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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
0O0S)- (baseline CDF with nominal expected equipment
unavailabilities)] *[duration of the single AOT under
consideration] (D)
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:
Stit = Ar*Br #Aps*Brs +Aps*Brr TAps*Buat Apr*Brs

+ApR*BrrtApr *BuratAna*BrstAnva*Brr

+AMA*Bra TCaB-rstCap-Fr (2)
where,
Xrg denotes the independent cause failure (ICF) event
for “fail to start”,
Xpr denotes the ICF event for “fail to run”,
Xma denotes the ICF event for “unavailable due to
maintenance”,
Cxy.rs denotes the CCF event of components X and Y
for “fail to start”, and
Cxy.rr 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,
Ars*Cap.rr= 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(A1)=P(B1)=Qr,P(Ars)=P(Brs)=Qirs,
P(Ama)=P(Bma)= Qima,

P(Cagrs)=Qars, P(Caprr)=Qarr

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

Parameters, or the Alpha factor methods, each

parameter is defined for each failure mode of the

component. With the B-factor or the MGL method, Qgs,

Qars, Qirr, and Qypr are represented as below [4]:

Qirs= (1-Brs)Qrrs, Qirr= (1-Brr)Qrrr,

Qars= BrsQrrs, Qarr= PrrQr1er (3)

where, P(Arps)=P(Brrs) ~Qrrs= Qirs+ Qars
P(A1pr)=P(Brer) ~Qrrr= Qirr + Qaer

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 “Aps” or “Caprs” can occur. Then, Eq(2) is

given by
P(Stai | Arps)~P(Aps*Bes | Arps)tP(Aps*Brr | Aqps)+P(A
Fs*Bma | Arps)TP(Cap.rs | Arps) )

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

P(Cag-rs | A1rg)=Qars/ QTFS:BFS (%)

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(Caprr | Arpr) = Qorr/Qrrr=Prr (6)

If the failure mode for the specific component
failure is unknown, any basic event “Ags”, “Agr”, “Cap.
s, Oor “Caprr” can occur. Suppose the Boolean



expression of “Aqpsg” represents the relation Arpsg =
AFS + AFR + CAB-FS+CAB-FR- Given that “ATFSR” has
occurred, Eq.(2) is given by
P(Stt | Atrsr)~P(Apse*Besg | Arps)*

P(Arsr*Bma | Aqpsp)t P(Cagrs | Arpsp)t

P(Caprr | Arese) (7)

Let us define the modified MGL parameters [’gs,
B’rr, and Brsr as below:
P(Cap-rs|Atrsr) TP(Cap-rr|ATrsr)=(QarsTQ2rr )/ Qrrsr
=Brsr=Prs*Qres/Qresr TBrr*Qrer/Qrese=P rs™Brr  (8)
where,
P(A1rsr)=P(B1esr)=Qrrsr=Q1rs T Q2ps T QirrTQ2ER,
B’rs=Brs*Qrrs/Qrrsr, B rr=Brr*Qrrr/Qrrsr ©)

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.
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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 Egs. (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 Bgs and Brg,
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, 3’rs and
B’rr, are smaller than the ordinary PBps and Brr. 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 Iccop

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

preventive 3.07E-05 | 3.72E-07 | 3.64E-09

maintenance

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 modeis | 5 5o 65 | 3.03E-04 | 7.48E-09

unknown

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 [’s, smaller than the
ordinary Bs. 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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