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U.S. Nucleér Regulatory Commission
o Report Disclaimer

Important Notice Regarding the Contents and Use of This Document

Please Read Carefully

This technical report was derived through research and development
programs sponsored by Siemens Power Corporation. It is being
submitted by Siemens Power Corporation to the U.S. Nuclear
Regulatory Commission as part of a technical contribution to facilitate
safety analyses by licensees of the U.S. Nuclear Regulatory
Commission which utilize Sieg;g/ng‘Power Corporation fabricated
reload fuel or technical services provided by Siemens Power
Corporation for light water power reactors and it is true and correct to
the best of Siemens Power Corporation's knowledge, information, and
belief. The information contained herein may be used by the U.S.
Nuclear Regulatory Commission in its review of this report and, under
the terms of the respective agreements, by licensees or applicants
before the U.S. Nuclear Regulatory Commission which are customers
of Siemens Power Corporation in their demonstration of compliance
with the U.S. Nuclear Regulatory Commission's regulations.

Siemens Power Corporation's warranties and representations
concerning the subject matter of this document are those set forth in
the agreement between Siemens Power Corporation and the
Customer pursuant to which this document is issued. Accordingly,
except as otherwise expressly provided in such agreement, neither
Siemens Power Corporation nor any person acting on its behaif:

a. makes any warranty, or representation, express or implied,
with respect to the accuracy, completeness, or usefulness of
the information contained in this document, or that the use of
any information, apparatus, method, or process disclosed in
this document will not infringe privately owned rights;

or

b. assumes any liabilities with respect to the use of, or for
damages resulting from the use of, any information,

apparatus, method, or process disclosed in this
document.
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UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20555-0001
February 2, 1999

Mr. James F. Mallay, Director Re T '
Regulatory Affairs ~ B S
Siemens Power Corporation ~£8 e N
2101 Hom Rapids Road . R (A2

P. O. Box 130
Richland, WA 99352-0130

SUBJECT: ACCEPTANCE FOR REFERENCING OF SIEMENS POWER
CORPORATION TOPICAL REPORT EMF-92-116(P): "GENERIC MECHANICAL
DESIGN CRITERIA FOR PWR FUEL DESIGNS," (TAC NO. M84245)

- Dear Mr. Mallay:

The staff has reviewed the subject report submitted by Siemens Power Corporation (SPC) by
letter of August 3, 1992, and your responses dated June 29, August 23, and November 16,
1994, January 31 and October 12, 1995, June 30, 1897, and January 14, 1998, to our
requests for additional information. On the basis of our review, the staff has found the subject
report to be acceptable for referencing in license applications to the extent specified and under
the limitations stated in the enclosed report and U.S. Nuclear Regulatory Commission (NRC)
technical evaluation. The evaluation defines the basis for acceptance of the report.

The staff will not repeat its review of the matters described in SPC Topical Report

- EMF-92-116(P) and found acceptable when the report appears as a reference in license

applications, except to ensure that the material presented applies to the specific plant involved.
NRC acceptance applies only to the matters described in SPC Topical Report EMF-92-116(P).
In accordance with procedures established in NUREG-0390, the NRC requests that SPC
publish accepted versions of the report, proprietary and non-proprietary, within 3 months of
receipt of this letter. The accepted versions shall incorporate this letter and the enclosed
evaluation between the title page and the abstract and an -A (designating accepted) foliowing
the report identification symbol.

Should our acceptance criteria or regulations change so that our conclusions as to the

acceptability of the report are no longer valid, applicants referencing this topical report will be
expected to revise and resubmit their respective documentation, or submit justification for the
continued applicability of the topica! report without revision of their respective documentation.

rely. 7
ﬁéﬁ U T
Akst wicz, Acting Chief
Generic Issues and Envnronmenté‘Pfo;ects Branch
Division of Reactor Program Management
Office of Nuclear Reactor Regulation

Enclosures: SPC Topical Report EMF-92-116(P) Safety Evaluation
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UNITED STATES

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555-0001

ENCLOSURE 1

SAFETY EVALUATION OF SIEMENS POWER C CORPORAT ION
" TOPICAL REPORT EMF-82-116(P)
GENERIC MECHANICAL DESIGN CRITERIA FOR PWR FUEL DESIGNS“

1 INTRODUCTION

In a letter dated August 3, 1292, from D. E. Hershberger, Siemens Power Corporation (SPC),
to the U.S. Nuclear Regulatory Commission (NRC), SPC submitted a Topical Report
EMF-92-116(P), "Generic Mechanical Design Criteria for PWR Fuel Designs," for NRC
review. EMF-92-116(P) describes an approach to fuel mechanical design criteria that SPC
intends to apply to changes or improvements in existing fuel designs for pressurized-water
reactor (PWR) fuel. This approach will not require the staff review and prior approval when
these criteria are met. This approach is consistent with the staff position on other fuel vendors.

The NRC staff was supported in this review by its consultant, Pacific Northwest National
Laboratory (PNNL). Our consultant's technical evaluation report (TER), which is attached,
provides technical findings relative to its review.

2 EVALUATION

The staff has reviewed the enclosed TER, and concludes that the TER provides an adequate
technical basis to approve EMF-92-116(P), except for Section 3.2, Violent Expulsion of Fuel.
With regard to Section 3.2, the staff believes that additional clarification is necessary with
respect to the acceptance criteria in Regulatory Guide 1.77 and Standard Review Plan 4.2 for
the rod ejection accidents. These acceptance criteria are considered nonconservative in light
of some test data from foreign test reactors on reactivity-initiated accidents. However, the staff
considers the fuel to be acceptable to a rod-average bumup level of 62 GWd/MTU burmnup
because the probability of these accidents is low and generic plant transient calculations
indicate that energy inputs during these transients are low and will remain below the relevant
test data failure levels. This position is consistent with the Agency Program Plan for High-
Bumup Fuel and the memorandum from L. Callan to the Commissioners dated July 15, 1997.

With this clarification', the staff agrees with PNNL's conclusion that the fuel mechanical design
criteria described in EMF-92-116(P) are acceptable for PWR licensing applications. Based on
our review, the staff adopts the findings in the attached TER.

3 CONCLUSIONS

The staff has reviewed the SPC's PWR fuel mechanical design criteria described in
EMF-92-116(P), and finds that the design criteria are acceptable for PWR licensing
applications up to 62,000 MWd/MTU rod average burnup.



For each application of the mechanical design criteria, SPC must document the design
evaluation process demonstrating conformance to these criteria and submit a summary of the

evaluation to the NRC staff for p
with these design criteria.

ossible'us'e in an audit to confirm that SPC is in compliance
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TECHNICAL EVALUATION REPORT OF THE TOPICAL
REPORT EMF-92-116(P), "GENERIC MECHANICAL
DESIGN CRITERIA FOR PWR FUEL DESIGNS"

C.E. Beyer

September 1998

Prepared for

Reactor Systems Branch

Office of Nuclear Reactor Regulation
U.S. Nuclear Regulatory Commission
under contract DE-AC06-76RLO 1830
NRC FIN 12009

Pacific Northwest National Laboratory
Richland, Washington 99352
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Specified Acceptable F uel Design Limits
Siemens Power Corporation

Standard Review Plan
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In order to suppon customer needs and remain competitive, the fuel vendors are
continually improving their fuel designs. Generally, the changes in design are made with
approved methodologies. The regulatory procedures to qualify and approve the new designs are
standard. However, the review and approval of these new designs place a burden on the staff
resources :

, Recently, the U.S. Nuclear Regulatory Commission (NRC) staff proposed that a set of
acceptance criteria, to be satisfied by new fuel designs, be established for each fuel vendor.
Once the acceptance criteria are approved, fuel designs or changes satisfying the criteria would
not require explicit staff review. Satisfaction of the acceptance criteria would be sufficient for
approval by reference to the acceptance criteria. Also, the NRC staff requires that the
acceptance criteria be nonproprietary so that any interested party will have access to the
acceptance criteria. The objective of this approach is to expedite the review process and reduce
the staff and mdustry resources needed for review of new fuel designs.

- In: response to the NRC staff‘s proposal the Slemens Power Corporanon (SPC) has
submitted to the NRC a topical report, entitled "Generic Mechanical Design Criteria for PWR
Fuel Designs" for review and approval (Reference 1). Described in this report are the process
and criteria that SPC intends to apply to minor changes in existing PWR fuel designs that will
not require NRC review and approval as long as these criteria are satisfied. SPCintendsto =
apply these criteria to all of their current PWR fuel designs.  The SPC analysis methodologles
that are used for deterxmmng that the specific fuel licensing criteria are satisfied have in most
cases been identified and previously approved by the NRC and, therefore, these previously
approved criteria have not been reviewed in detail during this review, but discussed briefly and
verified that they are generically applicable to future design changes. Those that have not been
previously reviewed were reviewed and will be discussed in much greater detail. Most of the
SPC analysis methodologies are generic but there are some that can be design specific =~
depending on the design change. The analysis methodologies that can be design specific will
be discussed in more detail as to when analysrs methods need to be altered and when NRC
review is required.

Pacific Northwest National Laboratory (PNNL) has acted as a consultant to the NRC in
this review. As a result of the NRC staff and their PNNL consultant's review of this topxcal
report, a list of questions were sent by the NRC to SPC requesting clarification of specxﬁc ‘
licensing criteria and licensing analyses (Reference 2). SPC responded to the questions in
Reference 3. SPC supplied further information in Reference 4 on criteria for changes in the
coefficients of the PWR rod and assembly growth correlations which is discussed in Section 2.6
of this report. Following discussions with SPC staff, a further response was transmitted to
NRC (Reference 5) that provided more detaxled mformatlon in response to the ongmal NRC
questions (Reference 2) : :

1.1



A request was made to SPC for further information on 1) when changes can be made to

SPC axial growth model without NRC review and the determination of the upper bound growth
prediction, 2) why is it not necessary for SPC to test for flow induced vibration for each new
design particularly since SPC has seen fretting failures in Palisades due to vibration, 3) =
providing corrosion data from high coolant outlet temperature plants, and 4) how does SPC
determine when a design change requires a new DNB correlation.’ SPC responded to this
request in Reference 6. SPC provided additional information in Reference 7 on the limitations
to changes to the SPC fuel rod axial growth model without the need for NRC review. SPC also
provided additional high burnup corrosion data in Reference 8 including a plant with high
coolant outlet temperatures as requested in Reference 2. As a result of PNNL’s review of this
data SPC altered their corrosion model to provide a higher corrosion rate when corrosion
exceeded a given level and presented additional corrosion data from a high coolant temperature
plant with rod-average burnups up to 63.4 GWd&/MTU. This information was transmitted in
Reference 9. R o : : - .

This review of topical report EMF-92-116 was based on those licensing requirements
identified in Section 4.2 of the Standard Review Plan (SRP) (Reference 10). The objectives of
this review of fuel licensing criteria, 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
operational occurrences (AOOs); 2) the fuel system damage is never so severe as to prevent
control rod insertion when it is required; 3) the number of fuel rod failures is not -
underestimated for postulated accidents; and 4) the coolability is always maintained. A "not -
damaged" fuel system is defined as fuel rods that do not fail, fuel system dimensions that
remain within operational tolerances, and functional capabilities that are not reduced below
those assumed in the safety analyses. Objective 1, above, is consistent with General Design
Criterion (GDC) 10 [10 Code of Federal Regulations (CFR) 50, Appendix A] (Reference 1 1),
and the design limits that accomplish this are called specified acceptable fuel design limits
(SAFDLs). "Fuel rod failure" means that the fuel rod leaks and that the first fission product
barrier (the cladding) has, therefore, been breached. Fuel rod failures must be accounted for in
the dose analysis required by 10 CFR 100 (Reference 12) for postulated accidents. -
"Coolability," which is sometimes termed "coolable geometry," means, in general, that the fuel
assembly retains its rod-bundle geometrical configuration with adequate coolant channels to <
permit removal of residual heat even after a severe accident. The general requirements to
maintain control rod insertability and core coolability appear repeatedly in the GDC (e.g., GDC
27 and 35). Specific coolability requirements for the loss-of-coolant accident (LOCA) are
given in 10 CFR 50, Section 50.46 (Reference 13). ' : v =

The proposed SPC PWR licensing criteria address thennal-méchmﬁcal,
thermal-hydraulic, accident analysis, and nuclear licensing criteria including power history~
selection criteria for specific design calculations. Within the discussions of these licensing
criteria a brief discussion of the NRC approved analysis methods used by SPC is provided. -
However, these methods are not reviewed unless otherwise noted. The exception to this is
when an analysis methodology is design specific. In this situation the discussion will identify;

1.2
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1) when an analysis methodology needs to be altered due to a design change and, 2) whether the
altered analysis methodology needs to be submitted and reviewed by the NRC. If no discussion
is provided, it should be assumed that changes to an analysis methodology need to be submitted
to NRC for review. In addition, SPC addresses testing inspection and surveillance requirements
to further verify conformance to the licensing criteria. :

The purpose of the PWR licensing criteria or limits are to provide limiting values that
prevent fuel damage or failure with respect to each damage mechanism. Reviewed in this
report is the applicability of the SPC PWR licensing criteria/limits to the SPC fuel designs up to
currently approved burnup levels. These approved licensing criteria/limits, along with certain
definitions for fuel failure, constitute the SAFDLs required by GDC 10.

1.3
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2.0 THERMAL-MECHANICAL DESIGN CRITERIA

_The licensing criteria presented in this section should not be exceeded during normal
operation and AOOs. The evaluation portion of each damage mechanism evaluates the analysis
methods and analyses used by SPC to demonstrate that the licensing criteria are not exceeded
during normal operanon mcludmg AOOs for SPC PWR desxgns :

2.1 ° DESIGN STRESSLIMITS

Bases/Criteria - The SPC licensing 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. The licensing limits for fuel rod cladding stress under
normal operation and AOOs are derived from the ASME Boiler Code, Section III, '
Article ITI-2000 (Reference 14); and the specified 0.2% offset yield strength and ultimate
strength for Zircaloy as provided in Table 3.1 of Reference 1. The stress categories include
primary membrane and bending stresses, and the secondary stresses. Stress limits for normal
operation and AOO events for assembly components also use the ASME Boiler and Pressure
Vessel Code, SectionIll as a ‘general guide. Stress limits for postulated accidents for the
assembly components use the methods outlined in Appendix F of the ASME Boiler and
Pressure Vessel Code, Sectlon III. These criteria have been previously approved by the NRC
(Reference 15 and 16) and contmue to be applicable to SPC PWR de51gns uptoa rod-average
burnup level of 62 GWdIMTU ,

Evaluation - The SPC stress calculations use conventional open literature c@uaﬁbns and
finite element stress analysis codes such as ANSYS (Reference 17). These analysis methods

_have been previously approved by the NRC and continue to be applicable to SPC PWR designs.

PNNL concludes that these analysis methods remain apphcable for SPC PWR designs up to a
rod-average bumup level of 62 GWd/MTU -

22  CLADDING DESIGN STRAIN LIMITS

Bases/Criteria - The SPC licensing basis for fuel rod cladding strain is that the fuel
system will not be damaged due to excessive cladding strain. In order to meet this basis, the
SPC design limit for cladding strain during steady-state operation and AOOs is that the
cladding will not exceed 1% uniform strain (elastic + plastic) up to peak rod exposures of 60
GWdJ/MTU and a lower proprietary limit for peak exposures above 60 GWd/MTU. The former
strain limit is the same limit that is used in Section 4.2 of the SRP and the latter is more
conservative. Both of these limits have been previously approved for SPC PWR fuel designs
(References 15 and 16). However, recently NRC has instituted a research program to examine
the observed decrease in cladding ductility, i.c., less than 1% uniform strain capability, when -
the cladding has corrosion thicknesses above 100 zm and high bumup (References 18, 19,20 -
and 21); however, this program has not been completed. The NRC has some concerns about
cladding ductility but is waiting for the conclusions of the research program before

2.1



implementing any further ductility requirements ona generitr:‘ﬁraéis. Therefore, PNNL
concludes that the SPC licensing basis and strain limits are applicable for SPC PWR designs up

to a rod-average burnup level of 62 GWdMTU.

The steady state RODEX2 fuel performance code (Reference 22) is used for normal operation
and the RAMPEX code (Reference 23) is used for calculating cladding strain during transient
events. Previous SPC PWR design approvals (References 15 and 16) have been based on
cladding strain analyses using these codes. PNNL concludes that these codes remain acceptable
for evaluating cladding strains for SPC PWR designs up to a rod-average burnup level of 62 .

23 CLADDING STRAIN FATIGUE

- Bases/Criteria - The SPC criterion for strain fatigue limits the "total fatigue usage
factor” to a conservative value less than one, where the fatigue usage factor is the number of
expected power cycles during each duty cycle divided by the number of allowed cycles. The
"total fatigue usage factor" is the sum of the individual usage factors for each duty cycle. The

Evaluation - SPC utilizes two fuel perfor'mahcé-‘cvbdes for calculéting daddiﬁg strain,

O'Donnell and Langer fatigue curves (Reference 24) are used to determine the number of
allowed cycles for each stress amplitude. SPC further incorporates the NRC recommended
(Reference 6) factor of 2 on stress amplitude or the factor of 20 on the number of cycles, ,
whichever is more conservative. For the SPC analysis approach, the factor of 20 represents a
reduction of 20 in the number of allowed cycles. This criterion is consistent with that in
‘Section 4.2 of the SRP and has previously been approved for SPC PWR fuel designs
(References 15 and 16). PNNL concludes that this criterion remains applicable for SPC PWR

designs up to a rod-average bivxrnup"level of 62 GWd/MTU .

Evaluation - The SPC analysis methodology for determining stress amplitude is based
on the use of the RODEX2 code (Reference 22) and the RAMPEX code (Reference 23) along
with the O'Donnell and Langer fatigue curve (Reference 24). The RODEX2 code provides
initial steady state conditions while the RAMPEX code provides stress amplitude for the power
cycles. This analysis methodology has been approved for SPC fuel designs. SPC was
questioned (Reference 2) on why they do not include the effects of wall thinning due to
cladding oxidation. SPC responded that cladding oxidation does not become significant until
later in the life of the fuel rods and in addition SPC has a very conservative fatigue lifetime
limit. PNNL agrees with the latter argument for not including cladding thinning due to
oxidation in their fatigue analysis because the SPC fatigue lifetime limit is considerably more
conservative than that recommended in Section 4.2 of the SRP and more than covers for the
lack of conservatism for not including cladding thinning due to oxidation. Therefore, PNNL

concludes that this analysis methodology remains applicable for PWR fuel designs up to a rod-
average burnup level of 62 GWdMTU. o . o
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24 FRETTING WEAR
- Bases/Criteria - Freftir_;g wear 1s a concern for the fuel rod cladding. Fretting, or wéar,
may occur on the fuel cladding surfaces in contact with the spacer grids if there is a reduction in

grid spacing loads in combination with small amplitude, flow induced, vibratory forces, .

