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CUSTOMER DISCLAIMER

IMPORTANT NOTICE REGARDING CONTENTS AND USE OF THIS DOCUMENT

PLEASE READ CAREFULLY

Exxon Nuciesr Company's warrsnties and reprasentations conceming the
subjest matter of this document ae those st forth in the Agresment
between Exxon Nuciesr Company, (nc. and the Customer pursuant 0 which
this document 5 msusd. Accordingly, axcept as otherwiss axpressly provided
in such Agresment, neither Exxon Nuclesr Company, Inc. nor any person
scting on 13 behalf makes ay waTENTy OF rERFESSNTATION, expressed OF
implied, with respect t0 the accurscy, completeness, or ussfuiness of the
information contained in this document, or that the use of any nformanon,
wparstus, method or process disciossd in tha document will not infrings
privately owned rights; or meumes any llabilities with respect to the use
of sy information, apperstus, method or process disciosesd 1 Tis document.

The nformation contained herein s for the sole ume of Customer

In order t© avoid impswment of rights of Exxon Nuciesr Company, Ine
in patants or invenrnons which may be inciuded n the nformsuon comtaned
n this documant, the recipient, by 13 accaptance of this document agrees
not o publish or make public use (in the patent use of the wrm) of such
imformation untll 0 authorized in writing by Exxon Nuclesr Company, Ine.
or untll after six (68) months following Wrminstion or axpirstion of the
sforesmd Agresment and any extenmon thersof, uniems otherwise sxpressly
provided n the Agresment. No rights or licensss n or 0 any patents
e mplied by the fumshing of this document.
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Table 1.1 Kewaunee LCCA-ECCS Analysis Results - K(Z)

Analysis Results

Peak Clad Temperature (PCT), Of***

APCT for UPI, OF

Time of PCT, sec.

Peak Clad Temperature Location, ft.

Local Zr/Hp0 Reaction (max.), %*

Local Zr/H20 Location, ft. from bottom
Total Hp Generation, % of Total Zr Reacted
Hot Rod Burst Time, sec.

Hot Rod Burst Location, ft.

Peak Power Location, ft.

Calculational Basis

License Core Power, MWt

Power Used for Analysis, MWL**

Peak Linear Power for Analysis, kW/ft**
Total Peaking Factor, FTQ

Enthalpy Rise, Nuclear, ﬂIH

Steam Generator Tube Plugging (%)

* Computer value at 380 seconds

BOC

1887
-72
59
7.63
2.6
7.63
<1.0
42
7.63
7.63

1650
1683
14.4
&-23
1.79
5.00

i Including 1.02 factor for power uncertainties

Lib Includes APCT for UPI

EOC 10000 MWD/MTM Peak
Average Rod Exposure

1816
-76
150
10.88
2.5
10.88
<1.0
44.7
10.125
10.25

1650
1683
14.0
2.16
1.55
5.00
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2.0 LIMITING BREAK LOCA ANALYSIS

This report provides the results of a LOCA-ECCS analysis performed for
Kewaunee with total steam generator tube plugging up to 5%. The analytical
techniques used are in compliance with Appendix K of 10 CFR 50, and are
described in the ENC WREM models(11), and the Emergency Core Cooling System
Evaluation Model Updates: WREM-11(12) WREM-11A(13) and Exem/pwr(5,18),

A LOCA break spectrum analysis was performed for a similar Westinghouse two-
loop plant, with results reported in XN-NF-78-46(1). The limiting LOCA break
was determined to be a large double-ended guillotine break of the cold leg,
with a discharge coefficient of 0.4 (0.4 DECLG).

2.1 LOCA Analysis Model

The Exxon Nuclear Company EXEM/PWR ECCS evalvation model(5) was used to
perform the analyses. This model consists of the following computer codes:
RODEX2(6) code for initial rod stored energy and internal fuel rod gas
inventory; RELAP4-EM(14) for the system blowdown and hot channel blowdown
calculations; CONTEMPT-LT/22 as modified in CSB 6-1(15) for computation of
containment backpressure; REFLEX(5,7,16) for computation of system reflood;
and TOODEE2(5:7,17) for the calculation of final fuel rod heatup. The quench
and heat transfer coefficient models used in the reflood portion of the
transient are based on the Fuel Cooling Test Facility (FCTF) test data and are
reported in reference 18. The NRC upper plenum injection (UPI) interim model,
developed by the NRC Staff(8) and modified by Westinghouse(9), was utilized.

The Kewaunee nuclear reactor is a two-loop Westinghouse pressurized water
reactor with an upper plenum injection and dry containment. The reactor
coolant system is nodalized into control volumes representing reasonably
homogeneous regions, interconnected by flow-paths or "junctions" as described
in XK-NF-77-25(A)(15), The system nodalization is as depicted in Figure 2.1.
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The pump performance characteristic curves are supplied by the N555 vendor.
Five percent of the steam generator tubes are assumed to be plugged in each
generator. The transient behavior was determined from the governing
conservation equations for mass, energy, and momentum. Energy transport,
flow rates, and heat Lransfers are determined from appropriate correlations.
System input parameters are given in Table 2.1.

