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1., INTRODUCTION AND SUMMARY

This report justifies the operation of the sixth cycle

Station, Unit 1 at the rated core vower level of 3411 MWt, Included are the

of catawbha Nulear

required analyses as outlined in the USNRC document "Guidance for Proposed

Wad -

License Amendments Relating to Refueling," July 1£75.

Cycle 6 for Catawba Unit 1 will be the first cycle for which the reload fuel is
supplied by B&W Fuel Comparry (BWFC) and will therefore be the reference ¢ :le
for BWFC fuel in the Catawba units. The incaming batch 8 fuel assemblies are

designated as Mark-BW., To support implementation of Mark-BW fuel in the Catawba

and MoGuire nuclear plants, BWFC has developed new methods and models to analyze

the plants during normal and off-normal operation. These methods and models are
documented in topical reports and have been reviewed by the NRC. Most of the
topical reports have already been approved. Approval of the final four topical
reports is scheduled for campletion by December 14, 1990.

Section 2 of this report is the operating history for fuel in Catawba Unit 1.
Section 3 is a general description of the reactor core, and the fuel system
design is provided in Section 4. Reactor and system parameters and conditions
are sumariz in Sectione 5, 6, and 7. Changes to the Technical Specifications,
Core Operating Limits Report (COLR), and Final Safety Analyis Report are provided
in Section 8. The scope of Physics Startup Testing for Catawba Unit 1, Cycle

]

6 is provided in Section 9

All of the accidents analyzed in the FSAR' have been reviewed for Cycle €

operation., In those cases where Cycle 6 characteristics were conservative
compared to those analyzed for previous cycles, new analyses were not performed.
Several bounding transients were analyzed in detail to demonstrate the capability
of BWFC calculational technicues. The results of these analyses were repurted
in BAW-10173P.°

On May 17, 1990 y NRC iss Amendment Number 74 and Amendment Number 68 to
the Catawba Nuclear Station Facility Operating License. These amendments allow

3 N8

the removal of cycle-s ific core parameter limits from Technical Specifications

b
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and reguire that these limits be included in a Core Operating Limits Report

(COLR), The Core Operating Limits Report is submitted to the NRC upon
and does not require approval prior to implementation. hanges to the operating
limits are made via the Core Operating Limits Report,

LSsuancoe

e Technical Specifications have bean reviewed, and the madificatiors for Cycle

6 are justified in this report. Based on the analyses performed, which take 1nt«
account the postulated effects of fuel densification and the Final Acceptance

Criteria for emergency core cooling (BOC), it has been concluded that Catawpa
1 Oycle 6 can be safely operatad at a core power level of 3411 Mt

qAd |
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2. OPERATING HISTORY

The current operating cycle for Catawba Unit 1 is Cycle 5 which achieved
criticality on April 22, 1990 and reached 100% full power on April 29, 19%0.
Cycle 5 is scheduled to shut down in March 1991 after 300 EFPD. This cycle anc
all previous cycles have operated with fuel assemblies of the Westinghouse
design.

cycle 6 will be the new reference cycle and will be the first fuel cycle
containing BWFC Mark-BW fuel assemblies (FAs). It is scheduled to start up in
June 1991 at a rated power level of 3411 MWt and has a design cycle length of
350 EFPD. No operating ancmalies have occurred during previous cycle operations
that would adversely affect fuel performance in Cycle 6.

B&W Fuel Company



3, GENERAL DESCRIPTION

he Catawba Unit 1 reactor core is described in detail in chapter 4 of the PEAR'.
The core consists of 193 fuel assemblies, each of which is a 17-by-17 array
containing 264 fuel rods, 24 guide tubes, and one incore instrument guide tube,
The 121 burned FAs arc of the Westinghouse Optimized Fuel Assembly (OFA) design,
and the 72 fresh FAs are of the Mark-BW design’; all the fuel rods have Zircaloy=-
4 cladding. The fuel rod outside diameters are 0.360 and 0.374 inch, and the
wall thicknesses are 0.0225 and 0.024 inch for the OFA and Mark-BW designs,
respectively. The Mark-BW fuel consists of dished-end, cylindrical pellets of
uranium dioxide (see Table 4-1 for data). The average nominal fuel loadings are
423.119, 424.898, 423,119, and 456,300 kg of uranium per fuel assembly in batches
3D, 6B, 7, and 8 respectively. Figure 3-1 is the core loading diagram for Cycle
6 of Catawba Unit 1. The initial enrichments of batches 3D, €B, and 7 were 3.10,
3,279, and 3.40 wt % U, respectively. The design enrichment of fresh batch &
is 3.55 wt § ¥,

T™e fifty-two batch 6B and sixty-eight batch 7 assemblies will be shuffled to
new locations. One batch 3D FA discharged at the end of Cycle 2 will be re-
inserted as the center assembly. The seventy-two fresh batch 8 assemblies will
be loaded into the core in a symmetric checkerboard pattern. Figure 3-2 is an
eighth-core map showing the burnup and initial enrichment of each assembly at
the beginning of Cycle 6.

Cycle 6 will be operated in a feed-and-bleed mode. Core reactivity is controlled
by 53 rod cluster control assemblies (RCCAs), 52 BPRAs, and soluble boron shim.
the Cycle 6 locations of the 53 rod cluster control assemblies with their
respective designations are indicated in Figure 3-3. The Cycle 6 locations and
number of pins of 3.0 wt % BC per BPRA cluster are shown in Figure 3-4.

B&W Fuel Company



Core loading Diagram for Catawba
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Figure 3-2.

Enrichment and BOC Bumup Distribution for Catawba

Unit 1 Cycle 6
H G F E D c B A
il
3.10 3.40 3.40 3,58 3.40 3.40 3.40 3,58
27,098 16,567 | 16,660 0| 16,2¢8 10,434 16,700 | 0
3.40 3,55 3.279 3.58 3.279 3.58 3.40 l
16,362 0 | 27,965 0 24,997 0 | 13,453
3.279 3.40 3.279 3,58 3.40 3,85
26,318 9,383 | 29,109 0 | 14,820 0
3.40 3.5% 3.279 3.88 J.40
16,639 0 | 23,089 0 | 14,8985
3.40 3.58% 3.279
16,546 0 | 20,688
3.40 3.279
16,626 | 24,822
X. XX Enrichment, Initial
XX, XXX Barmup, (MWd/mtU), BOC
3=3
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Buaricble Polson Pin Distribution for Catawba Unit 1
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4. FUEL SYSTEM DESIGN

2 o) Aast paniies taad

The Catawba 1 Cycle 6 batch 8 feed camprises 72 Mark-BW fuel assemblies with an
enrichment of 3.55 wt% “°U, A total of 52 Mark-BW BPRA's are used with either
4, 8 or 12 BP pins each. The remainder of the fuel assemblies in Cycle 6 are
Westinghouse Optimized Fuel Assemblies. The Mark-BW fuel assembly is a 17x17,
standard lattice, Zircaloy spacer grid fuel assembly designed for use in
westinghouse designed reactors. The fuel assembly incorporates many standard
BWFC design features while maintainirg campatibility with the Westinghouse
reactor internals and resident fuel assemblies. The nozzles, nozzle attachment
and end spacer grids are based on proven Nuclear Fuel Industries (NFI) designs
currently in operatian in Westinghouse-designed reactors in Japan. The guide
thimble top section, dashpot diameters, instrumert sheath diameter, and the fuel
rod outside diameter are the same as the standard 17x17 Westinghouse design.
The fuel rod design has been developed based on standard BWFC methods applied
to the Westinghouse standard outside cladding diameter. The unique features of
the Mark-BW fuel assembly design include the Zircaloy intermediate spacer grid,
the spacer grid restraint system, and the use of Zircaloy spacer grids with the
standard lattice design.

The fuel assembly, shown in Figure 4~1, consists of 264 fuel rods, 24 guide
thimbles, and one instrument sheath in a 17x17 square array. The guide thimbles
provide guidance for RCCA insertion and are attached to nozzles at the top and
bottom of the fuel assembly and to the bottam end spacer grid form the
structural skeleton. A reduced diameter section at the bottam c¢: the guide
thimbles decelerates the RCCA during trips. The instrument sheath occupies the
center lattice position and provides guidance and protection for the incore
instrumentation assemblies, The top nozzle assembly contains the fuel assembly
holddown springs and is attached to the guide thimbles by removable nuts and
locking cups. The bottom nozzle is attached to the quide thimbles by bolts which

4~1
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are machanically captured by tack welding. The bottam nozzle utilizes a unique
flow hole pattern consisting of small round holes and a cloverleaf shaped hole
to prevent passas» of debris which ocould lead to fuel rod failure due to
fretting. The Juel rod and guide thimble spacing are maintained along the length
of the assembly by six Zircaloy intermediate spacer grids.

4.2 Fuel Rod Dealdn

Analyses were performed on the Mark-BW fuel rod design to assure that its
mechanical performance in-reactor would be adequate; the methods are described
in Reference 3. The areas that were analyzed are:

A. Creaep Collapse

B. Cladding Stress

C. Cladding Strain

D. Cladding Fatigue
4.2.) Ivel Rod Cladding Coliapse
The fuel rods were analyzed for creep collapse using methods outlined in
Reference 3 and the creep collapse code CROV', Using nuclear desian inputs, a
power history was determined which enveloped all past fuel rod operating
conditions for the Catawba Plant. This power history with appropriate
uncertainty factors was input into the camputer code TACD2® which determined the
temperature, the pressure, and the fast neutron flux level history of the Mark-
BV fuel rods. This history was input to CROV using conservative cladding
dimensions, From the output of CROV the creep collapse point of the Mark-BWw fuel
rods was determined to be greater than 60,000 Mid/mtU. This burmup exceeds the
maximum burnup and exposure the Mark-BW fuel rods are expacted to experience in
Catawba 1, Cycle 6.

The fuel rod cladding was analyzed for the stresses induced during Condition I
and II operation. The ASME pressure vessel stress intensity limits were used
as guidelines. Conservative valucs were used for cladding thickness, oxide layer
buildup, external pressure, internal fuel rod pressure, differential temperature
and unirracdiated cladding yield strength. The analysis results show that the

4=2
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Table 4~1. Fuel Design Paraneters and Dimens) - Mark W

Nominal Fuel Rod O.D. (in) /4

Naminal Fuel Rod 1.D. (1n) 326

Nominal Active Fuel lLength (in) 144 .¢

Nominal Fuel Pellet 0.D. (in) 116

Fuel Pellet Initial Density (% 9¢

Initial Fuel Enrichment wth

Average Burnup BOC, (MWd/mtl)

Fst . mated Residence Time BOC, EFPH 6000

Cladding Collapse Time, EFFH »30,194
Cladding Collapse Bumup, Mad/mtlU »60 , 00(
Naminal Linear Heat Rate, (kW/ft) 5.43

Average Fuel Temperature at

Naminal IHR BOL, ('F) 1230

Minimim IHR to Melt, (kW/ft) 21.8¢
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Fipure 4=1. MARK~BW 17 FUEL ASSEMBLY
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verified by analyses for this fuel cycle are presented in Section 8.
Operational limits for the core are provided in the QUIR; revisions to the CQOLR

for Cycle 6 are presented in Section 8.
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Shutdown Margin Calculation
Catawba 1 Cycle €

vtal rod wor
Maximum stuck

Net Worth

Less 10% uncertainty

Total avallable worth

1ired Rod Worth

Power

Max allowable inserted rod worth"
Flux redistribuation

Total requirad worth

Shutdown Margin (total avall. wortn

minus total required worth)

NOTE: Required shutdown margin 1€

YEOC physice parameters calculated at 360 EFPD, 1.e., design EOC plus 10 EFPD.
Includes allowance for consideration of ROCA positions as fully withdrawn at

4 N \

222 steps wilithdrawn,
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Figure 5-1.

Distribution « HFP, Equilibrium Xenon

BOC (4 EFFD), Cycle 6 Two~Dimensional Relative Fower

5=6

H G F E D C B A i
0.87 1.12 1.19 1.30 1,20 1.23 1.08 | 0.88
1:17 1.29 0.95 1.25 0.99 1.23 0.71‘
& 0.99 1.21 0.92 1.22 1.06 0.:0
i .17 1.27 0.97 1.12 0.46
1.15 1.17 0.85
0.69 0.26
X XX Relative power density
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6. THERMAL~HYDRAULIC DESIGN

The thermal-hydraulic design evaluation supporting Cycle 6 operation was
performed with the statistical core design (8CD) analysis method, which
incorporates the BWICMV GHF correlation. The SCD method and BWQMV have been
demonstrated to be generically applicable in References 10 and 11, respectively.
Cycle 6 is the first transition cycle to the Mark-BW design at Catawba 1 and the
first cycle to utilize BWFC's SCD methods. Core safety limits for Cycle 6 are
pased or. a full core Mark-BW analysis with a 1.55 design Fy. In the mixed core,
those limits have been confirmed to be applicable to the Westingbouse OFA with
a design Fi, of 1.49, Table 6-1 provides a sumary of the thermal-hydraulic

design parameters used to evaluate Cycle 6,

The SCD method that was used for this reload evaluation treats uncertainties in
design inputs statistically. By doing this, a statistical DNER design limit is
determined that is greater than the BWCMV CHF correlation limit documented in
Reference 11, To provide additional design flexibility, a thermal design limit
is established that incorporates thermal margin. For the Catawba 1 core Uie
statistical design limit (SDL) has been calculated as 1,345 (BWQMV) based on the
plant specific uncertainties listed in Table 6-2. Other generic and fuel
dependent uncertainties are the same as those presented in BAW=-10170P=AY, For
the Catawba 1 Cycle 6 analyses the thermal design limit (TDL) is 1.50 BWQMV.
The thermal margin based on these values is as follows:

1.50 = 1.345
Thermal Margin (%) = ——— X 100 = 10.3%
1.50

Table 6-3 outlines the penalties and offsets that must be assessed against the
thermal margin included in the TDL.