- The SPC licensing basis for fretting wear is that fuel rod failures due to fretting shall not
occur. This licensing basis has been previously approved by the NRC for SPC PWR designs
(References 15 and 16). PNNL concludes that this basis remains applicable for SPC PWR
designsupto a rod-average burnup level of 62 GWd/MTU. - - ‘

) Evaluation - SPC i:étforms 6ut-of-féa¢tc’>r flow tests on fuel assemblies }_v\‘r‘ith'nc'w sjjaccr
designs to verify their fretting performance (Reference 1). SPC claims that the appropriateness
of these out-of-reactor flow tests is substantiated by the satisfactory in-reactor performance of

these new designs through fuel surveillance. SPC was further questioned about the recent SPC
fuel rod failure and cladding damage due to fretting observed in the Palisades plant and whether

performance. However, it is noted that SPC should pay particular attention to the vibrational
characteristics of new fuel assembly designs over their entire flow operating range during their
out-of-reactor flow tests to avoid vibrational fretting wear during‘opera_tior‘l. o .

25 OXIDATION. HYDRIDING. AND CRUD BUILDUP

Bases/Criteria '-;Cladding watérrsic'fle'corro:sion reduces cladding wall thickness dnd
res:iltjs in less load carrying capacity. SPC has a pfOprietary' limit for oxide thickness and

excessive hydriding and, therefore, there is no need for an additional hydriding limit. PNNL
agrees that hydride pickup due to waterside corrosion can be related to oxide corrosion
thickness and, therefore, a separate limit on hydriding is not necessary at this time,

PNNL has examined the SPC limit on oxide thickness and notes that it is above an

oxide thickness of 100 um. As noted in Section 2.2 of this report, the NRC has concerns when

23



oxide exceeds 100 um because recent data (References 18,19,20, and 21) indicates that
cladding ductility is very low, i.e., the ductility is below the 1% strain criterion in the NRC SRP
“and also below the SPC strain criterion, wheri oxide thicknesses are above 100 m due to the
corrosion induced hydriding. The hydrides appear to create crack initiation points in the . - |
cladding which results in lower failure thresholds for the cladding. However, the NRC is
awaiting the completion of an NRC research program that is examining cladding corrosion and
- ductility data at extended burnups before placing generic requirements on vendor cladding
corrosion or ductility. S o : : '

SPC was guestioned why their limit on oxide thickness was acceptable. SPC responded
(Reference 8) that their limit is based on a very conservative predictive corrosion model that
bounds 95% of their corrosion data with 95% confidence and the majority of industry that uses
2 100 zzm limit on oxide thickness uses a best estimate predictive corrosion model. _
Furthermore, SPC demonstrated that the combination of their corrosion limit and conservative
corrosion model is more conservative than a 100 um limit on corrosion and using abest
 estimate prediction of their corrosion data. PNNL concurs that the combination of SPCs 1
corrosion limit and conservative predictive corrosion model for licensing is conservative
compared to a 100 m limit and a best estimate predictive model. Therefore, PNNL concludes
that the current SPC cl_adding corrosion limit is satisfactory upto a rdd-average burnup level of
62 GWd/MTU. o ' B ' . A_

I addition, SPC does not have a imit on crud thickness but includes crud buildup i |
their fuel performance predictions and its effect on thermal performance is included in these
calculations. The inclusion of crud in the thermal performance predictions satisfies the intent of

the NRC SRP requirements and PNNL concludes that the SPC PWR design c;rite,ria for
corrosion are acceptable and agrees that no hydriding limit or crud limit is necessary for the .
reasons stated by SPC.. = o , B

Evaluation - The SPC analysis methodology for determining cladding oxidationand
crud buildup is based on the use of the RODEX2 computer code (Reference 22). The corrosion
model in RODEX?2 has been benchmarked against a narrow range of fuel burnups and reactor
coolant temperatures. SPC was questioned (Reference 2) on the applicability of the RODEX2
corrosion model to PWR plants with high outlet coolant temperatures up to rod average
burnups of 62 GWd/MTU and to provide the data that demonstrates the applicability of this
corrosion model. SPC responded (References 3,5 and 8) that they currently have corrosion data
from a high coolant temperature plant that utilizes their new optimized Zircaloy-4 cladding at .
rod-average burnups up to 55 GWd&/MTU and expect data up to or above 60 GWd/MTU in the.

. near future. SPC indicated that these fuel rods demonstrated'acceptablé corrosion behavior at a.

rod-average burnup of 55 GW&/MTU. SPC further indicated that they intend to use either the .

optimized Zircaloy-4 or duplex cladding in high temperature plants.

PNNL examined this cladding corrosion data and concluded that the conservative SPC .
corrosion model used for evaluating their limit on corrosion may not bound the high burnup
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data when corrosion exceeds a given amount. SPC responded (Reference 9) that they have
increased the rate of corrosion in their model when corrosion exceeds a given level in order to
bound the high burnup data from high temperature plants at a two sigma level (average plus
twice the standard deviation of the data). SPC also presented additional corrosion data with
rod-average burnups up to 63.4 GWd/MTU from a high temperature plant. The increased rate
of corrosion proposed by SPC bounds the data at a 95/95 upper confidence level. PNNL
concludes that SPC has adequately addressed cladding corrosion up toa rod-average burnup
level of 62 GWd/MTU.

2.6 A.XIALJ.B.EADIA.’UQILQ&QEIB

Bases/Criteria - SPC reqmres that the fuel assembly be compatible with the upper and
lower core support plates such that 2 minimum space is retained relative to the core support -
plates to be consistent with the workmg range of the assembly hold down springs throughout
operation . In addition, SPC requires that adequate clearances be maintained between the fuel
rods and the upper and lower tie plates of the fuel assembly throughout their lifetime. These
licensing bases are consistent with the SRP guidelines and, therefore, have previously been
approved for SPC PWR fuel designs. PNNL concludes these licensing bases remain apphcable

for SPC PWR designs up toa rod-average burnup level of 62 GWd/MTU.

E\@hum SPC has developed several empmcal methods to compute uradlanon '
growth for various assembly and fuel rod designs. SPC proposes (Reference 4) a numerical
criterion below which they can make minor changes to the coefficients of their axial growth
models without NRC review as new axial growth data are collected. The numerical criterion
proposed in Reference 5 was judged by PNNL to be too large and the base axial growth model
for comparison with the new models for demonstrating acceptability to the criterion was not
acceptable. SPC subsequently proposed (Reference 7) a lower criterion based on the standard
deviation of the base models fit to the data. The base axial growth model is that presented in
Figure 1 of Reference 5. If either the upper or lower bounds of the new axial growth model
change by more than a standard deviation from the upper or lower bounds of the base axial
growth model in Reference 5 the new model i is requlred to be submitted to NRC for review.

SPC further proposes to use a 95/95 upper confidence bound on assembly growth and
worst case assembly fabricated tolerances to determine the minimum clearances with the core
plates at end-of-life (EOL). For determining fuel rod clearances SPC proposes to use a 95/95

- upper confidence bound on rod growth and a 95/95 lower confidence bound on assembly

growth plus worst case fabricated tolerances on the fuel rods and assembly. SPC provided
examples of the rod and assembly growth 95/95 confidence bounds compared to data in
Reference 4. It was noted that the data showed an increase in variance with increasing fast
fluence but the 95/95 confidence bounds did not reflect this change in variance with fast
fluence. SPC responded in Reference 5 with a recalculation of the 95/95 confidence bound that
accounts for the mcreased vanance in the growth data with increasing fast fluence. This new
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SPC methodology for determihing the 95/95 confidence bounds which includes the increased
variance with fast fluence is acceptable. - , S

* Therefore, PNNL conclude§ :that the‘cxi'iteriorrx for chéﬁges to the model without NRC
review and the methodology for determining the 95/95 confidence bounds are acceptable up to

a rod-average burnup level of 62 GWd/MTU.
27  RODINTERNAL PRESSURE

Bases/Criteria - Rod internal pressure is a driving force for, rather than a direct |
mechanism of, fuel system 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 used by the industry; it states that
rod internal gas pressure should remain below the nominal system pressure during normal - -
operation, unless otherwise justified. SPC has elected to justify limits other than those provided
in the SRP. A proprietary limit above system pressure for fuel designs has been justified in -
Reference 15. In addition, SPC has imposed a second limit (Reference 15) that requires the
fuel-cladding gap to remain closed during constant and increasing rod power operation under
normal reactor operating conditions, when internal rod pressure exceeds the system pressure.
These SPC limits for PWR fuel designs are presented in Reference 15 and have been reviewed
and accepted by the NRC. PNNL concludes that these limits are also acceptable for SPC PWR
designs up to a rod-average burnup level of 62 GWI/MTU. .

Eygm - The RODEX2 fuel berform&ncé code, with conservative power histories,
has been used by SPC to show that SPC designs are within the SPC licensing limits. The

RODEX2 code has been reviewed and found acceptable by the NRC (Reference 22) for the -

calculation of PWR rod internal pressures at extended burnup levels provided that it is used to -
calculate rod intemal pressures. The SPC methodology for determining the PWR power
histories used as input to this code have also been reviewed and found acceptable by the NRC
(Reference 15) for extended burnup applications. PNNL concludes that both the RODEX?2
code and the power history methodology are acceptable for application to SPC PWR designs up
to a rod-average burnup level of 62 GWd/MTU.

28 ASSEMBLY LIFTOFF

Bases/Criteria - The guidelines in Section 4.2 of the SRP to prevent assembly liftoff are
that worst-case hydraulic loads that occur during normal operation and AOOs should not
exceed the hold-down capability of the fuel assembly. SPC licensing criteria requires that the
assembly not levitate from hydraulic or accident loads. Therefore, for normal operation the -
submerged fuel assembly weight, including the channel, must be greater than the hydraulic
loads. The criterion covers both cold and hot conditions and uses the maximum specified flow
limits for the reactor. For accident conditions the normal hydraulic loads plus accident loads
shall not cause the assembly to become disengaged from the fuel support. This licensing
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_ criterion is consistent with the SRP and, therefore, has been previously approved by NRC for
SPC PWR designs. PNNL concludes that this licensing criterion remains applicable for SPC
PWR designs up to a rod-average burnup level of 62 GWd/MTU.

- Evaluation - The SPC analysis methodology for SPC PWR fuel designs has been
reviewed and approved previously in Reference 15 for lower burnups and in Reference 16 for a
rod-average burnup level up to 62 GWd/MTU. Assembly liftoff is an issue for each new N
assembly design in regards to the design of the holddown spring particularly for early-in-life
operation but is not an issue with regards to high burnup operation. This is because the growth
of the assembly with irradiation actually increases the fuel assembly holddown forces with
irradiation time. SPC conservatively assumes worst case as-fabricated dimensions, minimum
holddown spring rate, minimum assembly mass, and minimum assembly growth in this
analysis. PNNL concludes that this analysis methodology remains applicable to SPC PWR
designs up to a rod-average burnup level of 62 GWd/MTU. o

29  FUEL ASSEMBLY HANDLING -

Design Base/Criteria - The SPC licensing basis is that the fuel assembly must withstand
all normal axial loads from shipping and fuel handling operations without permanent a
deformation. In order to maintain compliance with this licensing basis, SPC uses a licensing
criterion that the fuel assembly structural components must not show any yielding at an axial
load 2.5 times the static assembly weight. In addition, SPC has licensing criteria on the fuel rod
plenum spring to prevent fuel column movement during handling. These licensing bases and
criteria are consistent with SRP requirements and have previously been found acceptable for
SPC PWR designs References 15 and 16. PNNL concludes that these licensing basis and
criteria remain applicable for SPC PWR designs up to a rod-average burnup level of 62
GWd/MTU. - : AR ' S

Evaluation - SPC uses either stress analysis methods or testing to demonstrate
compliance with the licensing basis and criteria. The firel assembly structural components must
not show any yielding and include appropriate conservatisms in the design criteria discussed
above. These analysis and testing methods are judged to be acceptable and have been ©~
previously approved by the NRC in Reference 15 for lower burnups and in Reference 16 for
rod-average burnups up to 62 GWd/MTU. PNNL concludes that these methods remain

applicable to SPC PWR designsupto a rod-average burnup level of 62 GWd/MTU.
2.10 INTERNAL HYDRIDING °

Bases/Criteria - The release of hydrogenous impurities inside the fuel rod can result in
premature cladding failure due to the formation of hydride blisters and reduced ductility,
Hydriding, as a cladding failure mechanism, is precluded by controlling the level of moisture
and other hydrogenous impurities during fuel pellet fabrication. The SPC fabrication limit for
total hydrogen in fuel pellets has not been defined in Reference 1 but has been defined in
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Reference 16 as equal to the ASTM limit cited in the SRP. PNNL concludes that this limit on
total hydrogen in the fuel pellet is acceptable for application to SPC PWR designs up to a rod-
average burnup level of 62 GWd/MTU. e R .

. Evaluation - The moisture and hydrogenous impurity level of SPC fuel pellets is
determined by taking a statistical sample of the fabricated pellets and measuring total hydrogen
content to ensure that it is below the SPC limit. Cladding failures due to excessive moisture in
the fuel typically occur early-in-life. Because SPC has not experienced any significant fuel

failures due to hydriding in past SPC fuel designs, this method of testing the impurity level of
SPC fuel pellets has been found to be acceptable by the NRC for previous SPC fuel designs
References 15 and 16. PNNL concludes that this method of testing remains applicable for SPC
PWR fuel designs up to a rod-average burnup level of 62 GWd/MTU. - o ‘

2.11  CLADDING COLLAPSE

Bases/Criteria - If axial gaps in the fuel pellet column were to occur due to fuel
densification, the cladding would have the potential of collapsing into a gap, i.e., flattening.
Because of the large local strains that would result from collapse, the cladding is assumed to
fail. SPC's licensing criterion for preventing cladding collapse is to maintain a radial gap large
enough to prevent pellet hang up and, therefore, axial gap formation. This licensing criterion
has also been accepted for previous SPC PWR fuel designs References 15 and 16. PNNL
concludes that this licensing criterion remains acceptable for SPC PWR designs up to a rod-
average burnup level of 62 GWd/MTU. Lo o

Evaluation - SPC uses approved RODEX2 and COLAPX codes (References 22 and 25)
to predict cladding creep collapse. The RODEX2 code is used to provide initial in-reactor rod
conditions to COLAPX, e.g., radial fuel-cladding gap size, fill gas pressure, and cladding
temperatures. The COLAPX code calculates cladding ovality changes (flattening) and creep
deformation of the cladding as a function of time. This analysis methodology has previously
been found acceptable (Reference 15) and for SPC PWR designs up to a rod-average burnup
level of 62 GWd/MTU (Reference 16). PNNL concludes that this methodology remains -
applicable for SPC PWR designs up to a rod-average burnup level of 62 GWd/MTU. .

2.12  OVERHEATING OF FUEL PELLETS

Bases/Criteria - In order to avoid fuel rod cladding failure due to overheating, SPC
precludes fuel centerline melting for normal operation and AOOs. 'This licensing limit is the
same as given in the SRP, Section 4.2.1.A-2(e), and, therefore, has previously been approved
by the NRC for SPC PWR designs. PNNL concludes that this licensing limit remains applica-
ble for SPC PWR designs up to a rod-average burnup level of 62 GWd/MTU. -

_ EA \}alilag'gn - SPC utilizes a co:felation for the fuel melting point that accounts for the
effects of burnup and gadolinia content. In addition, SPC uses the RODEX2 computer code
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(Reference 22) to calculate maximum possible fuel centerline temperatures for normal
operation with conservative power histories. For AQOs, SPC uses the RODEX2 (Reference
22) and RAMPEX (Reference 23) computer codes to calculate maximum possible fuel
centerline temperatures with ramped power histories at least 120% of those for the steady-state
power histories. This analysis is strongly dependent on fuel thermal conductivity that has
recently been found to decrease with increasing fuel burnup, and this decrease js not explicitly
modeled in RODEX2. PNNL reviewed the RODEX? fuel performance code and concluded
that the inherent conservatisms in the codes thermal predictions compensated for the recently
observed decrease in fuel thermal conductivity with burnup. It is also noted that SPC PWR
designs have considerable margin with respect to fuel melting. Therefore, PNNL concludes
that SPC’s fuel melting limit and analysis methods remain applicable to SPC PWR designs up
to & rod-average burnup level of 62 GWd/MTU. I

2.13 BELLEIZCLADDINQH‘HERAQUQN

Bases/Criteria - The SRP does not contain an explicit criterion for pellet/cladding
interaction. However, it does present two related criteria that implicitly address PCL. The first
one is that transient-induced deformations must be less than 1% uniform cladding strain,
Section 2.2. The second one is that fuel melting cannot occur, Section 2.12. SPC requires
compliance with both criteria for steady state and transient conditions over the lifetime of the
fuel. In addition, for peak local exposures greater than 60 GWd/MTU SPC has a more
restrictive (conservative) cladding strain criteria that is proprietary. PNNL concludes that these
criteria are acceptable. | SRR - o ’ '

Evaluation -‘Coxilpﬁance with the cladding strain criterion and the fuel melting criterion
is discussed in Sections 2.2 and 2.12 of this report, respectively. S

2.14  EUEL ROD MECHANICAL FRACTURING

Bases/Criteria - The term "mechanical fracture” refers to a fuel rod defect that is caused

by an externally applied force, such as a hydraulic load or 2 load derived from core plate motion

induced by LOCA-seismic events. The licensing bases and criteria for mechanical fracturing of
SPC PWR reload fuel are presented in the ASME Boiler and Pressure Vessel Code, Section III,
Appendix F for faulted conditions. The licensing basis is that the fuel assemblies must
withstand the external loads due to earthquakes and postulated pipe breaks without fracturing
the fuel rod cladding. The licensing limit proposed by SPC is that the stresses, dueto’
postulated accidents in combination with the normal steady-state fuel rod stresses, should not
exceed the allowables from the ASME Boiler and Pressure Vessel Code, Section III, '
Appendix F for faulted conditions. This design limit for mechanical fracturing has been
reviewed and approved in the NRC review of Reference 26 and has previously been acceptable
for application to SPC PWR designs in References 15 and 16. PNNL concludes that these ,
licensing bases and limits remain applicable to SPC PWR designs up to a rod-average burnup
level of 62 GWd/MTU. - e -
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Evaluation - The approved methodology for evaluating seismic-LOCA loads is -
described in Reference 26 and an example plant application is described in Reference 27.
These analysis methods have been previously approved by the NRC. It should be noted that
seismic-LOCA loads are not calculated as part of the standard mechanical design analyses
performed by SPC but are part of the SPC seismic-LOCA analyses However, Section 4.2 of
the SRP lists mechanical fracture as part of the fuel design review process and, therefore, will
be discussed in this report. Reference 1 has stated that "plants with existing seismic-LOCA
analyses a change in fuel design does not typically necessitate a full reanalysis". SPC was
questioned (Reference 2) on when a reanalysis was required and the extent of the analyses to
demonstrate that a complete reanalysis was not required. SPC responded (Reference 3) that in
some situations the loads and deflections from an exnstmg seismic analysis may be used for the

evaluation of another plant specific application such as in Reference 27. They further stated
that a full reanalysis was not performed in the following situations.

1) The analysis for a particular design evaluated for one plant is apphcable to another plant
with the same design and the same or lesser seismic amplitudes.

