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Figure 4. Zion 1 vessel noding for TRAC.
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3. RESULTS

Calculations using TRAC-PIA and TRAC-PDZ were performed using &
COC 176 computer to simulate a 0.10 m-diameter cold leg break in tne
Westinghouse Zion 1 PWR. The TRAC-PIA calculation was concluded 860 s
after the rupture requiring 40 hours of CPU time. The TRAL-PD2 calculation
required 14 hours of CPU time and was concluded at 673 | into the
transient. Both calculations were terminated after initiation of
accumulator flow and reflooding of the core had occurred. A calculation
using TRAC-PDZ was performed using a CDC 176 computer to stmulate a steam
generator tube rupture in the Westinghouse Zion PWR. This calculation was
run for 600 s using 4.5 hours of CPU time and was terminated when safety
injection flow “xceeded leakage into the steam generator secondary. Timing
of maior events for all three calculations is shown in Table 2.

3.1 0.10 m-diameter Cold Leg Break Using TRAC-PIA

The simulated 0.10 m-diameter pipe break occurred at 0.0 s. The
system pressure decreased to 12,82 MPa at 9.0 s which resulted in a reactor
scram and a primary coclant pump trip after a 3.4 s delay. The steam
outlet valves on each steam generator were closed at this time ancd the
feedwater flow ramped off over the next 14 s. Auxiliary feedwater flow was
initiated 1 s after termination of main feedwater fliow.

Upper plenum pressure, shown in Figure 7, ecreased to approximately
6.8 MPa at 50 s which corresponded to the hot leg saturation pressure. The
system pressure remained nearly constant until 250 s when che break fiow
changed from a low ,uality mixture to predominately steam. The increased
volumetric flow rz.= resulted in an increase in the rate of system
depressurization. At 380 s the steam generator secondary pressure equaled
the primary system pressure and the primary system wEpressurization rate
decreased due to primary system and steam generator secondary temperatures
being nearly equal. The system pressure continued decreasing until 770 s
when accumulator fluid quenched the fuel rods. The steam generated from
the quenching of the fuel rods increased the system pressure slightly.
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Figure 7. Upper plenum and steam generator secondary pressure



The steam generator secondary pressure, also shown in Figure 7,
increased at 20 s after the steam outlet valve .as closed and main
feedwater flow decreased. The steam generator secondary began
depressurizing after B0 s due to the mixing of subcooled auxiliary
feedwater with the steam generztor secondary fluid. The secondary side
mass inventory increased approximately 4 times faster than the auxiliary
feed mass flow rate due to mass gained through numerical errors. The
increase ir secondary mass reduced the effect of the auxiliary feedwater
and resulted i1 earlier termination of the auxiliary feed flow cue to
secondary water level recovery. The auxiliary feedwater mixed with the
mass gained from numerical errors, which was at the steam generator
secondary temperature, resulting in a higher overall secondary
temperature., This secondary behavior resulted 1n a decreased primary
depressurization rate and an increase in time to accumulator initiation,

The break mass “low rate, shown in Figure 8, was approximately
900 kg/s initially. The break mass flow rate decreased to 565 kg/s as the
system pressure decreased to the hot leg waturation pressure of 6.8 MPa. A
sharp drop in break flow occurred at 250 s when the loop seal in the broken
loop was swept out. Clearing the broken loop seal permitted vapor flow
from the upper plenum which resulted in a high void mixture at the break
and decreased the break mixture density. The reduced mixture censity &t
the break resulted in a reduction in the mass flow rate as shown in
Figure 8. The instabilities in brezk flow, "tarting at 330 s, were a
result of renoding the seconda-); side of the break tee. The renoding was
performed to reduce the severely restrictive Courant 1imit imposed by the
code. The instabilities were not fed back into the system ana appeared to
have little effect on the remainder of the calcuiation.

Primary coolant flow decreased after the reac. v coolant pumps were
tripped at 12.24 s. Figure 9 shows the flow coastdown and a flow reversal
in the broken cold leg between the vessel and break. ©luid from the
downcomer flowed toward the break until 270 s when the loop seal was Swept
out During the remainder of the calculation flow was into th. vessel due
to steam flow from the upper plenum through the Toop.
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Comparisons of the TRAC-PIA small break calculation with [RAC-PUZ and .
RELAP4/MOD7 calculations and the trends of experimental dav» will e

presented in Section 3.3.

3.2 0.10 m-diameter Cold Leg Breosk Using TRAC-PDZ

This section will discuss the TRAC-PDZ calculation and compares the
results with the TRAC-P1A calculation discussed in Section 3.1. '

The small break transient began with the opening of the break at
0.0 s. The system pressure decreased to 12.82 MPa, the system low pressure
scram setpoint, at 11.0 ¢ with a reactor scram 3.40 s later at 14.4 s, The
primary coolant pumps were tripped and the steam generator outlet valves
were also closed at this time. The main feed and auxiliary feed flow was
simulated the same as was discussed for the TRAC-PIA calculation in
Section 3,1,

The upper plenum pressure, Figure 15, decreased to the situration .
pressure of the upper plenum fluid at about 60 s. The rressure remained

nearly constant during the next 230 s showing only a slight increase from

vapor generation in the core. The primary system continued depressurizing

at 290 s when the loop seal in the broken loop was cleared. C(learing the

broken loop seal permitted vapor from the upper plenum to reach the break,

Increased break volumetric flow resulted in the system depressurizing at a

faster rate. The primary system depressurized to 4.13 MPa at 46Z s and

accumulator flow was initiated. The system pressure showed an increase 1n
depressurization rate at 560 s when cold accumulator fluid entered the

vessel causing condensation in the vessel and & decrease in pressure. ¢

The steam generator secondary wressure, also shown in Figure 15, .
remained 1iwer than the system pressure until 370 s. From 370 s to 440 s
the two r-essures were equal, after 0 s the primary pressure was lower as
the primary system depressurized due to flow through the break. The
auxiliary feedwater flow remained on during the TR/ I-PD2 calculatinn,
cenling the secondary. The mass conservation in the TRAC-PDZ calculation .
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