The reactor core is modeled with heat generation rates determined from reactor
kinetics equations with reactivity feedback and with decay heating as
required by Appendix K of 10 CFR 50. The LOCA/ECCS analysis presented in this
report supports the current K(Z) function developed by the NSSS vendor for the
portion of the function defined by the large break LOCA. Where small break
LOCA is limiting, the K(Z) curve is defined such that the Linear Heat
Generation Rates (LHGRs) determined by the NSSS vendor analysis are un-
changed. The K(Z) function is shown in Figure 2.36. The analysis of the loss-
of-coolant accident is performed at 102 percent of rated power. The fuel
design parameters are shown in Table 2.2.

LOCA/ECCS calculations were performed at BOC and EOC conditions to bound the
power distributions anticipated to occur. Two power shapes representative of
the most top peaked anticipated at BOC and EOC conditions were chosen from a
study of a number of different reactors and cycles. The BOC axial power
distribution (Figure 2.2) was analyzed in conjunction with a conservative
value for Fpy in excess of the Technical Specification limit. This was done
in order to be able to analyze with a peak FQ at the desired Technical
Specification limit. The EOC axial power distribution (Figure 2.3) was
conservatively increased in value in the top portion of the core and decreased
at the bottom portion of the core in order to be anaiyzed with a peak FQ at the
Technical Specification limit and with an F,y value equal to the Tecnnical
Specification limit. The EOC case was analyzed with a conservatively low rod
burnup. The use of a low rod burnup resuits in a higher stored energy than
would be anticipated to occur in conjunction with the axial power shape
utilized. LOCA analyses using cosine-shaped axial power peakings were not
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performed since analyses with these shapes were previously reported. These
power shapes are shown in Figure 1.1 and compared to the FQ(Z) limit.

2.2 Results

Table 2.3 presents the timing and sequence of events as determined for the
large guillotine break with a discharge coefficient of 0.4. Comparison of
these results with the previous LOCA-ECCS analysis for ENC fuel shows very
slight change in the event times. Figures 2.4 through 2.10 present plotted
results for system blowdown analysis(4). Unless otherwise noted on the
figures, time zero corresponds to the time of break initiation. Figure 2.11
presents calculated containment backpressure time history(4). Figures 2.12
through 2.23 present results for the hot channel blowdown calculations.
Figures 2.24 and 2.25 show the normalized power calculation resuits. The
reflood calculation results are shown in Figures 2.26 through 2.33.

The maximum peak cladding temperature (PCT) calculated for the 0.4 DECLG break
at BOC is 18879F (Figure 2.34). This value includes a 729F temperature
reduction associated with the use of the NRC interim upper plenum injection
(UPI) model as modified by Westinghouse. The maximum local metal-water
reaction in this case is 2.6% after 380 seconds, and the total core metal-
water reaction is less than 1%. The PCT location is at an elevation of 7.63
feet from the bottom of active core. For ENC fuel at EOC, the PCT is 18160F
(Figure 2.35) including -709F for UPI effect, occurring at 10.88 feet
elevation relative to the bottom of the active core. The local metal-water
reaction is 2.5%, with a total metal-water reaction of less than 1%. The peak
cladding temperatures shown in Figures 2.34 and 2.35 do not include the UPI
corrections.



Table 2.1

Primary Heat Output, MWt

Primary Coolant Flow, lbm/hr

Operat ing Pressure, psia

Inlet Coolant Temperature, OF

Reactor Vessel Volume, ft3

Pressurizer Volume, Total, ft3

Pressurizer Volume, Liquid, ft3

Accumulator Volume, Total, ft3 (each of two)
Accumulator Volume, Liquid, ft3

Accumulator Trip Point Pressure, psia

Steam Generator Secondary Heat Transfer Area, ft?
Steam Generator Secondary Flow, lbm/hr
Steam Generator Secondary Pressure, psia
Reactor Coolant Pump Head, ft (Design)
Reactor Coolant Pump Speed, rpm (Design)
Moment of Inertia, 1bm-ftZ/rad

Cold Leg Pipe, 1.D., in

Hot Leg Pipe, 1.D., in

Pump Suction Pipe, 1.D., in

* Primary Heat Output used in RELAP4-EM Model =
** Includes 5% SG tube plugging.

Kewaunee System Data

XN-NF -85-98

1650*

6.82 x 107
2,250

534

2406

1000

600

2000

1250

714.7
48,925%*
3.56 x 106
750

277

1190

80, 000
21.5

29

31

1.02 x 1650 = 1683 MWt.



Table 2.2

Cladding, 0.D., in.
Cladding, 1.D., in.

Cladding Thickness, in.

Pellet 0.D., in.
Diametral Gap, in.
Pellet Density, % TD

Active Fuel Length, in.

Rod Pitch, in.

Fuel Design Parameters

0.424
0.364
0.030
0.3565
0.0075
94.0
144.0
0.556

XN-NF-85-98
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Table 2.3 Kewaunee LOCA-ECCS Analysis Results,
Event Times

Event Time (sec.)
Start 0.00
Break Initiation .05
Safety Injection Signal .65
Accumulator Injection, Broken Loop 4.8
Accumulator Injection, Intact Loop 8.8
End-of-Bypass o I
Safety Injection Flow 25.7
Start of Reflood 36.9
Accumulator Empties, Intact Loop 43.1

Peak Clad Temperature Reached -
BOC 59.0
EOC 150.0
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