2) A design has similar mass and stiffness properties' to a fully analyied de51gn. In this -
situation, the loads and deflections for the exlstmg case may be used in evaluating the
" new application. o S

3) The dynamic propertles such as mass, spacer stxﬁ‘ness, and bundle stliﬁless of anew -
- design are within 15% of those of a fully evaluated similar design. The loads for the
existing case may be used when adjusted to conservatively account for the difference in
_ properties. Spacer and fuel rod forces are increased in proportion to any increase in

weight. Bundle deflections are increased in proportion to any decrease in bundle
stiffness.

4) A design if substantially different from an analyzed design, but analyses for other inputs
have been performed which show that the use of loads from the existing plant specific
analysis will be conservative. In this situation, other analyses or sensitivity studies have

‘shown improved performance for the new design, indicating that it will prov1de equal or
: unproved performance in the plant application under consideration.

o PNNL concludes that these crit_eria and approved analysis met_hodology eehain
applicable to SPC PWR designs up to a rod-average burnup level of 62 GWd/MTU.

2.15 RODBOWING
B 'Bases/Criteria - F uel and burnable poison rod bowing is a pheaomenon that alters the
design-pitch dimensions between adjacent rods. Bowing affects local nuclear power peaking

and the local heat transfer to the coolant. Rather than place design limits on the amount of
bowing that is permitted, the effects of bowing are included in the analyses of thermal margin
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performance discussed in Section 3.2. PNNL concludes that this approach is consistent with
Section 4.2 of the SRP and is acceptable for SPC PWR fuel designs.

Evaluation - Rod bowing has been found to be dependent on the distance between grid
spacers, the rod moment of inertia, and the neutron flux distribution. SPC analysis methods
used to account for the effects of rod bowing in PWR fuel assemblies are presented in
References 28 and 29, and are extended to 62 GWD/MTU rod-average burnup in Reference 29.
References 28 and 29 have compared the licensing bow rod model to SPC PWR rod bow data
with assembly-average bumups below 50 GWd/MTU and demonstrated that the model
becomes more conservative at higher burnups. PNNL concludes that the SPC analysis methods
for rod bowing are acceptable for SPC PWR fuel designs up to a rod-average burmup level of 62
GWdJd/MTU. The effects of rod bowing on thermal margin analysis is discussed in Section 4.2
Thermal Margin Performance.

2.16 FUEL DENSIFICATION AND SWELLING

Bases/Criteria - There are no specific licensing criteria for fuel densification and
swelling other than licensing criteria for fuel temperatures, cladding strain, cladding collapse
and internal rod pressure. PNNL concludes that this is acceptable for SPC PWR designs up to a
rod-average burnup level of 62 GWd/MTU.

Evaluation - The PWR evaluation models for densification and swelling are included in
the NRC approved fuel performance code RODEX2 (Reference 22). PNNL concludes that
these models and the code remain applicable to SPC PWR designs up to a rod-average burnup
level of 62 GWd/MTU.
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» For postulated accldents in which severe fuel damage might occur, core coolablhty must
be maintained as required by several GDCs (e.g., GDC 27 and 35). In the following -
paragraphs, limits and methods used to assure that coolability is maintained are discussed for
the severe damage mechanisms listed in the SRP.

3.1 CLADDING EMBRITTLEMENT

Bases/Criteria - The most severe occurrence of cladding oxidation and possible
fragmentation during a postulated accident is the result of a LOCA. In order to reduce the
effects of cladding oxidation during LOCA, SPC uses a limiting criteria of 2200°F on peak
cladding temperature (PCT) and a limit of 17% on maximum cladding oxidation as prescribed
in 10 CFR 50.46. These criteria are consistent with the SRP criteria. PNNL concludes that
these criteria are also apphcable to SPC designs up toa rod-average bumup level of 62
GWd/M’I'U - ,

Exgm__ggn The reqmremcnts on claddmg embrittlement and fragmentauon are
evaluated in the SPC LOCA analysis methods approved by the NRC. PNNL concludes that the

NRC approved LOCA analysis methods remain applicable to SPC PWR designs up to a rod-
average burnup level of 62 GWd/MTU.

32 mmﬁmnﬁmgmm K
Bg_s_gigmgng In a severe reactmty initiated accident (RIA), such as controI rod

’ ejectlon accident, large and rapid deposition of energy in the fuel could result in melting,

fragmentation, and dispersal of fuel. The mechanical action associated with fuel dispersal
might be sufficient to destroy the fuel cladding and rod bundle geometry and provide significant
pressure pulses in the primary system. To limit the effects of an RIA event, Regulatory Guide
1.77 (Reference 30) recommends that the radially-averaged energy deposition at the hottest
axial location be restricted to less than 280 cal/g.

The SPC design criterion for this event is identical to that in Regulatory Guide 1.77, .
such that the peak fuel enthalpy for the hottest axial fuel rod location shall not exceed 280 cal/g.
The NRC is currently reevaluating the 280 cal/gm limit and the failure threshold limit of DNB.
Recent RIA testing has indicated that fuel expulsion and failure may occur before the 280 cal/g
limit and the onset of DNB, respectively, at high burnup levels (References 31 and 32).
Therefore, in the event that the limits change SPC will be expected to modify their design
criteria accordingly and notify NRC if this change impacts their ability to meet these new
criteria. However, NRC5 evaluation of new criteria for RIAs has not been completed at this

~ time and the current Regulatory Guide 1.77 remains applicable. Therefore, PNNL concludes

that SPC design limits for fuel dispersal are acceptable for application to SPC PWR designs up
to a rod-average burnup level of 62 GWd/MTU.

3.1



Evaluation - The SPC reload analysis methods approved by NRC for SPC PWR designs
for RIA events will be used to evaluate this criterion. PNNL concludes that these NRC

approved analysis methods remain applicable up to a rod-average burnup level of 62
GWd/MTU. - B - :

33 CLADDING RUPTURE

Bases/Criteria - Zircaloy cladding will burst (rupture) under certain combinations of
temperature, heating rate, and differential pressure conditions that occur during a LOCA.
While there are no specific licensing criteria in the SRP associated with cladding rupture, the
requirements of Appendix K to 10 CFR Part 50 (Reference 33) must be met such that cladding
rupture not be underestimated for LOCA analyses; therefore, a rupture temperature correlation
must be used in the LOCA emergency core cooling system (ECCS) analysis. SPC has
developed cladding deformation and rupture models that are consistent with NUREG-0630
(Reference 34) and that have been approved by the NRC (Reference 35). PNNL concludes that

- SPC has addressed the requirements for cladding rupture as defined in 10 CFR Part 50 -
Appendix X for SPC PWR designs up to a rod-average burnup level of 62 GWd/MTU.

Evaluation - As noted above, the SPC cladding deformation and rupture models
described in Reference 35 have been approved by NRC. These models are essentially identical
to those presented in NUREG-0630 (Reference 34). PNNL concludes that these deformation
and rupture models remain applicable to SPC PWR designs up to a rod-average burnup level of
~62GWdMTU. - P o
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4.0 THERMAL AND HYDRAULIC DESIGN CRITERIA

Thermal and hydraulic licensing criteria are used to determine'and provide thermal

_operating limits with acceptable margins of safety during normal reactor operation and AOOs.
- To the maximum extent possible, SPC tries to do these analyses on a generic fuel licensing
~ basis; however, many are performed on plant and cycle specific bases because of teactor and

cycle operatmg dlfferences

Bases/Criteria - The SPC licensing criterion is that the hydraulic flow resistance of
reload assemblies shall be sufficiently similar to existing fuel in the reactor such that there is no
significant impact on total core flow or the flow distribution among assemblies and the thermal
performance margin in the core. The SRP does not have a specific criteria on hydraulic flow
resistance other than having acceptable core flow distributions including bypass flow, such that
heat transfer limits are met for all models of operation. However, this SPC hcensxng criterion is
desirable in order to keep core thermal hydraulics similar to previous cores in a given reactor.
Therefore, SPC was questioned regarding what specific criteria are used to determine when
there is 2 significant impact on core performance (flow distribution and thermal margin)

- particularly when a mixed core of different fuel designs is being evaluated. SPC responded

(Reference 3) that they have an NRC approved methodology for performing analyses of mixed
core configurations in Reference 36. This methodology describes how licensing analyses are
performed in mixed cores with different fuel designs and pressure drops at the spacer, upper tie
plate and lower tie plate. This methodology explicitly calculates the axial and radial flow *

-distributions in a mixed core and the impact of the overall assembly flow drop differences and
their impact on flow distributions. The impact of these flow distributions are accounted for in

the calculation of departure from nucleate boiling ratio (DNBR) and fuel centerline melt.
Because no specific criteria have been proposed in the SRP other than the thermal margin =~
limits, and NRC has previously approved SPC methodology for evaluating these limits for °
mixed cores, PNNL concludes that the SPC design criteria of meeting thermal margins is
acceptable for SPC PWR de51gns uptoa rod-avcrage burnup level of 62 GWd/MTU

‘Evaluation - SPC utlhzes a combmatlon of both analytxcal techniques and expenmental
data to determine hydraulic resistances of the individual assembly components. For example,
the single-phase flow resistances of the orifice, lower tie plate, bare rod region, spacers, and
upper tie plate of the SPC fuel designs are generally determined in single phase flow tests with
full scale assemblies. As noted above, these resistances and ultimate pressure drops are used to
account for flow distributions and are accounted for in the calculation of DNBR and centerline
melit. In addition, SPC has an NRC approved methodology for evaluating thermal performance
margins for mixed cores (Reference 36). PNNL concludes that this methodology is acceptable
for application to SPC PWR designs up to a rod-average burnup level of 62 GWd/MTU. ‘
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42  THERMAL MARGIN PERFORMANCE :
Bases/Criteria - The SPC PWR fuel licensing basis is that the likelihood of DNB shall

be minimized to a very low level of occurrence during normal operation and AOOs. In order to
achieve this licensing basis, SPC specifies that there will be at least a 95 percent probability at a

95 percent confidence level that departure from nucleate boiling (DNB) will not occur during
normal operation and AOOs. This design limit is consistent with the thermal margin criterion
of Section 4.2 of the SRP and, therefore, PNNL concludes it is acceptable for SPC PWR
designs up to a rod-average burnup level of 62 GWd/MTU.

‘ Evaluation - As mentioned above, SPC uses NRC approved DNB correlations that are

_empirically derived from DNB data for specific PWR designs to determine that these designs

- meet the thermal margin limit for DNB for each design application. Therefore, these DNB
correlations are design specific. The NRC approved SPC DNB correlations are the XNB,
ANFP, and HTP correlations. The XNB correlation was developed for the bi-metallic spacer
design while the ANFP correlation was developed for the high thermal performance (HTP)
spacer and the intermediate flow mixers (IFMs) for Westinghouse reactors. The HTP
correlation is for fuel with varying fuel lengths using the HTP and HTP/IFM spacer designs of
reactor manufacturers other than Westinghouse. The effects of rod bow are explicitly included
in the calculation of DNB. . | : B

SPC was questioned (Reference 2) on what criteria are used to determine if an existing
DNB correlation is applicable to a new fuel design. If the existing correlation is not applicable
to the new design, will a new correlation be developed and submitted to NRC for review? SPC
responded (Reference 3) that each design is evaluated relative to the NRC-approved range of
the parameters of the correlation. If any parameters are outside of this range, (e.g., inlet
enthalpy, rod diameter, rod pitch axial spacer span, or hydraulic diameter), new DNB test data
will be obtained in test bundles with the new design parameters (Reference 6). The range of
data obtained in the DNB testing for the new fuel design must span the full range of operating
conditions for which the DNB correlation is to be applied for the new fuel. The existing DNB
correlation is deemed applicable if it predicts the results of the new DNB test data A_
conservatively enough to yield a 95/95 safety limit for the new data set alone that is within the
existing approved safety limit of the correlation safety limit. Alternatively, the correlation
would be deemed applicable to the new fuel if addition of the new test data to the correlation
data base yields a 95/95 safety limit equal to or less than the existing safety limit. This
approach to verifying the applicability of NRC approved DNB correlations to new SPC fuel
designs is acceptable. o SRR S :

_ SPC was also questioned about changes to design parameters, e.g., change in spacer
design, that are not represented in the DNB correlation but which may alterthe DNB -~
performance of the assembly. SPC responded (Reference 6) that a new DNB test may be
performed using an identical test bundle as to the reference design differing only in the one
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design change. If the results of this new test do not differ from the reference design results by
an amount greater than the bundle-to-bundle repeatability allowance for the DNB facility, then
the design change would be judged to have had no significant effect on DNB performance. This
approach to verifying the applicability of NRC approved DNB correlations to new SPC fuel
designs is acceptable.

PNNL concludes that the analysis methodology to determine the applicability of
existing DNB correlations to new fuel designs is acceptable, provided that the range of data
obtained in the DNB testing for the fuel design spans the full range of operating conditions for
which it is to be applied. To assist in future NRC audits, SPC is required to supply '
documentation to NRC that describes and justifies SPC’s conclusion whenever an existing
DNB correlation is deemed applicable to a new fuel design.

43  EUEL MELTING
Bases/Criteria - This issue has already been addressed in Section 2.12 of this report that

addresses the Thermal Design Criteria and, therefore, will not be discussed further in this
section.

Evaluation - See Evaluation in Section 2.12.

44  RODBOWING

Bases/Criteria - This issue has already been addressed in Section 2.15
that addresses the Thermal-Mechanical Design Criteria and Section 4.2 of this report and,
therefore, will not be discussed further in this section.

Evaluation - See Evaluation in Section 2.15.

43
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5.0 NUCLEAR DESIGN ANALYSIS

The nuclear design analyses are divided into two parts: a nuclear fuel assembly design
analysis and a core design analysis. Nuclear fuel assembly and core analyses are performed
using NRC approved methodology to assure the new assembly and/or design features meet the
nuclear design characteristics established for the fuel and core. The neutronic design .

. characteristics are selected such that fuel design limits are not exceeded during normal .

operation of AOOs, and that the effects of postulated accidents will not cause significant

a damage to the reactor coolant pressure boundary or impair the capability to cool the core. -
‘These characteristics are evaluated on a reload cycle specific basis during the neutronic, thermal

mechanical, and thermal hydraulic safety analysis.

The core design analyses include the evaluation of power distributions, kinetic
parameters and control-rod reactivity, : :

51  POWER AND EXPOSURE HISTORIES

The power histories are generated using an approved SPC three-dimensional core
simulator code. These histories are used to verify that peaking limits are in accordance with
technical specifications and are provided for thermal mechanical analyses taking into account
AOO:s. '

The Pacific Northwest National Laboratory (PNNL) concludes that the previously
approved SPC neutronic codes and peaking limits remain applicable up to & rod-average burnup
level of 62 GWd/MTU.

5.2 KINETIC PARAMETERS

The SPC design criteria for reactivity coefficients are:

* Doppler coefficients shall be negative at all operating conditions;

* Power coefficient shall be negative at all operating power levels relative to hot zero
power; ‘ ,

* Moderator temperature coefficient shall be in accordance with the plant technical
specifications. ‘

PNNL concludes that these SPC design criteria and previously approved codes for calculating
reactivity coefficients remain applicable up to a rod-average burnup level of 62 GWd/MTU.

5.1



53  CONTROL ROD REACTIVITY

" The SPC design criterion is that the design of the assembly shall be such that the .

: Techmcal Specification shutdown margm will be maintained. Specifically, the assemblies and
the core must be designed to remain subcritical with the highest reactivity worth control rod
fully withdrawn and the remaining control rods fully inserted. Shutdown margin is calculated

.and demonstrated at beginning-of-cycle (as a rmmmum) for each reactor. PNNL concludes that
these SPC design criteria and previously approved codes for calculating control rod reactivity

- and shutdown margin remain applicable up toa rod-average burnup level of 62 GWd/MTU

5.2
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6.0 TESTING, INSPECTION AND SURVEILL ANCE

SPC was requested to provide a specific fuel surveillance program for new fuel designs
(Reference 2). SPC responded (Reference 3) that SPC introduces new PWR fuel designs
through Lead Fuel Assembly (LFA) programs which include surveillance of the in-reactor
performance of the new design features. SPC further states that they generally perform detailed
visual inspections of lead fuel assemblies and, depending on the design changes introduced, can
make poolside measurements of parameters that are pertinent to the design change. Examples
of the types of measurements include rod profilometry (rod diameters), oxide thickness, rod
length, fission gas release, pellet column location, axial power profile, cladding defects, rod-to-
rod spacing, and assembly length. Due to the commitment by SPC to employ LFAs for new
fuel designs, PNNL concludes that this is acceptable.

6.1
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7.0 CONCLUSIONS

PNNL has reviewed the subject topical report and concludes that the submittal describes
a set of licensing acceptance criteria and methods that are acceptable for application to new
PWR fuel designs up to 2 rod-average burnup level of 62 GWd/MTU.

For each application of the "Generic Mechanical Design Criteria for PWR Fuel
Designs," SPC must demonstrate compliance to these criteria and is required to document this
assessment to the NRC staff for future audits. SPC should also understand that future audits are
possible based on this assessment, in order to confirm that SPC is in compliance with these
criteria.

7.1
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SIEMENS

August 3, 1992
DEH:052:92

Director of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Mail Station P1-137

Washington, D. C. 20555

Dear Sir;

Transmittal of EMF-92-11 6(P)

Reference: = EMF-92-116(P) “Generic Mechanical Design Criteria for PWR Fuel Designs®
Siemens Power Corporation, Nuclear Division, July 1992

Enclosed are twenty-five copies of the referenced topical report which are being submitted to the
NRC for review and approval. this topical report provides the generic mechanical design criteria
used by Siemens Power Corporation, Nuclear Division, when performing PWR fuel designs.

Siemens Power Corporation, Nuclear Division, considers the information contained in this
reference topical report to be proprietary. Therefore, in compliance with the requirements of 10
CFR 2.790(b) to support the withholding of documents from public disclosure, an afiidavit is
attached.

If there are additional questions, or if more information is needed, please contact me at (509)
375-8675.

Very truly yours,

= bkl

D. E. Hershberger
Senior Engineer
Reload Licensing

fskm

cc: Mr. R. Jones (USNRC) w/encl.
Mr. L. E. Phillips (USNRC) w/encl.
Dr. S. LK. Wu (USNRC) w/encl.

Siemens Power Corporation
Nuclear Division - Engineering and Manufacturing Facility
2101 Homn Rapids Road, PO Box 130 Richland, WA 99352-0130 Tel: {509) 3758100 Fax: (509) 375-8402
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AFFIDAVIT

STATE OF WASHINGTON )
. T ’ e SS.
COUNTY OF BENTON )

-1, D. E. Hershberger being duly swomn, hereby say and depose:

1. I am Senior Engmeer. Reload chensmg. for Siemens Power Corporation,

Nuclear DMSlon ("SPC"), and as such ! am authonzed to execute thrs Affi dawt

2', | am famrllar wrth SPC's detalled document control system and polrcres which
govern the protectlon and control of mformatron
-3 lam famrhar w:th the toprcal report EMF-92-1 16(P) entitled 'Genenc Mechanical

Design Cntena for PWR Fuel Des:gns referred toas "Document." Information contamed in thns

Document has been classrﬁed by SPC as propnetary in accordance with the control system and

pollctes estabhshed by SPC for the controt and pratection of information.