B&W Fuel Company



le 6-1. Naninal Thermal-Hydrawlic Desian Conditions, Cycle ©

Power level, MWt
Exit Pressure, psia
Naninal Average Temperature, '
Reactor Coolant System Flow, gpm
Core Bypass Flow, %

DNER Model ing

Reference Design Radial~local Mark~Bw 1.5¢
Fower Peaking Factor OFA 1.49

Reference Design Axial Flux Shape 1.55 Cosine

A A
144.0

Active Fuel length, in
GHF Correlation

Statistical Design Linit (SDI

Thermal Design limit
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L i Bagics Acwtiostiss o

Measuwremant Uncertainties

Variable Name Uncextainty Ristribution
Q Core Power 2% Normal
W Core Flow 2.2% Uniform
P Core Pressure 30 psi Uniform
T Core Inlet Temperature 4°F Uniform
R Measured F 5% Normal

Variable Nane Uncertainty Ristxibution
W Core Bypass Flow 1.5% Uniform
R Hot Channel Factor Nl Normal

“Also applies to the Westinghouse OFA

B&W Fuel Company



Table 6-3, Statistical Core Desian Applica.lon Sugnary

Fenalties & Offsets to be Asgessad 'gainst The
Thermal Margin Included in the Thermal Desicn Ldmwit

(i
Thermal Design Liut (TDL)
Percent Margin Available

Penalty/Qf fset

Transition 2ore

Rod Bow

X

Flow Ancmaly

Irstrumentation/Hardware

Total

Available DNER Margin

a

OFA evaluations are based on a desiq f*, of

“ The flow ancmaly penalty is applied to conpensate for an anomalous
flow condition that has been detected in t)e Catawba units. The
flow anomaly results from a vortex furmed in the lowur reactor
vessel intermals due to the flow distribution and intemals
configuratiaon.
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7.0 ACCIDENT AND TRANSIENT ANALYSIS

2.3 General Safety Aalysis

In order to determine the effects of thin reload and *0 ensure that the thermal
performance durirg hypothetical incidents is not degraded, each FSAR aCoident
analysis has been evaluated,

The sufety analysis evaluation was presented in topical report BAW-1017317,
Mark-BW Reload Safety Analysic for Catawba and MoGuire. BAW-]0173P demonctrates
that the use of Mark-BW fuel in these plants dcas not reduce the mxisting safety
margin, ‘Table 3.4-) of BAW-1017)P, entitled Input Parameters and Initial
Conditions for Transients, presents a comparison of the values used ir the
topical report analysis and in the Catawba and Mcfuire FSAR analyees.

The key parameters that have the grestest eflect on determining the outcame of
a transient were determined in Section 6.0 of RAW-10173P. Camparisons of thuse
key parameter values to the parameter values for Cycle 6 are shown in Table 7~
1 ard Figure 7-1.

The Catawba 1 Cycle 6 malculated parameters are all within the limiting values
discussed in BAW-10173P, The cycle specific evaluations of several transients
are presented in the following sections.

BAW-10173P provided a steam line break transient analysis for the offsite pover
available case. Revision 1¥ and Revision 2° or BAW-10173P provide tue
corresponding steam line break transient analysie for the offeite power not
available case, Cycle specific statepoint analyses were performed to ccafim
that these analyses apply to Cycle 6. The reactivities of the statepoints were
fourd to be less than the values used in the analyses. The minimum DNERs of the
offsite power available and offsite power not available statepoints were 1.797
and 1.88 respectively. These results verify that the existing offsite doss
analysis for steam line break is applicable to Catawba 1 Cycle 6.

T+
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design axial (1.55 at 0.5 X/L) was eguivalent o the hot pin radial peak whidh
produces an acceptable INHR during the locked rotor transient. 7his radial
peaking value had been determined by evaluating the locked rotor Giansient at
sucoessively lower peaking valuss until the hot pin peak that preciudaed DN was
determined, To determine the percentage of pins in NB, predictad peaking
distribations for limiting operating conditions of Catawba 1, Oycle 6 were
compared to the adjusted MAP limits, All pins with peaaks that exceeded tU.e
adjustad MAP limits were then assumed to be in [NB,

An evaluation of the Catawba 1, Cycle 6 core design has been performed and tle
results indicate that the percentage of vins in INB is less than 3.3%, This
amount of plas in DNP is lese than the sssumption of 10% failed fuel used 'n the
radiclogical consegquences evaluation for the locked rutor accident. Also, sinoc
the peak clad surface tempers.ure is less than 1800°F the core will remain in
place and intact with no loss in cooling capability.

Zo2. EQCS _Analysis

A LOCK analysis, applicable to the Westinghouse designed nuclear plants operated
by the Duke FPower Campany, MoGuire Units 1 and 2 ad Catawba Units 1 and 2, has
bean performad by BWIC, The analysis supports operation of the four Duke units
with Mark=BW fuel, and is dooumented in topical report BAW-10174", Methodology
employed in the analysis is in accord with 10CFRS0 Apperdix K and is documented
in topical report BAW-10166P, Revision 1, The LOCA evaluation considered both
large and small breaks, and transition cores containing mixed Mark-BW and OFA
fuel , e evaluation concluded that the small break LOCA (SBLOCA; FSAR
analyses, performed by Westinghouse, remain valid for plant licensing during the
trangition cycles and even after the or:e is loaded with BTFC-supplied fuel,
It was further concluded that, under mixed core operation, the Westinghouse FEAR
analysis remaine valid for OFA licensing, Core LOCA limits, resulting fram the
evaluations presented in BAK-10174 and BAW-10174, Revision 1, are given in the
Core Operating Limits Report for Catawba Unit 1 Qycle 6. All 10CA
configurations were found to be in conformarve with the five criteria of
10CFRS0, 46, thus Jemonstrating conservative results for the operation of Catawba
Unit 1 Cycle 6.
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7.4, Badiclogical CONSEIUEnes

Each FSAR accident analysis has been evaluated to determine the effects of Cycle
6 operation, and to ensure that the radiological consequences of hypothet.ical
accidents are witnin applicacle reguiatory guidelines and do not adversely
affect the health and safety of the public. The design basis LOCA evaluations
assessed the radiological impact of differences betwean the Mark-BW fuel and
Westinghouse OFA fuel fission product core imventories. Alse, the dose
caloulation efrects fvam non-10%A transients reanalyzed by BWIC utilizing Cycle
¢ characteristics were evalusted, Differences in the ourrent FSAR dose values
that are not related to the insertion or mark-% fuel reflec the application
of the latest revisions to Standard Review ilan duse assessment methodology.
A brief discussion of each accident analyzed is provided below., A sumary of
the caloulated radiological consequences is provided in Table 7-3, The
caloulated radiclogical consequences are all within specified regulatory
guidelines and contain significant levels of margir.

Zodud Jems of Qoolant Accidents

The offsite radioclogices consequences of a design basis 1OCA sre calculated
utilizing the applicable assurptions contained within Regulatory Guide 1.4 and
gtandard Review Plan Sections 6.5.2, 6.5.3, 6.5.4, and 15.6.5. The control room
radiclogical consequences are caloulated utilizing the additional assumptions
within Stardard Review Plan fection 6.4 that are applicable to the Catawha
Control Room Ventilation design, The rod ejection accident offsite dose
calowlatior. is based on assumptions provided in Regulatory Guide 1.77 and
standard Review Plan 15.4.8, Chapter 8 contains applicable FSAR Chapter 19
pages appropriately revised to reflect the assuptions used in the LOCA
consequEnce analyses.

Using similar methodology, fission product core inventorics were calculated
assuming a reactor core containing Mark-~BW fuel and one with Westinghouse OFA
fuel. The results provided in Table 7-3 demonstrate that utilizing the Mark-
B fuel design as a replacement for the Westinghouse CFL fuel design produces
differences of less than one percent in the caloulated doses associated with the
design basis 1OCA analyses that are in the 1989 Catawba FSAR. However, there
are several important assumptions which have been revised in the analyses

7-4
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described in this report that result in more significant differences in the
aurTent FSAR dose values.

The moet important conservatism that has been added addresses the manner in
which mixing and filtration are assumed to oocur within the Awius. The
analyses presentad in the FPSAR assume mixing of Contairment leakage in 50
percent of the Annulus volume prior to filtration by the Annulus Ventilation
filters, The aralysis presanted in this report assumes that Contairment leakage
is processec directly by the Annulus Ventilation system filters prior to mixing
in the Amulus. The net effect of this conservatism is to decrease the
caloulated hold=up time for radicactive decay within the Annulus and, thus,
increase the caloulated radicactivity releases to the emvirorment, This
assumption is otiwistent with Standard keview Plan Section 6.5.3.

Another important conservatism added to the offsite dose analysis affects the
assunad post-socident leakage of ESF ocamponents outside Contairment. The
analysis contained in the FSAR assumes tha®t *he masimum operational leakage
occurs throughout the accident. The anal ais piovided in this report also
includes the leakage from a grose failure of a passive camponent, The leakage
is conservatively assumed to be 50 gallons per minute, starting at 24 howrs
aftor the LOCA and lasting for 30 mirutes. Although safety-related portions of
the Auxiliary Building Ventilation System service those areas of the vlant . ere
audxaqrmrailunumtlikalytomr,miodimmmlcndit is
assumed for the Auxiliary Building Ventilation System filters. The net effect
of this conservatism is to increase the calculated release of radicactivity to
the enviromment. This assunption is consistent with Standard Review Plan

Section 15.6.2, Apperdix B,

: verly conservative assumption that has been removed deals with radioactivity
Nease psthways. The LOCA dose analyses currently within the FSAR assume total
failure of the redundant, safety-related hydrogen recombiners located in
Contaimment. This assumption necessitates the assumed use of the Hydrogen Rurge
System to maintain Containment hydrogen concentrations pelow the theoretical
flammability limit of 4 v/o. Such an assumption clearly requires two active
failures, an assumption that is not consistent with other accident analyses
evaluated in the FSAR, The analysis provided in this report assumes a single
active failure that disables one hydrogen recambiner. The remaining operable

7=9%
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hydrogen recambiner is able to maintain the Contairment hydrogen concentration
well below the 4 v/o flammability limit, thus cbviating the nead for the assumed
use of the Hydrogen Purge System, The net effect of this assumption is to reduce
the caloulated release of radicactivity to the enviromment, This assumption is
corgistent with 10 CFR Part 50.44.

The total net effect of these additional assumptions when compared to the LOCA
analyses provided in the 1989 FSAP s to increase the calculated whole body and
akin donas, and to reduce the caloulated thyrold doses. As mentioned previously,
in all cases the applicable regulatory guidelines contained within 10 CFR Part
100 ardl General Design Criteria 19 are met with significant levels of margin.

2.3.2 lecked Rotor Accident

T™he radiclogical corsequences froam a reactor coclant pump rotor seizure were
reanalyzed due to the results from BAW-10173P that predicted 3.3% of the pins
in the core would be in DNB. Regulatory guidance given in Standard Review Plan
15.3.3 provided the basis for the offsite dose c_nsequence assessment from a
locked rotor accident. The calculated doses are presented in Table 7-3.
Technical Specification limits on primary and secondary coolant activities limit
the potential doses to a small fraction of the 10 CFR Part 100 exposure
guidelines. The calculated doses are within 10 CFR Part 100 exposure guidel ines
evan if the accident should soour with an iodine spike.

2.3.3  Single ROCA Withdrawal at Power

T™e most limiting rod cluster control assembly misoperation, accidental
withdrawal of a single ROCA, is predicted to result in less than 5% fuel clad
damage. The subsequent reactor and turbine trip would result in atmospheric
gteam dump, assuming the condenser was not available for use. The radiological
consequences from this evant would be less than the locked rotor event, analyzed
in FSAR Section 15.3.3 and Section 7.1.4 of the Reload Report.
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Parameter

Moderator Coefficients, po/F
hZP, Maxirum
HFP, Maximum
All, Minimum

Power Ooefficients, pony/tpower

Macimam
Minimum

Trip Reactivity, pam

Shutdown Margin, pam

Maximm Differential Rod Worth, pany/sec

Fy at HZP

Checilist for Mysics Data

Limit Value

< +7

> =41

€ 19
> .44

4000

> 1300

< 63:75

< 2.48

see figue 7-1

see figure 7-2
2120
40.3

2.12
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tem

Max Ejected Rod Worth, pom
BCC, HZP
BOC, HFP
BC, HZP
BOC, HFP

Max F, after ejection *
BOC, HZP
BOC, HFP
BOC, HZP
BEOC, HFP

Beff, %

Pin Cansus, %
BOC, HZP
BOC, HFP
BOC, HZP
BEOC, HFP

Minimum Trip reactivity, pam
BOC, HZP
BOC, HFP
BOC, HZP
BOC, HFP

A A A A

A

A A A

A IA IA A

W v W v

750
230
900
230

11.0
4.5
19.0
5.8

55
A4

10
10
10
10

2000
4000
2000
4000

* F, prior to ejection is less than 2.32 set by the L(Ds.

