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Abstract

The condensate system is one of the main components of the second circuit of the nuclear power
plant. The loss of condensate water will cause the deaerator water level to decrease, which will
cause the feed pump to trip and affect the SG water level. The current control strategy for conden-
sate pump tripping at the nuclear power plant is to rapidly reduce the load to reduce the main
water supply demand of the nuclear island and stabilize the deaerator and SG water level. Taking
advanced pressurized water reactor AP1000 as an example, this paper analyzes and calculates the
tripping condition of condensate pump by coupling the one-two circuit with FLOWNEX and RELAP
software. The calculation results show that after the condensate pump jumps off the pump, the
water level of the deaerator will drop at a rate of 0.009 m/s. After 148 s of operation, the feed
pump will trip due to the low water level triggered by the deaerator, and the main water supply
will be completely lost. At 186s after operation (38 s after total loss of main feed water), the reac-
tor was shut down due to low SG water level. If the SG water level protection system is not respon-
sive, there is a risk of shutdown due to low SG water level before the main feed is completely lost.
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Figure 1. Coupling diagram
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Figure 2. Calculation flow dlagram of coupled model [11]
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Table 1. Calculation error of key parameters at full power [12]
= 1. HINFE(100%FP) F XS HITHIRE[12]

24 Gargih THEAE WRE%
RIBHEAT)ZR /MWL 3400 3400 0
TR E/m h 17,886 17,626 1.45
B B HEIZAT R J1/MPa 15.4 15.3 0.65
I e HE R E/C 280 280.43 0.15
HEOS DR E/C 321.1 323.06 0.6
IR — IR B/ °C 343.3 344.9 0.46
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Continued

F AR i Ekgh™ 6,799,000 6,774,120 0.037

A SG H H % /)/MPa 5.34 5.31069 0.54
T4 K E/kgh™! 6,799,000 6,840,000 0.6

EEELN D& /kgh ™! 6,606,298 6,563,065 0.65

fRJEFN D E/kgh™! 4,510,748 4,507,702 0.067

EaE KR /kgh™! 4,080,428 4,082,416 0.048

F#A K J1/MPa 5.34 5.38 0.75

—IHl F 47K J1/MPa 6.52 6.52 0.00
KR4 2% 5 J)/MPa 0.941 0.935 0.64

FARRETC 268.6 268.6 0.00

FLKIREE/C 226.7 226.7 0.00

L KIREE/C 28.5 28.5 0.00

3. TRitHE
3.1. B EERIZE

WIESEAT T I SIB AT T, NEIREHEREIIENT, BALET 1 s J5 A uiBtst KR R A& M
WA . B 2 7K 5 DR A 08 Rl 4 K T e A K A A R B, AT 7K e 482k, SG /KA FIE %
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Table 2. Control logic
= 2. 1THIiEEE

WIGGIZAT L WIRIBAT
k2t 7K SRR N 1) BTG 1s
R R 75
HIKEMRES BRI KAAET 1.5 m
1EHEE S SG KA T KA 25% (B 1.25 m)

3.2. REKFREARBRSSHTE

3.2.1. ERFRKRE

WILRTH D) 2T 1 s Ja S KRB IR, BREAESR R LAt KIE, 18 SG KM IRYP RAMEM T, &
IR RS YEFFAE 1890 ke/s 247, BREEZE/KAILL 0.009 ny/s 3R R %, LA EHYERRE 1890 kg/s
FEAHRBAE, (EIZAT 148 s Ji, Z/KIEH T RRAS Al A ARARK ALk i, ELhKEadk, FLHKE
FpREZR KA a0 3 FIE 4 Fios.

A KRB G, BT BB T 1890 kg/s MLV E 8, IR KREIKALEEK
L RSl fEIB1T)E 148's, FAKIEBRR, FEHKTEEWER, SGIKALELL0.098 m/s IR R, 1F
IB1T )5 186 s (ELA/KTEATERIG 38 s)IH SG /KNARAK I KA HE, 2 J54iBh4h/KIE3), SG KA A28
Wik 5 Fios.
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Figure 3. Main feed water flow
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Figure 4. Level of deaerator
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Figure 5. Level of SG
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3.2.2. FNYERHKRE

WILRTH N ZIBAT 1 s JRBREE KRB AL, BRE SRR ATt K)a, Wik SG KM Ry KRG ARMN, F
KRB 1500 kg/s, FEIEZ G B A R AR KA PRI FFAR . BREE KA LA 0.0073 m/s FHH 2T [,
1M E AR E FONR R LI 3R AR R, B L B 2R AT RN, BEMFE MRS KREAR L, SG
IKAL R BTSN TR o 7E 190 s 2o A7 BR A AR K AL S BARMR/KAL il A 5 /K Z2 Bk, TR e 4k, F4K
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Figure 6. Main feed water flow
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Figure 7. Level of deaerator
Bl 7. BrREERKA

BT BEAE K2, E4KIMEREE 1500 kg/s TR AR KAL FRET T~ FE, 1328 4E+F
1E 1900 kg/s £ 47, SG KA 4EFEAME, 2L 0.023 m/s HIER FF%, FHAE 160 s (457K Z= Bk B 8] 190 s)f
BHEEE SG RARK AL A A A5 HE, SG /KA AR an 1€ 8 Frow .
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FHKMEZR 1890 kg/s, BREAKAZLL 0.009 m/s PR T EIEIEAT 148 s J5, /KB TRREAE AR
ARk, FhKFEAE R, EELHKTEERSG 38 s (1B1T)5 186 5), RINHER SG KA ARAK T
RAATHE

MERAIKEBE S, B A RARMENE, AT A RAE, & SG KALRY RG KA B, F
ek E R R, BREEARKALEL 0.0073 nvs (IR NI, 78 190 s oA BRAEES KA % AR /K A fith & 45 7K 2R
Bhiw, ELR/KTEAWER. M SG AKALE H L4 /K 2 2R E AL, 2LL 0.023 m/s MIEE T, JHTE
160 s (457K ZZ Bk I (8] 190 s) I i B SGARAK/K AL filh & 45 HE o AAAE F 457K 58 4 R Z 1T Al SG /K AZAIK
ER T 457 HE (17 JXURS: o
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