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Abstract

In recent days rapid development of digital technology over both hardware and
software stimulates the application of digital equipment to the safety systems of nuclear
power plants. The risk effect analysis of these applications are, however, not yet
performed in Korea. In this paper, we perform and present the quantitative analysis of
the risk effect of digital reactor protection system on the total nuclear plant. The safety
assessment under the assumption of no operator action for the manual initiation of
emergency systems are also performed. The results show that if the manual initiation is
ignored, the effect of digital safety—critical systems on the plant safety is quite serious.
The results in this paper are calculated with a simplified fault-tree model of digital
reactor protection system and digital engineered safety feature actuation system.
Therefore, the more detailed model of these systems are required in order to get the
more realistic results. We expect that the simplified model could also present the outline

of risk effect analysis results of digital reactor protection system.
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Elo] o] A3 E s|HS FAT £58 T2 AgA REO FEYAIYG FHFo] 3E-5
(#/demand)e}3t ot¥l, 1E-49] 3FSES 7= RZEMS HARSE 45 71244
RPS-PM&WDT-CCFe] & 13E-47} "o} =3 vk ZAJglojm o] stz 2 Al

REO uALS 1/30.2 ¥ F 9, AZEOe uATEFS FAT 4 gurd 7 EA}

£ #AYo] FEoR VTS JMAEE YeSe A AR Aol gAY A

Y YIS By BHEA UEd & F dormw ZhZbe] RPS-PM&WDT-CCF9| &

2 4
AR Apolg ZIVIAAER Atk o7IA AbEE Z27IARL o5 ki A

LLOCA (large LOCA),

MLOCA (medium LOCA),

SLOCA (small LOCA),

SGTR (steam generator tube rupture),
ISLOCA (interfacing system LOCA),

RVR (reactor vessel rupture),

LSSB (large secondary side break),

LOFW (loss of feedwater),

LOCV (loss of condenser vacuum),

LOOP (loss of off-site power),

LOCCW (loss of component cooling water),
LOKV (loss of a 4.16 KV bus),

LODC (loss of DC), GTRN (other transients),

ATWS (anticipated transient without scream)