7=8

408

82
544
110

7.2
2.8
15.5
3.1

62
52

<3
<3
2400
4720

2500
4950
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Table 7-3, Radiclogical Congequences Dose Results SUImary

I, DB Offsite Dose with EQCS lLeakage SOUITes (Rem)

Exclusion Area Boundary Low Population Zone
Whole Body Ihyrold Woele Body Ihyroid
A. Westinghouse OFA
Core Inventory 9.08 127.0 1.14 32.1
B. Mark-aWw Fuel
Core Inventory 9.10 127.0 1.14 32.1

11, DBy QOffsite Dose without ECCS leakage Souroes (Rem)

Exclusion Area Boundary Low Populatizn Zone
Whole Body Ihyrvid Whole Ly Thyreid
A, Westinghouse OFA
Core Inventory 9.08 118.0 1,12 13.4
B, Mark-BW Fuel
Core Inventory 9.07 118.0 1,12 13.4

111, Control Room Operator [Dose (Rem)

Whole Body Skin Thyreid
A, Westinghouse OFA
Core Inventory 1.63 32.1 14,2
B. Mark-BW Fuel
Core Inventory 1.64 32,0 14.2
T7=9
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Table 7-3, Radiglogical Consequences Lose Resy.ts Sumary (oont.) .

. Red Election Accident Offsite [ooe (Rem)
Exclusion Area Soundary Low Population Zone

Whole Body Myreid Whele “euly  Thyxedd

Westinghouse OFA
Core lnventory
Pr imary 2.75E+1 5.91 3.226-2 6.72E-1
Secondary 2.20 1.776+1 1.67E1 5,956
Mark=BW Fuel
Core Inventory
Primary 2.75€-1 5,90 3.226<2  €.71E«]
Secondary 2.20 1.76E+1 1,58E+1 £.95
Locked Rotor Accident Offsite Dose (Rem)
Exclusion Area Bourdary low Population Zone ‘
Whole Body Thyreid Whole Body Ihyreld
Case 1 4,811 3,63 3.16F-2 1.20

(No jodine spike)

Case 2 . 4.41E-1 3.67 3,16E.2 1.21
(Pre-iodine spike)



Figure 7-1
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Feaclivity, % K/K
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Figure 7-2

Scram Curve

Catawba 1 Cycle 6
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Figure 7-3
Catawba 1 Cycle 6
Dropped Rod Peaking
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8. PROFOSED MODIFICATIONS TO TECHNICAL SPECIFICATIONS AND QOLR

e Technical Specifications and Core Operating Limits Report (COLR) have been
revised for Cycle 6 operation to accammodate the influerce of the Cycle 6 core
design on power peaking, reactivity, and control rod worths. The Technical
Specification limits and COLR limits alsc reflect changes in reload analysis
methodology'’ beginning with this core. The Cycle 6 design analysis basis
includes a low-leakage fuel cycle design and a mixed core containing both B&W
Mark=BW and Westinghouse OFA fuel assemblies.

A Cycle 6-specific power distribution analysis of the final core design was
conducted to generate the f(.I) limits for the Overpower Delta-T ard
Overtemperature Delta-T trip functions and the Limiting Conditions for
Operation (control bank insertion and axial flux difference). The f(4aI)
limits preserve the centerline fuel melt and steady-state DNER limits, and the
limiting Conditions for Operation preserve the maximum allowable LOCA ard
initial condition INB peaking limits, ejectad rod worth reactivity limits, and
the shutdown margin reactivity limit, These limits were developed based on
the NRC-approved methodology described in Reference 17. A peaking penalty for
guadrant power tilt was taken in the analysis so that the resulting limits
accammadate quadrant power tilt ratios up to a value of 1.02.

The maximw.. .llowable LOCA peaking limits shown in Figure 4 of the COLR are
based on the BWFC BOCS evaluation described in Section 7.2, A composite K(Z)
limic was developed based on both large and small break aralyses. Separate
composite limits applicable to Mark=BW and OFA fuel were used in the power
distribution analysis, and are specified in the COIR. These limits were used
directly in determination of the control rod insertion and axial flux
difference operating limits given in Technical Specifications 3.1.3.6 and
3.2.1, Technical Specification 3.2.2 provides the nuclear heat flux hot
channel (F,) peaking limit.

B&W Fuel Company



e initial condition DNB maximm allowable peaking (MAP) limits shown in
Table 3 of the COLR are based on core reference design peaking factors, The '
MAP limits provide allowable cambirations of peakirg factors that preserve

INER performance equivalent to the wesign power distribution for a limiting

loss of coolant flow transient. The initial condition MAPs are used as

dascribed in Reference 17 to calculate DNB peaking margins for de.exmination

of the cantivl red position and axial flux difference operating limits given

in Technical Specifications 3.1.3.6 and 3,2.1. Technical Specification 3.2.3

provides the nuclear enthalpy rise hot channel (Fy) peaking limit,

The methadolwgy for surveil.ance of the core hot channel peaking factors,
Fo(X,Y,2) and Fyu(X,Y), is described in Reference 17, In this application of
the methodology, Duke Power Compary has elected to bypass the first tier
survaillance (comparison of measured peaking to predicted design peaking), and
to perform the peaking margin calculation directly whenever an incore flux map
is taken for surveillance monitoring. This is a conservative application ot
the monitoring methodology and is therefore acoeptable. Specifications 4.2.2
ard 4.2.3 have been written in a form that provides this capability, and enly

the parameters required by this application of core monitoring are provided in
o o2 @

The core operating limits are provided in the Core Operating Limits Report, in
accordance with NRC Generic letter 88-16 ari Technical Specification 6.9.1.9.
Table §-1 lists the Technical Specification changes required for Cycle 6,
while Table 8-2 lists the changes to the core operating limits contained in
the COLR. These changes are being submitted to the NRC under separate covers,
Parnmeters related to monitoring the core power distribution are defined in
Reference 17, and are used by the plant computer software. These parameters
will be supplied for inclusion in the COLR.

Based on the analyses and revisions to the Technical Specifications and COLR
described in this report, Cycle 6 of Catawba Unit 1 will operate within the
Final Acceptance Criteria BOCS limits and within the thermal design criteria.
The following pages contain the required Technical Specification revisions and
the revisions to the core operating limits specified in the COLR.
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Table £-1.. Technical Specifications Changes

Nplicable
Iedh, Spec, NO, . Reascn for Chamae
€341 ahwnged QF corvelation
ncreased F, for Mark-BW fuel
reduced minimun messured RS flow
2.8.1 capleted RID bypass removal
reduced minimm measured RCS flow
increased error allowances on certain rvactor trip
instrumentation
3/4.2,1 deleted baseload operation
3/4.2.2 changed F, methodology
3/4.2.3 changed F,, methodology
separated RCS flow and F, relationship
3/4.2.4 increased the tilt ratic at which a puwer reduction is
required
resrote 10O to be conslistent with Westinghouse ST8
3/4.2.9 incorporated ROS flow as a DNE paramoter
removed power/flow tradecff dependerce on R
reduced minimm measured RCS flow
4.5.2 changed flow and deveioped pressure requirements to be
corsistent with revised accident analysis flow
assunpt.ions
6.9.1.9 reflected the change to BWFC operating limit methodology
8«3
B&W Fuel Company
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Changus to Technical Specifications
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. Figure 2.1-1 Reactor Core Safety Limits - Four Loope in Operation
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c TABLE 2.2-1 iCe-N-eq
—
x
3 MOTE 1- OVERTEMPERATURE AT
(l L 1 S' l = (l b S) 1 o * i » -
;_.: al (I'T-{:S) (r-.—‘—;g) < al_ ix, L9 (]TT:K) i (‘T—‘-;;) ') « B(P - P*) - £ .(a1))
=
- where . P = Measured AT by RID Manifoid Instrumentation
>
o %——;—:ﬁ = lead-lag compensalor on measured Al
~
1;. ¥z = Tise constants wtilized in lead-lag compensater for AT, 1, = ‘lﬁ s, |
g 3 S,
1—3—‘—;; = lLag compensator on measured Al
L = Time comstant wtilized in the lag compensator for AT, 1, = 6
< % al - Indicated 4T at RATED THERMAL POMER;
K, = ‘j-.‘gl.ﬁ; !
K, = 0.02601/°F;
}%_'1% = The function generated by the lead-lag compensator for 1
s dynamic compensalion, —
te, I = VTime constants wtilized in the lead lag compensater for l”g, g = ﬂ?ﬁ s, l
g = 4 s,
 § = Average temperature "F,
i - ;
¥ us iag compensator on measured 'M'
is - VTime constant wtilized in the measured l"’ lag compensator, 1y = 0,
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IABLE 2 2-7 (Continued
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As defined in Note I,

As defined ir Note I,

As defined in Note I,

As defined in Fole |,

As defined in Note 1§,
As defined in Note 1,
1.0704,

0 82/°F for increasing average temperalure and § for decreasiag average
temperature,

ihe function generated by the rate-lag controllvr for | dynamic
compensat ion, a9

Time constant utilized in the rate-lag contrelier for l“g, TR LB

As defined in Nete 1,

As defined in Note |,
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NOTE 3: (Continued)

Ke = 9.001707/°F for T > 590.8°F and Kg = @ for T < 590 8°F,
1 = P defined in Note 1,
r = Indicated 'avg at RATED THERMAL POWER (Calibration temperaiure for Al
instrumentation, < 590.8°F),
S = As defined in Note 1, and
f.(al) = 0 for all al.
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more than Mlﬁ
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2.1 SAFETY LIMITS
BASES ‘

1.1 REACTOR COR

The restrictions of this Safety Limit prevent overheating of the fue) ang
pussidle clegding perforation which would result in the release of fission
progucts to the reactor covlant. Overheating of the fue! cladding 1s prevented
by restricting fue) operation Lo within the nucleate boiling regime where the
heat transfer coefficient 15 large and the cledding surface temperature is
s1ightly above the coolant saturation temperature.

Operation above the upper boundary of the nucleate boiling regime could
result 1n excessive cladding temperatures because of the onset of departure
from nucleate boiling (ONB) and the resultanty sharp reduction in heat transfer
coevficient. ONB 15 not a directly measurable parameter during operation and
therefore THERMAL POWER and tor Coolant Temperatyre and Pressure have been
related to ONB through the correlation. Thel ONE correlation has
been developed to predict the/ ONB flux and the ation of DNB for axfally
uniform and nonuniform heat flux gistributions” The loca! ONB heat flux ratio,
(ONBR), 15 defined as the ratio of the heat ¥ ux that would cause ONB at a
particular core location to the local h flux, ang 1s ingicative of the

margin to DNB RWECMY ~

The ONB design basis is as fo)lows: there must be at least a 95%
probabi’ity that the imum DNBR of the Yimiting rod auring Conaition ! and
Il events 1s gr1§§;§t;han or equal to the DNBR 1imit of the ONB correlation

ed b

being used (the correlation in this application). The correlation DNBR
1imit 15 establis ased on the entire applicable experimenta) data set such
that there fs a 95% probability with 95% confidence that ONB will not oceur
when the minimum ONER 1s at the DNER limit. (;;;]“f: vhe EWE MY DAE carrelod or

—

In meeting this design basis, uncertainties in plant ooov|¥in9 parameters,
nuclear and thermal parameters, e fue! fabrication parameters’ are considered
statistically such that there 15 at least a $5% configence that the minimum
ONBR for the limiting rod is greater than or equal to the DNBR 'imit, The
uncertainties 'n the above -piant- parameters are used to ~siermine the plant
ONBR uncertainty. This DNBR uncertainty —compinet-with-the-onnelattomBneR o vsed "»
Hmier establishee o design DNBR value which must be met in plant safety
analyses using values of input parameters without uncertainties.

The curves of Figure 2.1+1 show the loci of points of THERMAL POWER,
Reactor Coolant System pressure and average temperature below which the
calculated ONBR 15 no less than the gesign DNBR value, or the average enthalpy
at the vesse! exit 15 less than the enthalpy of saturated )iguio.

CATAWBA = UNITS 1 4 3 B 2-1
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‘ L3 SAFETY LIMITS

BASI S

Thtse are
N Ty curvel 46 based on a nuclesr enthalpy rise hot channe) factor,
FA". of 1.49,0nd a reference cosine with a peak of 1,55 for axial power shape.

An aliowance s inclused for an 1ncrqggo_1qu:” 8t reduced power based on the

.‘pr'..ion: L-N_"T,, Ty ¢ % o ged pog!l Mgt ay s (AFL i;‘ '”’WJ ,,"
N

| & §ar #he BWEL Noe Koy F Wgwlewpl o

FM s 1‘9 [I‘ 6.“"’“('1.’)] Far ke wle 14 robkouse OEA '.’ |
wWhere P 15 the fraction of RATED THERMAL POWER.,

These 1imiting heat flux conditions are higher than those calculated for
the range of a1l contro) rods fully withdrawn to the maximum allowadble contro!
rod fnsertion assuming the axia) power imbalance is within the 1imits of the
!y (A1) function of the Overtemperaturestrip, when the axia) power :mbalance
'8 not within the tolerance, the axial power imbalance effect on the Overs
temperature AT trips will reduce the Sétpoints to provide protection consistent
with core Safety Limits. aT)

2.1.2 REACTOR COOLANT SYSTEM PRESSURE

The restriction of this Safety Limit protects the integrity of the Reactor
Coolant System ‘rom overpressurization and thereby prevents the release of
radionuc]ides contained in the reactor coolant from reaching the con*ainment
atmosphere.

The reactor vessel, pressurizer, and the Reactor Coolant System piping,
valves, and fittings are designed to Section 11l of the ASME Code for Nuclear
Power Plants which permits a maximum transient pressure of 110% (2738 psig) of
design pressure. The Safety Limit of 2735 psig 1s therefore consistent with
the design criteria and associated Code requirements.

The entire Reactor Coolant System is hydrotested at 125% (3110 psig) of
cesign pressure, to demonstrate integrity prior to initial cperation.

