprietary rod pressure 'imit has been approved
by the NRC,

The CE design criterion used to establish this proprietary rod pressure
limit is: “The fuel rod internal hot gas pressure shall not exceed the
critical maximum pressure determined to cause an outward cladding creep
rate that is in excess of the fuel radial growth rate anywhere locally
along the entire active length of the fuel rod." In addition, CE has
evaluated the impact of this rod pressure limit on hydride reorientation
and accident analyses. The NRC approved rod pressure limit defined in
Reference 27 is also acceptable for application to the CE 16x16 fue!
design to a rod-average burnup of 60 Mwd/kgM.

Evaluation - CE has indicated that they will use the FATES3B (Reference 16)
computer code to calculate maximum rod internal pressures and this code

has been approved by NRC in Reference 17. The FATES3B code has been
verified against fission gas release data from a variety of fuel designs
with rod-average burnups up to 60 MwWd/kgM. The use of the approved

FATES3B code is recommended over the earlier approved FATES3A code
(Reference 18) because the former has been verified against a much larger
data base at higher burnup levels.

ANC-2/CE were questioned on the apparent smal) underprediction of fission
gas release by the FATES3B code when fission gas release values were

low (<3% release) at high burnup levels and the impact of this underprediction
on licensing analyses. ANO-2/CE responded that licensing analyses are
typically performed in a conservative manner on the peak operating rod,
i.e., a rod with high temperatures, high fission gas reiease and high
internal rod pressures, and therefore, the small underprediction in

fission gas release at low temperatures were insignificant for licensing
analyses. They alsc demonstrated that the amount of underprediction was
small in terms of calculated internal rod pressures in these low temperature
rods. We concur with this assessmont and conclude that the FATES3B code

is acceptable for the analysis of internal rod pressures for the CE 16x16
fuel design up to a rod-average burnup of 60 Mwd/kgM.

In addition to the cumputer code, the input power history to the code is

very important for the internal rod pressure calculation. Conséquently, CE
has been required by NRC in the past, to define a methodology for determining
the power history for the rod pressure calculation. This methodology was
first reviewed and approved for Reference 2 and CE has provided an example

of how this methodology is applied in Reference 1. We conclude that the

use of the approved FATES3B code along with the approved CE power history
methodology described in References 1 and 2 is acceptable for licensing
applications for the CE 16x16 fuel design to a rod-average burnur of

60 Mwd/kgM.
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Cladding Collapse

Bases/Criteria - 1f axial gaps in the fuel pellet column were to occur

due to densification, the cladding would have the potential of collapsing
into this axial gap (i.e., flattening). Because of the large local

strains that would result from collapse, the cladding is assumed to fail.
It is a CE design basis that cladding collapse is prec)uded during the

fuel rod and burnable poison rod design lifetime. This design basis is

the same as that in the SRP and has been approved by the NRC (Reference 3).
We conclude that this design basis is also acceptable for the CE 16x16

fuel design up to a rod-average burnup of 60 Mwd/ kgM.

Evaluation - The longer in-reactor residence times associated with the
burnup extension requested for ANO-2 fuel will increase the amount of

creep of an unsupported fuel cladding. Extensive post-irradiation
evaluations (Reference 2) by CE have not shown any evidence of cladding
collapse or Targe local ovalities in their fue) designs. This is primarily
the result of their use of prepressurized rods and stable (non-densifying)
fuel in current generation designs.

In addition, CE has performed several post-irradiation examinations that
have looked for axial gap formation in their modern fuel designs and
concluded that the largest measured gaps are much smaller than those
required to achieve cladding collapse for current CE fuel designs at a
rod-average burnup of 60 MWd/kgM (Reference 1). These CE measured cold
axial gaps have been corrected to hot axial gaps in the fuel rod during
ii-reactor operation for the cladding collapse analysis. The resulting
hot gap used in the cladding collapse analysis is in excess of that
expected at a 95% probability and a 95X confidence level based on a CE
statistical analysis of the hot gaps (Reference 9). This cladding
collapse analysis has ~“emonstrated that the CE 16x16 cladding will not
collapse at a rod-average burnup greater than 60 Mwd/kgM. Therefore,
ANO-2 has proposed that they no longer be required to address cladding
collapse for new cores or reload batches of the CE 16x16 design unless
design or manufacturing changes are introduced which would significantly
reduce cladding collapse times for this fuel design. We conclude that
this proposed approach is acceptable for future CE cores or reload batches
of the 16x16 design with the requirement that the issue of cladding
collapse be reevaluated should rod-average burnups exceed 50 Mwd/kgM.

Overheating of (ladding

Bases/Criteria - The design limit for the prevention of fuel failures due

to overheating is that there will be at least a 95% probability at a 95%
confidence level that the departure from nucleate boiling ratio (DNBR)

will not accur on a fuel rod having the minimum ONBR during normal operation
and A0Os. This design limit is consistent with the thermal margin criterion
in Section 4.2 of the SRP, and thus, has been found acceptable for applica-
tion to CE fuel designs (Reference 2). This design limit is not impacted by
the proposed extension in burnup. Therefore, we conclude that this design
limit remains acceptable for application to the CE 16x16 fuel design up to

a rod-average burnup of 650 MWd/kgM.
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criteria to meet the guidelines of Regulatory Guide 1.77 (Reference 37) as
it reiates to fuel farlure.” ANO-2/CE has adopted this criterion for fuel
failure in addition to other more stringent criteria for RIAs (Reference
38). These criteria are still applicable to the burnup extension requested
and therefore, are acceptable for application to the CE 16x16 fuel design
up to a rod-average burnup of 60 Mwd/kgM.

Evaluation - The NRC approved analysis methods for evaluating RIAs in CE
plants is provided in Reference 39 and the specific analyses for ANO-2 are
provided in Reference 38. The approved analysis methods described in
Reference 39 are stil] applicable to the burnup extension requested and
therefore, are acceptable for application to the CE 16x16 fuel design up
to a rod-average bturnup of 60 Mwd/kgM.

The steady-state fuel operational data that are input to the CEA ejection
analysis from the FATES3B code are dependent on fuel burnups. As noted
eariier, the FATES3B code is acceptable for steady-state fuel performance
applications for CE 16x16 fuel up to the 60 MwWd/kgM rod-average burhup
level requested in this submittal.

Pellet/Cladding Interaction (PCI)

Bases/Criteria - As indicated in Section 4.2 of the SRP, there are no
generally applicable criteria for PCI failure. However, two acceptance
criteria of limited application are presented in the SRP for PCI: 1) less
than 1% transient-induced cladding strain, and 2) no centerline fuel
meiting. Both of these limits are used in CE fuel designs [see Sections
2.0(b) and 3.0(d)] and have been found to be acceptable in this application.

Evaluation - As noted earlier, CE uses the FATES3B code (Reference 16)

to demonstrate that their fuel meets both the cladding strain and fuel
melt criteria. This code has<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>