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in the design analyses. In most cases, the design analyses will envelope
the fuel cycle design being considered and no reanalysis is required.
However, in some cases, either the radial power history or fuel geometry
may 1ie outside of the enveloping design analyses, thus requiring partial
or full reanalysis. The following subsections describe the types of
comparisons that must be made to justify a fuel cycle design without
reanalysis and provides some detail cuncerning the types of analyses that
must be performed if required by either the fuel cycle design or by

changes in the fuel design itself,

Table 1 presents a summary of all types of fuel mechanical performance
assessment criteria that are used to determine whether a fuel cycle
design, the cladding, and the pellets are enveloped by existing
analyses. As shown in Table 1, several of these analyses require
either a comparison against a pir radial power versus burnup envelope
or a comparison against an assembly radial power versus burnup envelope.
Examples of these power history envelopes are presented in Figures |l
and 2. These envelopes change, as reanalysis is occasionally required,

resulting 1n an expanded power history envelope.
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performing the stress alysis, all the loads were selected tc
resent the worst case 'oads and were then combined This represents
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-4 Y9515 QF RPII ores”-
sure versus burnup, performed by Duke Power Company, using TACOZ2
analysis was performed for an extended burnup fuel cycle design, using a

pin power history similar to Figure 1, and a set of axial power and ex-

posure shapes similar to those in Table 2, for Reload Design purpose
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LINEAR MEAT RATE CAPABILITY

Linear heat rate capabilfity of all fuel rods in a reload batch {s assessed
by comparison against generic analysis criteria and envelopes of Table |
Any rod whose geometry or power history falle nutside of those criteria

must be reanalyzed.

The Linear Heat Rate to Melt (LHRTM) analysic is performed using TACOZ.
This analysis assumes a conservative radial npin power history, similar to
that of Figure 1, and a set of axial power and exposure shapes similar to
those in Table 2, A variety of radial gaps and individual incore densi-=
fication values are employed. Al) statistice are performed at the 95/9%
level. In this analysis, a small axfal segment of the fuel rod fs spiked
to high linear heat rates at each burnup step unti! centerline fuel melt
occurs, The resulting heat rate required to reach centerline fuel melt
at each burnup is then determined versus burnup for conservatively

enveloping cases.

Figure 4 s an example plot of one fuel LHRTM versus burnup case for an
extended burnup fuel cycle design. The TACO? analyses, performed by Duke
Power Company, used a pin power history similar to Figure 1, and a set of
axfal power and exposure shapes similar to those in Table 2. During a
typical three cycle residence time, the minimum LHRTM occurs early in
11fe due to fuel densification, but quickly increases due to the off-
setting effects of cladding creepdown, pellnt swelling, and fuel reloca=
tion. (No credit fs taken for fuel restructuring in LHRTM analyses)
Results of the minimum LHRTM analysis are ii<ed to ensure centerline fuel

melt does not occur
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NITED STATES
CLEAR REGULATORY COMMISSION

Mr. H. B, Tucker, Yice Fresident

Nuclear Production Department

Duke Power Company

P.0. Box 1007

Charlotte, North Carolina 28201+1007

SUBJECT SAFETY EVALUATION ON OPC<NE~200), REVISION 1, "FUEL MECHANICAL
RELOAD ANALYSIS METHODOLOGY FOR MARK«BW FUEL"™ (TAC 6658)

"

he Commission's staff his reviewed your Topica) Report DPC-NE-2001,
Revision 1, “Fuel Mechanicel Reload Analysis foar Mark<BW Fuel," dated

January 1990 for application to reloads for the Mcuiire and Catawba Nuclear
Stations, wWe find the report ucceptable., A copy of our Safety Evaluation is

enclosed, This cumpletes our action under TAC No, 66581,

sincereiy,

-~

' -y 1)7)

K adle N JALRe—

Kahtan N, Jabbour, Project Manager
Project Directorate [[«3

Division of Reactor Projects - 1/11
Office of Nuclear Reactor Regulation

Enclosure;
As stated

ce w/encl,:
cee next page
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REVISION ), “FUEL MECHANICAL RELOAD ANALYSI

HETHODOLOGY FOR MARK«BW FUEL"

DUKE PONER COMPANY

CATAWBA NUCLEAR STATION, UNITS 1 AND ¢

DOCKET NOS, 50-413 AND 50-414

AND MCGUIRE NUCLEAR STATION, UNITS 1 ANL

DOCKET NOS, 50-369 AND 50-370

INTRODUCT 10N

By letter dated January 22, 1930, from H. B, Tucker, Duke Power Company, to NR(,
the licensee requested that the NRC review a topical report, "Fuel Mechanicdl
Reload Analysis Methodology for Mark-Bw Fuel,“ (DPC«NE-2001,) Revision 1, dated
January 1990, for McGuire and Catawbe reload applications. The methodao logy
gescribed 1n DPC-NE-Z20C1, Rev. 1, has been approved previously for BiwW-designed
Oconee reload applications, The licensee intends to use the ‘ame methodology
for Mark-Bw fuel in Westinghouse-designed McGuire and Catawba., The Mark-Bw