N NS ies 1 s0n (a®)] For Hhe BWFC Mark B
Ak Ll - o
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. POWER DISTRIBUTION LIMITS

LIMITING CONDITION FOR OPERATION

SURVEILLANCE REQUIREMENTS

- a—

e L

4.2.1.1 The indicated AFD shall be determined to L2 within its Timits during |
POWER OPERATION above 50% of RATED THERMAL PlweR by

&. Monitoring the indicated AFD for each OPERABLE excore channe):

1) At least once per 7 days when the AFD Monitor Alarm is OPERABLE,
and

2) At least once per hour for the first 24 hours after restoring
the AFD Monitor Alarm to OPERABLE status.

b. Monitoring and logging the indicated AFD for each OPERABLE excore
cherine! at least once per hour for the first 24 hours and at leest
once per 30 minytes thereafter, when the AFD Monitor Alarm is inoper-
able. The logged values of the indicated AFD shall be assumed to
exist during the interva) preceding each logging.

8. The provisions of Specification 4 0.4 are not applicable.

. 4.2.1.2 The indicated AFD shall be cons dered outside of its 1imits when at

least twou OPERABLE excore channels are indicating the AFD to be outside the
Timits.

- ——
4.2.1.3 When in Base Load operation, the terget axial flux difference of '
each OPERABLE excore channe! shall bs determined by neasurement at least once
per 92 Effective Full Power Days. The provisions of Specification 4.0.4 are
not applicable.

4.2,1.4 When in Base Load operation, the target flux difference shall be '
updated at least once per 31 Effective Full Power Days by either determining

the target flux difference in conjunction with the surveillance requirements of
Specification 3/4.2.2 or by linear interpolation between the most recently mea*
sured values and the calculated value at the end of cycle 1ife. The provisions

kof Specification 4. 0.4 are not applicable.

G e
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POW;R DISTRIBUTION LIMI1s

Jr—— i
| . 3/4.2.2 WEAT FLUX MO CHANNEL FACTOR -(F ()™ <
r o g

(X, Y ¢

s

LIMITING CONDITION FOR DPERATION

= ,".4",l, . P

.

¥ —— -

S — -

’_,_‘*.' oy it
-

3.4.2 ‘0(25 shall be limiteg byﬁihc fo1lowing relationships:
N ‘

g RTP

(Fu(2) s F
"t - s K(Z) for P > 0.5
Ptk i

% (A5 8)
F.(2) ¢ #RTP
[ _&T K(Z) for P < 0.5 q
wWhare:!

psrp = the Fo Limft at RATED THERMAL POWER (RTP)

specified in the CORE OFPERATING LIMITS REPORT
(COLR),

I~

S

THERMAL POWER , and r————T )
P * RATED TRERNALFOVER (ha ot &) limiE )
e oY o

K(Z) = the normHuai\F;(Z);W

‘D.C1f1.d fn th z‘;;or -ha “WVCF" wte foe! {jth

APPLICABILITY: MODE 1.

ACTION: A D) | Attachment v,
with FQ(Z)Joxcooding its limit: Ef

-

(37 Reduce THERMAL POWER at least 1% for each 1% FQ(Z) exceeds the limit

within 15 minutes and sir ‘arly reduce the Power Range Neutron i
Flux=High Trip Setpoints within the next 4 hours; POWER OPERATION
| may proceed for up to a total) of 72 hours; subsequent POWER OPERATION
may proceed provided the Overpower AT Trip Setpoints (value of K ) have
been reduced at least 1X (in AT span) for esch 1% FQ(Z) exceeds the
Timit, anqﬂﬂ,——— e

———

d yﬁ Identify and correct the cause of the out-of=limit condition prior
to increasing THERMAL POWER above the reduced 1imit required by
N a., above; THERMAL POWER may then be fncreased provided
(2)) is demonsirated through fncore mapping to be within its limit,
i /L‘G("fltdf\-

—— ve—

b N
-~ hanne! Yactor F (KN, Wi
o (X,r,8) T +he measvred heatl *7/ak #et chanae( =

.—-'. 'ﬁ *79 . 5
. k Aa",.:stmmts “d .v,accrf’fed in % R .?.i)
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POWER DISTRIBUTION LIMITS

SURVEILLANCE REQUIREMENTS

4.2.2.1 The provisions of Specification 4.0.4 are not applicable. R (xre)

FQ"'CA, Y, @ ) whedhe v

4.2.2.2 Hor-Rabi-eperation FQ(z))sha11 be evaluated to determine;#4 Fal2))
is within its 1imit by: 4 Q

a. Using the movable incore detectors to obtain a power distribution
map at any THERMAL POWER greater than 5% of RATED THERMAL POWER,

map by 3% vo account for manufacturing tolerances and further ine
creasing the value by 5% to account for measurement uncertainties.
Verify the requirements of Specification 2,2.2 are satisfied.

c. Satisfying the following relationship:

YRR
Fo () £ XK tor p s 0.5
RTP
M. F
fo 20 € R X KL or p ¢ 0.5

where Fg(z) is the measured FQ(z) increased by the allowances for

RTP

manufacturing tolerances and measurement uncertainty, FQ is the

FQ limit, K(z) is the normalized FQ(z) as a function of core height,

P is the relative THERMAL POWER, and W(z) is the cycle dependent

| function that accounts for power distrisution transients encountered

during normal operation. FSTP, K(z), ana W(z) are specified in the

CORE OPERATING LIMITS REPORT per Specification 6.9.1.9.

Measuring Fg(z) according to the following schedule:

pore of RATED THERMAL POWER, the THERMAL POWER at which FQ(z)
was last determined,* or

first.

*During power escalation at the beginning of each cycle, power level may be
increased until a power level for extended operation has been achieved and a

1. Upon achieving equilibrium conditions after exceeding by 10% or

8 At least ce per 31 Effective Ful) Power Days, whichever occurs

b. Increasing the measured Fq(2) component of the power distribution e,

\

\

'\

|
J

power dxstrvb%}xon map obtained. -—
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for Specification 4,2.2,2

Attachment 3 (con't)

Find the minimum RPS Margin of all locations examined in
4,2.2.2.¢.1 above If any margin is less than iaro, then the
following action shall Le taken

Within 72 hours, reduce the K, value for OTAT by

min

» adjusted ’ A e e
; - . KSLOPE ¥ Margin : . :
. %) " are RPS‘absolute value

wid n

where MARCI Neps is

the minimum margin from 4.2.2.2.¢.1

“Defined and s.;\b(‘lﬁ@(l in the COLR per Specification 6.9.1.9,

Ky value from Table 2,2-1






POWER DISTRIBUTION LIMITS

. SURVEILLANCE REQUIREMENTS (Continued)

@. The limits specified in Specifications 4.2.2.2¢c., 4.2.2.2¢., #nd
4.2.2.27., above are not applicable in the following core plane

regions.
1. Lower core region from 0 to 15%, inclusive )
2. Upper core region from 85 to 100X, inclusive.
L S s e S e s ¥
4.2,2.3 Base Load operation is permitted at powers above APLNYT it the following
conditions are satisfied:

a. Prior to entering Base Load cperation, maintain THERMAL POWER above

APLND and less than or equal to that allowed by Specification 4.2.2.2
for at least the previous 24 hours. Maintain Base Load operation
surveillance (AFD within the target band about the terget flux differ-
ernce of Specification 3.2.1) during this time period. Base Load
\ operation is then permitted providing THERMAL POWER is maintained

between APLNo d APLBL or between APLND and 100% (whichever is most
Timiting) and FQ surveillarce is maintained pursuant to Specification

a.2.2.4. APLBL is defined us:
RTP

ApLTe o SIS FS x K(2)_ 3 4 100%
! FQ(Z) X W(Z)BL

. where: Fg(z) is the measured Fq(z) increased by the al]oxgces for

manufacturing tolerances and measurement uncertainty. F is the
FQ Timit, K(z) is the normalized FQ(Z) as a runction of core height.
H(z)BL is the cycle dependent function tnat accounts for limited power
distribution transients encountered during Base Load operation.
Fa'" . K(2), and W(2)g, are specified in the CORE OPERATING LIMITS
REPORT per Specification 6.9.1.9.
b. During Base Load operation, if the THERMAL POWER is decreased below

APLND then the conditions of 4.2 2.3a shall be satisfied before
re-entering Base Load operation,

4.2.2.4 During Base Load Operation FQ(Z) shall be evaluated to determine if
FQ(Z) is within its limit by:
a. Using the movable incore detecters to obtain a power distribution
map at any THERMAL POWER above APLNC,

b. Increasing the measured FQ(Z) component of the power distribution map

Replace N
wi
Attuchment

by 3% to account for manufacturing tolerances and further increasing
the value by 5% to account for measurement uncertainties. Verify the
requirements of Specification 3.2.2 are satisfied.

'APLND is the minimum allowable (nuclear design) power level for Base Load
operation in Specification 3.2.1.
B e
CATAWBA = UNITH 1 4 ¢ 3/4 2-7a Amentment—or—Fottntt—r-
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POWER DISTRIBUTION LIMITS

. SURVEILLANCE REQUIREMENTS (Continued)

¢. Satisfying the following relationship:
/"K

- \ | gRTP
\ | M K(2 :
@f FQ(Z) E pQ 3 : w%zgs' for P> APLND
RTP

where: Fg(z) is the neasured Fo(2). Fo'' 1s the Fo limit,

J K(Z) is the normalized FQ(Z) as a function of core height., P is the

relative THERMAL POWER. W(Z),, 1s the cycle dependent function that
accounts for limited power digkrﬁbution transients encountered during

Base Load operation. FRTP , K(Z), and H(Z)BL are specified in the
| CORE OPERATING LIMITS REPORT per Specification 6.9.1.8.

\ d. Mea5ur1ng F (Z) in conjunction with target flux difference deter-
| mination acgcrding to the following schedule:

1. Prior to entering Base Load operation after satisfying surveil-

lance 4.2.2.3 unless a full core flux map has been taken in the
previous 31 EFPD with the relative thermal power having been

' maintained avove APLNY for the 24 hours prior to mapping, and
2. At least once per 31 effective full power days.

e. With measurements indicating

maximum ig (2)
over 2 ( K(z) )

has increased since the previous determination FQ(Z) gither of the
following actions shall be taken:

1. FS(Z) shall be increased by 2 percert over that specified in
4.2.2.4¢, or

2. Fg(Z) shall be measured at least once per 7 EFPD until 2
successive maps indicate that

; M
maximum [F (2)] is not increasing.
over 2 8325

; o With the relationship specified in 4.2.2.4¢c above not being
satisfied, either of the following actions shall be taken:

. 1) Place the core in an equilibrium condition where the 1imit in /
y s M ~
\\‘\~:L;§;E.2: is satisfied, and remeasure ‘Q(Z). or _—’“—’,//’

/4 2-7b W«i»»t——*o—“—(—b*ﬁ—i—)—
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. POWER DISTRIBUTION LIMITS

SURVEILLANCE REQUIREMENTS (Cortinued)

2. Comply with the requirements of Specification 3.2.2 for
FQ(Z) exceeding its 1imit by the percent calculated with

the following expression:

M
SQFZ) X w(Z)BL
gRTP

_gr x K(2)

0. The limits specified in 4.2.2.4¢c., 4.2.2.4e,, 2and 4.2.2.4f1,
above are not applicable in the following core plan regicns:

[(max. over 2 of [ 3230 X100 for P > APLND

1. Lower core region 0 to 15 percent, inclusive.

2. Upper core region 85 te 100 percent, inclusive,

4.2.2.5 When FQ(Z) is measured for reasons other than meeting the requirements
of Specification 4.2.2.2 an overall measured F.(z) shall be obtaineu from a power

distribution map and increased by 3% to account for manufacturing tolerances
and further increased by 5% to account for measurement uncertainty.

Keplace (with
Atlachment &
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POWER CISTRIBUTION LIMITS

SURVEILLANCE REQUIREMENTS

4.2.2.2
4,.2.2.2.2

The provisions of Specification 4.0.4 are not applicable.
ny shal]l be evaluated to determine if FQ(Z) 3 within its 1imit by:

Using the movable incore detectors to obtain a power distribution
map at any THERMAL POWER greater than 5% of RATED THERMAL POWER,
Increasing the measured ny component of the power distribution map
by 3% to account for manufacturing tolerances and further increasing
the value by 5% to account for measurement uncertainties,

Comparing the F_ computed (FXC) obtained in Specification 4.2.2.2.2b.,
above to! y Y

s s A . e RTP, .

1)  The ny limits for RATED THERMAL POWER (va ) for the appropriate

measured core planes given in Specification 4.2.2.2.2¢. and f.,
below, and

2) The relaticnship:

£RTP
Frg ® Fay [140.2025P)],

where F L is the 1imit “or fractional THERMAL POWER operation
expressed as a function of FR P and P is the fraction of RATED
THERMAL POWER at which ny was measured.