4. 7 The Document contams informatron ofa propnetary and conf dential nature and
is of the type customanly held in conﬁdence by» SPC and not made avarl_able to the publrc.
Based on my expenence I am aware that other compantes regard mforrnatlon of the kind
contained in the Document as propnetary and conﬁdentrat |

5 The Document has been made available to the U.S. Nuclear Regulatory
Comm:ssron in conﬁdence wrth the request that the mformatron contamed in the Document will

not be drsctosed or drvutged



8. The Document contains information which is vital to a competitive advantage
of SPC and wouid be helpful to competitors of SPC when competing with SPC.

7. The information contained in the' Document is considered to be proprietary by
SPC because it reveals certain distinguishing aspects of SPC mechamcal desrgn methodology
whrch secure competitive advantage to SPC for fuel design optimization and marketabrlrty, and
includes information utilized by SPC in its business which affords SPC an opportumty to obtain
a competitive advantage over its competitors who do not or may not know or use the information
contained in the Document.

8. | The drsclosure of the proprretary information contarned |n the Document toa
competitor would permtt the competrtor to reduce rts expendrture of money and manpower and
to rmprove its competitive posrtion by grvrng it valuable mslghts rnto SPC mechanlcal desrgn
methodology and would result in substantxal harm to the competltwe posrtron of SPC |

9 The Document contams propnetary rnformatron whlch is held in conﬂdence by
SPC and is not avarlable in publrc sources | | | | |

: 10 In accordance wrth SPCs pollcres governrn.g the protectron and control of
information, proprietary rnformatlon contarned in the Document has been made avallable ona
limited basrs to others outsrde SPC only as requrred and under surtable agreement providing for
nondisciosure and limited use of the information. |

| 1, | SPC policy requrres that propnetary information be kept in a secured file or
area and distributed on a need-to-know baszs N

12. lnformation in thrs Document provides msrght |nto SPC mechanical desrgn
methodology developed by SPC SPC has rnvested sagnrﬂcant resources in developrng the
methodology as well as the strategy for this application. Assuming a competttor had available
the same background data and incentives as SPC, the competitor might, at a minimum, develop

‘the information for the same expenditure of manpower and money as SPC.
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THAT the statements made hereinabove are, to the best of my knowledge, information,

and belief, truthful and complete.

FURTHER AFFIANT SAYETH NOT.

FE Zedl

SUBSCRIBED before me this __J “Q\

day of __August , 1892,

DN 4N

Susan K. McCoy
NCTARY PUBLIC, STATE OF W NGTON
MY COMMISSION EXPIRES: 1/10/96
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| ;i-,,, H NUCLEAR REGULATORY COMMISSION
L, *05' WASHINGTON. D.C. 20555-0001
*raw May 6, 1994

L_ Mr. R. A. Copeland, Manager

Reload Licensing

Siemens ‘Nuclear Power Corp.
| 2101 Horn Rapids Road
L P. 0. Box 130

Richland, WA 99352
|
L_ Dear Mr. Copeland:
; SUBJECT: REQUEST FOR ADDITIONAL INFORMATION ON
f EMF=-92-116 (P), "GENERIC MECHANICAL DESIGN
= CRITERIA FOR PWR FUEL DESIGN,"
‘ (TAC NO. MB4245)
e

We are currently reviewing the Siemens’ Topical Report
5 ZIMF-52-116(P), "Generic Mechanical Design Criteria for PWR Fuel
_ Designs." The initial review reveals the need £or additicnal
information regquested in the enclosure. You are resguested to
respcnd to the guestion as-expeditiously as possible in crder fcr

us to complete the review. Should vou have any question

regarding

-

b Enclosure:

this request for information, please contact Mr. S. L.

Wu of my staff at (301)504-32384.

Sincerely,

ek ECU

Timothy E. Collins, Acting Chief
Reactor Systems Branch
Division of Systems Safety and Analysis

— Request for Information

"
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Questions on Siemens Nuclear Power Corporation (SPC)
: Report EMF-92-116(P)

:n Section 3.2.7 it is stated that SPC seismic analysis methodoiogy is
used to calculate seismic/LOCA responses for new 7tuel designs. Please
provide references for this approved methodology. This section also
states that a fuil reanalysis is not done as long as the new designs
meets certain assembly design characteristics. Is this methodology for
determining when a new design does not need complete reanalysis defined
in the NRC approved -SPC methodology {or seismic/LOCA anaiyses? I¥ not,
the SPC methodology needs to be explicitly defined in this response for
a new design that does not need a-compiete reanalysis for seismic/LOCA
loading for plant specific applications. A

Please provide further information on what kind of fretting wear tests
(Section 3.3.3) SPC performs for new spacer designs and intermediate
7low spacers. Are flow tes:s pertormed and iT so, what are the range of
Tlow conditions considered and do these enveiope aii flow conditions for
SPC assemblies? What crizeria are usesd to determine i¥ : fretting wear
iest ‘s needed for a given design change. Also, are there pther design
changes that couid impac: Tretiing wear such as <low crnaracIsristics Sue
<0 iniet flow nozzie and bypass 7;ow changes, =2tc? What posti-radiaczion
tests does SPC periorm on the spacer springs o veriTy that they have
adequate ioads at high burnup ieveis 5 prevent iretting wear and are
these tests performed on jesd tasts assembiies wiza “he ne: spacer
designs?

What is the cladding wall reduction value used for stress analyses and
why shouldn’t this value also be used for other mechanical analyses such
as for cladding fatigue? Also, what is the equivalent oxide thickness
based on the cladding wall reduction value?

Please demonstrate that the SPC corrosion model is appiicable to high
primary coolant temperature plants up to rod average burnups of
62 GWd/MTM by comparison to fuei rod corrosion data from these plants.

Section 4.1.1 (Hydraulic Compatibility) (p.4-1) states that the hydrau-
lic resistance of the reload assemblies shall be "sutficiently similar®
L0 existing fuel to ensure that the core performance wiil be "acceptabie
from a thermal margin performance viewpoint."

- dhat criteria are used on total core, bypass, and issempiy “iow
distributions zo judge whether the design has "sut izjent
simiiarity" to ather jesigns in a core?

- #hat parameters are considered imporzant in determining *he

. hyarauiic cnaracteristics of i fuei Sundle #1%h respecst
thermal margin performance? [if 2xisting MRC acoroved =erhodoi-
ogy will be used to make :thesa getarminations, piease reTerence
them appropriateiy.)



6.

Section 4.1.2 (Thermal Margin Performance) (p.4-2) states that "For new
fuel designs and changes ir features, usage of the correlations is
reviewad and justified.®

- What criteria, design variables and correlation variables will
be used to justify whether or not a new iuel design falls
within the data range of the variables of an existing DNB
correlation? : - : ,

- If a new fuel design does not fit within the data range of an
existing correlation, will a new correiation be developed and
submitted to NRC for review? o :

. L

.
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SIEMENS

June 29, 1984
RAC:94:094

U. S. Nuclear Regulatory Commission
Washington, D.C. 20555-0001
Document Control Desk

Attn: Or. S. L. Wu

Dear Dr. Wu:

Responses to NRC Request for information on EMF-92-116(P)

Reference: Letter, T. E. Collins (USNRC) to R. A. Copeland {SFC), "Request for Additicnal
Infcrmation on EMF-92-116(P), ‘Generic Mechanical Cesign Cntena fcr PWR Fuel
Cesign’, (TAC NO. M84245)," May 6, 1994.

Attached are the responses to the questions transmitted in fhe referenced letter. Please

consider the information contained in these responses to be proprietary to Siemens Power

Corporation. The affidavit attached to the original submittal of the topical report satisfies the

requirements of 10 CFR 2.790(b) to support withholding of these responses from putlic

disclosure.

if you have additional questions or i | can be of further assistance, please call me at
(E09) 375-8290.

Very truly yours,

/Kt ; {., /7

R. A. Copeland. Manager

Product Licensing bee: C. A, Brown
_ D. E. Hershberger

fsmg J. S. Hoim

T. M. Howe
Attachment L. D. ODell

A. Reparaz
cc: Mr. C. E. Beyer (PNL) J. R. Tandy

Mr. L. E. Phillips (USNRC) File/LB

Siemens Power Corporation
Nuclear Diviston - Engineering and Manufacturing Facility

2101 Hormn Rapids Road, PO Box 130 Richland. WA 9935201230 Tel: (S09) 375-8100 Fax: (809) 375-8402
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~ ATTACHMENT
Responses to NRC Request for information on EMF-92-116(P)

Question 1

in Section 3.2.7 it is stated that SPC seismic analysis methodology is used to calculate
~ seismic/LOCA responses for new fuel designs. Please provide references for this
- approyed methodology. This section also states that a full reanalysis is not done as
long as the new designs meet certain assembly design characteristics. Is this
- methodology for determining when a new design does not need complete reanalysis
- defined in the NRC approved SPC methodology for seismic/LOCA analyses? If not,
~ the SPC methodology needs to be explicitly defined in this response for a new design
‘that does not need a complete reanalysxs for seismic/LOCA loadmg for plant specific
appucatrons ‘ : .

Response

The SPC seismic analysis methodology was defined in XN-NF-686(P)(A), "ENC's Soluticn ¢
the NRC Sample Problems - PWR Fue! Assemblies Mechanical Response to Seismic anc
LOCA Events," April 1986. This methodology was extenced to nonlinear analyses and usec_
to support a Palisades analysis [ANF-89-115(P), “Seismic Analysis of Palisades High .
Temperature Performance Fuel Design,” April 1991]. This Palisades analysis was reviewed
and accepted by the NRC in a letter from Mr. Brian Holian (USNRC) to Mr. G. B. Slade
(Consumers Power Company), “Palisades Plant - Safety Evaluation on the Seismic Analysis of
High Thermal Performance Fuel Desngn (TAC NO. M75580)," dated April 6, 1992

in some situations, the loads and deflections from an exlstlng seismic anaiysrs may be used
for the evaluation of another plant specrﬁc appiication. The full analysis thus need not be.
performed in the following srtuatlons i . :

1) The analysis for a particular design evaluated for one plant is applicable to another
plant with the same design and the same or lesser seismic amplitudes.

2) A design has similar mass and stitiness properties to a fully analyzed design. In this
_ situation, the loads and deﬂectlons for the existing case may be used in eva!uatmg the
‘new application. :

3) The dynamic properties such as mass, spacer stiffness, and bundie stiffness of a new
design are within 15% of those of a fully evaluated similar design. The loads for the
existing case may be used when adjusted to conservatively account for the ditference
in properties. Spacer and fuel rod forces are increased in proportion to any increase
in werght Bundle deﬂectlons are mcreased m proportion to any aecrease in tundile
stiffness. ,



rages 2

4) A design is substantially different from an analyzed design but analyses for other
inputs have been performed which show that the use of loads from the existing plant
specific analysis will be conservative. In this situation, other analyses or sensitivity
studies have shown improved performance for the new dasign, indicating that it will
provide equal or improved performance in the plant application under consideration.

Question 2

Please provide further information on what kind of fretting wear tests (Section 3.3.3)
"SPC performs for new spacer designs and intermediate flow spacers. Are flow tests
performed and if so, what are the range of flow conditions considered and do these
envelope all flow conditions for SPC assemblies? What criteria are used to determine
if a fretting wear test is needed for a given design change. Also, are there other
design changes that could impact fretting wear such as flow characteristics due to

"inlet flow nozzle and bypass flow changes, etc? What post irradiation tests does SPC
perform on the spacer springs to verify that they have adequate loads at high burnup

. levels to prevent fretting wear and are these tests performed on iead test assembiies
with the new spacer designs?

Resoonser

SPC performs fretting wear tests on fuel assembly designs in its Portable Hydraulic Test
Facility (PHTF).  The PHTF has the capability to perform fretting wear tests on full size fuel
assemblies with spacers, Intermediate Flow Mixers (lFMs) tie plates, and fuel rods configured
to the requxrements of the test. . :

Fret'ang wear test parameters include defining the test assembly configuration and test flow
conditions. Generally the test flow conditions are conducted for fretting tests at the maximum
dynamic flow conditions expected for the particular reactor type, The forces created by the -
flow are caiculated by the Padoussis methodology to assure that the hydraulic forces seen in
the test bound those expected from operating reactors. Other conditions considered include
inlet nozzle and by-pass flow conditions. SPC spacers and IFMs are designed with a zero
net flow directed away from the spring assembly. Therefore, by-pass flow is generally not
accounted for in the test. Contact/intarference forces are aiso parameters that are tested,

and mclude tests with gaps to bound potentlal end-of-life conditions. .

When SPC changes the fuel assembly hydraulic characteristics, e. g. with a new spacer or
IFM, a frefting wear assessment is performed to determine if a fretting wear test is needed.
This assessment is based on the expected impact of the change to a previously tested
design. For example, a change to the strip thickness should probably not prompt a fremng
wear test but a change to the sprmg contact confi guranon could.

To date, SPC has supplied fuel to approximately 30 PWR plants. This total includes
introduction of HTP leads in 14x14, 16x16, and 18x18 plants and reloads in CE 15x15 as well
as Westinghouse 15x15 and 17x17 plants. All of these cases required the new SPC.fuetl to
co-reside with fuel designed by other fuel vendors including Westinghouse, CE, KWU, and
Framatome. This history of mixed cores includes the introduction of different fuei rod



diameters, IFMs, and a large variety of spacer and lower tie plate designs. SPC has -
experienced no adverse spacer frettxng wear resultmg from the introduction of SPC fuel into a
reactor core, :

During 1983 poolsade examtnatxons were conducted at 8 PWRs and since 1979 a total of

' 119 poolside examinations have been conducted at PWRs. Examinations may be performed

on reload fuel or lead assemblies. Most of these poolside inspections include examination
and measurement activities such as visual, eddy current, and rod withdrawal force, which are
capable of determining if fretting corrosion has occurred. Since 1970, 6 fuel rod failures have

- been attributed to spacer/fuel rod fretting out of a total of 1,867,644 PWR fuel rods under

irradiation. The 6 failures were manufacturing related and did not result from design related
‘operational problems. The fretting failure at Palisades is most likely attributable to core bai‘le

_ mteractxon and has not been ‘established as a. spacerlfuel rod fretling problem

Question 3

What is the c!edding wall reduction value used for stress analyses and why shouicn't
this value also be used for other mechanical analyses such as for cladding fatigue?
Also, what is the equivalent oxide thackness based on the clacding wall reduc ion
value? :

Response

Steady-state stress analys:s uses an end of hfe wall reduct:on of due to external
corrosion of the cladding. The analysis conservatively assumes a uniform wall reduction
around the j:laddlng circumference. A[ J wall reduction of metal corresponds to [

of oxide. : S : A o

Cladding fatigue resulting from cyclic mechanical strains during normal operation transients is
determined by fatigue analysis techniques.  The total fatigue represents & summation of

' fatigue damage from several types of transients. A transients contribution to total fatigue

damage is calculated at the times during the operating history of the fuel where the transient
is expected to occur. Conditions for the transient are calculated by RODEX2 and the
transient ramp is performed by RAMPEX. Transients are applied at times representing hot
and cold startups and mid-cycle power changes and therefore represent times where wail -
thinning is less that the end of life value.

Conservatism in the analysis precludes the need to continuously change code input for
cladding dimensions in order to account for the wall thinning by corrosion during the fuel
lifetime. Threshoid benchmarking of RAMPEX includes the effects of wall thinning due to
corrosion since the tests were conducted on a variety of commercial reactor irradiated fuel
rods. SPC’s criteria limit for cumulative fatigue damage is set at 67% of the design fatigue
lifetime for Zircaloy cladding, and the fatigue cycles used for thlS determination conservatively
bound potenual rod power maneuvering. :
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Question 4
Please demonstrate that the SPC corrosion model is applicable to high primary
coolant temperature plants up to rod average burnups ot 62 GWd/MTM by
comparison to fuel rod corrasion data from these plants.”

Responssa

SPC does not at this time have the corrosion data nesded to demonstrate the applicability of
the SPC corrosion model to 62 GWd/MTM for high temperature PWRs. Corrosion. _
measurement data from fuel in the Gosgen reactor is expected in June 1594. The data wiil
represent SPC cladding at exposures up to 60 GWd/MTM. At present we will continue to
take restrictions on the burnup of fuel in high temperature PWRs based on the available data.
We anticipate the new data wili continue to be bounded by the current model.

The SPC corrosion correlation uses an enhancement factor based on experimental data. The
corrosion data from high temperature plants indicate that the standard Zircaloy-4 corrcsicn
‘will be unacceptably high for the projected end-of-life exposures. Therefora, for the hign
temperature plants, SPC will usé the optimized Zircaloy-4 or duplex cladding. Cptimizec
Zircaloy-4.fabricated with tighter tolerances on the constituent and the tin content biased :0
the low range of the allowed content. Duplex cladding has a thin outer layer of a zirconium
alloy which is more resistant t0 waterside corrcsion than Zircaloy-4.

SPC has saveral corrosion lead test programs in high temperature reactors. The lead
assemblies for the optimized Zircaloy-4 with the highest exposures are at the Gosgen reactor.
which has a coolant exit temperature of 628°F. The examinations for fuel rods with up to

60 GWd/MTU is scheduled for 1894. Previous examinations demonstrate the acceptable
corrosion behavior of the optimized Zircaloy-4 to peak rod exposures of about 55 GWd/MTU.

The lead programs for the duplex cladding have reached rod exposures of 55 GWd/MTU.
The inspections of this cladding indicate superior corrosion performance when compared with
the optimized Zircaloy-4 material. At the 55 GWd/MTU exposure, the corrosion rate of this
duplex cladding appears to be about half that of the optimized cladding. '

SPC will continue with these programs to verify the adeqUacy of the SPC corrosion
correlation. SR R .

Question 5

" Section 4.1.1 (Hydraulic Compatibility) (p-4-1) states that the hydrautlic resistance of

the reload assemblies shall be “suficiently similar* to existing fuel to ensure that the
cora performance will be *acceptable from a thermal margin performance viewpoint.”

- What criteria are usad on total core, bypass, and assembly flow distributions to
judge whether the design has "sufficient similarity” to other designs in a ccre?
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- - - What parameters are considered important in determining the hydraulic.
characteristics of a fuel bundle with respect to thermal margin performance? {f
existing NRC approved methodology will be used to make these
determinations, please reference them appropriately.) '

Response

SPC has an NRC approved methodology for performing analyses of mixed core configura-
tions. This methodology is described in XN-NF-82-21(P)(A), Revision 1, "Application of Exxcn
Nuclear Company PWR Thermal Margin Methodology to Mixed Core Configuration,”
September 1983. The methodology describes how licensing analyses are performed in mixed
cores for fuel designs with different rod designs and pressure drops at the spacer, upper tie
plate and lower tie plate locations.  The methodology explicitly calculates the axial and radial
flow distributions in a mixed core and addresses the impact on DNBR and fuel centerline-
meit. ' - - ' ' '

Any overall assembly pressure drop differences are also evaluated with respect to impac: cn
total core and bypass flow. These flow impacts are also accounted far in the caliculaticn =t
the DNBR and fuel centerline melt criteria.

