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1. Introduction 

RG 1.177 [1] requires that the conditional risk 

(incremental conditional core damage probability and 

incremental conditional large early release probability: 

ICCDP and ICLERP), given that a specific component 

is out of service (OOS), be quantified for a permanent 

change of the allowed outage time (AOT) of a safety 

system. An AOT is the length of time that a particular 

component or system is permitted to be OOS while the 

plant is operating. The ICCDP is defined as [1]: 

ICCDP = [(conditional CDF with the subject equipment 

OOS)- (baseline CDF with nominal expected equipment 

unavailabilities)] *[duration of the single AOT under 

consideration]                               (1) 

Any event enabling the component OOS can 

initiate the time clock for the limiting condition of 

operation for a nuclear power plant. Thus, the largest 

ICCDP among the ICCDPs estimated from any 

occurrence of the basic events for the component fault 

tree should be selected for determining whether the 

AOT can be extended or not. If the component is under 

a preventive maintenance, the conditional risk can be 

straightforwardly calculated without changing the CCF 

probability. The main concern is the estimations of the 

CCF probability because there are the possibilities of 

the failures of other similar components due to the same 

root causes. The quantifications of the risk, given that a 

subject equipment is in a failed state, are performed by 

setting the identified event of subject equipment to 

TRUE. The CCF probabilities are also changed 

according to the identified failure cause. In the previous 
studies [2,3], however, the ICCDP was quantified with 

the consideration of the possibility of a simultaneous 

occurrence of two CCF events. Based on the above, we 

derived the formulas of the CCF probabilities for the 

cases where a specific component is in a failed state and 

we presented sample calculation results of the ICCDP 

for the low pressure safety injection system (LPSIS) of 

Ulchin Unit 3. 

 

2. Estimation of Conditional CCF probability  

 

Suppose a system consisting of two similar 

components “A” and “B”. We assume that the success 

criterion of the system is 1 out of 2, that is, one 

component must succeed for the successful operation of 

the system. The basic events for the component fault 

tree are assumed to be “fail to start”, “fail to run”, 

“unavailable due to maintenance”, “fail to start due to a 

CCF”, and “fail to run due to a CCF”. The failure of the 

system is expressed as the following Boolean algebra:  

Sfail = AT*BT ≈AFS*BFS +AFS*BFR +AFS*BMA+ AFR*BFS 

+AFR*BFR+AFR*BMA+AMA*BFS+AMA*BFR 

+AMA*BMA +CAB-FS+CAB-FR               (2) 

where,  

XFS denotes the independent cause failure (ICF) event 

for “fail to start”,  

XFR denotes the ICF event for “fail to run”,  

XMA denotes the ICF event for “unavailable due to 

maintenance”,  

CXY-FS denotes the CCF event of components X and Y 

for “fail to start”, and   

CXY-FR denotes the CCF event of components X and Y 

for “fail to run”  

 

In Eq. (2), basic events contributing to the failure of 

each component are mutually exclusive (for example, 

AFS*CAB-FR= 0) [4]. We assume that the probabilities of 

similar events involving similar components are the 

same. That is, assuming that P(x) is the probability of 

event “X”, and  

P(AT)=P(BT)=QT,P(AFS)=P(BFS)=Q1FS, 

P(AMA)=P(BMA)= Q1MA,  

P(CAB-FS)=Q2FS, P(CAB-FR)=Q2FR  

 

In the CCF analysis by using the β-factor, the MGL 

Parameters, or the Alpha factor methods, each 

parameter is defined for each failure mode of the 

component. With the β-factor or the MGL method, Q1FS, 

Q2FS, Q1FR, and Q2FR are represented as below [4]:  

Q1FS= (1-βFS)QTFS, Q1FR= (1-βFR)QTFR,  

Q2FS= βFSQTFS, Q2FR= βFRQTFR                  (3) 

where, P(ATFS)=P(BTFS) ≈QTFS= Q1FS + Q2FS 

P(ATFR)=P(BTFR) ≈QTFR= Q1FR + Q2FR  

 

We assume that an event of “fail to start” for the 

component “A” including the possibility of the CCF is 

assumed to have occurred. In other words, any basic 

event “AFS“ or “CAB-FS“ can occur.  Then, Eq(2) is 

given by  

P(SfailATFS)≈P(AFS*BFSATFS)+P(AFS*BFRATFS)+P(A

FS*BMAATFS)+P(CAB-FSATFS)                  (4)  

 

From Eq. (4), the conditional CCF probability can be 

represented as  

P(CAB-FSATFS)=Q2FS/QTFS=βFS                  (5) 

 

If an event of “fail to run” has occurred, the same 

approach for the case of the event of “fails to start” can 

be used. Then, the conditional CCF probability is  

P(CAB-FRATFR) = Q2FR/QTFR=βFR                (6) 

 

If the failure mode for the specific component 

failure is unknown, any basic event “AFS”, “AFR”, “CAB-

FS”, or “CAB-FR“ can occur. Suppose the Boolean 
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expression of “ATFSR” represents the relation ATFSR = 