Remeasuring ny according to the following schedule:

1) When F C is greater than the F Xy 1imit for the appropriate

measured core plane but less than the F ; relationship, additiona)

th compared to FR;p

power elstr1butxon maps shall be taken a
and F Xy either:

a) Within 24 hours after exceeding by 20% of RATED,.THERMAL
POWER cor greater, the THERMAL POWER at which ny was

last determined, or

h) At least once per 31 EFPD, whichever occurs first, //

CATAWBA - uw* 1 4. 3 3/4 \2-7? PO PO TP VU TP I & 8




POWER DISTRIBUTION LIM]TS

SURVEILLANCE REQUIREMENTS (Continued)
BTh
2) when the F_ " 18 less than or egual to the F mit
X 3 l.)‘
appropriate measured core plane, additional power di
. e
%A L™ pe IS F e
niaps shall be taken and F compared to ! and #
ly X.y X y
- "
onge per 31 EFPO,

y s . RTP :
e, The ny 1imits for RATED THERMAL POWER (F:y ) shall be provided for

.

al! core planes containing Bank "D" control rods and all unrodded
rore planes in a Radial Peaking Factor Limit Report per Specifica=
tion 6.9.1.9;

f. The ny limits of Specification 4.2.2.2.2e., above, are not applicable
in the following core planes regions as measured in percent of core
height from the bottom of the fue):

1)  Lower core region from 0 to 15%, inclusive,

2) Upper core region from 85 tc 100%, inclusive,

o
e

%

3) Grid plane regions at 17.8 ¢ 2%, 32.1 + 2%, 46.4 ¢ 2%, &0.
and 74.9 ¢ 2%, inclusive, and

4) Core plane regions within t 2% of core height (

2.88 inches)
about the bank demand position of the Bank ' r

.
control rods.

o
// g. With Fx: exceeding F_*, the effects of ny on FQ(Z) shall be evaluated

L

) Xy

to determine if F.(Z) is within its limits.
~

4.2.2.2.3 When FQ(Z) is measured for other than ny determinations, an overal)
measured FQiZ) shall be obtained from a power distribution map and increased

by 3% to account for manufacturing tolerances and further increasecd by 5% to
account for measurement uncertainty, i L

g
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POWER DISTRIBUTION LIMITS

3/4.2. 3 ~REACTOR-COOLANT~SFE FEM~FLON-RATE ~an NUCLEAR ENTHALPY RISE WOT
CHANNEL FACTCR = Pam (A + )

LIMITING CONDITION FOR OPERATION

(ff::::ﬁcracrd'77) N
<P (l. ‘07 t.q.ll-’ 5‘
ACT u’! (Continuer) \\ pecitication —j\L

Reduce THERMAL POWER to less than S0% of RATED THERMAL POWER
and reduce the Power Range Neutron Flux = High Trip Setpoint

to less than or equal to 55% of RATED THERMAL POWER within
. _the next 4 hours. o

(://’ within 24 hours of initially being within the region of prohwb\ted_“\\

operation specified in the COLR, verify through incore flux mapping
and Reactor Coolant System total flow rate comparison that the com~
bination of R and Reactor Coolant System total flow rate are restored
to within the regicns of restricted or permissible operation, or

reduce THERMAL POWER to less than 5% of RATED THERMAL POWER within ///
the next 2 hours. o

Delete
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. POWER DISTRIBUTION LIMITS
3/4,.2.4 QUADRANT POWER TILT RATIO

LIMITING CONDITION FOR OPERATION

HERMAL POWER,

i

UADRANT POWER TILT RATIO shall not exceed I‘EEEFE;&‘ 50% of ffifii)

1
APPLICABILITY: MODE 3:*.*'

ACTION:

a.

-

With the QUADRANT POWER TILT RATIO determined to exceed 1.02 but
less than or equal to 1.09:

8

r

Calculate the QUADRANT POWER TILT RATIO at least once per hour
until either:

a) The QUADRANT POWER TILT RATIO is reduced to within
its limit, or

b) THERMAL POWER is reduced to less than 50% of RATED ThERMAL
POWER.

Within 2 hours either:

a) Reduce the QUADRANT POWER TILT RATIO to within i“s
limit, or

b) Reduce THERMAL POWER at least 3% from RATED THERMAL POWER

for each of indicated QUADRANT POWER TILT RATIQ in
excess o nd similarlv reduce the Power Range Neutron
Flux=High

rip Setpoi-.ts within the next 4 hours.

Verify that the QUADRANT POWER TILT RATIO is within its limit
within 24 hours after exgeeding the 1imit or reduce THERMA!
POWER to less than 50% of RATED THERMAL POWER within the next
2 hours and reduce the Power Range Neutron Flux=High Trip
Setpoints to less than or equal to 55% of SATED THERMAL POWER
within the next 4 hours; and

Identify and correct the cause of the out-of-limit condition
prior to increasing THERMAL POWER; subsequent POWER OPERATION
above 50% of RATED THERMAL POWER may proceed provided that the
QUADRANT POWER TILT RATIO is verified within its limit at least
once per hour for 12 hours or until verified acceptable at 95%
or greater RATED THERMAL POWER.

‘ *See Special Test Exceptions Specification 3.10.2.

'4———~_@inscrt Attachment | )
o’
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. POWER DISTRIBUTION LIMITS

LIMITING CONDITION FOR CPERATION

ACTION (Continued)

b. With the QUADRANT POWER TILT RATIO determined to exceed 1.09 due %o
misalignment of either a shutdown or control rod:

Calculute the QUADRANT POWER TILT RATIO at least once per hour
ntil eithew!

a) The QUADRANT POWER TILT RATIO fs reduced to within
its limit, or

b)  THERm... “"WER 15 reduced 10 Yess than 50% of RATED THERMAL
POWER,

2. Reduce THERMAL POWER av ast 2% from RATED THERMAL POWER for

each 1X of indicated QUADRANY FOWER TILT KATIO in excess of
within 30 minutes,

3, Verify that the QUADRANT POWER TI.T RATIO is within its limit
within 2 hours after exceeding the 'imit or reduce THERMAL
POWER to less than 50% of RATED THERMAL POWER within the next
2 hours and reduce the Power Range Neutron Flux=High Trip
Setpoints to less than o. equal to 55% of RATED THERMAL POWER
within the next 4 hours; and

4. Identify and correct the cause of the out~of-limit condition
prior to increasing THERMAL POWER; subsenuant POWEtR OPERATION
above 50% of RATED THERMAL POWER may proceed provided that the
QUADRANT POWER TILT RATIO is verifieg within its Timit at least
orce per hour for 12 hours or unti) verified acceptable at 95%
or greater RATED THERMAL POWER.

¢. With the QUADRANT POWER TILT RATIO determined to exceed 1.09 due to
causes other than the misalignment of efther & shutdown or control
rod:

L Calculate the QUADRANT POWER TILT RATIO at least once per hour
until either:

a) The QUADRANT POWER TILY RATIQ is reduced to within
its limit, or

e) THERMAL POWER 1

POWER.,

CATAWBA = UNIT$ 1 & 4






POWER DISTRIBUTION LIMITS

3/4.2.5 DONB PARAMETERS

LIMITING CONDITION FOR OPERATION

3.2.5 The following ONB related parameters shall be maintained within the
1imits shown on Table 3,2«1:

-~ ( '
a, Reactor Coolant fystem Tavg 8¢ -

b. Pressurizer Fressuie,
Commi

APPLICABILITY: MOOE 1. N Beother Cosl t “oygten Total Flow Kete
ACTION de ot b ;‘ n D4 .- A C\ruj 0. above
nsner ,

.

. With -amy-of the abeve parameters’exceeding its 1imit, restore the parameter to
within its limit within 2 hours o» reduce THERMAL POWER to less than 5% of
RATED THERMAL POWER within the next 4 hours.

S ST T TSR ——

Add Tngert D, atlached

i

SURVEILLANCE REQUIREMENTS

o
4.2.5" Each of the parameters of Table 3.2-1 shull Le verified to be within
their 1imits at least once per 12 hours.

- S
\‘\\ » nid (.,\ ot ,'

“fl 5
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A7  With the combination of Reactor Co?lant System total flow rate and-ﬁ within

b the region of restricted operation'within & hours reduce the Power Range
Neutron Flux~High Trip Setpoint to below the nominal setpoint by the vame
amount (¥ RTP) as the power reduction required by the~4+qure-spec+rfeu*¢n
Ahe-COLR- aure G

Y. With the combination of Reactor Coolant System total flow rate and R within
€. the region of prohibited operation specifiedh#a~@ﬁe-601£:

THERAM AL Vo

- -]

o B Within 2 hours either:

a) Restore the combination ¢f Reactor Coolant System tota1 flow
rate and R to w\tn\n the region of permissible operation, or

b)) _Restore tﬁe comb.natxon of Reactur Coolant System total flow
THEIHAL FWERTate and™R- to within the region of restricted operaticn and
comply with action a. above, or

¢) Reduce THERMAL POWER to less than 50% ¢f RATED THERMAL POWER
and reduce the Power Range Neutron Flux = High Trip Setpoint
to less than or equal to 55% of RATEO THERMAL POWER within
Lhe next 4 hours. o~ an Figura 3.2,

2. Within 24 hours of 1o1t\a11y bewng within tho region of prohibited
operation specified“n-the-COLR, verify through—incore--fHux-mapeings
R and-Reactor-Gostant-System-total—flow-rate-eompartson that the com=
j\,(;"”81ﬂation of *R-and Reactor Coolant System tota) flow rate are restored
" to within the regions of restricted or permissible operation, or
reduce THERMAL POWER to less than 5% of RATED THERMAL POWER within
the next 2 hours.

e

4/,:/:." e 2 ’ )/“

4.2.§r§' The Reactor Coolant System total flow rate indicators shall be subjected
to a CHAMNEL CALIBRATION at least once per 18 months. The measurement
instrumentation shal) be calibrated within 7 days prior to the performance of

the calorimetric flow measurement.

c 4
4.2.3¥g The Reactor Coolant System total flow rate shall be determined by
precision heat balance measurement at least ¢nce per 18 months.



Average Temperature
Meter Average

Computer Average

’
o S e

Pressurizer Pressure

Meter Average .

Computer Average .

o w
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Keagtor Coolont Suetem Teta

TABLE 3.2-1
DNE_PARAMETERS

channes:
channels:

channels:
channels:

channels:
channels:

channels:
channels:

LIMITS

Four Loopt

in Operation

IAEA

| 2ot B

ftviv

fviv

592°F
592°F

593°F
583°F

2227 puig*
2230 psig*

2222 psig*
2224 psig*

*Limit not applicable during either a THERMAL POWER ramp in excess of 5% of
RATED THERMAL POWER per minute or a THERMAL POWER step in excess of 10% of

QATED THERMAL POWER

CATAWBA = UNITS 1 & ¢
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Fipure

368850

385000 +

381150

377300

373450

369620

Reactor Coolant Sysiem Fiow Rate tgpm)

365750

361000

Reactory Coolat Syeten Total Fiow Rate Versus
i ot

Rat Thermal Powe! Four Loops in Operat

A penglty of 0.1% 1or undelecied

teoowater venturl 1ouling and o Permissibie
measurement uncertainty of 2 1% for Operation
flow are inclpdet in this figure RQQ'OH
(#6,385900)
Restricted |
Operation (06,361160
Region
(94577800
(92,973450)
Prohibited
Operation
(80,366600) | Regien
86 88 80 82 84 86 vl 1090

Fraction of Rated Therma! Power
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POWER DISTRIBUTION LIMITS

BASES

/4.2.2 and 3/4.2.3 MEAT FLUX HOT CHANNEL FACTOR, and REACTOR COOLANT SYSTEM
SIGW‘WITT1HBZTHﬁ&]7UF!ﬁTHIIFv'RIéE‘WéT'EﬁINﬁEL FACTOR {Gontinved )

the indicated AFD to relatively small target band and power swings (AFD targot—\\
Delete)\ band as specified in the COLR, APLNY ¢ power < APLEL or 200% Rated Thermai Power,

whichever is lower). For Base Load operation, it is expected that the Units will
operate within the target band, Operation outside of the target band for the
short time period allowed will not result in significant xenon redistribution
such that the envelope of peaking factors would change sufficiently to prohibit
continued operation in the power region defined above. To assure there is no
residual xenon redistribution impact from past operation on the Base Load

operation, a 24 hour waiting period at a power level above APLNo and allowed
by RAOC is necessary. Ouring this time period load changes and rod motion are
restricted to that allowed by the Base Load procedure. After the waiting
period extended Base Load operation is permissible.

The computer determines the one minute average of each of the OPERABLE
excore detector ocutputs and provides an alarm message immediately if the AFD
for at least 2 of 4 or 2 of 3 OPERABLE excore channels are: 1) outside the
allowed Al power operating space (for RAOC operation), or 2) outside the
allowed Al target band (for Base Load operation). These alarms are active when
power 1s greater than: 1) 50% of RATED THERMAL POWER (for RAQOC operation), or

2) APLND (for Base Load operation). Penalty deviation minutes for Base Load
operation are not accumulated based on the short period of time during which
operation outside of the target band is allowed.

The limits on heat flux hot channel factor —coolant—flow-—rater and nuclear
enthalpy rise hot channel factor ensure that: (1) the design limits on peak
loca) power density and minimum DNBR are not exceeded and (2) in the event of

a LOCA the peak—fuel-clad-temperature-wiii—not—exeeed-the-22008F ECCS acceptance

A Boeh-of-these-4+6 measural’e out will normally only be determined
periodically as specified in Specifications 4.2.2 and 4.2.3. This periodic
surveillance is sufficient to insure that the limits are maintained provided:

a. Control rods in & single groun move together with no individual rod
insertion differing by more than ¢t 12 steps, indicated, from the
group demand position;

Contro) rod groups are sequenced with overlapping groups as described
in Specification 3.1.3.€;

st PR
The hent Flax het channel foctbor and Auvclear )

e,,flmz}sy rise h& channel -f’nc.tc-' “Ur t-ﬁ:—tﬁ/-/
CATAWEA - UNITY 1 & ¢ B 3/4 2-2a Amengment-No—d-tonit—ty

851 hmenament ho o ms (Unit-d)

\

criteriajimit: Thesellimits are specified in the CORE OPERATING LIMITS REPORT (covR)
per Specification 6.9.1.9. ('7h¢z?cat,1’,>



POWER DISTRIBUTION LIMITS

. BASES

HEAT FLUX HOT CHANNEL FACTOR, and REACTOR COOLANT SYSTEM FLOW RATE AND NUCLEAR
EETRI[&Y RISE HOT CR%HR!E FItTOR (Continued)

. The control rod insertion limits of Specifications 3.1.3.%5 and
3.1,3.6 are maintained; and

rn;pv‘g-ral(‘

R

i 5&..0
e, @, The axia) power gistribution, expressed in terms of AXIAL FLUX | Ar ”
(FE,,(X,U, DIFFERENCE, 1s maintained within the 1imits, \ J’}.‘éls“w\
\
PN Wi be maintained within its 1imits provided Conditions a. through d.

above are maintainodL//is noted on the figure specified in the CORE OPERATING
(iIMITS REPORT (COLR), Reactor Coolant System flow rate and FgH may be “tradec
of f'" against one another (1. , a low measured Reactor Coolant System flow rate
is acceptable 1f the measured F:H it also low) to ensure that the calculated
ONBR wil) not be below the design ONBR value. The relaxation of F:H as a
function of THERMAL POWER allows changes in the radia) power shape for all

permissible rod insertion 11m1ts;__,____.

