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Abstract

During pressurized water reactor shutdowns, drastic changes in primary loop thermal-hydraulic
and hydrochemical conditions trigger massive release of activated corrosion products (ACPs) de-
posited on core and loop surfaces. This significantly elevates coolant radioactivity concentrations,
thereby increasing radiation exposure for maintenance personnel and potentially delaying over-
haul schedules. This study investigates the oxidation process during typical shutdowns of pressur-
ized water reactor. A mathematical model for calculating ACP source terms under shutdown oxida-
tion conditions was established. A corresponding functional module was developed based on the
CATE3.0 program, enabling the CATE program to perform full-lifetime simulations for both steady-
state operation and transient shutdown conditions of pressurized water reactors. Subsequently, the
enhanced CATE program was employed to calculate a typical pressurized water reactor primary
loop case study. A systematic analysis was conducted on the activity concentration variations of
representative ACPs nuclides 58Co and 9°Co with respect to reactor operating time and parameters.
Results indicate: during steady-state operation, the activity concentration of >8Co initially increases
before reaching equilibrium, while that of ¢°Co continues to rise; During the oxidation operation
phase after shutdown, both 58Co and ¢°Co exhibit similar trends: activity concentrations rapidly in-
crease by one to two orders of magnitude after 30% H:0: injection, with calculated peak values
closely matching measured values from nuclear power plants. During the purification phase, peak
concentrations of both 58Co and 6°Co decrease by approximately 90%, significantly suppressing re-
deposition. This study provides a viable simulation tool for calculating the source terms of activated
corrosion products under shutdown conditions of the pressurized water reactor. Its analytical re-
sults offer valuable reference for source term control and radiation protection optimization at nu-
clear power plants.
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Figure 1. Activity concentration variation of *Co and ®*Co during reactor shutdown [7]
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Figure 2. Schematic diagram of different forms of corrosion products
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Figure 3. Schematic diagram of mass transfer behaviors of corrosion products
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Table 1. Thermal-hydraulic parameters variation during shutdown phase of a typical pressurized water reactor

= 1. AREKHEEHER AT K NSHENE

M B BECC) & /1(MPa) S/ E (ml/kg) TR B (ppm)
P HESE— BT EL 291~177 15.5~2.7 5.0~2.5 2200~2400
S HEE B B 177~177 2.7~2.7 2.5~0.5 2400~2400
1 HESE =B B 177~80 2.7~2.7 0.5~0.5 2400~2400
FULIBITR B 80~60 2.7~2.7 0.5~0.0 2400~2400
AR B 60~25 2.7~0.1 0.0~0.0 2400~2400
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Table 2. Operating parameters of the primary circuit in a typical pressurized water reactor
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F (Rl EN AR m? 2.06E+02
P Tl % n/(m?-s) 1.86E+18
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Table 3. Water chemistry parameters of the primary circuit during reactor shutdown
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e oy A Ni JCE P Co JGH T Fe JLH VM B 7 BUR K A A0S T AL BE 2114 )5
pH  KJE(@mol/kg) ¥JE (mol/kg) ¥ (mol/kg) (cm?/s) ZH(c/s) Z ¥ (cm/s)

fEHESE— B 51073 7.24E-08 1.37E-08 7.26E—07 1.79E-04 9.23E-04 6.23E+00
IS B 47194 5.02E-06 1.57E-07 1.22E-05 8.59E-05 5.01E—04 3.30E+00
S =B 47194  5.02E-06 1.57E-07 1.22E-05 8.59E-05 1.64E—04 1.17E+00
AAIBITHBE 46188 3.16E-05 3.10E-07 1.52E—-04 2.92E-05 1.15E-04 8.39E-01
LB 45828 3.11E-06 4.17E-08 2.88E—09 2.09E-05 9.23E-04 6.23E+00
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Figure 4. Activity concentration variation of 3Co in the coolant during steady-state operation phase
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Figure 5. Activity concentration variation of ®Co in the coolant during steady-state operation phase
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Figure 6. Activity concentration variation of ¥Co in the coolant during shutdown oxygenation operation phase
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Figure 7. Activity concentration variation of ®°Co in the coolant during shutdown oxygenation operation phase
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