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Abstract

The ATWS (Anticipated Transients Without Scram) is the major concern resulting in damaging
of the reactor core and releasing of a large amount of radioactive fission products. For
Westinghouse PWRs, the requirement as stated by the ATWS rule, 10 CFR 50.62, should be met
by the installation of ATWS Mitigating System Actuation Circuitry (AMSAC) to initiate a
turbine trip and actuate auxiliary feedwater system independent of the existing reactor
protection system. Recently, a licensing application of AMSAC ingtallation was proposed for



the Kori Unit 1 nuclear power plant based on WOG methodology. In this study, to calculate the
peak RCS pressure, the systems of Kori-1 are modeled, consisting of 152 hydrodynamic
volumes, 18 junctions, and 55 heat structures, and the RELAP5/Mod3.3beta computer code
with point kinetics core model was used. The results showed that the Moderator Temperature
Coefficient (MTC) is the critical role to the peak RCS pressure. Assuming —6.1 pcm/°F MTC
for Kori-1, the peak pressure for loss of feedwater with AMSAC generated by 21% SG Lo-Lo
level (25 second AMSAC signal delay) starting from the initial full power operation early in
core life did not exceed the ASME Code Level C service limit criterion (21.96 MPa for
Westinghouse plants), but single failure of PORV capacity results in exceeding 21.96 MPa. Also,
the alowable response time of turbine or auxiliary feedwater trip in addition to the signa
actuation delay could have an insignificant impact on the peak RCS pressure. The peak pressure
for —5.3 pcm/°F MTC corresponding to 1609.24 ppm boron concentration was 21.86 M Pa near
the limit, while for 1800 ppm was above the limit. Furthermore, if the AMSAC is generated
with higher SG level setpoint (30%), the peak RCS pressure is decreased more effectively more
than 90 psia compared to no AMSAC. For the turbine trip delay, the RCS pressure
monotonously increased, but this trend appears restrictively for the auxiliary feedwater delay
due to the small flowrate. Therefore, to reduce the peak RCS pressure, AMSAC can give the
effective means to aternatively trip turbine and actuate the auxiliary feedwater not exceeding
the ASME criterig, if the steam generator setpoint is properly determined.
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Event Time (sec)
Main feedwater supply to all steam generator isterminated | 100.0
Initiation of AMSAC signa (SG Lo-Lo level) 152.
Turbineisassumed to trip 177.
All auxiliary feedwater pumps are assumed to start 177.
Power-operated relief valves on the Pressurizer open 180.
Safety valve on the Pressurizer open 195.
Pressurizer fills with water 200.
Peak RCS pressure is reached (21.12 MPa) 2175
2 (40% , 21%
- ,25 AMSAC )
MTC (Boron concentration, ppm) Prcsma (MPa)
95% MTC (1536.76) 21.12
99% MTC (1609.24) 21.85
(1800) 22.80
3 40% (21%
- , —6.1 pcm/°F MTC)
Case PRCSmix (M Pa)
e Reference (21% SG level, 25 sec AMSAC delay) 21.12
e OnePORYV failsto open > 22.57 (>+1.45)
e 60 second Auxiliary feedwater delay 20.97 (-0.16)
e Turbinetrip at 40 seconds (including the dump control) | 21.03 (-0.09)
e Onehaf Auxiliary feedwater flow 20.89 (-0.23)




4 (21% -
Delay time of Aux. Presmax (MPa) Presmax (MPa)
Feed (sec) 40% fixed dump Dump controlled
10 20.83 (-0.29)
15 20.98 (-0.14)
20 21.07 (-0.06)
25 21.12 (Ref) 20.89 (Ref)
40 20.98 (-0.15) 20.97 (+0.07)
60 20.97 (-0.16)
90 20.97 (-0.16) 21.14 (+0.25)
(21% -
Delay time of Turbine | Prcgma (MPQ) Presmax (MPa)
Trip (sec) 40% fixed dump Dump controlled
25 21.12 (Ref) 20.89 (Ref)
30 21.44 (+0.32) 21.05 (+0.15)
40 21.03 (-0.09) 21.04 (+0.15)
6 (21%
- , —6.1 pcm/°F MTC)
e Reference (21% SG level, 25 sec AMSAC delay) 20.89
e OnePORYV failsto open > 22.62 (>+1.72)
e 60 second Auxiliary feedwater delay 21.14 (+0.25)
e Turbinetrip at 40 seconds (including the dump control) | 21.04 (+0.15)
e One half Auxiliary feedwater flow 21.12 (+0.23)
e 30 second delay in AMSAC signal 21.13 (+0.24)




7 40% (30%
- , —6.1 pcm/°F MTC)
Case PRCSmgx (M Pa)
e Reference (30% SG level, 25 sec AMSAC delay) 20.41
e 60 second Auxiliary feedwater delay 20.52 (+0.11)
e 90 second Auxiliary feedwater delay 20.53 (+0.12)
e Turbinetrip at 30 seconds (including the dump control) 20.94 (+0.53)
e Turbinetrip at 40 seconds (including the dump control) 21.22 (+0.81)
e Onehalf Auxiliary feedwater flow 20.43 (+0.02)
e OnePORY failsto open >22.45 (>+2.04)
e 40% SG Lo-Lolevel, 25 sec AMSAC delay 17.83 (-2.58)
e OnePORYV failsto open, 40% SG Lo-Lo level 18.37 (-2.04)
8 AMSAC
MTC (Boron concentration, ppm) Prcsma (MPa)
—6.1 pcm/°F (1536.76) 21.01
—5.3 pcm/°F (1609.24) 22.10
(1800) 22.76
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Figure 1 RELAP5 schematic nodalization diagram for Kori—1
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Figure 2 Moderator Density Reactivity for Boron Concentration
0 100 200 300 400
Time (sec)

Figure 3 RCS Pressure for ATWS (-6.1 pcm/F MTC)
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Figure 4 Loop 1 Steam Flowrate for ATWS (-6.1 pcm/F MTC)
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Figure 5 RCS Cold and Hot Temperature for ATWS (-6.1 pcm/F MTC)
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Figure 7 Total Reactivity for ATWSs (-6.1 pcm/F MTC)
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Figure 6 Loop 1 RCS Flowrate for ATWS (-6.1 pcm/F MTC)
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Figure 8 Nuclear Power for ATWS (-6.1 pcm/F MTC)
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Figure 9 Pressurizer Level for ATWS (-6.1 pcm/F MTC)
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Figure 10 Pressurizer Relief Flowrate for ATWS (-6.1 pcm/F MTC)
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Figurell Steam Pressure for ATWS (-6.1 pcm/F MTC)
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Figure 12 Steam Dump Flowrate for ATWS (-6.1 pcm/F MTC)
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Figure 13 RCS Pressure for Boron Concerations
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Figure 15 Steam Dump Flowrate for ATWS (-6.1 pcm/F MTC, Dump controlled)
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Figure 14 RCS Pressure for ATWS (-6.1 pcm/F MTC, Dump controlled)
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Figure 16 RCS Pressure for ATWS (-6.1 pcm/F MTC, 30% AMSAC setpoint)



	분과별 논제 및 발표자