("’ R as calculuted in Specification 3.2.3 and used in the figure specified
i

n the COLR, accounts for F:H less than or equal to the F:;P 1imit specified
{ in the COLR.  This value is used in the various accident analyses where

F:H influences parameters other than DNBR, e.g., peak clad temperature, and thus
fs the maximum "as measured" value allowed. The rod bow penalty as a function of
burnup applied for FzH fs alculated with the methods described in WCAP=8E01,

Revision 1, "Fuel Rod Bow wvaluation," July 1879, and the maximum rod bow penalty
is 2.7% DNBR. Since the safety analysis is performed with plant-specific safety
\fﬁ&k 1imits compared to the design ONBR 1imits. there is sufficfent therma)l

margin available to offset the rod bow penalty of 2. 7% DNBR.

————

The hot channel factor Fg(z) is measured periodically and increased by a

cycle and height dependent power factor appropriate to either RAOC or Base Load
operation, W(2z) or w(z)BL, to provide assurance that the limit on the hot

¢hannel factor, FQ(z\, is met. W(2) accounts for the effects of norma)l oper-

ation transients and was determined from expected power gontro) maneuvers over
the full range of burnup conditions in the core. W(z)BL accounts for the more

restrictive operating limits allowed by Rase Load cperation which result in

less severe transient values. The W(2) function for normal operation and the |

w(Z)BL function for Base Load Operatior are specified in the CORE OPERATING [
l
|

LIMITS REPORT per Specification 6.9.1.9. L
Keplace with
Alachment 2
CATAWBA - UNIT§ 1 ’. 4 B 3/4 2-4 Amenament ho-td{nie—ty
8ut? Amendment- No—bE-(Unit—2)















POWER DISTRIBUTION LIMITS

BASES

QUADRANT POWEK (ILT RATIO (Continued)

20 flux map or two sets of four symmetric thimbles. The twp sets of four symmetric
Delete —%h1!§%!i'ﬁ%“.“!nigg’"’!& of eight detector locations.” The normal locations are
/T8, E°8, E-11, =3, M-13, L-5, L~1i, N°B. "ATternate locations ave available .
\ I any of the normal locations are unavaflable, T e 'l

-

3/4.2.5 ONE PARAMETERS [Reyise Text ws & A.<:..,4;]

The 1imits on the ONB-related parameters assure that each of the parameters
are maintained within the normal steady-state envelope of operation assumed in
the transient and accident analyses, The 1imits are consistent with the Add Togert* |
fnitia) FSAR assumptions and have been analytically demonstrated adequate to/
maintain a design 1imit ONBR throughout each analyzed transient. ) The Tndicated
value and the indicated pressurizer pressure value correspond to analytical

T

av

11.?10 of 594 8°F and 2205.3 psig respectively, with allowance for measurement
uncertainty. (2 (id Tasert 2, AMeched

The 1Z<hour perfodic surveillance of these parameters through instrument
readout 1s sufficient to ensure that the parameters are restored within their
1imits following load changes and other expected transient operation. Indica+
tion instrumentation measurement uncertainties are accounted for in the limits
provided in Table 3.2-1.

(D Lnsert |

~Fgﬁ«w+4l be maintained within its - limits Pr0vided Conditions a.-through-&.
Flavre 5.0 =

above-are-maintained.—~ As noted on the figure-specified in the QQRE OPERATING

LIMITS -RERORT(COLR); Reactor Coolant System flow rate and F:F:mg;‘n;‘“{;ided
of f' against one aqg}hrxﬁfihgiiNa low measured Reactor Coolant System flow rate
is acceptable if the moaﬁuaed-$KH~is also low) to ensure that the calculated
ONBR will not be below the design DNBR value. ~The rc\axat4on~o+~an~at~a~w

function of THERMAL-POWER a)lows changes in the radial power-shape for all

] } ™ Ar rl“"_: «“‘
Devmiﬁ’ibh-rod--t-nurtion»-) imitg he re fatiansh p At e d &
te 0 S i | - 1 & ~r g Y - Dty i o NG 4 Lo
L THho / : big ¥ v t q ' - 3
W ' ¢ |
. \ = L rod i /
CATAWBA = UNITS 1 & ¢ B 3/8 2-A Amendment No—24—(Unit—1y

=57 Amendment-—Horta—(untt-2)r



wher Reactor Coolant System flow rate ena—#--e-e&mcnsurec ho acdw'ionaW

838 3
<} - "

e
allowances are necessary prior to comparison wi th the Yimits of - t“e
spacitied-An-the LOLR~ < Measurement errorg of 2.1% for Reactor Coolant System

tote] flow rate ’"6‘4%‘40'“;§F'“;¢§ been allowed for in determination of the
design DNBR value,

The measurement error for Reactor Coolant System tetal flow rate 1s based
upon performing a precision heat balance and using the result to calibrate the
Reactor Coolant System flow rate indicators., Potential fouling of the feedwater
venturi which might not be detected could bias the result from the precision
heat balance in a nonconservative manner, Therefore, a penalty of 0.1% for © num-»1
undetected fouling of the feedwater venturi is included {nMAhe: fioure specified
“in-the-COLR~ Any fouling which might bias the Reactor Coolant System flow rate
measurement greater than 0.1% can be detected by monitoring and trending various
plant performance parameters. If detected, action shall be taken before per~
forming subsequent precision heat balance measurements, 1.e., either the effect
of the fouling shall be quantified and compensated for in the Reactor Coolant
System flow rate measurement or the venturi shall be ¢leaned to eliminate the
fouling.




. ADMINISTRATIVE CONTROLS
SEMIANKUAL RADIOACTIVE EFFLUENT RELEASE REPORT (Continued)

The Radioactive Effluent Release Reports shal) include & Tist ang
description of unplanned releases fTrom the site to UNRESTRICTED AREAS of radio-
active materials in gaseous and Yigquid effluents made during the reporting period.

The Radiocactive Effluent Release Reports shal) include any changes made
during the reporting perfod to the PROCESS CONTROL PROGRAM (PCP) and to the
OFFSITE DOSE CALCULATION MANUAL (ODCM), as wel) as a Yisting of new locations
for dose calculations and/or environmental monitoring 1dont?f1oa by the land
use census pursuant to Specification 3.12.2.

MONTHLY OFERATING REPORTS

6.9.1.8 Routine reports of operating statistics and shutdown experience, in-
cluding documentation of al) challenges to the PORVs cr safety valves, shal)
be submitted on a monthly basis to the U.5. Nuelear Regulatory Commission,
Attn: Document Control Desk, washington, D.C. (0555, with a copy to the NRC
Regional Uffice, no later than the 15th of each month following the calendar
imunth covered by the report,

CORE OPERATING LIMITS REPORT
. 6.9.1.9 Core operating Yimits shall be established and documented in the CORE

OPERATING LIMITS REPORT before each reload cycle or any remaining part of a
reload cycle for the following:

1. Moderator Temperature Coefficient BOL and ¢ . 1imits and 300 ppm
surveillance 1imit for Specification 3/4.1.1.3,

2. Shutdown Bank Insertion Limit for Specification 3/4.1.3.5,
3. Control Bank Insertion Limits for Specification 3/4.1.3.6,

4. Axia) Flux Difference Limits, target band’ and APLND‘%,-
Specification 3/4.2.1,

5. Heat Flux Mot Channel Factor, FRTP. K(2), W(Z)?ﬂﬁPLND';zd
w(Z for Specificatio 4.2.2, and LB
(g, p cation 3/4.2 Mg&"‘?’
6. Nuclear Enthalpy Rise Mot Channe) Factor¢£FAH , and Power Factor

Multiplier, nr:;',""(smm for Specification 3/4.2.3.

The analytical methods used to determine the core operating 1imits shall be
those previously reviewed and approved by NRC in:

1, WCAP-8272+P-A “"WESTINGHOUSE RELOAD SAFETY EVALUATION METHODOLOGY,"
July 1985 (W Proprietary).

(Methodology for ‘pecifications 3.3.1.3 = Moderator Temperature
Coefficient, 3.1.3.5 = Shutdown Bank Insertion Limit,

/27:1:;:7?:“ 3.1.3.6 = Control Bank Insertion Limits, 3.2.1 - Axia) Flux
LA }”?’kcﬂ("nr*f /

CATAWBA = UNITS 1 & 2 6-19 Aimenament koo 74 (Unit-d)e
B=59 Lmendment No 68 {Ladt-g)-







ADMINISTRATIVE CONTROLS

CORE OPERATING LIMITS REPORT (Continued)

Difference, 3.2.2 = Heat Flux Mot Channe) Factor, and 3.2.3
Nuciear Enthalpy Rise Mot Channel Factor.)

. WCAP=10216-P=A, "RELAXATION OF CONSTANT AXIAL OFFSET CONTROL FQ
SURVEILLANCE TECHNICAL SPECIFICATION," June 1883 (W Proprietary).

(Methodology for Specifications 3.2.1 - Axia) Flux Difference
(Relaxed Axia) Offset Control) and 3.2.2 - Heat Flux Hot Channe)
Factor (W(Z) surveillance requirements for FQ Methodology. )

3. WCAP-10266+P-A Rev, 2, "THE 1981 VERSION OF WESTINGHOUSE EVALUATION MODEL
USING BASH CODE," March 1887, (W Proprietary).

(Methodology for Specification 3.2.2 = Meat Flux Mot Channel Factor.)
/ The core operating 1imits shal) be determined so that al) applicable 1imits
f (e.g., fue! thermal-mechanica) 1imits, core thermal-hydraulic 1imits, ECCS
21ts, nuclear Yimits such as shutdown margin, and transient and accident
alysis 1imits) of the safety analysis are met.

The CORE OPERATING LIMITS REPORT, including any mid=cycle revisions or

supplements thereto, shall be provided upon issuance, for each reload cycle,

to the NRC Document Control Desk with copies to the Regional Administrator and
\  Resident Inspector.
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Catawba Unit 1 Core Operating Limits Report (Continued)

2.6 Maclear Ent L ik (Specification 3/4.2.3)
F) = MAP(X,Y,2)/ATAL(X,Y)

where AXIAL(X,Y) is the axial peak from the norwalized axial power shapw
2.6.1 MAP(X,Y,2) is provided in Table 3.

The following parameters are required for core monitoring per the Swveillance
Regquirements of Specification 3/4.2.3:

2.6,2 FuHR (X,Y) is provided in Table 4.
woere FAMR (X,Y) =maximum allowable design radial peaking factor
which ensures that the Fu(X,Y) limit will be
preserved for operation within the 100 limits,
including allowances for calculational anxd
measuremant uncertainties.

Note: FAMR'(X,¥) ie the parameter identified as HHDES in  BAW-
10163 7=A,

2.6.3 FaHR'(X,Y) = FJi(X,Y)MAF/RIAL(X,Y)
where FJ(X,Y) is the measured radial veak at location X,Y

MAF is the value of MAP(X,Y,2) cbtained from Table 3 for the
measured L

2,64 RRH = :«.34: when 0.8 < P £ 1.0
RRH = 1,67" when P < 0.8

vhere RRH = Thermal Power reduction required to campensate for each
1% that F,(X,Y) exceeds its limit.

Thermal Power
Rated Thermal Power

P=

2.6,5 TRH = 0.01

where TRH = Reduction in OTAT K, setpoint recuired to compensate for
each 1% that F.(X,Y) exceeds its limit,

‘typical value; actual values will be supplied when monitoring inputs are

computed,

NOTE!: Tablas 1, 2, and 4 will be supplied when monitoring inputs are
camputed,




(Later)

(Later)

Table

Table

&

(X,Y,2)]



PRELIMINARY

. Table 3. Catawba 1 Cycle 6 Operating Limit Maximur Allowable Total Peaks
PRI RTS. | NI ———
MAP(X,Y,2) MAP(X,Y,2)
Elgvation Lt Avial ~AQEA). . MarksIM) .
é .1 1.747 1.818
“ 1,743 1.814
6 1.737 1.808
& 1.729 1,796
10 1,703 1.771
¢ 1.2 1.948 2.028
4 1.929 2.018
6 1.924 2.003
(3 1,802 1.980
10 1.848 1.923
P 1.3 2.158 2. 246
4 2.141 2.228
6 2.115 2.201
6 2.072 2.157
10 1,962 2.042
2 1.4 2,333 2,428
4 2.327 2.422
6 2,294 2.388
8 2.185 2,274
10 2,058 2,142
2 3,8 2.498 2,600
4 2.496 2.598
6 2,299 2.497
8 2.278 2.371
10 2.149 2.237
2 1.7 2.824 2.939
" 2.710 2,820
6 2.574 2.679
8 2,443 2.543
10 2,313 2.407
2 1.9 2,964 3.08%
4 2.854 2.970
6 2,723 2.834
3 2.591 2.697
10 2.462 2,562
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Changes to Final Safety Analysis Report

B&W Fuel Company



*

‘
Jsnhadver
perati

o)
~

nadverte
n feedw
2eCctio
‘s GVENL
1~ nt® ¢
088§ O
bove whicC
ad

2 -

ine

-

eam
ab)
)e

3
(4]

o
-

1scharge
le 16

~ M »
- -

¥}

S AN R alalel
S WV

v W

Annt

ontainment
ns statec

s
percent ©

1 OW1 &
1D-14844
the halogen

-
1y

~
~
.