Question 6

Section 4.1.2 (Thermal Margin Performance) (p.4-2) states that "For new fuel designs
and changes in features, usage of the correlations is reviewed and justified." ‘

- What criteria, design variables and correlation variables will be used to justify
whether or not 2 new fuel design falls within the data range of the variables of
an existing DNB correlation?

- if a new fuel design does not fit within the data range of an existing correlation,
will a new correlation be developed and submitted to NRC for review?

Response

SPC develops DNBR correlations to cover a range of coolant conditions and fuel design
parameters. These parameter ranges are included in the DNBR correlation reports provided
for NRC review and approval. The coolant conditions are pressure, local mass flux, inlet
enthalpy and local quality and the fuel design parameters are fuel rod diameter, fuel rod pitch.
axial spacer span, hydraulic diameter and heated length. A tuel design is evaluated relative
to the tuel design parameters before each application of a DNBR correlation to insure that the
fuel design is covered by the comrelation. The coolant parameters are evaluated during the
XCOBRA-IIIC DNBR calculation and a2 message printed in the code output if the coolant
conditions are out of range.
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The SPC developed DNBR correlations are generally related to a specific SPC spacer design.
For example, XNB covers the SPC bi-metallic spacer design and the HTP correlation covers
the SPC HTP and HTP/IFM spacer designs. If SPC develops a new fuel/spacer design, SPC
would generally perform the required CHF testing to support a new spacer specific DNBR
correlation. This correlation would be documented and submitted to the NRC for review and
approval. :

Should a parameter of an existing fuel design be somewhat outside an existing DNBR
correlation, one of three approaches is generally used. The first approach-is to treat the
' parameter in a conservative manner. For example, if the spacer span should be slightly
below the correlation range, then the minimum spacer span covered by the correlation could
be used. This would result in the calculation of a consarvatively low DNBR value. The
second approach would be to run a CHF test to confirm that the DNBR correlation is
conservatively applicable to the expanded parameter range. it neither of these two
approaches is successful, the third approach is to modify the fuel design to bring it within the
DNBR correlation ranges or develop a new DNB correlation for NRC review.

-~
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August 23, 1894
RAC:94:118

Or. 8. L. Wu

Reactor Systems Branch

Division of Engineering and System Technology
Office of Nuclear Reactor Reguiation

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Dear Dr. Wu:
Criteria for PWR Rod and Assembly Growth Correlation -

Reference: EMF-82-116(P), “Generic Mechanical Design Criteria for PWR Fuel Designs.”
Siemens Power Corporation, July 1992.

Attached is the criteria for establishing the PWR rod and assembly growth correlations, and a
description of the methodology that uses these correlations. As we discussed, this
information is being submitted as part of the NRC review of the referenced topical report.

Siemens Power Corporation considers the information contained in this attachment to be
proprietary. The affidavit submitted with the original submittal of the topical report provides
the support for withholding the information in this attachment from public disclosure, as
required by 10 CFR 2.780(b).

if you have questions, or if | can be of further assistance, piease call me at (509) 375-8290.

Very truly yours,

Mol I

R. A. Copeland, Manager
Product Licensing

/smg

. bc: A, Reparaz
Attachment J. R. Tandy

File/LB
cc: Mr. C. E. Beyer (PNL)

Mr. L E. Phillips (USNRC)

Siemens Power Corporation
Nuclear Division - Engineering and Manufacturing Facility
2101 Horn Rapids Road, PO Box 130  Richiand, WA 993520130  Tel: (509) 375-8100  Fax: (508) 375-8402
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Hb'd and 1Assernb!v Growth Cdrrelations and Criteria

Siemens Power Corporation's (SPC) fuel assembly and fuel rod growth correlations are
established based on irradiation data. The correlations use irradiation data to determine
nominal growth values, then include conservative upper and lower bounding growth curves.
These bounding curves are then used in the fuel design calculation to establish the tuel
assembly growth and differential fuel assembly to fuel rod growth.

SPC's generic PWR desngn criteria includes the methodology for determmatnon of the upper
and lower bounding growth limits for fuel assemblies and the upper bounding limit for fuel
rods. Using this methodology, new growth information can be incorporated into the correla-
tion wﬁhout additional NRC review.

Design Evalustions

l-rradiatibn-induced growth of fuel assemblies and differential growth of fuel assembly and fuel

* rod are evaluated as part of each fuel design. Fuel assembiy growth is a result of guide tube
~or guide bar growth and is influenced by the holddown forces exented on the fuel assembly

by the reactor upper core plate. Holddown forces restrict the free growth of the fuel
assembly since the force places a compresswe axial load on the guide tubes

Guide tubes and guide bars are heat treated to fully anneal the z:rcaloy material. Annea!ed
Zircaloy-4 exhibits lower growth rate at lower fast fluence followed by a transition to a higher
growth rate. SPC’s growth correlation transitions this growth rate at a fast fluence of

8x10%! n/em®. This transition represents a change from fully annealed Zircaloy-4 growth to a
growth value representative of cold worked material.

Maximum fuel assembly growth is determined based on the upper bounding growth curve.
Worst case tolerances of fuel assembly dimensions are used and the fuel assembly must
remain within the working range of the holddown spnngs or within allowable growth space of
the reactor core.

Differential fuel assembly to fuel rod growth is calculated based on minimum assembly growth
and maximum fuel rod growth. Thus, the minimum gap between the fuel assembly cage and
fuel rods is determined and can limit the lifetime of tuel. Since fuel rods are fabricated with
cold worked stress relieved cladding and are not under compression, the irradiation-induced
growth is more rapid than the fuel assembly. As a result, the gap tends to decrease with
increasing fluence. Design criteria requires that the fuel rod shall not grow to contact both
upper and lower tie plates. Calculations are performed using worst case tolerances.

Growth Correlation Criteria

Fuel assembly and fuel rod growth correlations presented in SPC mechanical design reports
are based on irradiation data. Data obtained to date on guide tube and guide bar growth
indicate that fully annealed Zircaloy-4 exhibits two distinct growth rates. Initially, annealed
Zircaloy-4 growth is relatively jow up to a fast fluence of ex10%! nfem?. Past this point, the
growth rate of Zircaloy-4 changes to that of cold worked material. Consequently, growth



above 8x102' n/em? is determined at the cold worked Zircaloy-4 growth rate. In the
previously approved designs, the upper and lower bounding curves enveloping this data were
conservatively drawn and used in the fuel design calculations. Because these curves were
approved by the NRC, additional data could not be included into the data base without
subsequent NRC review.

SPC proposes to use the same linear form of the correlation with the slope transition at

8x10 ‘,n/cmz. and establish the upper and lower bounding curve estimate based on a ¢5/95
confidence level for the lower region of the curve. Limits for the higher exposure region
(higher growth rate) of the curve will begin at the 95/95 values at the transition then proceed
parallel the nominal data. Using this methad, a correlation will be established for each type of
PWR reactor with unique holddown characteristics. Figure 1 shows the correlation ana 95/95
estimates for PWRs utilizing 2-leaf holddown springs. Using this criteria for establishing ihe
correlation, the fuet assembly growth correlation can be updated as new data becomes’
available and maintain the margin approved by the NRC without additional NRC review.

Similarly, fuel rod growth can be represented by a linear fit of irradiation data. There is no
change in slope at higher fast fluences because fuel rod cladding is cold worked and siress
relieved. Previously, the upper estimate of the fuel rod growth correlation was establisned by
drawing a bounding line. - As with fuel assembly growth, SPC proposes to calculate the upper
limit line based on a 95/95 confidence limit prediction of the data. Figure 2 shows the |
correlation and the 95/95 upper level for the current data base. The fuel rod data base can
then be updated to include additional data as it becomes available while maintaining the
margin approved by the NRC without additional review.

The methodology to use these correlations would be unchanged. The worst case
dimensions and a deterministic combination of 95/85 curves-will be used to perform the
design evaluations. B ' 3 ’
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Figure 2 SPC PWR Assembly Growth (versus Fast Fluence)
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November 16, 1924
RAC:24:172

Dr. S. L. Wu

Reactor Systems Branch

U. S. Nuclear Reguiatory Commission
Washington, D.C. 20555-0001

Dear Dr. Wu:

Responses to NRC Request for Information on EMF-82-116(P)

in a2 September 1994 telephone conversaticn with you and the PNL reviewer, Carl Beyer, there
were some additional requests for information concerning the PWR generic criteria topical
report, EMF-22-116(P). Attached are the responses 10 these reguesis.

Please consider the information contained in these responses to be proprietary to Siemens
Power Corporation. The affidavit provided with the original submittal of the topicai report
satisfies the requirements of 2.790(b) to support withholding of the attachment from public

disciosure.

If you have any additional questions, or if | can be of further assistance, please call me at

(509} 37E8-8220.

Very truly yours,

(54 Lond

R. A. Copeland, Manager
Product Licensing

Ismg
Attachment

cc: Mr, C. E. Beyer (PNL)

Siemens Power Corporation
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ATTACHMENT

Responses to NRC Questions on EMFf92-1 16(P)

Question 1:

The use of a 95/85 criteria to establish the itradiation growth curves is an éppropriate
method. However, the scatter of the data seems to be increasing with exposure. Please
evaluate the impact of this increased scatter as a function of exposure.

SPC Response: -

SPC wiil use a 95/85 prediction based on a best fit correiation of the fuel rod crowth cata
las described in the letter from R. A. Copeiand (SPC) to S. L. Wu (USNRC), "Criteria ior
PWR Rod and Assembly Growth Correlation,” dated August 23, 1994, modified to have a
variance having a fluence dependence. Figure 1 illustrates the current best ‘it and 95/95
prediction for the fuel rod growth data. As stated previously, SPC will continue to use the
WOrst case tolerances and deterministically combine the 95/28 predictions tc establish the
assembly/rcd clearance at the end of the cesign life.

in a subsequent telechone conversation with the NRC reviewer, a sensitivity ‘wvas
expressed concerning the potential for a iarge change in the magnitude of the shange in
the correlation without the NRC being informed. If the addition of new data resuits in a
change in the 25/95 prediction of 25% from the previous 95/95 prediction, SPC wiil
transmit the new correlation and 25/25 prediction to the NRC for informartion.

duesiion 2:

Because of the recent experience by another fuel vendor where fretting was caused by a
flow-induced harmonic, SPC should provide justification as to’ why the SPC flow testing of
new fuel designs should not explicitly test tor 2 flow- induced harmonic,

SPC Response:

SPC fuel designs for PWRs have not experienced frerting failures attributed :o flow-
induced harmonics. The SPC PWR fuel design incorporates some features which reduce
the likelihood of flow-induced harmenic behavior. For example, SPC assemblv and spacers
are designed to impose zero net torque on the assembly, and do not induce 2ross flow
mixing with adjacent assembiies. Addiuonallv; SPC spacers are designed to crovide fuel
rod 'support through stiffness supplied by the dimple and soring combinations for
8Bi-Metallic spacers and the four nested springs in each fuei rcd cell in HTP spacers. The
spacer cell stiffness is designed to be several umes the span stiffness of the ‘uel rod so
that the spacer ceil does not participate :n the rod flow-induced vibration. in order for the
iretting process to initiate, the flow-induced wvibration musz orce the fuel roa off the grid
soacer support: This is prevented at any f{low rate by preload of the spring ard the
support stiffness of the spacer design. ‘ a o



Question 3:

Cross-flow is a significant design concern because of fretting. The NRC is aware that SPC
addresses the cross-flow when evaluating a new design and would like for SP" to formallv
document that this assessment is performed.

SPC Response: C L

" Although there is no defined accestance criteria for cross-flow SPC uses ne rlow 1est
data on the SPC design and the co-resident ‘uel tc examine the cotential ior f-—oss--tcw
and fretting resulting from this cross-flow, particularly at the lower e piata.

Question 4:

In the letter referenced in Response 1, SPC commented that addmonal co:rosxon data was

to be obtained in the summer of 1994 114 thls data is available, the reviewer wouid kae to
have it submltted

SPC Response:

Figure 2 shows the data obtained I.hls June from e Cosgen r-WR a "ugn .efnce'aturn .
German reactor. The cpen circles are the recent data, and the o osed circies are the
previous data. The open circles are the production optimized Zircaloy-4 cladding used.
As this data demonstrates, the corrosion performance of the optimized Zircaloy continues
to be acceptable. Therefore, SPC concludes that, with the restriction that SPC use the

optimized Zircaloy for the high temperature piants, the corrosion performance of the fuel
will be acceptable 10 the currently approved axposure limits.

Question 5:

The description of when SPC develops a new DNB correlation discusses when the
correlation input for a design is beyond the data base as a potential cause for creating a
new correlation. The reviewer would like more information concerning when design
changes. e.g.. spacer changes, can precipitate a new correlation.

SPC Resoonse:

The brief history below illustrates several situations Wthh nave Ied to ;ne develooment of
a new DNB correlation. A more direct giscussion of design changes as they artfec: DNB
caorrelation apphcanmty and development foilows the historicai discussion.

Past SPC DNB Correlation Efforts:

In its over 2§ years of nuc! ear fuel supply, SPC has develooed fhree DNB correlatxons for.
use in U.S. licensing. The XNB correlation vas developed to accurately describe the DNB
perfarmance of the then-standard SPC bi-meztallic spacer design. The ANFP zorrelation
was developed to describe the DNB performance of SPC’s present standard HTP and
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HTP/IFM spacer designs for Westinghouse reactors of 12 foor heated length. The HTP
correlation is an extension of the ANFP correiation vaiid for various heated iencths and
HTP and HTP/IFM {ueis for reactors of other manufacsture. :

SPC originaily used the W-2 carrelation icr its bi-metailic spacer cesigns. The ‘N-3
correlation was quite conservative in its predictions of the bi-metailic spacer. The XNB
correlation was developed 10 provide more accurate .oredictions of the bi-metailic spacer
performance, permitting greater flexibility in core design. The need fcr optimizeg
nredictions of a particular fuel design’s DNB performance may !ead o the deve-ooment of
a new DNB cerrelation.

The HTP spacer represents a new concept in spacer design incarporating advances in
mechanical and thermal-hydrauiic performance. Improved DNB perfcrmance is optained ov
inducing a swiriing component to flow downstream of the spacer, a mechanism
fundamentally different from the simple deflection of flow caused by the mixing vanes of
the oi-metallic spacer. To afford accurate prediction of the improved-periormance of the
HTP spacer design, the ANFP DNB correlation was deveioped. Thus, a fundamentai
change in spacer design may impel the development of a new DNB correiation.

The ANFP correiation also describes the DNB gerformance improvement resulting from
intermediate flow mixers (IFMs), which are non-structural grids piaced between structurai
spacers to improve flow mixing. A new DNB correlation may follow on the intrcducsion of
a new assembly component which atfects DNB performance.

SPC supplies HTP and HTP/IFM fuel for PWRs of Combustion Engineering, Westinghouse,
Siemens, and other NSSS vendors. A large amount of DNB data may be necessary to
support licensing of the many fuel arrays represented in this diverse scope of supoply,
reqguiring a significant amount of time to obtain (5 years for the HTP designs, for examole).
Like ANFP, a correlation may be developed on an initial subset of this Iarge datz base 0
meet Ilcensmg schedule pressures.

The HTP correlation was developed on the entire HTP and HTP/IFM data base 10 provide a
singie predictive tool for the reactor types for which HTP fuel designs may be soid.

Handling Component Design Modifications:

Fuel rod internal design or tie plate design do not significantly aifect DNB periormance.
Change of these components of the fuel design will typically nct require the development
of a new DNB correlation.

Modifications to an existing spacer design are carefully evaluated for impac: on DNB
performance. Such modifications include changes in spacer strip thickness, a shift from
rnng-type spacer capture gevices to direct spacer-to-guide tube weiding, changea spacer
soring design, altered mixing vane or flow nozzle configuration, or changed siceplate
gesign. When sound engineering judgement deems it appropriate. additional DNB testing is
performed to ascertain the effect of such design modifications. Changes in fuei rod pitch.
outside diameter, or active length are treated similarly if outside the range of apciicability
of the existing correlation.
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Question 35:

In a subsequent :s:ecriene conversation with the NRC revuewer, ne requested a aesc—mnon
of the approach used 2v SPC to defxne a fuel surveiilance program.

S7C Response:

New SPC jus: zes ne ncorporate proven design features :n compination -with new sesicn
‘eatures 10 'mgorct2 ‘L2t performance charactensucs. SFC -ntrocucas new fuei desicns
whrougn _2ac “ue empiv programs ‘which inciuae ;urveulanc ot the :n-reaczar
cerfcrmance =t 1= zssign features. '

e particulars 25z

£2a Fuei Assembly surveilance nrcoram depend =n tne scecifics of
ne new ‘ue! zasiz~ ‘s

tures and 3re ceveicped on a case soecific hasis n sscceratior
WwIth the atilits ' vynesa reactor the Laad Fuel- Assemohes are lrractate_.

SPC can sericrm cetziied nsual insgeczion or iuel assembiies ang .'naKe goolsice
measurements o7 :ne Jesign parameters as nesded to support the scope deveiopea for ine

sarticuiar leac aszemeoiy program Examples of the 'ypes of measurements that zan ::e
cerformed inciucs: :

‘» ‘rcc .ciarmeter profilometry
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Figure 1 SPC Assembly Averaged PWR Rod Growth

(vs Fast Fluence)
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"SIEMENS

January 317, 1885
AAC:85:01¢

Dr. S. L. Wu

Reactor Systems Branch

Division of Engineering and System Technology
Office of Nuclear Reactor Regulation

U.S. Nuclear Regulatory Commission
Washington, D.C. 208352

Cear Dr. Wu:
Response to Additional NRC Question on EMF-92-116(P)

In our telegchone conversation with you arc Mr. Beyer of FNL. :nere wvere M0 zSciticna!
cigrifications needed to supgpcers: the reviewr of EMF-22-118iP), me genernc PWR cesign critariz
opical report. Attached are the responses 1o these two requesis. Please consider the
information contained in these responses to be proprietary to Siemens Power Corporation. The
affidavit supplied with the original submittal satisfies the requirements of 10 CFR 2.720(b) to
allow withholding from public disclosure.

If you have ény additional questions, or if | can be of further assistance, please call me at
{509) 375-8290.

Very truly yours,

St bt s

R. A. Copeland, Manager
Producrt Licensing

.smag
Attacnment
ce: Mr. C. Bever PNL: Sc:’ F. T. Adams
n C. A. Brown
A. C. Gortwla
O. E. Hersnberger
7. M. Howe
J. W. Huisman
Fie/lLB
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Response to Additional NRC Question on EMF-92-116(P)

Questicn: 7 S s - .
In the reference, the resoonse 0 Question 3 states: "If test resuits indicate tha: -ne Zesicn
change zauses no significant perwurbation of DNB periormance. re-correlation 's not necsssary.”

-~

What criterion is used 0 judge whether the test resuits represent a significant sarturcatien?

