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total core loading of 193 Fuel Assemblies (FA). Out of 193 FAs, 121 are
burned Ffs. The unique features of the Mark-BW 17x17 desiyn include the
lircaloy intermediate spacer grids, the spacer grid restraint system, and the
use of Zircaloy ar.ds with standard lattice design.

The mechanical analyses and thermal performance for the Mark-BW 17x17 design
were performed by DPC with the methodology described in the approved topical
report DPC-NE-2001-P-A, Revision | (Reference 8); and therefore, are
acceptable,

3.0 FUEL SYSTEM DESIGN
3.1 Fuel Management

A general description of the Cycle 7 core is given in section 5.0, The

Cycle 7 core uses a low-leakage fuel management sche > where previously burned
assemblies are placed un the periphery and most of the fresh assemblies are
located throughout the core interior in a pattern which minimizes power
peaking. With tnis loading and a Cycle € endpoint of 350 effective full-power
days (EFPD), the Cycle 7 reactive )ifetime for full power cperation is
expected to be 350 EFPD. A comparison of Cycle 7 nomina) characteristic
physics parameters with those used in the safety analyses show that the latter
are conservative in all cases.

3.2 Nuclear Design

The core physics parameters for Cycle 7 were generatcd by OPC with the PDQO7
and EPRI-NODE-P computer codes using the methodology described in the approved
topical report DPC-2010-A (Reference 9). The Reactor Protection System
setpoint limits and technical specification operatin? Timits for the core were
verified through analysis of the Cycle 7 nuclear design usin? methodology
described in the approved topical report DPU-NE-2011-P-A (Refe

3.3 Control Requirement

The value of the required shutdown margin va‘ies throughout core 1{fe with the
most restrictive value occurring at end of cycle and at hot zero power
conditions. Sufficient boration capability and net available contro: element
assembly (CEA) worth, including a minimui worth stuck CEA and aypropriate
calculation urcertainties, exist to meet all the shutdown margin requirements.
These results were derived by approved methods and incorparate appropriate
assumptions and are, therefore, acceptabie.

4.0 THERMAL-HYDRAULIC DESIGN

The thermal performance of Cycle 7 fuel was analyzed using the NRC-approved
methodology (Reference 8). The analyses included the power 2nd burnup levels
representative of the peak pin at each burnup interval, from the beginning of
the cycle to the end of the cycle burnups. Based on this analysis, the
internal pressure in the most limiting fuel rod will stay below the nomina!
reactor coolant system (RCS) pressure throughout the cycls. Because this
satisfies Standard Review Plan (SRP) Section 4.2 criteria, the thermal design
of the Cycle 7 core is acceptable.
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The thermal-hydraulic analysis supporting (ycle 7 operation was performed by
DPC with VIPRE-01 computer code and approved statistical core design (S(D)
metnodology (Reference 4). The SCD methodology 1s a technique that
statistically combinas uncertainties associated with the core statepoint
parameters, code/model, and Critical Heat Flux (CHF) correlation to determine
a statistical departure from nucleate boiling ratio /DNBR) limit. The
uncertainties used in Reference 4 bound the uncertainties specifically
calculated for Catawba Unit 1. The statistical DNBR 1imit for use with the
BWCMY CHF correlation (Reference 11) in VIPRE-0] is determined to be 1.40. To
provide desi?n flexibility, a 10.7% marg!.. is added to the statistical DNBR
1imit to yield a design DNBR 1imit of 1.55 for the generic Mark-BW and the
Catawba Unit | Cycle 7/ analyses. The reactor core safety limits for Catawba
Unit 1 Cycle 7 were ?enerated utilizing the BWCMY CHF correlation and the SCD
methodology for a full core of Mark-BW assemblies and a radial enthalpy rise
hot channel factor of 1.50.

The hydraulic compatibility of the Mark-BW fuel and the Westinghouse Optimized
Fuel Assemblies (OFA) had been addressed in the approved topical report BAW-
10173-P-A Revision 2 (Reference 2). The results of the hydraulic
compatibility test indicated that the total pressure drop across the Mark-BW
Fuel is 2 4% lower than the total pressure drop across the OFA fuel., The
licensee approach to addressing the transition core penalty is presented in
detail in Reference 3. The licensee determined a generic transition core
penalty by modeling a conservative core configuration with one OFA assembly
as the hot assembly located in a Mark-BW core. Bounding power shapes during
normal and accident conditions were ana'yzed yielding & maximum ONBR penalty
of 3.8% for OFA fuel. The licensee addressed tne trarsition core penalty for
OFA fuel by applying the 3.8% DNBR penalty against the 10.7% generic margin
included in the design DNBR 1imit.