P

~

y~dependent f1
I L IRERIS IR I
Reference 3). The

ssion prod
':'\

v/

/

p

inrormaT (o &

iorium Appea
¢ 1 far
vel detec

v~ By
"
rance

re

~

*
~

€

"
- ~

)

max imui
Referen

ol

r

P VNN

. -

VA

anc

vnveﬂé
Reference 2)
ore

N

rvat
; Leam
‘ransient.

fam
C

some

nsidered
credible a
ce |

v )

=

i g a Alia
C &8 Cor Owe

ries 1

ven

-’)\;

X m:'

*"A
v

~-
-

r

IS
¢

namel)

ne

>

dent

percent

pjectic

SRR
s o4 AN

haged

tself and 1
r any of the
flow There~

» .
Lthose occurances

ssume main feegwater

3 "Ve"‘-';.f)"'y'

y avall-

rtant plant valves

and

released from
are based on
percent of

¢ AELE +
3565 Mwt,

e

the

0>\_e
T

-

ve 0

el &
(SR

rea

+
gata

core are
ibrary based on

n in Tahle 1€ Qe 1
av(. _a e N - “

Ow

*
v

prap
-

Je

tive

~ <

serva

,
~

ass

-

ay cause more

s b mm o mAant s
& MIINTV

an
emb |

. n

¢

i le e

assumptiio

*

.

"

"\ tha . -




REFERENCES FOR SECTION 15.0
1. DiNunno, J. J., et al., "Caleculation for Distance Factors for Powar and
Test Reactor Sites", TID~14844, Murch 1962,

CE-CRS=-49, “Ppa-xp” ﬁ;("(..m( | 486,
2. ~ORNab b3S —LORIGEN—T4 et g e -ane-—Gross- Sections—Nuctesr—Trensmutetion—ang—- (
COECR Y b b e RISyl Lpatption Snteiging—informetion-Certer —Opp—

HABAe At A ORE L EDORELO Y Leptember +O7h '

LIPS

C-DLC~3B, "ORIGEN Yields anc Cross Sections = Nuclear Transmutation

RS!
and Decay Data from ENDF/B=IV™, Radiation Shie) ding Information Center,
Oak Ridge National Laboratory, September 1878,

4. Chelemer, M., Boman, L. J., Sharp, D. R., "Improved Thermal Design
Frocedures”, WCAP-BEE7 July, 197%

o

"Acceptance Criterfa for Emergency Core Cooling Systems for Light Water
Cooled Nuclear Power Reactors™, 10CFRS0.46 and Appendix K of 10CFRSO.
Federal Register, Voiume 39, Number 3, January 4, 1974,

6. Bordelon, F. M., et al, "SATAN=VI Program: Comprehensive Space = Time
vependent Analysis of Loss of Coolant®, WCAP-8302 (Proprietary) and
CAP-8306 (Non=Proprietary), June 1974,

7. Bordelon, F

M., et al, "LOCTA=IV Program: Loss of Coolant Transient
Analysis®, WCAP-£30

)1 (Proprietary) and WCAP-8305 (Non~Proprietary), June

: &
1974,

8. Hargrove, M.G., "FACTRAN = A Fortran IV Code for Thermal Transients In A
VO, Fuei Rod", WCAP-7908, June, 1972.

9. Burnett, T. W. T., McIntyre, C, J., Buker, J. C., Rose, R. P., "LOFTRAN
Code Description", WCAP=7907, June, 1972.

10. Risher, D. M., Jr., Barry, R. F., "TWINKLE = A Multi=Dimensional Neutron
Kinetics Computer Code", WCAP-7978-P-A WCAP-8028~A, January, 1975,

11, "Westinghouse Nuclear Energy Systems Oivisfon Quality Assurance Plan",
WCAP-8370-A, August, 1984,

12. 5. §, Kilborn, Westinghouse Letter of 1/27/88, DCP-B88-508,

15.0-16 11/89 Update
oy ->




Core Inventory Fraction of Inventory Gap Inventory
(Curies) in Gap** (X) (Curies)
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Based on an equilibrum ¢ ore at end of life., The seven-region core
operates at a power | f 3636 MWt and an average cycle burnup of
10,500 MWD/MTU.

NRC assumption in Regul y Guide 1.25
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Table 15.0.12-1 (Page 1)
Offsite Doses (Rem)

FSAR Exclusion Arez Boundary Low Population Zone
Accident Section Whole Body Thyroid Whole Body Thyreid
Main Steam Line Break 15.1.5
Case 1 (No fodine spike) 8.6E-2 7.6 4.4E-3 2.6E-1
Case 2 (Pre-spike) 1.63-2 4.22 9.38-4 3.23-1
Case 3 (Coincident spike) 1.26-2 3.32 2.29-3 5.77-1
Loss of Power i5.2.6
Case 1 (Ne iodine spike) 553 7.0E-2 5.9E-4 6.5-3
Case 2 (Pre-spike) 4.5E-3 7.38-2 5.9E-4 7.6E-3
Case 3 (Coincident spike) 4.5E-3 7.2e-2 S 8.2E-3
¥
Rod Ejection Accident 15.4.8 i
Primary Side Release 726228 ] 55 5.9 3182 5-26-2 32-6-7E-1|
Secondary Side Release 3.3(-2 2- 2 3.2 18+l 3p3EII0E-] 3.86-2 .0
Instrument Line Break 15.6.2
Case 1 (No fodine spike) 1.6E-1 3.2E-1 5.1E-3 1.GE-2
Case 2 (Pre-spike) 1.8E-1 1.9E+1 6.0E-3 6.3E-1
Case 3 (Coincident spike) 1.8E-1 5.2 6.0E-3 1.7€-1
Steam Generator Tube Rupture 15.6.3
Case 1 (No 1c .ne spikej 6.4E-1 1.5 2.1E-2 8.8E-2
Case 2 (Pre-spike) 7.1E-1 4 4F+] 2.8E-2 1.5
Case 3 (Coincident spik=) 7.0E-1 1.2E+1 2.3%-2 4 _6E-1
Loss of Coolant Accident 15.6.5 r-
Case 1 (With ECCS leakage) 57 9.1 4-5Fv2- 136 L gapey- /-] 3-4ger3.2E+ |
Case 2 (Without ECCS leakage) 3 9.} 14842 /. 2EF L 9 4% .| 2 9€+1 1.5E*]
\ Waste Gas Decay Tank 15.7.1
\ Rupture 7 5.0E-1 = 1.6E-2 -
:\* \ Loto YE-1
{ ] oelked RO - & £ 3. <f. - 2 . ' e A |
P asel (Mo Lodume Speke) 15-3-3 3 6 3.2 F-2 vl

2 ( Pre-Seike) 4.9€-1 3.7 9. ZE°Z 11/89 Update
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Table 15.3.3-2 (Page 1)

Parameters for Postulated Lockes Rotor Analvsis

Data and and assumptions used %o Conservative
estimate radioactive source from
postulated acsident

&, Power Level (Mwt) 35€5
b, Parcenrt of fuel defected 1
c. Total steam generator 1 gpo

tube leak rate during accident
and initial 8 nours

10%
d. Activity released to reactor -o% of gap inventory
coolant from failed fuel
e. Offsite Power Not availadie
f. Reactor coolant activity Primary and Secondary
prior to accident Activity During Normal

Operations (Table 11.1.1+4)

Date and assumptions used to
estimate activity released

a. lodine partition facter . fa;if
b. Initial steam release froa $15,247 1b (0=2 hr)
4 steam generators 1,040,810 1b (2-8 hr)
¢. Duration of plant cooldown 8
by secondary system after '
accident, (hrs)
Dispersion data
a. Distance to exglusion area boundary (m) 762
b. Distance to low population zone (m) 6086
¢. %/Q at exclusion area boundary (sec/m?) 5.5E-04
d. x/Q at Tow population zone (sec/m?) 1.8E~-05
Dose data
a,. Method of dose calculations Regulateory Guide 1.4
b. Dose conversion assumptions Regulatory Guides 1.4 & 1.109



Table 15.3.3-2 (Page 2)

Parameters for Postulated Locked Rotor Analysis

Conservative

¢ Doses (Rem)

Case 1 (No iodine spike)
Exclusion area boundary

whole body b BE~03 4 HE~C

Thyroid F-0E02- 3. Lo
Low population zone

whole body 5O tr4— °

Thyroid b5E-63-

Case 2 (With pre-existing iodine spike)
Exclusion area boundary

whole body 48803 4 4 E -

Thyroid 302 5.7
Low populatinn 2one

whole boc b B pnh. B

Thyroid Fbbnd [

“Cesa 3 (With coincident fodine spike)
ExcTUS%on area boundary

whole body . _ 4 5E-03
Thyroid i AR 7.26-02 y
Low population zene e
whole-body i, 5.5c-vé4
_~Thyroid 8. 26~03

b
"
Y

N




15.4.3.3 Environmenta! Consequences

The most imiting rod cluster control assembly misoperation, accigental withe

drawa) of a single RCCA, is predicted to result in less than “i'u“ clad . 5%
damage. The subsequent reactor and turbine trip would result 1 2 1A
steam aump, assuming the condensar was not available for use, The radiologe

fcal consequences from this event would be no greater th

WA, analyzed {n Section ¥isdl iil:,‘??%ﬁ?"r
Aoy I’,”) ¢0-\‘1¢J

F"’orvsr 1

¢ ~ Y 198 Coatymwla

: : ‘ H /ﬂn t‘,‘ aua.iyfrl end caulevintbed Cony o ,?N.,, for the

‘5‘ 3‘ CO'\C US‘O‘-:\_“ r:" :""‘ w/ *‘duwf .(. ‘bF"‘ "‘A'(.,JA“ b #7 P ﬂ,s
it VEry im b el depprbur e from Aveleante beiling, 1y aseentable For o 3

For cases of dropped RCCAs or dropped danks, for which the reactot T ! Foavite

by- the power range negative neutron flux rate trip, there is no reduction in (nfrageen
the margin to core thermal Timits, and corsequently the DNB design basts 15 | oeevryance
met. It 1s shown for all cases which do not result in reactor trip that the ;

ONBR remains greater than the limit value and, therefore, the ONEB design {s
net.

Fer all cases of any RCCA fully inserted, or dank L inserted to its rod
ingertion 1imits with any single RCCA in that bank fully witharawn (static
misalignment), the ONER remains greater than the Timit value.

For the case of the accidental withdrawal of & single RCCA, with the reactor in
the automatic or manual control mode and fnitially operating at full power with
bank D ot the insertion 1imi%, an upoer bound of the number of fuel rods
experiencing ONB 1& 5 percent of the total fus) rods in the core.

15.4.4 STARTUP QOF AN INACTIVE REACTOR COOLANT PUMP AT AN INCORRECT
TEMPERATURE

15.4.4.1 Identification of Causes and Accigent Description

If the plant s operating with one pump out of service, there is reverse flow
thitough the inactive Toop due to the pressure difference across the reactor
vessel. The cold leg temperature in an fnactive loop fs idantica) to tha cold
leg temperature of the active loops (the reactor cora inlet temperature), If
the reactor 1s operated at power, and assuming the secondary side of the steam
generator in the fnactive loop 1s not fsolated, thers 1s a temperature drop
across the steam generator in the inactive 100p and, with the reverse flow, the

hot leg temperature of the fnactive 1o0p is lower than the reactor core inlet
temporature,

Aaministrative procedures require that the unit be brought to a load of less
than 25 percent of full power prior to starting the pump in an {nactive loop in
order to bring the inactive lo0p hot leg temperature closer to the core inlet
temperature. Starting of an ‘dle reactor coolant pump without bringing the
inactive 1o0p hot leg temperature close to the core iniet temperature would
result in the injection of cold water 1nto the core, which would cause a reace
tivity insertion and subsequent power increese.

Should the startup of an fnactive reactor coolant pump accident occur, the
transfent will be terminated automatically by a reactor trip on low coolant




, \ 5 r
yCie, Ler0o rowe!