Resoonse:"

'east 1wo sifuations have ansen which ‘nvoives ne acguzston ot

-

~ Se&Sigr carametsr wrnien —zrgsc,
Assums nat the scscer s 21t [ZNE
188t mav e gericrmad using -231.
Stfaring sniv 'n hawving the st zar

2o net ciffer v an zmeunt 3
e DNB :est faciity, nen tn .
effect on ONB periormance. . : A o

1
(22
[{}]

»,
O
X}

2) A design parameter on which the correiation depends is extended bevyond the correlation
limits. As an example, assume an increase in the fuel assembly spacer aitch:from 20~
(within present corretation limits) to 50" (outside of present correlation limits). A DONB
test may be performed using a test bundle having the extended pitch. The resurt is
expectec 0 e influenced significantly by the extendec spacer psitch. Trne DNB
correlation is aoplicavie 'without change if 't predicts the test 0ata on a 25:85 5asis
within the existing correlauon satety limit, or if addition of the tést 3ata ¢ the correlaticn
data dase vielas 3 95/95 safety limit 2qual 0 or less than :he axising satety limit,

if a different situation were 0 arise, SPC would devise 2 criterion based an 3 simiiar scolcaticn
cf stancard 2ngineering crincioles. '

iuestion:

SPC snculc 2xoiain anv ne ‘retting ‘aiiure 3t Piiisaces s nct 2 ‘low neoucsc sior
sucn 2s seen ‘or ‘/antags 3 fuel. SPC sncuiC 3150 lescrise tne JESICN 3Ty
sreciuce futira :ccurrences of the reflng Srociem mat scourtes 3t Sairsacss

Resconse:

SPC has continued its investigation of the Palisades 1-024 fuei assemboly failure. The
investigation has included a review of the reactor noise anaiysis. The irequencies apparent in
the power spectral density avaluation of the ex-core detectors o not show a resonance at the



fuel assembly fundamental mode. We believe a resonance at the assembly fundamental mode
is the phenomena which is implied by reference to the Vantage 5 problem.

The Palisades iuel assembly dynamic characteristics were detarmined by analysis of the
response 10 random vibration inputs when the assembly was tesied in simuiated reactor
supperts. The fundamentai frequency for the HTP assembly ireioads M. N. O}, ‘when reguced
0 in reactor temperature and the presence of water, is[ J—z The fundamental freguency
for the lantern spring spacer bi-metailic spacer assembly (reicaas € througn X inciuging the
i-024 railed assemoly) at operating conditions is[ JHz. The reactor 2x-core ncise anaivsis
shows 3 broad peak beiow 2.0 Hz and another peak at 15 Hz. The excitation telow 2.3 =z is
apparent in 2arlier noise analyses. It is aiso consistent with 2 peak in the core clate input
motions seen at this frequency in the seismic analys:s. This fow irequency rasconse aoces not
match the assembly fundamental characienstuc of [ ] Hz. The i1Z Hz response :s
within [ J of bath the fourth mode of the HTP assembly and also with the rotationai ireaquency
of the coolant pumps. Although the vibration environment in he reactor srobablv zontricuted
10 the 'wear of assembiy !-023, it does not aocear that it is 2 seif-axcited vibrstion as svicenced

Sy the cifference cet.veen tne Measures 2x-I3r2 2x2:T3MCN 2nC Tme Sungls “Uncamera
freauency.

Althcugn the roct c3use oi the i-32= fatiurs 21 Palisaces ~as =27 z2en *Lilv s2¢2iveg smo 25%arts
arg sontinuing Ic 2siaclish th2 caus2. maicr esign tnanges sxoes:sg IS orotsct future Smisaces
assemtiies from $ratting 1Eration Rava se2n 'mglementad. These wers tm2 Ugs af 3 mars
roDust Si-metailic spacer simiiar 19 Incse .n Lse sn Stner SPT tontracts anc Tne use of tign
thermai oerformanca HTP) spacers. The Pzlisades gesign that jaieg 'was 3 unigue SPC ce sign
in that it had a hemiscnerical dimple {or red contact and also a small spring ccntact ares. The

current generation bi-mertallic spacer uses 3 cylindrical dimple, greatly inc.—'easmg' the contact
area. The newer Inconel spring uses a rectangular contact surface also with increased area.
The high thermal performance design uses eignt line contacts within each spacer ceil. Fiow
tests of these designs have shown improvements in fretiing wear resistance.
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SIEMENS

October 12, 1995
RAC:9E8:12

Dr. S. L. Wu

Reactor Systems 3dranch

Division of Sngineering and System Technoiogy
Office of Nuclear Reactor Reguiation

U.S. Nuclear Regutatory Commission
‘Washington, D.C. 20E35

Dsezar Dr. Nyt

¢

Documentation of NRC Review Requirement

Sas . sve AN iamed Y ea & e IR v~ - T -
=ejerance: Latter, R. A. Coeceienc 1SPC 12 8. L. W2 USMEC, "Resgenses 12 MBEC Secuast
- - - : -y - . - . - ~ - - - - . - - - .~

*or Infermeatcn on SMF-22-778. " RAC. 22772, Ngvemeer 12, 1284

As you reguesied in cur 2iecnone conversaticn 20 Ociceer T2, 1688, Siemens Power
Corporation agrees with your requirement to submit to the NRC for review any future revision <0
the growth model presented in the reference letter in excess of cne standard deviation from this
model.

If you have questions, or it | can be of additional assistance, please call me at (508} 375-8280.
Very truly yours,

Gl .0 s

R. A. Coopeland, Manager
Produc: Licensing

smg
zc Mr. C. E. Sever FNL,
sce: C. A, Brown

H, 2. Curer

A. Repara:z

R. S. Reynolcs

M. H. Smith

Siemens Power Corporation

Muctear Division 2101 Morn Rapios Roag el: 1509) 375.31C0
Sagneenng 4 Manuiaciuning 20, 3ox 120 Sax:  "S09) 375.3402
Ticnvana, 'NA 392529120
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June 30, 1987
HDC:87:068

Document Control Desk

ATTN: Chief, Planning, Program and Management Support Branch
U.S. Nuclear Regulatory Commission

Washington, D.C. 20555

Response to Question on EMF-92-116(P)

Ref.: 1. EMF-92-116(P), “Generic Mechanical Design Criteria for PWR Fuel Designs,” Siemens
Power Corporation, July 1992,

Arttached is an additional response to an NRC question on the referenced topical report. The
additional information was requested by the NRC reviewer, Dr. S. L. Wu, in recent discussions
with me.

Siemens Power Corporation considers some of the information contained in the attached
response to be proprietary to Siemens Power Corporation. This proprietary information is
indicated by brackets, “[ ]”. The affidavit provided with the original submittal of this reporzt
provides the necessary information required by 10 CFR 2.790(b} to suppor: the withholding of
this proprietary information from public disclosure. N

If you have any questions, or if additional information is needed, please call me at
{508} 375-8563.

Very truly yours,

27t

H. Donald Curet, Manager

Product Licensing be: C. A. Brown

R. A. Copeland

sm
fsmg V. N. Gallacher
Attachment A. Reparaz
- R. S. Reynolds
cc: C. E. Beyer (PNNL) . M. H. Smith
E. Y. Wang (USNRC]) L: F. van Swam
S. L. Wu (USNRC) File/LB A
Project No. 702 ‘
Siemens Power Corporation
Nuclear Division 2101 Horn Rapids Road Tel: {6509) 375-8100
Engineering & Manutacturing P.0. Box 130 Fax: {509) 375-8402

Richland, WA 99352-0130
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Attachment - Response to Question on EMF-92-116(P)

A previous question from the NRC on the topical report EMF-92-1186, (Ref. 2),
requested fuel rod corrosion data. In the time since the response was provided
(Reference 1, Question 4), additional fuel rod corrosion data has become available.
Also, in recent discussions with the NRC reviewer and the technical reviewer of the
topical report, a comparison was requested as to how the SPC design limit
compares with a 100 micron best estimate, peak local corrosron limit.

This response contains a review of the generic criteria ‘tor fuel rod oxidation

provided in Section 3.3.4 of Reference 2. It describes in greater detail the oxidation
criterion, summarizes how the criterion was developed, and demonstrates how
SPC’s chemistry and process optimized zircaloy-4 is performing compared to the
approved prediction methodology and the oxidation design limit. The optimized
zircaloy-4 performance is shown in gragchs comparing the SPC design corrosion
correlation for different fuel designs with fuel red corrosion measurements for those
designs.

The design criterion for corrosion requires that the upper bound oxidation calculated icr the
peak axial location of the fuel red for the most limiting fuel rod design history shall be iess
than { l. The design basis for SPC's corrosion methodology and criteria has
‘been provided in reference 3. In that reference two main points are presented i
1) An oxidation predrctron methodology was developed for desngn calculatrons
whereby the design correlatlon bounds 95% of the peak measured data wrth
95% confidence. |
]

2} A maximum design limit of | ) was established for the hignest i
oxidation axial location on the most Ilmmng fuel rod in the core. This limit is
conservatively estabhshed from data on fuel rods that have operated wrthout

fanlure to { ] oxldatron
When the design prediction reaches the { - ] criterion limit, the corresponomg best
estimate maximum for a fuel rodis [ . } microns. Therefore SPC's
methodology with the { ] bounding design critericn conservatrvely protects 100

microns best estimate peak local oxrdanon i .
A Iarge experience base has confirmed thatthe{ = | design limit for the maximum
projected rod history is conservative for protecting fuel rod integrity. in the mid 1280's
Siemens operated European reloads of a corrosion susceptibie ciadding to oxide
thicknesses greater than [ ]. A total of approximately 180,000 rods with
susceptible cladding were irradiated From statistical considerations it is estimated that

{ | reached oxide thickness leveis in excess of { . This was
estimated from the proportion of [ } with oxide thickness in this range to a total of



Sage 2

{ .- 1. None of the rods with corrosion in the [ | range
failed. )

Approximately { T ] that were irradiated for four cycles
attained an oxide thickness of { | or greater. Five rods out of the population of
rods with corrosion in excess of [. ] failed near the end of their fourth cycle in
the core. SPC thus considers that [ , | oxide thickness is the lower limit for

corrosion induced failures of zircaloy cladding and conservatively takes |
] as the design criterion.

Since the approval of the corrosion methodology (Ref. 3) additional measured oxide data
has been obtained. Experience at high burnup has shown that the design projections for
standard (tin near the mid-range of the ASTM specification) zircaloy-4 clad do not always
conservatively bound the data. The experience with this non-optimized chemistry anrd
processing zircaloy-4 cladding is illustrated in Figure 1. The figure shows the peak cxide
measurement results for SPC's 15x15 high burnup lead assemblies. irradiated to a
maximum rod burnup of
]

Zircaloy-4 with optimized chemistry (tin content near the low enc cf the ASTM
specification) and optimized processing for improved corrosion cerformance has been used
in SPC's full production srnce about 1990. Data has teen cotaired cn this ciad type 16
burnups of |

]. Data obtained from measurements in high temperature piants is
included in the database. The measured data versus a typical desrgn calculation for each
PWR fuel type supplied by SPC in the U.S. is shown in Figures 2 through 5. The measured
results are conservatively bounded by the reference design calculations. The optimized
zircaloy-4 data is more tightly grouped than the previous data for standard zircaloy-4, and
falls typically at or below the previous best estimate correlation.

SPC previously provided oxide measurement data(1) on low tin zircaloy clad fuel rods in a

. hot KWU plant. These measurements included data on cladding with fully optimized

chemistry and processing, and also low tin zircaloy precursor material that was not fuily
optimized with regard to processing. The plot of the measurement data, Figure 6, has
been updated to include all measurements taken up to | ] rod burnup. The
design calculation for a high burnup power history in this hot plant is also shown The
calculation projects a bounding oxide thickness of about | '

l. The cata
indicates that the precursor material had a slightly higher corrosion rate than the fuily
optimized low tin zircaloy-4 cladding. When compared with the design bound calcuiation
this precursor and optimized cladding data demonstrate that SPC's methodology will be
censervative for optimized clad over the approved burnup range. '
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References:

1

- Letter, R. A. Copeland (SPC) to S. L. Wu (USNRC),
RC Request for Information
November 6, 1994,

“Responses to
on EMF-92-116,” RAC:94:172.

EMF-92-116(P), “Generic M
Designs,” Siemens Power c

echanical Design Criteria for PWR Fuel
orporation, July 1992,

“Qualification of Advanced A
y for Rod Burnups of 62
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Nuclear Fuels PWR Design Methodolog
GWd/MTU,” Siemens Power Corporati
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SIEMENS " A Brown

o

R. L. Feuerbacher

V. N. Gallacher

L. E. Hansen ;
January 14, 1998 J. 8. Heim M\&
NRC:98:003 T. M. Howe {
Document Control Desk 2 EA 2' :wer?s
ATTN: Chief, Planning, Program and Management Support Branch R. S. Reynolds
U.S. Nuclear Regulatory Commission ) N i
Washington, D.C. 20555-0001 M. H. Smith ngﬁg

P L. F. van Swamyd.

Response to Question on EMF-82-116(P) File/L8

Ref.: 1. Letter, H. D. Curet {SPC) to NRC Document Control Desk, "Response to Question on
EMF-92-116(P)," HDC:97:068, June 30, 1997. :

As suggested by Dr. S. L. Wu, Mr. Carl Beyer of PNNL was contacted regarding the concerns he
mentioned to Dr. Wu related to Siemens’ prediction of PWR corrosion data presented in the
reference. ‘

Mr. Beyer was called on August 27, 1297 and he expressed his concerns to Dr. Leo van Swam
and Messrs. Charlie Brown and Don Curet. Siemens' response to Mr. Beyer’'s concerns are
addressed in the attachment to this letter. The penultimate paragraph on page 2 of the
attachment describes the implemented changes intended to eliminate Mr. Beyer’s concerns.

The transmittal of the attached response to the NRC was deliberately delayed in order to avoid a
conflict with an ongoing review of Siemens Power Corporation's {SPC) topical reports regarding
BWR burnup limits.

SPC considers some of the information contained in the attached response to be proprietary.
This proprietary information is indicated by brackets, “[ .” The affidavit provided with the
original submittal of this report provides the necessary information required by 10 CFR 2.790(b)
to support the withholding of this proprietary information from public disclosure. ’

If you have any questions or if additional information is needed, please call me at
(509) 375-8563.

Very truly yours,

H. Donaid Curet, Manager
Product Licensing

jarn
Attachment

cc: C. E. Beyer (PNNL) S. L. Wu, {USNRC})
E. Y. Wang, (USNRC) Project No. 702

Siemens Power Corporation

Nuc'ear Division <101 Horn Racics Roaa Tel: &Q
Enyineenng 3 Manutaciuring PO.30x :3C Fax: g2
. Ricnlana, '¥A  29352.0130
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Response to Question on EMF-92-1 16(P}

A previous question from the_NRC on the topical report EMF-92-1 16(P!, iReference i),
requested fuel rod corrosion data. In the time since the response was srovided
(Reference 2, Question 4) . additional fuel rod corrosion data has become available. Also, in

recent discussions with the NRC reviewer and the technical reviewer of the topical report

'@ comparison was requested as 10 how the SPC design limit compares with a 100 micron

best estimate, peak local corrosion limit.

This response contains a reiliew of the generic criteria for fuel rod oxidation vprovided in
Section 3.3.4 of Reference 1. It describes in greater detail the oxidation criterion,
Summarizes how the criterion was developed, and demonstrates how SPC’s chemistry and

 pProcess optimized Zircaloy-4 is performing compared to the approved prediction

The design criterion for corrosion requires that the upper bound oxidation calculated fcrithe

peak axial location of the tuei rod for the most limiting fuel rod design history shail se less
than[ l. The design basis for SPC's corrosion ‘methodology and criteria has
been provided in Reference 3. In that reference two main points are presented.

1. An oxidation prediction methodology was developed for design calculations Wwherebpy
the design correlation bounds 85% of the peak measured data with 95% confidence.

[.,

1
2. A maximum design limit of | - lwas established for the highest oxidation -
axial location on the most limiting fuel rod in the core. This limit is canservativeiy
established from data on fuel rods that have operated without failure to { B
oXidation. : : B
When the design prediction reaches the | | criterion limit, the corresponding best
estimate maximum for 3 fuelrodis [ ] microns. Therefore, SPC’'s
methodology with the ( ] bounding design criterion conservatively protects

100 microns best estimate peak local oxidation.

A large experience hase nas coniirmed that the | I gesign iimit ‘or the maximum
projectea rod history is conservatve ior protecting fue! rod integrity. In -he mic 12€0's
Siemens operatec Surcoean reloads of a corrosion suscegtbie cladaing :0 oxide thicknesses
greater than | i. A toral of approximately 162,90C rogs ‘with susceottie .
claading were irradiatea. From statistical consigerations it .s astimateq hat {

reacnec oxide thickness ieveis in excess of { §. This was eésumated rom the
oroportion of [ i rod measurements of oxide thickness in this range o a totai of l

l. None of the rods with corrosion in the | ‘ i range .

j

failed.
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Approximately [. , S ] that were irradiated for four
cycles attained an oxide thickness of | | or greater based on the proportion of
measurements above this level. Five rods out of the population of rods with corrosion in
excess of [ ] tailed near the end of their fourth cycle in the core. SPC thus
considers that [ ] oxide thickness is the lower limit for corrosion induced
failures of Zircaloy cladding-and conservatively takes [ o . ] as
the design criterion. |

Since the approval of the corrosion methodology (Reference 3), additional measured oxide
data has-been obtained. Experience at high burnup has shown that the design projections
for standard (tin near the mid-range of the ASTM specification) Zircaloy-4 clad do not
always conservatively bound the data. The experience with this non-optimized chemistry
and processing Zircaloy-4 cladding is illustrated in Figure 1. The figure shows the peak
oxide measurement resuits for SPC’s 15x15 high burnup lead assembiies, irradiated to a
maximum rod burnup of [’ o ' :

]
Zircaloy-4 with optimized chemistry (tin content near the low end of the ASTM
specification) and optimized processing for improved corrosion performance has been used
in SPC's full production since about 1990. Data has been obtained on this cladding type t0
burnups of { '
] Data obrtained from measurements in high temperature plants is
included in the database. o :

The measured data are compared to a typical design calculation for each PWR fuel type
supplied by SPC in Figures 2 through 5. The optimized Zircaloy-4 data is more tightly
grouped than the previous data for standard Zircaloy-4. The measured results are
conservatively bounded by the design calculations. )

SPC previously provided oxide measurement data (Reference 1) on low-tin Zircaloy clad
fuel rods in a high temperature KWU plant. The fuel cladding in this plant operated at high
inlet temperature and an aggressive power history that results in a high projected bounding
corrasion, and also in relatively high measured corrosion. The measurements included data
on cladding with fuily optimized chemistry and processing, and also low-tin Zircaloy
precursor material that was not fully optimized with regard to processing. The plot of the
measured data, Figure 8, has been updated to inciude all measurements taken [

.j. The data indicates that the orecursor material had a slightly higher
corrosion rate than the fully optimized low-tin Zircaloy-+ cladding.