AFS + AFR + CAB-FS+CAB-FR. Given that “ATFSR” has 

occurred, Eq.(2) is given by  

P(SfailATFSR)≈P(AFSR*BFSRATFSR)+ 

P(AFSR*BMAATFSR)+ P(CAB-FSATFSR)+ 

P(CAB-FRATFSR)                          (7)  

 

Let us define the modified MGL parameters β’FS, 
β’FR, and βFSR as below: 

P(CAB-FS|ATFSR)+P(CAB-FR|ATFSR)=(Q2FS+Q2FR)/QTFSR 

=βFSR=βFS*QTFS/QTFSR+βFR*QTFR/QTFSR=β’FS+β’FR  (8) 
where, 

P(ATFSR)=P(BTFSR)=QTFSR=Q1FS+Q2FS+Q1FR+Q2FR,  

β’FS=βFS*QTFS/QTFSR, β’FR=βFR*QTFR/QTFSR     (9) 

 

3. Calculation of ICCDP  

 

The Low Pressure Safety Injection System (LPSIS) 

for the Ulchin Unit 3 was selected for the example 

calculation of the ICCDP. The LPSIS consists of two 

100% capacity redundant pumps and associated valves. 

The technical specifications of the Ulchin Unit 3 say 

that one LPSIS pump must be restored within 3 days in 

the case that it is inoperable. The basic events of LPSIS 

pump 1 except for the supporting systems are shown in 

Figure 1. The present AOT of the LPSIS is planned to 

be extended from 3 days to 7 days.  

Figure 1. Fault tree of Ulchin Unit 3 LPSIS pump 1 

 

Table 1 shows the estimated CCF probability and 

ICCDP on the extension of the AOT for the LPSIS 

pump. We assume that the LPSI pump A is OOS. The 

ICCDP for the case of the preventive maintenance was 

calculated without changing the CCF probability. For 

the cases of the event occurrences of “fails to start” and 

“fail to run”, the CCF probabilities were estimated by 

using Eqs. (5) and (6), respectively. In the event that the 

failure mode was unknown, the CCF probabilities were 

estimated by using Eq.(9). If the possibility of a 

simultaneous occurrence of two CCF events was 

considered as in the previous studies [2,3], the CCF 

probabilities were estimated as the ordinary βFS and βFR, 

respectively.  

As shown in Table 1, the largest CCF probabilities 

and the ICCDP were estimated for the case that the 

possibility of a simultaneous occurrence of two CCF 

events was assumed. In the event that the failure mode 

is unknown, the conditional CCF probabilities, β’FS and 
β’FR, are smaller than the ordinary βFS and βFR. The 

ICCDP was estimated as an intermediate value between 

that of “fails to run” and that of “fail to start”. If the 

ICCDP calculations should include all failure modes of 

the component, Eq. (9) should be used for the 

estimation of the CCF probability. Consequently, the 
ICCDP for “fails to start” was selected for determining 

whether the AOT of the LPSIS pump could be extended 

or not.  

Table 1. CCF probability and ICCDP 
CCF probability  

Cases Fail to start Fail to run 
ICCDP 

previous studies  3.21E-02 1.55E-03 8.82E-09 

preventive 

maintenance 
3.07E-05 3.72E-07 3.64E-09 

fail to start 3.21E-02 3.72E-07 8.44E-09 

fail to run 3.07E-05 1.55E-03 3.83E-09 

failure mode is 

unknown 
2.58E-02 3.03E-04 7.48E-09 

 

4. Conclusions 

 

This paper presents the formulas of the CCF 

probabilities for the cases where a specific component is 

in a failed state and the calculation results of the ICCDP 

for the LPSIS pump of Ulchin Unit 3. As the identified 

failure mode of a specific component can lead to the 

consideration of a possibility of a CCF event for the 

same failure mode, the assumption that simultaneous 

occurrence of the two CCF events could be possible is a 

conservative approach. If the possibilities of a 

simultaneous occurrences of all the CCF events should 

be considered, the conditional CCF probabilities are to 

be estimated as the modified β’s, smaller than the 

ordinary βs. The ICCDP of the event of “fails to start” 
for the LPSIS pump was estimated as the largest in 

determining the extension of its AOT. However, there is 

a negligible difference between the ICCDP for the 

previous studies and the selected ICCDP.        
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FAILURE OF LPSI
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GLSIFP1
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LPSI PUMP 1
unavailable due to

maintenance

LSMPMLPSI1

1.76e-3

LPSI PUMP 1 fails to
start

LSMPSLPSI1

9.57e-4

LPSI PUMP 1 fails to
run

LSMPRLPSI1

2.4e-4
1.e-5/h
 24

CCF(demand) of LPSI
PUMPS(2/2)

LSMPWLPSIP

3.072e-5
9.57e-4
( .0321)

CCF(running) of LPSI
PUMPS (2/2)

LSMPKLPSIP

3.72e-7
1.e-5/h
 24 ( .00155)
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