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Study on Passivation of Primary Circuit of Nuclear Power Plant

Yu Miao, Gu Yu, Zeng Xiaomin, Xu Gang, Gui Luting, Wu Tong

Shanghai Nuclear Engineering Research and Design Institute Co., Ltd., Shanghai, 200233, China

Abstract: It is an important work to forming a dense passivation film on the surface of the
primary equipment in the hot functional test (HFT). The quality of the passivation film directly
affects the radiation source term during the nuclear operation of the power plant. Therefore, it is of
great significance to do a good job in the passivation of primary circuit during the HFT. Chemical
control determines the quality of passivation film. This paper first briefly analyzes the
characteristics of water chemistry of various types of nuclear power reactors in China, and then
analyzes the influencing factors of pH value (pH;) and boron-alkali curve at the operating
temperature of primary coolant. The passivation application examples of four types of reactors in
China are emphatically analyzed, and the chemical control mechanism of passivation film formation
is discussed. Finally, the improvement measures for chemical control during primary circuit

passivation are given.

Key words: Nuclear power plant, Boron-alkali curve, Primary circuit, Passivation
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Tab. 1 Water Quality Requirements during Passivation in

M310 HFT
S WA ¥
pHase: 9.80~10.50
LiOH¥& & /ppm 0.40~2.20
O,V /ppm <0.10 CIRERT120°CHT)
CI'¥ & /ppm <0.15
F ¥/ ppm <0.15
SO, & /ppm <0.15
SiO,¥& & /ppm <0.40
EIFPIRE /ppm <0.10
Naift & /ppm <0.20
H, 1 /ppm <5.00

st — [ fE% ¥4 2050 9L 8 AR g ok 285°C/15.7 MPa,
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Bk 29 Frs .
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Fig. 3 Process Flow of Primary Circuit Passivation during HFT of M310 PWR Unit
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Tab.2 Water Quality Requirements during Passivation in

VVER HFT
ZH4 B E
pHase” 5.6~7.5
pHas” 9~10.5
PHier” 6.9~7.5
CI¥R & /ppm <0.1
F ¥ /ppm <0.1
K ¥ B /ppm® 2.5
0.k /ppm” <0.02
SiOM& EE /ppm <0.2
TR E /ppm <0.2
H#efE/(NmL « kg )® 2.5

H: QBT QMEE; G>120°CHO025K ;. @IRbRIEETE,
NmLIFRHERS T AR

IR SR M BRI A DL 35 AP1000 BY R /K 3
¥ AL PR Al Al T 20 R DL STk [8]

%3 AP1000 ML AT g EE ALK K

Tab.3 Water Quality Requirements during Passivation in

AP1000 HFT
SR FRAE SHE S84 FRAE S5HE
pHaoxc 7.3 O, % /ppm <0.1
pHas.” 9.5~10.1 || Zno* T3k /ppb” 46
SO ¥ &/ppm <0.15 HBOWE/ppm | 500~1000
Cl & /ppm <0.15 H B /(NmL - kg ) 30
F ¥ /ppm <0.15 EIF YU /ppm <2
Li“F5%EE/ppm | 0.63 pHasc® 4.0~5.6
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A B A A S S R R B 45, JEEE A
(0.6+0.1) pm.
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PR R . BR T RPE R A2 2510, Pk
WP TESH GRE. N5 MRRENE. #
P28 GE AR A8 P s A R T2 R i el A 5 It
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4 AR E] oA il 0 L
Tab. 4 Comparison of Chemical Control in HFT of Each PWR Type

i M310FVVER HPR1000 AP1000
EY B BRI A TEREO M4 S
ATy LiOH/KOH LiOH+H, LiOH+H,+Zn

FEALTF AR/ C 260 Hoik 31 E AR B2 I 3R 3 292
BliAL AR [H]/h >300 >300 >336

pHose 9.8~10 9.8~10 9.5~10.1 ({EMfF4.0~5.6)
Li" s K V& EF /ppm 0.5~2.0 ( H#52~5) 252.0 0.3~0.8 ( H#%0.5)
H,BO:¥ & /ppm — 20 500~1000
BRI E /ppm <1 <1 <2
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Tab.5 Comparison of Alkali Dosage Required for Target
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