The average oxide thickness and_standard deviation of [' ] at the
K'~VU plant at the higher burnups were determined. The average oxide thickness. [

| for the orecursor material is { 1 at 3 burnup of
{ ]. For tne opumized cladding at a burnup of { . 1

the corresponding oxide thickness [i , ,

138 microns]. These values 3re indicated in Figure 8. In order 0 conservatively bound the
above indicated { -} values, about an [ | needs to
be added at the { } level to the upper bound corrosion projections.
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To achieve this increase the addition is applied as (-

: I The moditied upper bound aesign
calculation for the KWU plant, also shown in Figure 6, thus bounds the statistical limits on
the data sets.

Current SPC calculations for U.S. plants are [; :
] The adjusted
calculations as compared to the data for typical U.S. plants are shown in Figures 7 through
10. Design calculations that do not reach | I are unchanged by the additionai
uncertainty. These calculations are conservative with respect to the data and the |

1 design limit. The addition to the upper bound will be applied to future corrosien
projections. The modified correlation takes into account the observed accelerated oxice
thickness accumulation above approximately [’ I

References:

1. EMF-22-116(P), “Generic Mechanical Design Criteria for PWR Fuel Desicrs,” Siemens
Power Corporation, July 1992,

2. Letter, R. A, Copeland (SPC) to S. L. Wu {(NRC}, “Reépqnses to NRC Regues: fer
Information on EMF-92-116(P),” RAC:84:172, November 6, 1994,

3. EMF-88-133(P)A) and Supplement 1, “Qualification of Advanced Nuclear Fuels P'WR
Design Methodoiogy for Rod Burnups of 62 GWd/MTU,” Siemens Power Corporation,
December 1991.
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1.0 INTRODUCTION

Siemens Power Corporation (SPC) has established a set of design criteria for PWR fue!l. These
criteria provide assurance that the nuclear fuel will perform satisfactorily in the core of a
pressurized water reactor throughout the design lifetime. This report presents the SPC design
criteria. Except as noted, the NRC has already reviewed and approved mechanical design
reports for various PWR fuel designs using these criteria,'®?

The design criteria represent standards to which the fuel assemblies are designed and provide
assurance of the adequacy of the design throughout the design life. These criteria include the
issues given in Chapter 4 of the Standard Review Plan.* Mechanical, neutronic and thermal
hydraulic design criteria are presented. SPC uses design calculations, testing, and performance
data to demonstrate compliance with these criteria.

The purpose of this report is to present for NRC review and acceptance the generic mechanical
design criteria for SPC PWR fuel designs. With NRC acceptance, PWR fuel designs which meet
these design criteria will not need to be submitted to the NRC for explicit review and approval.
Compliance with the design criteria would constitute approval.

The summary and conclusions of the document are reported in Chapter 2. Chapter 3 presents
the generic fuel system criteria and describes how SPC demonstrates compliance. Therma! and
hydraulic design criteria are reported in Chapter 4. Chapter 5§ describes nuclear design criteria
including a description of the power history selection criteria for the specific design calculations.
Chapter 6 discusses the inspections and surveillance by SPC, and Chapter 7 presents the results
of a sample application. Chapter 8 provides the references.
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20 SUMMARY AND CONCLUSIONS

The SPC design criteria are consistent with Chapter 4 of the Standard Review Plan. These
criteria are chosen to provide assurance that all SPC PWR fuel designs will perform satisfactorily
throughout their design lifetimes. Compliance with the design criteria is demonstrated by:

] Documenting the fuel system description and fuel assembly design drawings;
® Performing analyses with NRC-approved models and methods;

° Testing significant new design features with prototype testing and/or lead test
assemblies prior to full reload implementation;

® Continuing iradiation  survelllance programs including post irradiation
examinations to confirm fuel system (assembly) performance; and

® Using the NRC approved QA procedures, QC inspection program and Design
Contro! Requirements Identified EMF-1.8 :

As required for future designs, the design criteria presented in this report will be evaluated and
updated, as necessary. Any changes to the criteria will be submitted to the NRC for review and
acceptance.
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3.0 GENERIC FUEL SYSTEM DESIGN CRITERIA

31  Oblectives

“~

The 6b]ectives of building fue! ’as‘sgmblies (systems) to specific design criteria are to provide
assurance that: - o - o

] The fuel assembly (system) shall not fail as a result of normal operation and
o - anticipated operational occurrences. The fuel assembly (system) dimensions shall
be designed to remain within operational tolerances and the functional capabillities
.of the fuels shall be established to either meet, or exceed those assumed in the
- safety analysis. I

. Fuel assembly (system) damage shall never prevent control rod insertion when it
is required. '

o The number of fuel rod failures shall be conservatively estimated for postulated
accidents. ' :

e  Fuel coolability shall always be maintained.

®  Themechanical design of fuel assemblies shall be compatible with co-resident fusl
and the reactor core internals. : ‘

° Fuel assemblies shall be designed to withstand the loads from in-plant handling
and shipping. o L

. The first four objectives are those cited in the Standard Review Plan. The jatter two objectives

are to assure the structura! integrity of the fuel and the compatibility with the existing reload fue!.
To satisty these objectives, the criterla are applicable to the fuel rod and the fuel assembly
(system) designs. Specific component criteria are also necessary to assure compliance. The
criteria established to meet these objectives include those given in Chapter 4.2 of the Standard

" Review Plan. As noted in the specific items, some of the criteria specified in the Standard Review

Pian are for analyses other than the mechanlcai design evaluations.
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3.2 Fuel Rod Criteria

The detailed fuel rod deslgn establishes such parameters as pellet diameter and densny,
cladding-pellet dlametral gap, fission gas plenum size, and rod prepressurization level. The.
design also considere effects and physical propen!es of fuel rod components which vary with
burnup. The integrity of the fuel rods Is ensured by designing to pravent excessive fuel
temperatures, excesslve internal rod gas pressures, and excessive cladding stresses and strains.
This end Is achieved by designing the fuel rods to satxsfy the deslign criteria during normal
‘operation and anﬂcipéted operational occurrences over the fuel lifetime. For each design criteria,
the performance of the most limiting fuel rod shall not exceed the specaﬁed limits.

321 . Internal Hydriding

The absorption of hydrogen by the cladding can resultin cléeding fallure dueito reduced ductility
and formation of hydride platelets. Careful moistura control during fuel fabrication reduces the
potential for hydrogen absorption on the inside of the e!adding. The febﬁcatlon limit for total
hydrogen inside a fuel rod assembly is maintained at a minimal level to limit internal hydriding.
This is accomplished by controlling the moisture content of the fuel pellets.

322 Cladding Coliapse

Creep collapse of the cladding and the subsequent potential for fuel failura is avoided Inthe SPC
fuel system design by eliminating the formation of axial gaps. The maximum c!addmg
' circumferential creep ‘and ovalization consistent with the time of maximum densification is
; ‘computed dunng a creep collapse evaluation to demonstrate that no axial gaps are present The
evaluation must show that the pellet column is compact at the bumup of maxlmum densnﬂcaﬁon
" (= 6000 MWd/MTU). The internal plenum spring provides an axial load on the fuel stack that is
sufficient to assist in the closure of any gaps caused by handllng, sh:pping. and densification.
Evaluation of cladding creep stability in the unsupported condition is performed considering the
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compressive load on the cladding due to the difference between primary systeni préﬁsure and
the fuel rod internal pressure. SPC fue! Is designed to minimize the potential for the formation
of axial gaps in the fue! and to minimize clad creepdown which would prevent the closure of axial
gaps or aliow creep collapse. ‘

3.2.3 Overheating of Cladding :

The design basis to preclude fuel rod cladding overheating is that there is at least 95%
probability at & 85% confidence level that any fue! rod in the core does not experienc'é departure
from nucleate bolling (DNB) during steady state operation and anticipated of:erationa!
occurrences AOO. Compliance with this criterion is confirmed as 'part of the reload thermal
hydraulics anélysis. Experimentally based DNB correlations which have been accepted by the
NRC are used (see Section 4.1.2). .

- 3.2.4 - Overheating of Fue! Pellets

“The centerline temperature of the fue! pellets must remain below melting during normal opéraﬁon

and anticipated operational occurrences (A0CO). The melting point of the fue! includes
adjustments for burnup and gadolinia content. SPC establishes steady state and transient
design LHGR peaking limits for each fue! system which protect against centerline melting using
the approved RODEX2 code. The AOO compliance is verified as part of the transient analysis.

- These peaking limits are appropriate for normal operation and anticipated operational
occurrences throughout the design lifetime of the fuel.
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325 Stress and Strain Limits

Pellet/Cladding |;1_terécﬁon

The Standard Review Plan does not contain an explicit criteria for pellet/cladding interaction.
However, it does present two related criteria. The first one Is that translent-induced deformaticns
must be less than 1% uniform cladding strain. The second criterion is that fuel meiting cannot
- occur. SPC requires’ compliance with both criteria for steady state and transient conditions over
the litetime of the fuel For high bumups, rod exposures greater than 60,000 MWdJ/MTU, SPC

further restricts the umform cladding strain to less than[ j Compliance with the fuel meitmg
cnteria is discussed In Section 3.2.4.

Cladding Stress

The design basis foriitha fuel cladding stress limits is that the fuel system will not be damaged
due to fuel cladding stresses. Conservative limits (Table 3.1) are derived from the ASME Code,
Section lll; Appendix jll. Article 111-2000; and the specified 0.2% offset yield strength and ultimate
strength for Zircaloy.
| i

326 (Cladding Rupture

According to 10 CF&i 50 Appendix K,* the cladding rupture must not be underestimated when
analyzing a loss of coblant accident. NRC approved cladding ballooning and rupture models ara
used by SPC in the evaluation of cladding rupture. The specific models are those presented in
NUREG-0830." Thera is no explicit limit on the deformation. However, the calcutations with the
deformation models must satisfy the event criteria given in 10 CFR 50.46.* This analysis Is

performed as part of the reload licensing and is evaluated for each plant reload on a cycle
specific basis.
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3.2.7 Fuel Rod Mechanical Fracturing

A mechanical fracture refers to a defect in a fuel rod caused by an externally applied force such
as loads due to earthquakes and postulated pipe breaks. These externally appiiéd forces
therefore include hydraulic loads or loads derived from core-plate motion. SPC limits the
combined stresses from postulated accidents to the stress limits given in ASME Code, Section I,
Appendix F° for fautted conditions. The stress limits are based on specified material properties
or on component load tests. For complete reanalysis of the seismic/LOCA response the stresses

~are calculated using the SPC seismic analysis methodology and are not part of the standard
. mechanical design evaluations. -However, for plants with existing selsmic/LOCA analyses, a

change In fuel design does not typically necessitate a full reanalysis. SPC verifies the assembly

~ characteristics for new designs to ascertain that these characteristics (assembly weight and
. vibration mode) are similar to the co-resident fusl.

3.2.8 Fuel Densification and Swelling

Fuel densification and swelling are limited by the design criteria specified for fus! temperature,

- cladding strain, cladding collapse, and internal pressure criteria. SPC uses the NRC reviewed
- and accepted densification and swelling models in the fuel performance codes.

33  Fuel System Criteria

Fuel system criteria are established to assure that fuel system dimensions remain within

- operational tolerances and that functional capabilities of the fuel assembly (system) are not

reduced below those assumed in the saféty ana!ysis; The criteria apply for normal operation and

~ for anticipated operational occurrences. ‘The SPC criteria for the fuel system include those topics

identified in the Standard Review Plan. This seéﬁon presents these fuel system criteria.
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3.3.1 Stress, Strain%, or Loading Limits on Assembly Components
!

The structural !ntegriSLy of the fuel assembilies Is assured by setting design limits on stresses and
deformations dus to 'various handling, operational and accident loads. These limits are applied
to the design and vaiuation of upper and lower tia plates, grld spacers, guide tubes, fuel
‘assembly cage, and. springs where applicables. ‘

SPC uses Appendix . llll Article 1i-2000 of ASME Code Section Iil to establish acceptable stress
- levels for standard assembly components. .Cladding stress categories include the primary
membrane and bendlng stresses, and the secondary stresses. The loadings considered are fluid
pressure, intemnal gas pressure, thermal gradients, restrained mechanical bow, flow induced
vibration, and spacer contact. The example results provided In Section 7.0 give the ASME stress
level criteria. Also, the cladding must satisly a strain requirement. This strain limit is that the
cladding must not exceed 1% uniform strain for normal operation and anticipated operational
occurrences and peak rod exposures up to 60,000 MWd/MTU. For peak rod exposures greater
than 60,000 MWd/MTU. the uniform cladding strain must be less than[ j
The stress ca!cu!atxons use conventional, open-literature equations. A general purposs, finite
element stress analysis code such as ANSYS™ is used to' calculate the spacer spring contact
stresses. Section 3 2_.5 discusses the SPC cladding strain criteria.

The design criteria for evaluating the structural integrity of the fuel assemblies follow:

] Fuel Assembly Handling - The assembly must withstand dynamlc axial loads
approxzmately 25 times assemb!y weught. -

o For all appiled loads for normal operation and anticipated o erational events - The

. tuel assembly component structural design criteria are established for the two

- primary material categorles, austenitic stainless steels (tie plates) and Zircaloy

(guide tubes, grids). The stress categories and strength theory for austenitic

stainless steel presented in the ASME Boiler and Pressure Vessel Cods,
Section ill, are used as a genera! guide.
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° Loads during postulated accidents - Deflection or failure of components shall not
interfere with reactor shutdown or emergency couoling of the fuel rods.

\

 The fuel assefnbly structural component stresses under faulted conditions are evaluated using

primarily the methods outlined in Appendix F of the ASME Boiler and Pressure Vessel Code,
Section 1.

The allowable component stress limits are based on Appendix F of the ASME Boller and Pressure
Vessel Code, Section Ill, with some criteria derived from component tests.

332 Fatique

' 'C\}de_loading associated with relatively large changes in power can cause cumulative damage

which may eventually tend to fatigue fallure. Therefore, SPC requires that the cladding not
9xceed a cumulative fatigue usage factor of 0.67. The O'Donnell and Langer fatigue curves"

_ are used in the analysis. These fatigue curves have been adjusted to incorporate the

recommended *2 or 20" safety factor. This safety factor reduces the stress amplitude by a factor
of 2 or reduces the number of cycles by a factor of 20, whichever is more conservative. The
fatigue curves provide the maximum allowed number of cyclic loading for each stress amplitude.
The fatigue usage factor is the number of expected cycles divided by the number of allowed

. cycles. The total cladding usage factor is the sum of the individual usage factors for each duty
: cycle. |

333 Fretting Wear

7 The design basis for fretting corrosion and wear Is that fuel rod failures due to fretting shall not

occur. Since significant amounts of fretting wear can eventually lead to fuel rod fallure, the grid
spacer assemblies are designed to prevent such wear. SPC performs fretting tests to verify
consistent fretting perfofmarice for new spacer designs. Examination of & large number of
irradiated rods has substantiated the appropriateness of the loop tests.
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334 Oxidation, ij:driding, and Crud Buildup

Corrosion reduces the material thickness and results in less load carrying capacity. At normal
light water reactor (LWR) operating conditions, this mechanism is not limiting except under
. unusual conditions whers high cladding temperatures greatly accelerate the cormrosion rate.

The current design limit for the peak oxide thickness in the corrosion analysis is conservaﬁvely
based on measured oxide thickness data. The data base also indicates that the limit on oxide
thickness will automatically protect the cladding against excessive hydridxng and that thero Is no
need to evaluate the hydriding for watersida corrosion separately with its own design criteria.

There is no specific limit for crud buildup., SPC fuel performance codes, reviewed and approved
by the NRC, include the crud buildup in the fuel performance predlctions That is, the crud and
oxidation models are a part 6f the approved models and thersfore impact the temperature
calculation. The end of lifa stress analyses include a wall thickness reduction coinciding with the

limiting oxidation. This limiting oxidation is assumed to be uniform although the thlckness is
approximately the amount observed for the maximum nodular corros!on

3.3.5 Rod Bog

Difterential expanslorl between the fuel rods, and lateral thermal and flux gradzents can lead to
lateral creep bow of tha rods in the spans between spacer grids. This lateral creep bow alters -
the pitch between the rods and may affect the peaking and local heat transfer. The SPC design
basis for fuel rod bowing is that lateral displacement of thé fuel rods shall not be of sufficient
magnitude to impact thermal margins. Extensive post-irradiation examinations have confirmed
that such rod bow has not reduced spacing between adjacent rods by more than 50%. The
. potential effect of this: bow on thermal margins Is negllgxble Rod bow at extended bumup does
" not affect thermal margms due to the lower powers achleved at hlgh exposure
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3.3.6 Axial Growth

SPC uses empirical models to compute the irradiation growth of the various components. The
resulting dimensional changes are then compared with the specified dimensions (including the
largest tolerance accumulation).

uvel Rod Growth

The clearance between the upper and lower tie plate shall be able to accommodate the maximum
differential fue! rod and fuel assembly growth to the design burnup. The upper bound fue! rod
growth is used In conjunction ;mth the lower bound assembly growth and the ménufacturing
tolerances that would result in the minimum fabricated clearance.

. Euel Assemb;& Growth

- The fuel assembly growth shall not exceed the minimum space between the upper and lower

core plates at the reactor cold condition. . The reactor ¢old condition is limiting since the

. expansion coefficient of the stainless steel core barrel is greater than the coefficient of expansxon

of the zircaloy guide tubes.
3.3.7 od Interna! Pressure

To prevent unstable thermal behavior and to maintain the integrity of the cladding, SPC limits the
maximum internal rod pressure relative to system pressure to avoid significant hydride

. reorientation during cooldown conditions or depressurization conditions. When the fuel rod
- internal pressure exceeds system pressure, the pellet-cladding gap has to remain closed if it is
- already closed or it should not tend to open for steady or increasing power conditions. Outward

- circumierential creep which may cause an increase in pellef-4o-cladding gap must be prevented

since it would lead to higher fuel temperature and higher fission gas release. The maximum
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internal pressure is also limited to protect embrittlement of the c!addlng caused by hydride
reorientation during cooldown and depressunzation conditions.

