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ABSTRACT

An 1,500MW advanced power reactor required the standard design approval by a Korean regulatory body in
2014. The reactor has been designed to have a 4-train independent safety concept and a passive auxiliary feedwater
system (PAFS). The full power risk or core damage frequency (CDF) of 1,500MW advanced power reactor has
been reduced more than that of APR1400. However, the risk during the low power and shutdown (LPSD) operation
should be reduced because CDF of LPSD is about 4.7 times higher than that of internal full power. The purpose
of paper is to analysis design alternatives to reduce risk during the LPSD. This paper suggests design alternatives
to reduce risk and presents sensitivity analysis results.
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EDG#III . EDGEIV CV: Containment Vessel

RCP: Reactor Coolant Pump
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RV :  Reactor Vessel

SG: Steam Generator

EDG# | : EDG#II

Fig. 1 Schematic diagram for the safety injection system
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Table 1 Comparison of design features between 1,500MW reactor and reference plant

System

1,500MW reactor

Reference plant

Safety injection

4x%(100% /train)

4%(100% /train)
(2 Divisions)

Shutdown cooling / containment spray

4%(100%/train)
Common use of SC & CS™

SC : 2x(100%/train)
CS : 2x(100%/train)

Auxiliary feedwater

Passive 4x(50%/train)

Active 4x(100%/train)
(motor/turbine driven)

Number of EDG

4 EDGs™

2 EDGs

Type of alternate alternating current

Gas turbine generator

Diesel generator

) SC: shutdown cooling
CS: containment spray
EDG: emergency diesel generator
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) FW :  feedwater
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Fig. 2 2-Demension diagram for PAFS
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POS No. Description Duration (hours)
1 Reactor trip and subcritical operation 22
2 Cooldown with steam generators 33.8
3A Cooldown with shutdown cooling system to 100°C 23
3B Cooldown with shutdown cooling system from 100°C to 60°C 36.0
4A Reactor coolant system drain-down (pressurizer manway closed) 4.0
4B Reactor coolant system drain-down (pressurizer manway open) 14.6
5 Reduced inventory operation and nozzle dam Installation 16.2
6 Fill for refueling 43.6
7, 8,9 | Offload / Defueled / Onload 295.6
10 Reactor coolant system drain-down after refueling 56.7
11 Reduced inventory operation 19.3
12A Refill reactor coolant system (pressurizer manway open) 6.5
12B Refill reactor coolant system (pressurizer manway closed) 37.7
13 Reactor coolant system heat-up with shutdown cooling system isolation 234
14 Reactor coolant system heat-up with steam Generators 45.1
15 Reactor startup 425
Sum - 28.3 days
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Table 3 LPSD CDF contribution by POSs

POS No. CDF Contribution (%)
4B 25.1
5 274
11 17.1
12A 16.8
Others 13.6
Sum 100
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BAST: boric acid storage tank
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Fig. 3 Diagram for shutdown cooling system during mid-loop operation
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Table 4 Sensitivity analysis for automated isolation of

CVCS
POS
CDF effoct POS 5 POS 11
CDF Base
CDF effect(F) (%) -88.4 -89.4

) CDF effect: {(CDF for sensitivity analysis-base CDF) /
base CDF}x100[%)]
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- To automatically start borated water injection in

57

case of low loop water (reactor coolant) level
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Table 5 Sensitivity analysis for automated safety injection

POS
CDF o POS 5 POS 11
CDF Base

CDF effect (%) -85.3 T
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Table 6 Sensitivity analysis for automated safety injection
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CDF Base

CDF cffect (%) 999 | 999
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Table 7 Sensitivity analysis for external injection of coolant
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