¥ 1. RPS-PM&WDT-CCF &2 #3gld m& FuiE&iddlze] Wl

RPS-PM&WDT-CCF

1.00E-05 8.09E-06 99.8% 2.30E-05 93.0%
3.00E-05 8.10E-06 100.0% 2.48E-05 100.0%
1.30E-04 8.20E-06 101.1% 3.34E-05 135.0%




i# 2. RPS-PM&WDT-CCF

CENS

IE (/RY) IE (/RY)
LLOCA 1.70E-04 | 6.96E-07 8.6% 1.70E-04 | 9.38E-07 4.1%
MLOCA 1.70E-04 | 6.12E-07 7.6% 1.71E-04 1.02E-06 4.4%
LOCA SLOCA 3.00E-03 | 1.32E-06 16.4% 3.00E-03 | 4.49E-06 19.5%
SGTR 4.50E-03 1.31E-06 16.2% 4.53E-03 | 9.71E-06 42.2%
ISLOCA 1.77E-09 1.77E-09 0.0% 1.77E-09 1.77E-09 0.0%
RVR 2.66E-07 2.66E-07 3.3% 2.66E-07 | 2.66E-07 1.2%
4.21E-06 52.1% 1.64E-05 71.4%
LSSB 1.50E-03 1.72E-07 2.1% 1.50E-03 1.92E-07 0.8%
LOFW 1.75E-01 | 4.03E-07 5.0% 1.75E-01 1.39E-06 6.0%
LOCV 1.01E-01 1.82E-08 0.2% 1.01E-01 | 4.68E-08 0.2%
LOOP 3.13E-02 2.21E-06 27.4% 3.13E-02 | 2.41E-06 10.5%
Transient |LOCCW 4.28E-01 | 5.59E-07 6.9% 4.28E-01 | 6.85E-07 3.0%
LOKV 1.31E-03 | 4.07E-10 0.0% 1.31E-03 6.58E-10 0.0%
LODC 2.62E-03 | 2.94E-07 3.6% 2.62E-03 | 3.09E-07 1.3%
GTRN 7.79E-01 1.62E-07 2.0% 7.79E-01 | 3.84E-07 1.7%
ATWS 3.65E-06 | 5.44E-08 0.7% 6.65E-05 | 1.20E-06 5.2%
3.87E-06 47.9% 6.61E-06 28.7%
8.09E-06 100.0% 2.30E-05 100.0%
¥ 3. RPS-PM&WDT-CCF #&2 3E-5& 92 459 Z7|AAE =4Esd s
IE (/RY) IE (/RY)
LLOCA 1.70E-04 | 6.97E-07 8.6% 1.70E-04 | 9.41E-07 3.8%
MLOCA 1.70E-04 | 6.12E-07 7.5% 1.71E-04 1.07E-06 4.3%
LOCA SLOCA 3.00E-03 1.33E-06 16.4% 3.00E-03 | 4.55E-06 18.4%
SGTR 4.50E-03 1.32E-06 16.3% 4.53E-03 1.12E-05 45.1%
ISLOCA 1.77E-09 1.77E-09 0.0% 1.77E-09 1.77E-09 0.0%
RVR 2.66E-07 2.66E-07 3.3% 2.66E-07 | 2.66E-07 1.1%
4.23E-06 52.2% 1.80E-05 72.6%
LSSB 1.50E-03 1.72E-07 2.1% 1.50E-03 1.93E-07 0.8%
LOFW 1.75E-01 | 4.03E-07 5.0% 1.75E-01 1.45E-06 5.9%
LOCV 1.01E-01 1.82E-08 0.2% 1.01E-01 | 4.85E-08 0.2%
LOOP 3.13E-02 2.21E-06 27.3% 3.13E-02 | 2.43E-06 9.8%
Transient (LOCCW 4.28E-01 | 5.59E-07 6.9% 4.28E-01 6.92E-07 2.8%
LOKV 1.31E-03 | 4.07E-10 0.0% 1.31E-03 6.58E-10 0.0%
LODC 2.62E-03 | 2.94E-07 3.6% 2.62E-03 | 3.10E-07 1.3%
GTRN 7.79E-01 1.62E-07 2.0% 7.79E-01 | 3.98E-07 1.6%
ATWS 3.79E-06 | 5.64E-08 0.7% 6.93E-05 1.30E-06 5.2%
3.88E-06 47.8% 6.79E-06 27.4%
8.10E-06 100.0% 2.48E-05 100.0%




¥ 4. RPS-PM&WDT-CCF &&& 13E-4% 392 459 Z7140d =48 e

IE (/RY) IE (/RY)
LLOCA 1.70E-04 | 6.99E-07 8.5% 1.70E-04 | 9.58E-07 2.9%
MLOCA 1.70E-04 | 6.17E-07 7.5% 1.71E-04 1.29E-06 3.9%
LOCA SLOCA 3.00E-03 1.36E-06 16.6% 3.00E-03 | 4.85E-06 14.5%
SGTR 4.50E-03 | 1.36E-06 16.6% 4.54E-03 | 1.84E-05 54.9%
ISLOCA 1.77E-09 1.77E-09 0.0% 1.77E-09 1.77E-09 0.0%
RVR 2.66E-07 2.66E-07 3.2% 2.66E-07 | 2.66E-07 0.8%
4.30E-06 52.5% 2.57E-05 76.9%
LSSB 1.50E-03 1.72E-07 2.1% 1.50E-03 1.99E-07 0.6%
LOFW 1.75E-01 | 4.07E-07 5.0% 1.75E-01 1.76E-06 5.3%
LOCV 1.01E-01 1.82E-08 0.2% 1.01E-01 | 5.75E-08 0.2%
LOOP 3.13E-02 2.21E-06 27.0% 3.13E-02 | 2.49E-06 7.4%
Transient |LOCCW 4.28E-01 | 5.59E-07 6.8% 4.28E-01 7.31E-07 2.2%
LOKV 1.31E-03 | 4.07E-10 0.0% 1.31E-03 7.88E-10 0.0%
LODC 2.62E-03 | 2.94E-07 3.6% 2.62E-03 | 3.15E-07 0.9%
GTRN 7.79E-01 1.63E-07 2.0% 7.79E-01 | 4.67E-07 1.4%
ATWS 4.48E-06 | 6.68E-08 0.8% 8.31E-05 1.77E-06 5.3%
3.89E-06 47.5% 7.73E-06 23.1%
8.20E-06 100.0% 3.34E-05 100.0%