5.0 ACCIOENT ANALYSES
5.1 MNon-LOCA Safety Analysis

The design basis events considered in the safety analyses are categorized iuto
two groups: anticipated operational occurrences and postulated accidents
(Timiting faults). A1l events were reviewed by the licensee to account for
the differences in the core physics parameters of the Mark-BW fuel and the
changes to the Technical Specifications. The scope of the events considered
is consistent with that addressec in the FSAR for Catawba. The evaluations
considered the effects of mixed (transition) cores using Westinghouse and
Mark-BW fuel.

The methods and results for the analyses of the Steam System Piping Failure,
Rod Ejection and Dropped RCCA/RCCA bank transients, are documented in DPC
topical report DPC-NE-3001 and follow-up coi cespondence from DPC which have
been reviewed and found acceptable by the staff, (References 5 and 6).
Analytical models and methodology for the statistically misaligned rod
accident are provided in approved topical reports, (References 4, 7 and 9).
For the generic and single events, a system thermal-hydraulic analysis was
performed which bound both Catawba Units 1 and 2, and McGuire Units ) and 2.
Since a single set of generic analyses has been performed for these events,
the results for Catawba are identical to those submitted in the approved
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McGuire 2 Cycle 8 reload report, (Reference 12). The Catawba 1 Cycle 7 reload
core physics parameters were reviewed with respect to the assumptions used in
tnese analyses. Tne analysis and methodoloqg for these events have been
reviewed and found acceptable by the staff (References 5 and 9).

For the remaining FSAR thermal-hydraulic accident analyses sensitive to reload
core physics paraveters (e.g., LOCA), the current approved licensing bases are
being retained., These pases have been reviewed and found acceptabie by the
staff (Reference 7). In addition, the post-LOCA subcriticality evaluation and
the boron precipitation evaluation have been performed by DPC in the FSAR for
Catawba (Reference 12), The Catawba Unit | Cycle 7 parameters have been
reviewed with respect to the assumptions used in the subcriticality analysis.

The radiological consequences for the locked rotor, single rod withdrawal and
rod ejection events, were reanalyzed due to differences between the Mark-BW
fuel and the OFA fuel. The results, presented in section 8 of Reference 1,
were reviewed and found acceptable by the sturf as discussed below. Review by
the staff of Catawba Unit 1 Cycle 7 reload parameters were found to be beunded
by the accident analysis assumptions for all accidents which are sensitive to
core physics parameters, and are therefore, acceptable.

5.2 LOCA Analyses

The LOCA analyses for Catawba Unit 1 transition cores with mixed Mark-BW and
West inghouse OFA assemblies and future cores with all Mark-BW fuel have been
réeviewed previously by the NRC (BAW-10]74-A) and found acceptable.

5.3 Radielogical Evaluation

In 1ts analysis, the licensee determined that the radiologica’ impact of two
accidents, the rod ejection and the locked rotor events, could be impacted as
a result of changes related co Cycle 7 operation. The licersee reanalyzed the
potential radiological consequences arising from these events,

5.3.1 Locked Rotor

The locked rotor accident is analyzed by postulating an instantaneous seizure
of a reactor coolant pump rotc-, resu]t1n$ in a rapid decrease in reactor
coolant fiow and a reactor trip. In the licensee's analysis, ten percent of
the fuel was assumed to fail as a result of the accident. This is to be
compared with the previously assumed FSAR value of a failed fuel percentage of
1% arising from a locked rotor,

In the staff’s "Safety Evaluatinn Report related to the operation of Catawba
Nuclear Station, Units 1 and 2" (NUREG-0954) and its Supplements, it was
concluded that there is no fuel failure calculated to occur for this accident
at Catawba.

In the FSAZ -~ Catawba, the licensee indicated previously that 1% fuel
fatiure cculd e expacted for this event and that exclusion area boundary

wir @ bty are thyroid do " 4.4E-0] and 3.6 rem, respectively, were
caleulatea v occur. The licensee's April 13, 1992, submittal, reported whole
body anu thyroid doses at the exclusion area boundary of 0.253 and 25.5 rem,
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rospectively. However, these doses were calculated assuming a reduced primary
to secondary leak rate of 0.5 gpm compared to the 1.0 gpm leak rate previously
assumed. The reduced leak rage of 0.5 gpm was adopted so that the )icensee's
calculated potential offsite doses from a locked rntor event do not exceed the
staff acceptance criterion that exclusion area boundary doses should be less
than a smal)l fraction (<10%) of Furt 100 guideline values. Since the reduced
1S a'lowable primary to secondary leakage value of 0.5 gpm reduces the
calculated offsite radiological consequence from & locked rotor event to
values which meet NRC regulatory criteria, the staff finds the changes
proposed by the licensee related to .he locked rotor event acceptab?e.