3.38 _ Assembl Lifto

SPC requires that the assembly not levitate from hydraulic loads. Therefore, for normal operation
and anticipated operational occurrences, the submerged fuel assembly weight and hold-down

must be greater than the hydraulic loads. The criterla covers both cold and hot conditions and
uses the maximum flow limits specified for the reactor,

3.3.9 Fuel Assembl_y Handling

The assembly design must withstand all normal axial loads from shipping and fuel handling
operations without permanent deformation. SPC uses either a stress analysis or iesﬁng to
demonstrate compliance. The analysis or test uses an axial load of 2.5 times the static fuel

assembly weight. At this load, the fuel assembly structural components must not show any
y:eldmg : : , '

The rod plenum spring also has design criteria associated with handling requirements. The
spring must maintain a force against the stack weight to prevent column movement during
handling. ’

3.4 Fuei Coolability -

For accidents in which severe fuel damage might occur, core coolability and the capability to

insert control rods are essential. (Normal operation or anticipated operational occurrerices must

remain within the thermal margin criteria). Chapter 4.2 of the Standard Review Plan provides
. several specific areas important to the coolability and the capab:h!y of control rod insertion. The

.. sections below d!scuss these areas.:
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3.4.1 Cladding Embritilement

The requirements on cladding embrittiement relate to the loss of coolant accidant requirements
of 10 CFR 50.46. SPC complies with the Part 50.46 limits (2200°F peak cladding temperature,

" local and corewide oxidation, and long term coolability). The models to compute the

temperatures and oxidation are those prescribed by Appendix K of 10 CFR 50. These models

are In the approved SPC ECCS evaluation model. The LOCA analysis is performad on a plant
speclfic basis. ‘

3.472 Violent Expulsion of Fuel

In & reactivity Initiated severe accident, the deposition of energy in the fuel is the critical item.
A large deposition could result in melting, fragmentation, and dispersal of fuel. The NRC has
established a guideline in Regulatory Guide 1 .77 and the Standard Review Plan that restricts the

radially-averaged energy deposition. The guideline requires the hottest axial deposition to be
less than 280 callgm SPC uses the 280 callgm as a desxgn critena

3.4.3 Fuel Ea!loonirig' {Bugmfe :

During a loss of coolant accident, the cladding swelling and burst strain can result in fiow

blockage. Therefore the LOCA analysis must consider the cladding swellxng and burst strain
impacts on the flow. As discussed in Section 3.2.6, SPC uses the models in NUREG 0630. This
swelling and rupture model is an integral part of the LOCA evaluation and is not part of the
mechanical design analysis.
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Table 3.1 Steady State Stress Design Limits*
Stress Intensity Limits**
- Yileld - Ultimate
. Strength - Tensile
_ Strength
o) (o)
General Primary Membrane Stress 2/3 o 180,
Primary Membrane Plus Primary Bending Stress 1.0 %y 120,
Primary Plus Secondary Stress 20 oy 100,

L £

Characteristics of the stress categories are defined as follows:

a) Primary stress Is a stress developed by the imposed loading which is necessary
to satisy the laws of equilibrium between extemal and internal forces and
moments. The basic characteristic of a primary stress is that it i3 not self-limiting.
It a primary stress exceeds the yield strength of the material through the entire
thickness, the prevention of failure is entirely dependent on the strain-hardening
properties of the material.

b)  Secondary stress Is a stress developed by the self-constraint of a structure. It
must satisfy an imposed strain pattern rather than being in equilibrium with an
external load. The basic characteristic of a secondary stress is that it is seif-
limiting. Local ylelding ‘and minor distortions can satisty the discontinuity
conditions due to thermal expansions which causa the stress to occur, .

The stress intensity Is defined as twice the maximum shear stress and is equal to the
largest algebraic difference between any two of the three principal stresses.
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4.0 THERMAL AND HYDRAULIC DESIGN CRITERIA

_Fuel designs are evaluated relative to the thermal and hydraulic design criteria to demonstrate

. Ihat the thermal operating limits provide acceptable margins of safety during normal reactor
- operauon and anticipated operational occurrences. To the extent possible these analyses are
- _performad for each plant on a generic fus! design basis (cycle lndependent) Table 4. 1 contains

& summary of the Generic Thermal and Hydraurc Design Criteria.

- SPC uses NRC approved methods and models In the thermal and hydraulic design and analys:s

of new fue! designs and new fue! design features. In the event the proposed design features are

: . determined to be outside the range of the methods and models, applscab!e documentataon will

be submitted to the NRC for review and approval

4.1 ]hermal and Hydraulic Design Criteria

' Primary' thermal and hydraulic design qiteria for SPC PWR reload fuel are as follows:

4.1.1 Hydraulic Compatibility

The hydraulic flow resistance of the reload fuel assembilies shall be sufficiently similar to éxisting
fuel in the reactor such that the impact on total core flow and the flow distribution emong

- assemblies in. the core is-acceptable from a thermal margin performance Viewpoiht.‘ The

component hydraulic resistances in the reactor.core are determined by a combination of both
analytical techniques and experimental data. For example, the single-phase flow resistances of
the lower tie plate, bare rod region, spacers, and upper tie plate of the SPC fusl designs are
generally determined in single phase flow tests with full scale assemblies.
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4.1.2 Thermal Margin Performance

The tuel design shall fall within the limits of applicability of approved departure from nix’cleate
boiling (DNB) correlations (e.g., XNB DNB Correlation™, the ANFP DNB Correlation®, or other
applicable correlations). The new fuel assembly design and/or changes In an ‘existing assembly

design shall minimize the likelihood of DNB during normal reacto: operatlon and antic:pated
operational occurrences. ‘ ~

Operation of a PWR requires protection against fuel damage during normal reactor operation and
anticipated operational occurrences. - A rapid decrease in heat removal capacity assoclated with
departure from nucleate boiling can potentially result In high transient temperatures in the
cladding. Deterioratlon of mechanical properties associated with the elevated temperature may

result in a loss of the fuel rod integrity. Protection of the fuel against DNB assures that such
degradation is avoided.

The calculation of the fuel assembly DNB performancs is established by means of ‘érﬁpirical
correlations based upon results of test programs. For new fuel designs and changes in features,
usage of the correlations is reviewed and justified.

4.1.3 Fuel Centerline Temperature -

| Fuel design and cperation shall be such that fuel centeriine melting is not projected for normal
operation and anticipated operational occurrences. This analysns is performed as part of the fuel
. mechanlcal design analysis (Section 3.2.4) or transient analysts

t
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41.4 Rod Eow‘

The anticipated magnitude of fuel rod bowing under irradiation shall be accounted for in
establishing thermal margins requirements. As discussed In Section 3.3.5, post-irradiation

examinations of PWR fuel fabricated by SPC show that the magnitude of fuel rod bowzng is small
and therefore has no impact on thermal margins.
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Table 4.1 Summary Description of Thermal and

Hydraulic Design Criterla
Description Generic Design Criteria

Thermal and Hydraulic Criteria
Hydraulic Compatibility
Thermal Margin Performance
Fuel Centerline Temperature

Rod Bow

Hydraulic flow resistance similar
to resident fuel assemblies

© 95/95 no DNB

No centerline melting

Protect thermal limits

L.

L

L.
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5.0 NUCLEAR DESIGN ANALYSIS

The nuclear design analyses are subdivided into two parts: a nuclear fue! assembly design
analysis and a core design analysis. The fuel bondle nuclear design analysis is aesembly
specific and changes only as features affecting the nuclear characteristics of the fuel change,
l.e., rod enrichments, burnable absorber content, etc. The core nuclear deeign analysis is
specific to the core configuration end changes on a cycle basis. Nuclear fuel and core ahalyses

- are performed using NRC approved methodology“ to assure that the new fue! assembly and/or
- design features meet the nuclear deslgn criteria e,tabushed for the fuel and core.

- The fuel bundle nuclear design characteristics are considered for each SPC fuel bundle design

added to the core. The key characteristics aﬂectzng the nuclear design analysis include the
following items:

. Assembly average enrichment;
e . Radial and axial enrichment distribution; and

® Burnable poison content and distribution.

These key characterisﬁcs establish the fuel (local) and core power distributions and the kinetic
parameters whnoh are used In the thermal hydrauhc mechanical, and nuclear safety evaluations.

‘The key neutronic design charactenst::s are selected such that fuel design limits are not

exceeded during either normal operation or anticipated operational occurrences, and that the
effects of postulated re'acﬁvity accidents will not cause significant damage to the reactor coolant
pressure boundary or impair the capability to cool the core. These fuel assembly characteristics
are evaluated on a reload cycle specific basis during the neutronic and thermal hydraulic safety
analyses. . - '

The oore nuclear characteristics are evaluated during the core design analysis. These analyses

include evaluation of the power distributions, kinetic parameters, control rod worths, etc. These
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characteristics (summarized in Table 5.1) are calculated for the reference coro loading
configuration for each operating cycle.

51  Powerand Exposure Historleg -

The peaking_, limits are verified for each fuel design in each reactor.. The power histories are
generated using an approved SPC three-dimensional core simulator code. Several histories are
proﬁided for the mechanical design; the histories for the rods which would see the peak power
in each individual cycle and the history for the maximum exposure rod. For example, if a rod was
designed for four cycles of operation before reaching the design exposure, thera could be up
to five power histories used in the mechanical design to represent the limiting powers and
. exposure. For particular analyses, these power histories would then be augmented by the

amount needed to raise the single highest power rod in any of the power histories to the
Technical Specification limit.

52 Kinetic Parameters

Design criteria for the reactivity coefficients are as follows: :

e . Doppler Coefficient shall be negative at atl"operaﬁng conditicris;

(3 Power Coefﬂcient shall be negative at all operatmg power 1eve!s relative to hot
o zero power;

® Moderator Temperatura Coefﬁcient shall be in accordance wﬂh the plant specific

‘ Technlcal Specuficaﬁons ‘

Design of fuel assemblies such that less moderation and/or higher temperatures reduce the
reactivity of the core results in an automatic shutdown mechanism. Thus, prompt critical

reactivity insertion events such as the control rod w:thdrawal accident have an inherent shutdown
mechanism. . ‘ '

L.

Lo L

GEEE WU GO Suk U UDU ST

| GO



——

(O

S

EMF-92-116
Page 6-3

53 Control Rod Reactivity

The design of the assembly shall be such that the Technical Spscification shutdown margin will
be maintained. Specifically, the assemblies and the core must be designed to remain subcritical

- with the highest reactivity worth control rod fully withdrawn and the remaining control rods fully
inserted. Shutdown margin is calculated and demonstrated at BOC (as a minimum) for each

reactor.
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Table 5.1 Summary Description of Nuclear Design Criterla

- Section - Description
- 81 - Power Distribution
52 Kinetic Parameter
Doppler Reactivity Coefficient

Power Coefficient
Moderate Temperature Coefficient

53 Control Rod Reactivity

Generic Design Criterla

" In accordance with Technical
. Specification

Negative

Negative relative to HZP

In accordance with Technical
Specification

Technical Specification - Margin
Maintained

L
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6.0 TESTING, INSPECTION, AND SURVEILLANCE

The SPC testing and inspection requirements are essential elements in assuring conformance
to the design criteria. The component parameters either directly demonstrate compliance with
the design criteria or are input for the design calculations. Therefore, the components must be
as specified.

The SPC Quality Contro! program provides assurance that the components satisfy the product
specifications. The SPC Quality Assurance manual controls and maintains this program. The
NRC has reviewed and accepted this manual as being in compliance with Appendix B of 10 CFR
50.

The specific QC inspections performed by SPC include component parts, pellets, rods, and
assembilies, as well as process contro! inspections. In addition, SPC reviews and overchecks
inspections performed by vendors. These SPC and vendor inspections provide verification that
the manufactured fuel Is consistent with the fuel design.

Survelllance programs of the irradiated fuel provide confirmation of the design adequacy. SPC
has performed extensive poolside examinations of irradiated fue! designs. These surveillance
programs have confirmed the good performance of the SPC fuel. Post irradiation surveillance
programs will continue to be an important part in assuring and confirming the adequacy of
current and future SPC fuel designs.
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7.0 SAMPLE CALCULATION RESULTS

This section of the report lllustrates the application of the design cslteria. Also, this section
provides typical results from & design calculation. The illustrative design is a representative
16x16 PWR design. The plant specific input and Technical Specification limits are typical of this

design.

Table 7.1 shows the fuel assembly component attributes. Appendix A provides typical
nonproprietary component drawings. Tables 7.2 and 7.3 provide the results of the design
calculations for the example fuel design. These results reference the respective paragraph in
Section 3.0 describing the criteria. Table 7.4 shows'typica'l design duty :'cycies for the fatigue
analysis. The Technical Specification LHGR peaking limit and power history input is typical of
those used in previously approved analysis. This information in conjunction with the methods
described in References 1 and 2, allows the calculation of the fuel assembly behavior. The
remainihg tables and figures are design results referenced in Tables 7.2 and 7.3.

These resutlts illustrate typical calculational results for a PWR fuel design. When applied for future
designs, similar calculations would be performed.

This PWR design has been extensively irradiated and has demonstrated excellent in-reactor
performance. The irradiation experience supports the conclusion that the SPC design criteria-
provide assurance of the fuel design throughout its design life.
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Table 7.1 Fuel Assembly Component Description

Fuel Assembly

Array . ‘

Width, in.

Length, in.

No. of Spacers

No. of Mixers

Rod Piteh, in. .
No. of Fuel Rods

Fuel Rod Assembly
Outside Diameter, in.

" Inside Diameter, in.
Plenum Length, in.
Fuel Length, in.

Plenum Spring

Coil Diameter, in.
Wire Diameter, in.
Free Length, in.

Characteristic

15x15
8.43
171.29
7
3
0.563
204

‘0,424 -
0.364
7.33

- 144.00

Inconel X-750
0.338
0.054
9.14
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, Table 7.1 Fuel Assembly Component Description (Cont.)

Fuel Pellets

(Vo

Diameter, in.
Density, % TD
Dish, Vol. %

Gadolinia
Diameter, in.
Density, % TD
Dish, Vol. %

Natural
Diameter, in.
Density, % TD -

_ Dish, Vol. %

Upper Tie Plate
Outside Dimension, in.

Lower Tie Piate Assembly
~ Outside Dimension, in.

EMF-92-116
Page 7-3

i

Characteristic

Enriched UOQ,
0.357
85.0
1.0

UO.-Gd.0,
0.357
©5.0
1.0

Sintered UQ,
0.357
85.0
0.75

CF-3SS -
8.41

CF3SS
8.43



Sectlon
3.2
3.21

322

323

324

325

3.26

TN S

a. Lo

Table 7.2 Example Fuel Rod Design Results for SPC 15x16 Fuel

Generlc Design Criterla

Description | , Dlsposltfon
uel rod claddin
Internal hydriding Limit Pellet H, Content Verified by QC Inspection
Cladding collapse Sufficlent plenum spring Radial gap >0.0 inch through
deflection and cold radial gap densification
to prevent axial gap formation
during densification.
Overheating of cladding 95/95 confidence that rods Greater than 95/95 level
do not experience DNB
Overheating of fuel pellets No centerline melting Less than melting
Stress and Strain Limits ‘ |
Cladding strain, pellet/' ‘ 1% strain See Figure 7.1 (shown for
cladding interaction , steady-state conditions)
Cladding stress (includes wall BOL BOL EOL EOL
thinning at EOL) - Hot Cold Hot Cold
-Primary membrane stress * 2/3S,0r1/38, - 268, .19§, 138§, .20S,
-Primary membrane + 1.0S,0r1/28, 438, 205, 4685, 2285,
Primary bending
-Primary + secondary 208S,0r1.0S, 498, 298, 468, 228, 2
. m
Cladding rupture Not underestimated during Accepted model in Appendix 4 &
LOCA and used in K evaluation model a =
determination of 10 CFR 2o
50.46 criterla &
N WU GURCEN AN U WU SUNOI SV DU ORI SO GUUY G S
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Section
3.2

327

328

Table 7.2 Example Fuel Rod Deslgn Results for SPC 15x15 Fuel (Cont,)

Description

Fuel rod cladding (cont.)
Mechanical Fracturing Limits

Densification and Swelling

Generlc Deslgn Criteria

ASME Section Hil, App. F

Section 324, 3.25.1, and
337

Disposition

Assembly characteristics
simitar to co-resident fuel

Model ‘ln'c!uded in écceptéd

fuel performance codes

-4 ebed
9L1-26-4W3
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A

Section

33

3.3.1
332

333

334

335

. 3.3.6

33.7

..

- & L_

Table 7.3 Example Fuel System Design Results for SPC 15x15 Fuel

Description

Fuel system criteria

Stress, strain, or loading limits
on assembly components

Fatigue
Fretting wear

Oxidation, hydriding and crud
buildup

Rod bow

Axlal irradiation growth
Fuel rod growth

Fuel assembly growth

Rod internal pressure

L. Lo

| ORUAE WA SO

Generic Deslgn Criterla

Table 3.1 steady-state

Cumulative usage factor
<0.67

No significant fretting wear

Acceptable maximum oxide
thickness

Protect thermal limits

Clearance at EOL between
maximum growth of rod and
minimum growth of bumup

Clearance at EOL between
maximum growth of bundle
and reactor core plates at
cold conditions o

. Radial gap does not open,
© - internal  pressure  system

pressure criterla limits

|

L L L

Dlsposition
Seo section 3.25 and 3.2.7
CUF = 037 (typical duty
cycles shown in Table 7.4)
Verified by testing
See Figure 7.2

NRC accepted model used to
compute impact for transient
analyses

Clearance maintained at EOL

Clearance maintained at EOL

Gap remalns closed, rod
pressure remains below
systom pressure criterla limits,
soe Figure 7.3, 7.4, 7.6 and
7.6.

S GUUY
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Section
3.3
338

339

34

3.4.1

342

343

344
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Table 7.3 Example Fuel System Design Results for SPC 15x15 Fuel (Cont.)

Description

Fuel System Criteria (cont.)
Assembly fiftoff

Fuel assembly handling

Fuel coolabllity 4‘
Cladding Embrittlement

Violent expulsion of fuel
Fuel baflooning

Structura! deformations

Generic Design Criterla

Maintain assembly contact
with tower plate core support

Assembly withstand 2.6 times
static weight as axial load

Include in LOCA analysis

<280 calfgram

Consider impact on flow
‘blockage in LOCA analysis

Coolable ‘geometry. control
rod insertablfity

Disposition

Constant contact maintained

Exceeds 2.5 limit

Accepted models in Appendix
K evaluation model

Verified In plant/cycle
transient analyses

Accepted ‘model Included in
Appendix K evaluation model

_Fuel coolabllity and control

rod Insertability maintained

22 e8ed
9i1-26-dW3
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Table 7.4 Duty 0ycles

Design Duty Cycles: The number of operauonal cycles over the expected lifetime of the fuel

assembly: -

1. Current and Anticlgated Practica

a. Weekly valve operating test
100% to 70%
hold @ 70% for 2.5 hours
70% to 100% @ a specified maneuvering rate

b. Twice/month steam generator leakage test
100% to hot standby
hold @ hot standby for one day
hot standby to 30%
hold @ 30% for 0.5 hour
30% to 100% @ a specified maneuvenng rate

c. One/6 months steam generator lnspection
100% to O power - ’
cold for one week
O power to 30%
hold @ 30% for 0.5 hour
30% to 100% @ a specified maneuvering rate

2. Load Follow
100% to 50% to 100% @ a specified maneuvering rate - 1/day
3.  Amitrary Cycles

10 scramsfyear '

step load decrease of 95% - - 2/year

step load increase from 0 power to 30% - 2/year

step load increase of 20% power - 1/week

30% to 100% @ a specified maneuvering rate - 2/year

sapop
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~Figure 7.1 AO0Q0 Total Uniform Strain

Figure 7.2 Strain Analysis: Maximum Corrosion
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Figure 7.3 Strain Analysis: Clad Creepdown
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_|

Figure 7.4 Gas Pressure Analysis: Fission Gas Release

B

_

Figure 7.5 Gas Pressuré Analysis: Gas Pressure
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Figure 7.6 Gas Pressure Analysis: Fuel Temperature
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Appendix A - Fuel Assembly Component Drawings

Deseription
EMF-SK-302,558, Rev. 0 “Fusl Bundle Assembly”
EMF-SK-302,560, Rev. 0 *Fuel Rod Assembly”
EMF-SK-302,558, Rev. 0 *Spacer Assembly*
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