% 5. Z7IAMAE wm4EdI R Aol (F3 - %2)

IE (/RY) |1E (/RY)
LLOCA 0 6.00E-10 3.2% 0 3.40E-09 0.2%
MLOCA 0 0 0.0% 0 4.50E-08 2.6%
LOCA SLOCA 0 6.00E-09 31.6% 0 6.00E-08 3.4%
SGTR 0 8.00E-09 42.1% 0 1.45E-06 83.0%
ISLOCA 0 0 0.0% 0 0 0.0%
RVR 0 0 0.0% 0 0 0.0%
1.50E-08 78.9% 1.55E-06 89.1%
LSSB 0 0 0.0% 0 1.00E-09 0.1%
LOFW 0 0 0.0% 0 6.10E-08 3.5%
LOCV 0 0 0.0% 0 1.74E-09 0.1%
LOOP 0 0 0.0% 0 1.30E-08 0.7%
Transient |LOCCW 0 0 0.0% 0 7.80E-09 0.4%
LOKV 0 0 0.0% 0 0 0.0%
LODC 0 0 0.0% 0 9.00E-10 0.1%
GTRN 0 0 0.0% 0 1.38E-08 0.8%
ATWS 1.39E-07 2.05E-09 10.8% 2.77E-06 | 9.40E-08 5.4%
3.00E-09 15.8% 1.87E-07 10.7%
1.90E-08 100.0% 1.74E-06 100.0%
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£ 6 27 mAEGNES] Aol (84 - #3)

IE  (/RY) IE  (/RY)

LLOCA 0 2.50E-09 2.7% 0 1.70E-08 0.2%

MLOCA 0 4.90E-09 5.3% 0 2.25E-07 2.6%

Loca |SLOCA 0 3.00E-08 | 32.3% 0 3.00E-07 3.5%
SGTR 0 400E-08 | 43.0% | 8.00E-06 | 7.20E-06 | 83.0%

ISLOCA 0 0 0.0% 0 0 0.0%

RVR 0 0 0.0% 0 0 0.0%
7.70E-08 | 82.8% 7.74E-06 | 89.3%

LSSB 0 0 0.0% 0 5.30E-09 0.1%

LOFW 0 4.40E-09 4.7% 0 3.06E-07 3.5%

LOCV 0 0 0.0% 0 8.95E-09 0.1%

LOOP 0 0 0.0% 0 6.20E-08 0.7%

Transient |Loccw 0 0 0.0% 0 3.88E-08 0.4%

LOKV 0 0 0.0% 0 1.30E-10 0.0%

LODC 0 0 0.0% 0 4.70E-09 0.1%

GTRN 0 1.30E-09 1.4% 0 6.90E-08 0.8%

ATWS 6.93E-07 | 1.04E-08 | 11.2% | 1.39E-05 | 4.72E-07 5.4%
1.70E-08 | 18.3% 9.39E-07 | 10.8%
9.30E-08 | 100.0% 8.67E-06 | 100.0%
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