5.3.2 Rod fEjection

In analyzing the rod ejection accident, it is assumed that a mechanical
failure of the control ud drive mechanism has occurred. Consequently,
rea“tor coolant leaks to the containment and the control rod and control rod
drive shaft would be moved to the fuily withdrawn positions. As a result of
this mechanical failure, a rapid positive reactivity insertion occurs as well
as a primary system depressurization. An adverse core power distribution
results with localized fuel damage.

In the staff's Safety Evaluation Raport for Catawpa (NUREG-0954), the staff
used a value of 10% fuel failure as a vesalt of the rod ejection accident. In
performing its analysis contained in NUREG-0334, thy staff calculated offsite
doses via two pathways: 1) containment leakage of primary coolant from the
ruptured drive mechanism, and 2) secondary system contaminated steam releases.

In the staff's ScP analysis of this accident, a partition factor of 100
between the water anc vapor rhases in the steam generator was assumed. In
addition, the staff's SER anae.ysis of the radiological consequences of this
event utilized the guidance of SRP 15.4.8 Appendix A and the recommendations
of Regulatory Guide 1.77; this analysis indicated that thyroid doses from a
postulated rod ejection accident from both secondary side leakage and
containment leakage totalled about 7.9 rem. This assumes a failed fuel
percentage of 10%. For purposes of this evaluation, the staff considered that
a ratio of the assumed fuel failure rates and resultant thyroid doses would
provide a suitable indication of calculated thyroid doses at the exclusion
area boundary. Based on this technique, calculated exclusion area boundary
thyroid doses are 39.5 rem. The licensee’s projection of whole body dose is
0.28 rem, These values are well within the guideline values of 10 CFR 100.
Consequently, the licensee has demonstrated that the radiclogical consequences
of a rod ejection accident are within the acceptance criteria of Regulatory
Guide 1.77 and SRP 15.4.8, and are acceptable.

5.3.3 fonclusions

Based on the foregoing, the staff concludes that the FSAR changes proposed by
the licensee with respect to tune radiological consequence analysis of the
lucked rotor and rod ejection accidents meet NRC regulatory criteria and are,
therefore, acceptable.
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The safety and control bank insertion limits were revised t¢ flect a minimum
rod withdrawal limit of 222 steps and a maximum rod withérawa! limit of 230
steps. Analysis by Westinghouse showed that the var ous ceve physics
parameters remained bounded by previous analysis. These changes are
acceptable.

7.0 STATE CONSULTATION

In accordance with the Commission's regulations, the South Carolina State
official was notified of the proposed iss ance of the ameni.ients. The State
official had no comments.

8.0 ENVIRONMENTAL CONSIDERATION

The amendments change requirements with respect to installation or use of a
faciiity component located within the rostricted area as defined in 10 CFR
Part 20 and change surveillance requirements. The NRC staff has determined
that the amendments involve no significant increas2 in the amounts, and no
s'gnificant change in the types, of any effluents that may be released
of‘site, and that there is no significant increase in individuai cr cumulative
occupational radiation exposure. The Commission has previously issued a
proposed finding that the amendments involve no significant hazards
consideration, and thire has been no pub:ic comment on such finding (57 FR
32240 dated July 21, 1992). Accordingly, the amendments meet the eligibility
criteria for categorical exclusion set forth in 10 CFR 51.22(c)(9). Pursuant
to 10 CFR 51.22(b) no environmental impact statement or environmental
assessment need be prepared in connection with the issuance of the amendments.

9.0 CONCLUSION

The Commission has concluged, based on the considerations discussed above,
that: (1) there is reasonable assurance that the health and safety of the
public will not be endangered by operation in the proposed manner, (2) such
activities will be conducted in compliance with the Cormission’s regulations,
and (3) the issuance of the amendments will not be inimical to the common
defense and security or to the health and safety of the public.

Principal Contributors: A. Attard, SRXB/DST
K. Eccleston, PRPE/DREP

Date: September 14, 19C2
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