fuel design was approved in Topica)l Report BAW-10172P. Mark-BW fuel 1s

very similar to the currently BiW-designed Mark B and Mark C fuel, Report
OPC«NE-200)1, Rev, ], sdadresses such analyses as claading stress and strain,
cladding collapse, fuel centerline temperature, rod pressure, and Emergency Cove
Couling System (ECCS) initfal conditions, A1l the analyses are performed using
the previously approved TAC02 and CROV codes. The licensee has cetermined that
the use of the described methodology for Mark-BwW fuel coes not creste any

safety concern, nor require any Technica) Specification changes, nor involve

any unreviewed safety questions for Catawba and McGuire., Our evaluation
tollows.

2.0 EVALUATION

2.1 Cladaing Collapse

If axfal gaps n the fuel pellet column were to occur due to densification,

the cladding wouldu have the potential of collapsing into a gap, 1.e., flattening.
Because of the large lucal strains that would result from collapse, the cladding
fs assumed to fail, The licensee used the CROV and TACOZ computer codes to
analyze the likelihood of cladding collapse for Mark-BW fuel, Since the CROV and
TACO2 computer codes heve been approved previcusly for this analysis, we concluce




Lhet the licensee's methocology of analyzing cledding collapse 1s acceptable for
Mark-BW fuel in McGuire and Catawba reload applications,

2.¢ (lagding Strain

The licensee cladding strain criterfon fs limited to 1% strain during norma)
operation ano transients. The staff has previously approvec the criterion,

The licensee analyzed the maximum strain using the TACOZ code to determine that
1% strain Timit 15 not exceeded. The method 1s similar to those methods used
by BAW and had been approved by the staff. We therefore consider that the
licensee cladding strain analysis 1¢ acceptable for Mark«<Bw fuel in McGuire and
Catawba reload applications,

2.3 (lagaing Stress

The 1icensee Cledaing stress criterion 1s based on the ASME Cooe which 18
acceptable to the staff, The licensee stress aralysis methooology 1s based on

the approved BAN methodology to calculate the maximum stress to assure that 1t
remeins below the allowable stress, we, thus, consider that the licensee cladding
stress anelysis 1s acceptable for Mark-BN fuel in McGuire and Catawba reload
epplications.

2.4 Rod Pressure

The licensee rod pressure criterion is that the rod pressure shall remain below
the system pressure throughout the design 1ifetime. This criterion 1s consistent
with the staff Stancard Review Plan (SRP) criterfon and 1s approved by the

staff, To calculate the maximum rod pressure, the 1icensee used the TACUZ code
to predict the gas pressure buildup, Since the TACOZ 1s an approved code, we
conclude that the licensee's rod pressure calculation is acceptable for Mark-Bw
fuel 1n McGuire and Catawba reloeo applications,

2.5 Fuel Centerline Tgmg!rlggro

To assure that a fuel roc does not fail by overheating, the conservative criterion
provided by the SRP 1s that the fuel centerline temperature should not reach the fuel
melting point during normal operation and transients. To analyze the me!ting
possibility, the licensee performed maxinum linear heat generation rate (LHGR)
calculations using the approved TACO2 code to determine the power-to-melt bounding
curve, Fuel melting 1s prevented by maintaining the operating power below the
power-to-melt curve. This method 1s consistent with previously approved Biw
analytical methods. We therefore consider that the licensee fuel centerline
temperature calculation 1s acceptable for Mark-BW fuel in McGuire and Catawba
reload applications,

«.6 ECCS Inftial Conditions

The TACO2 code can also be used to calculate initial conditions such as rod
pressure, densification, stored energy, and fuel cladding gap for the ECCS analysis.
The staff has previously approved the use of TACOZ for establishing ECCS
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We have reviewed the licensee's submittal
described ‘n DPC-NE~2001, Rev. 1, for Mark«BW fuel reloads in McGuire ang
atawba, Based on the use of previocusly approved analytical methods &nd the
pproved TACOZ and CROV codes, and the similarity between Mark-BW and Mark &
and Mark C fuel, we conclude that the LPC-NE-200]1, Rev, 1, report 1s acceptable
for Mark«Bw fue! licensing applications in McCuire and Catawba, Wwe &lso
determine that there are no unreviewed safety questions and no need of Technical
Specification chenges for McGuire and Catawba, This approval is limited to the
licensee decides t0 use the

use of the TACOZ2 code. If, in the future, the
requires the licensee to demonstrate 1ts

concerning the use of methodo!

newer approved code, TACO3, the staff
proficiency in using the TACU3 code,

Principal Contributors: shih«Liang Wu,SRXB:DST

Kirsiis, PDII«3:DRPI/I1
K. N, vabbour, PDI1-3:0RP]
T. A, Reed, PDII«3:NRR:DRP]
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