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1.0 INTRODUCTION AND SUMMARY

This document shows, by an example large break LOCA ECCS calculation,
the system input model and example results that Exxon Nuclear Company (ENC)
has obtained using the ENC EXEM/PWR ECCS Evaluation model for a Combustion
Engineering (CE) 2x4 reactor operating at design power. Calculated results
are demonstrated to meet the criteria specified by 10 CFR 50.46 and to be
performed by an approved ECCS evaluation model in conformance to 10 CFR 50,
Appendix K.

This document presents the results of a large break analyses for a
Combustion Engineering (St. Lucie 1) reactor using the ENC EXEM/PWR ECCS
mode] at a 2700 MWt power, 2250 psia pressurizer pressure, and 5499 core
inlet temperature with ENC 14x14 reload fuel. The postulated loss-of-
coolant accident (LOCA) evaluated for the example calculation was the
double-ended guillotine contfiguration for one pump discharge line using a
discharge coefficient of 1.0.

The analysis involved calculations using the following ENC EXEM/PWR
code versions(1:2,3,4) RELAP4-EM/ENC2BFC for blowdown and hot channei
analyses, REFLEX(3:4.8) for core reflood analyses, CONTEMPT LT/22 for
containment backpressure analysis, and TOODEE2/APRB2(4) for heatup anal-
ysis. FLECHT/ENC?2 multxpllern,(l) developed for PWR's with containment

backpressure similar to calculations for this CE plant geometry, were used

in these analyses.
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Table 2.1 t
Primary Heat Qutput, MWt
Primary Coolant Flow, lbm/hr
Frimary LoOf lant V¢ me, 1t )
Operating Pressure, psia
Inlet Coolant Temperature, Yi
Reactor Vessel Volume, ftJ
Pressurizer Volume, Total, ft<
Pressurizer Volume, Liquid, ft2
Accumul ator v'u‘r."Y‘P‘ Eal. T > ne nf
Accumulator Volume, Liquid, ft
Accumulator Pressure, psia
Steam Generator Heat Transfer Area, fte

Steam Generator Secondary Flow, lbm/hr

L

team Generator Secondary Pressure, ps
Reactor Coolant Pump Head, ft
Reactor Coolant Pump Speed, rpn
Moment of lnertia, ibm-tt¢/rad
Cold Leg Pipe, 1.D., n
Hot Leq Pipe, D., n
Pump Suction Pipe, | S
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3.0 HOT CHANNEL CALCULATION

3.1 MODEL DESCRIPTION

The RELAPA-EM/HOT CHANNEL model 1is used 1) to calculate the
max imum power fuel rod heatup occurring during the blowdown phase, and 2) to
establish the temperature profile and extent of the metal-water reaction at
the EOBY for input into the fuel rod heatup code TOODEEZ.

The hot channel model employed was nodalized to be compatible
with both RELAP4-EM/BLOWDOWN and TOODEE?. The model contains eight volumes
and eleven junctions as depicted in Figure 3.1. Volumes 1 and 8 (lower
plenum and upper core) correspond to RELAP4-EM/BLOWDOWN, Volumes 50 and 8,
respectivzly. RELAP4-EM/HOT CHANNEL wuses the time dependent volume
conditions from RELAP4-EM/BLOWDOWN for ‘hese volumes.

The model uses 31 heat slabs. Six of these represent the average
core and hot assembly, and the remaining 25 heat slabs are allocated to the
hot fuel rod. The hot fuel rod slabs are of varying height, with a
concentration of 3-inch slabs around the point where the peak temperatures
are expected, as shown in Figure 3.2. The heat slab nodalization of the hot
fuel rod i1s identical to the nodalization used in TOODE:Z2.

A skewed axial power profile was chosen to represent the
conditions for LOCA. From this profile the axial power profile input used
in the blowdown and hot channel models was developed. This axial profile

was applied to both average and hot fuel assemblies. Axial peaking was 1.38

and tota)l peaking was 2.472.
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6.0 HEATUP CALCULATION
6.1 MODEL DESCRIPTION

The time dependent fuel rod thermal analysis program TOODEE? is
used to determine both the PCT and extent of metal-water reaction during
the refill and reflood periods of a PWR LOCA. The hot fuel rod from the hot
assembly is modeled with a total peaking factor of 2.42. The hot fuel rod
16 divided into 25 axial nodes as shown in Figure 6.1, As in the hot fuel
rod nodalization used in the hot channel analysis, the nodes are of varying
heights with the smailer nodes (3-inch) concentrated in the region of the
expected maximum temperature. The fuel rod is divided into ten radial
nodes, comprised of two cladding nodes, seven equally spaced fuel nodes,
and one fuel/gap node. The radial nodalization is shown in Figure 6.2. The
axial power distribution corresponds to that used in RELAP4-EM/HOT
CHANNEL .

The code requires input from two sources, the initial fuel rod
temperature distributions and depths of metal-water reaction from RELAP4-
EM/HOT CHANNEL calculated values at the end-of-bypass. The time dependent
fluid conditions (flooding rate, inlet enthalpy, etc.) are taken from
REFLEX results. DOuring the period trom end-of-bypass to beginning of
reflood, the ENC radiation model (Section 7.0 in Volume 1, XN-75-41)(1) 1S
used.

The heatup portion of the transient has been calculated by the
method as reported in XN-75-41(1), xN-76-27(2), and xN-NF-B2-20(P)(4)

which includes the NRC swelling and rupture model and the EXEM/PWR steam
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7.0 CONTAINMENT BACKPRESSURE CALCULATION

The containment backpressure for the reflood period of the postulated
LOCA was evaluated in accordance with the discussion presented in XN-75-
41, Supplement 5, Section 4.6. A containment analysis was performed using
the computer code CONTEMPT-LT, Version 22 modified as described 1in
Supplement 5, Revision 1, of XN-75-41{1) and XN-NF-79-18(9),

The containment analysis considered the equivalent double-ended cold
leg guillotine break using the mass and energy release from the RELAP4-EM
blowdown analyses. Table 7.1 summarizes some of the pertinent input data
such as containment volume, initial pressure and temperature, heat sink
¢imensions and properties, and capacity and initiation times for safety
features.

The condensing heat transfer coefficient is modeled in accordance
with Branch Technical Faosition CSB 6-1, "Minimum Containment Pressure
Model for PWR ECCS Performance Evaluation."(12) Ten passive heat sinks
were modeled.

The mass and energy from the blowdown analysis is input through the
end-of-blowdown, then assumed zero until mass release resumes during the
reflood period; the mass and energy from the reflood analysis is input
through the remainder of the transient.

The predicted pressure history for the reflood period is shown in

Figure 7.1.
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