C ere at
we \
their insertion 1imits The worst ejected rod is located in control bank

>
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ontrel bank D was assumed to be fully inserted and bank C was at its
insertion limit The ejected rod has a worth of 0.90% &k/k and a hot
channel factor of

19.0 respectively The peak clad and fuel center
emperatures were 2586 and 3845°F respectively The Doppler weighting

actor for this case is significantly higher than for the other cases, due
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the very large transient hot channel factor

summary of the cases preserted above i{s giver in Table 15.4. 8-l The nuclear

g
ower and hot spot fuel and clad temperature transients for the worst cases are

resented in "~‘,v‘6\§, '." 4§ B~ '\""f‘u‘g 1[) 4 BR~4 (::Og‘r'!“‘-’v{" o f ‘*'(9 ful power

J

beginning of 1ife 2ero power)

he calculated sequence of events for the worst case rod ejection accidents, as
shown in Figures 15.4 &-1 through 15.4 8«4, 1{s presented in Table 15.4 1-]
1

r al) cases, reactor trip occurs very early in the transient, after which the
welear power excursion 1is terminated As discussed previously in Section

15.4.8.2.2, the reactor will remain subcritical following reactor trip

The ejection of an RCCA constitutes a break in the Reactor Coolant System, lo-

cated in the reactor pressure vesse! head. The effects and corsequences of
loss of coolant accidents are discussed in Section 15.6.5 Following the RCC

4 v
ejection, the operator would follow the same emergency instructions as for any
other loss of coolant accident to recover from the event

Fission Product Release

& -

C
4

[t 1s assumed that fission products are released from/the gaps of all rods
entering ONB. In ail cases considered, less than ercent of the rods en-
tered DNB. besed-on-a—detatled-three—dimenstonst-THiNC—analysis (Reference 1)

Pressure Surge

A detailled calculation of the pressure surge for an ejection worth of

0
19 . \ g 1
. * " mi - L + | ¥ o
dollar at beginning o {fe, ho

t fu power ndicates that the peak
. does not exceed that which would cause stre to exceed the faulted




CNS

stress 1imits (Reference 10). Since the severity of the present analysis does
not exceed the "worst case' analysis, the accident for this plant will not re-
sult in an excessive pressure rise cr further damage to the Reactor Coolant
System,

Lattice Deformations

A large temperature gradient will exist in the region of the hot spot. Sinze
the fuel rods are free to move in the vertical direction, differential expan-
sion between separate rods cannot produce distortion. However, the tempera-
ture gradients across individual rods may produce a differential expansion
tending to bow the midpoint of the rods toward the hotter side of the rod.
Calculations have indicated that this bowing would result in a negative re-
activity effect at the hot spot since Westinghouse cores are undermoderated,
and bowing will tend to increase the undermoderation at the hot spot. Since
the 17 x 17 fuel design is a'so undermoderated, the same effect would be
observed. In practice, no significant bowing i< anticipated since the struce
tural rigidity of the core is more than sufficient to withstand the forces
produced. Boiling in the hot spot region would produce a net flow away from
that region. However, the heat from the fuel is released to the water rela-
tively slowly and it is considered inconceivable that cross flow will be
sufficient to produce significant lattice forces. Even if massive and rapid
boiling sufficient to distort the lattice is hypothetically postulated, the
large void fraction in the hot spot region would produce a reduction in the
total core moderator to fuel ratic and a large reduction in this ratio at the
hot spot. The net effect would therefore be a negative feedback. It can be
concluded that no conceivable mechanism exists for a net positive feedback re-
sulting from lattice deformation. In fact, a small negative feedback may re-
sult. The effect is conservatively ignored in the analysis.

15.4.8.3 Environmental Consequences

A conservative analysis for a postu.ated rod ejection accident is performed

to determine the resulting radiological consequences. The analysis is based
on a instantaneous fission product release to the reactor coolant of the gap
activity from 10 percent of the fuel rods in the core, -pius—the—activity—from-
~AP-A65 RGO 2 pErTENtcore- Moty

Prior to the postulated rod ejection accident, it is assumed that the plant is
operating at equilibrium levels of radiocactivity in the primary and secondary
systems with 1 percent fuel defects and a steam generator tube leak rate of

1 gpm. Following the accident, two activity release paths contribute to the
total radiological consequences. The first release path is via containment
leakage resulting from release of activity from the primary cocolant to the
containment. The second path is the contribution of contaminated steam in

the secondary system dumped through the relief valves, since offsite power is
assumed to be lost.

The following conservative assumptions are used in the analysis of the‘relgase
of radioactivity to the environment in the event of a postulated rod ejection
accident. A summary of parameters used in the analysis is given in Table
15.4.8-2.

Fo S .
1. ~Femr percent of the gap activity is released.te-the-contailnment—atmosphere.

15.4-34
8-83a
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b7
7.8,
897

40,

1o X,
W &2.

1a. &5.

CNS

56-percent—of-the todines ¢ 1¢-100-percemt—of -the-noble—gases—in-the
-melted fuel-are-released re hel maddine 8 @loalated v eccie,
The (elaase locd™ o

2“IWE iSeTefe Growp. 1§ 100 pelcinrt rob (0l (Ned To The Conu! rment

o PRl and 1o ;uuﬂ"’ roble dams Grd o”‘puﬁ”«.ﬁle‘ﬂ- The flimary caelewT,
Annulus activity which is exhausted prior to the time at which the annulus
reaches a negative pressure of =0.25 in.w.g. is unfiltered.

Wm%ﬂ%mmm T lod (g ehemical
Species Fractiom 5 o\ ewmestal, 605 partialdte , aw! 2.0% Bryneic,

~pegins-at-the-eartiest possibie time-sump-recircuiation can—
begtm

Bypass leakage is 7 percent.
The effective annulus volume is 50 percent of the actual volume,

The annulus filters become fouled at 900 seconds resuiting in a 15 percent
reduction in flow.

Elemental iodine removal by the ice condenser begins at 600 seconds and
continues for 3328.3 seconds with a removal efficiency of 30 percent.

One of the containment air return fans is assumed to fail.

The containment leak rate is 50 percent of the Technical Specifications
limic after 1 day.

tod :
} Todive (Smpva| credil by Confaimmest sprays 1§ ToKew tor @ementy) avd
parXicalate todive .

(The following assumptions apply to the secondary side analysis).

.36,

LIS o
\5.48.
87
1. 20.
1821

A1l the activity released is mixed instantaneously with the entire
reactor coolant volume.

The primary to secondary leak rate is 1 gal/min.

The iodine partition factor is €1 ©.0\.
MHMWH&-M e duckTion of ¢ lant cooldown by
e iuowd.r’ Fytteon 14 \OWPS ,

All noble gases which leak to the secondary side are released.

The primary and secondary coolant concentrations are at the maximum
allowed by technical specifications.

Based on the foregoing model, the primary and secondary side releases may be
calculated as well as the offsite doses. The doses, given in Table 15.4.8-2,

15.4-35
§-84



Table 15.4.8-2 (Page 1)

Parameters for Postylated Rod Ejectic

i
s - L SN

Data and assumptions used to estimate
radioactive source from postulated ace~
cidents

Power level (Mwt)
Percent of fuel defected

Steam generator tube leak rate prior

to and during steam dump (gpm)

F"

319 percent of
fuel rods in core

Fatled fuel

Activity released to reactor coolant
from fatled fuel and available for
release
50
Noble gases +6- percent of
core gap inverntory
Ao
lodines 0 percent of
core gap inventory
0.C
Melted fuel -B-2% Dercent of core

Activity released to reactor coolant
from melted fue! and available for
release to containment

n.0O
Noble gases 8+-¢b- percent of
core inventory

O
( =

lodines &-+pb-percent of
core inventory

lodine Fractions (organic, Regulatory
elemental, and particulate) Guide 1.4
Data ard assumptions used to estimate
activity releasad

Containment Free volume (ft') .015E+06

Containment leak rate 0.3 percent of

containment vol= f containment

ume per day, ] day,

0<t<24 hr




Table 15.4.8-2 (Page 2)

' Parameters for Postul K fon Accident Analysi

nservati Realistic

0.15 percent of 0.025 percent
containment vol= of containment

' ume per day, volume per day,
t>248 hr t>24 hr
¢. Bypass leakage fraction 0.07 0.07
a0l
d. lodine partition factor for steam B .
relcese
e. Offsite power Lost -
Plan¥ e kiowyy D secorviar /\‘n('SvB 2.
f. ~5§oon~duap-£aou~nof¥o£— 44500 .
Ar—Duration-of dump from rettef-vatves- 180 -
oee)-
3. Dispersion data
a. Distance to exclusion area boundary (m) 762. 762.
. b. DOistance to low population zone (m) 6096 6096 .

¢. x/Q at exclusion area boundary (sec/m?)
0=2 hrs 5. 5E~04 1.3E~04

d. x/0 at Tow population zone (sec/m?)

0-8 hrs 1,8E~0S 6.2E-06
824 hrs 1.2E~08 5. 4E~06
i=4 days 4. 3E-06 2.5E-06
d+days 1.2E~06 9.7E-07
4, Dose data
&. Method of dose calculation Regulatory same
Guide 1.77 :
p. Dose conversion assumptions Regulatory Guides same
1.4 and 1.109
¢. Doses (Rem)
Primary side
. Exclusive area boundary o |
Whole body PR 2 T E-
Thyrotd 55 5.9

11/89 Update
8~85a



Table 15.4.8-2 (Page 3)

Parameters for Postulated Rod Ejecticn Accident Analysis
nser {

Low populetion zone oo
Whole body —%f+£—ee—3'¢5”<—
Thyroid e L TE"|

Secondary side
Exclusion area boundary
whole body “3-36-02 <. &
Thyroid A TR
Low population zone s
Whole body reepy /CE~I
Thyroid

8-86

11/89 Update
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Dffsite Dose Conseauences

‘ The offsite radiological consequences of a LOCA are calculated based on the
following assumptions and parameters:

1. 100 percent of the core noble gases and 25 percent of the core fodines are
released to the containment atmosphere,

™

50 percent of the core 10dines arc deposited in the s P,
The w6 ve chem ica) s'wu Fraction 15 €91 Lhmawtal, 0.0 (A

w. & Annulus activity which {s exhausted prior to tha time at which the annulus
reaches & negative pressure of =0.25 in. w.g. 1s unfiltered,

- rtiewatn  asvel 0.0 "3"""-

5. K. ECCS leakage begins at the earliest possible time sump recirculation can
begin.

£ B ;CCS 1o|klgenoccurs at twice the maximum operational Teakage, Plse iwclachad is \eaXug
forn o Gredt Tallule [HIBI. Compomantt, Tre Wekume 14 Camblsr Vet /U’ AvSwmaed To bR
30 n,.\\ou' Ll ST o ) S‘Q\I‘T B T e “wih abtve, g Loc.‘. onith \g\ﬁ'.u\ e de Ll At L

7. Bypass leakage is 7 percent,

€,7 The effective annulus volume 1s 50 percent of the actual volume.

. F  The annulus filters become fouled at 900 seconds resulting in a 15 percent
reduction in flow.

Elementa) fodine removal by the ice condenser begins at 600 seconds and
continues for-??f?r& seconds with a removal efficiency of 30 percent. " A
}

“- ¥i. One of the containment afr return fans is assumed to fail,

2. 11. The containment leak rate is fifty percent of the Technical Specificztion
limit after 1 day.

> . lodine partition factor for ECCS leakage is 0.1 for the course of the
accident,

1. V5. No credit is taken for the auxiliary building filters for ECCS leakage.

15 18, aniters—fail——Thenefore, —purges-
Todima. femoval trad it Con i w30 S 1w
) 'ﬁw Fd" ﬁlm‘ﬁ\ QNA f‘\l‘* e late, l‘d\l\‘ 5 F ’J

The doses are presented in Table 15.6.5-9 and are within the Hﬂ-ﬂ—o-faum.., valay o1
10 CFR 100.

15.6~18 1988 Update
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Control Room Operator Dose

The maximum postulated dose to & control room operator is determined based on
?ﬁi“?ﬂ ases of a Design Basis Accident. In addition to the parameters and
assumptions listed above, the following appiy:

2,800
1. The control room pressurfzation rate is 6%069-cfm; the filtered recircula~
tion rate 1s 2,000 cfm. 1,200 «Fae sarves e Couwtrel favn= oe (Luble wed

elecX el pauetcutiom~ Moemy ),
2. The unfiltered inleakage into the control room is 10 ¢fm.
3. Other assumptions are listed in Table 15.6.56-10,
15.6.6 A NUMBER OF BWR TRANSIENTS

Not applicable to Catawba.

15.6~19 11/89 Upcate
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Table 15.6.5-9 (Page 1)

Parameters for LOCA Offsite Dose Analysis

Data and assumptions used to estimate
radicactive souice from postulated
accidents

a. Power level

b Fail fuel
rods in core

. Activity released to reactor coolant
from failed fuel and available for
release

Noble gases
activity

lodines
activity

d. lodine fractions (organic, elemental,
and particulate)

Data and assumptions used to estimate
activity released

a. Containment free volume
Upper containment volume (ft3)
Lower containment volume (ft?)
Total containment free volume (ft3)

b. lodine activity released to
containment

c. Containment leak rate

d. Bypass leakage fraction

e, Annulus ventilation iodine filter
efficiency

Conservative

3565.

100% of fuel
rods in core

100% of core
activity

50% of core
activity

Regulatory Guide
1.4

6.70+05
3.45E+06
1.015E+06

25%
0.3% of contain-
ment volume per
day, O<t< 24 hr
0.15% of contain-
ment volume per
day, *>24 hr

0.07

95%

Realistic
3565,

2% of fue)
2% of core
2% of core
same

same

same

same

same
0.05% of con-

tainment volume
per day, 0<t<24 hr

0.025% of con-
tainment volume
per day, t>24 hr

0.07

99%

1988 Update



Table 15.6.59 (Page 3)
Parameters for LOCA Offsite Dose Analysis

Doses (Kem)

Case 1 (with ECCS lTeakage)
Exclusion Area Boundary
whole Body
Thyroid
Low Population Zone
whole Body
Thyroid

Case 2 (Without ECCS leakage)
Exclusion Area Boundary
wWhole Body
Thyroid
Low Population Zone
whole Body
Thyroid

8=-90

Con

r 1y

et

Realistic

A

1. 3E42

1o

3.2E%)

a.\

1«2€%2

bol

I.D EA |

11/89 Update




3. DOispersion data - Control room intake

x/Q (sec/m’)

0+8 hrs

8=24 hrs

1=4 days

4+ days
4. Dose data

a. Method of dose calculations
b. Dose conversion assumptions
¢. Doses (Rem)

whole body
Thyreid

‘||II’ Skin

Table 15.6.5-10 (Page 2)
. Parameters for LOCA Control Room Dose Analysis

Conservative Realistic
9. 9E~04
7.2E-04
5, 1E-04
2.8E-04

Scandard Review
Plan 6.4

Regulatory Guides
1.4, 1,109

B e T
PrE+ L mEs |
etpede o84

11/89 Update
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