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The Station Blackout (SBO) is a dominant initiating event in the most of Probabilistic Risk Assessment (PRA), thus a lot
of efforts have been made to mitigate SBO event. The utility and design companies are concerned which design concept of
Alternate AC (AAC) power sources is effective to mitigate SBO since the AAC power source is an important SBO mitigation
feature. It is expected that the PRA sensitivity analyses for various AAC design concepts can be helpful for the decision
making of an AAC design in the nuclear power plant.

I. Introduction

The AAC power sources should have sufficient capacity to operate the systems necessary for coping with the SBO for
the time required to bring and maintain the plant in safe shutdown according to U.S. NRC Regulatory Guide 1.155 (Ref. 1). It
is also required that there should be a minimum potential for Common Cause Failure (CCF) with the preferred or the
blacked-out unit's onsite emergency AC power sources.

In order to decide which AAC design concept is more effective to mitigate SBO in the view of PRA, sensitivity analyses
using APR 1400 Level 1 internal PRA model at power are performed by changing numbers and types of AAC sources, and
applying CCF with or without Emergency Diesel Generators (EDGS), etc. It is also expected that the following sensitivity
methods estimated for Core Damage Frequency (CDF) using the Minimal Cutsets (MCS) reduce time for performing
sensitive analyses since it takes a considerable time to perform several sensitive cases modified Event Trees (ETs), Fault
Trees (FTs), and Database (DB).

II. The Description of Sensitivity Cases
The summary of sensitivity cases considered in these analyses are as follows:

TABLE 1. The Summary of Sensitivity Cases

Case ..

No. Description Remark

Base 1 . * Two (2) EDGs and one (1) AAC DG are installed.
Case One (1) AAC DG? + CCF with EDGs * There is CCF between EDGs and an AAC DG.

* Two (2) EDGs and one (1) AAC DG are installed.

Case1 | One (1) AAC DG + CCF withaut EDGs * There is no CCF between EDGs and an AAC DG.

* Two (2) EDGs and two (2) AAC DGs are installed.

Case2 | Two (2) AAC DGs + CCF with EDGs * There is CCF between EDGs and AAC DGs.
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Case o .
No. Description Remark
* Two (2) EDGs and two (2) AAC DGs are installed.
Case 3 | Two (2) AAC DGs + CCF without EDGs * There is no CCF between EDGs and AAC DGs.
- Only CCF among EDGs and AAC DGs respectively.
. * Two (2) EDGs and two (2) AAC DGs are installed.
Case 4 -év(\:’g gacﬁ]A%zgsDESCF with EDGs + no * There is CCF between EDGs and 1%t AAC DG.
g e There is no CCF between 1 AAC DG and 2" AAC DG.
T 2) AAC DGs + CCE without EDGs + * Two (2) EDGs and two (2) AAC DGs are installed.
Case 5 CVCVE Sm)wn AACSDGs without s+ho * There is no CCF between EDGs and AAC DGs.
g * There is no CCF between 1t AAC DG and 2" AAC DG.
Case 6 One (1) AAC GTG? + CCF without EDGs * Two (2) EDGs and one (1) AAC GTG are installed.
ase * There is no CCF between EDGs and an AAC GTG.
* Two (2) EDGs and two (2) AAC GTGs are installed.
Case 7 | Two (2) AAC GTGs + CCF without EDGs * There is no CCF between EDGs and AAC GTGs
- Only CCF among EDGs and AAC GTGs respectively.
. * Two (2) EDGs and two (2) AAC GTGs are installed.
Case 8 'évcvlc; gacﬁ]Aiig%TESCF without EDGs +no | There is no CCF between EDGs and AAC GTGs.
g ¢ There is no CCF between 1t AAC GTG and 2" AAC GTG.
* Two (2) EDGs, one (1) AAC DG, and one (1) AAC GTG
are installed.
Case 9 \(/)vﬂ(l?] (Elééﬁc DG + One (1) AAC GTG + CCF * There is CCF between EDGs and one (1) AAC DG.
* There is no CCF between one (1) AAC DG and one (1)
AAC GTG.
* Two (2) EDGs, one (1) AAC DG, and one (1) AAC GTG
are installed.
Clage \?vﬂiéi?[ é‘égsDG +One (1) AAC GTG + CCF * There is no CCF between EDGs and one (1) AAC DG.
* There is no CCF between one (1) AAC DG and one (1)
AAC GTG.

1) DG : Diesel Generators
2) GTG : Gas Turbine Generator

The detail of sensitivity analyses and how to develop each sensitivity case for AAC designs are described as follows.

II.A. Base Case : One (1) AAC DG + CCF with EDGs

Base Case describes that there are two (2) EDGs and one (1) AAC DG to supply power for the plant safety shutdown
when loss of offsite power occurs. It is assumed that there is CCF between EDGs and an AAC DG . This case is the base case
to confirm which AAC design concept is more useful to mitigate SBO.

In order to estimate the CDF for sensitivity cases, component reliability data and CCF parameter are based on the
NUREG/CR-6928 (Ref. 2) and NUREG/CR-5497 (Ref. 3) respectively. Assumptions associated with development of

sensitivity cases are as follows:




13" International Conference on Probabilistic Safety Assessment and Management (PSAM 13)
2~T7 October, 2016 » Sheraton Grande Walkerhill « Seoul, Korea « www.psam13.org

- The 2™ AAC source can be credited as a backup of the 1t AAC source if sensitivity cases consider two AAC sources.

- The operator action to align the 2" AAC source is likely to be highly dependent on the operator action to align the 1%
AAC source when 1%t AAC source is failed, thus the operator action for 2"® AAC source is not considered.

- The CDF for all sensitivity cases are estimated using the cutsets derived from Base Case, thus detailed support
systems for operating AAC source such as the fuel oil system and HVAC system, etc. are not considered.
IL.B. Case 1 : One (1) AAC DG + CCF without EDGs
Case 1 represents that two (2) EDGs and one (1) AAC DG are installed and there is no CCF between EDGs and an AAC
DG. The CDF for this case is estimated using the cutsets derived from Base Case by changing the CCF failure data associated

with the EDGs and AAC DG as shown in the Table below.

TABLE 2. CCF Data Change for Case 1

CCF Event Base Case Case 1 Remark
DGDGWT3- 3/3 CCF between EDGs 1.16E-04 N/A ¢ No CCF between EDGs and
DGO1ABC and an AAC DG ' an AAC DG
DGDGWT2- 2/3 CCF between EDG-  Data change from 2/3 CCF to
Fail to | DGO1AB A and EDG-B 1.03E-05 3.55E-05 2/2 CCF among EDGs
Start
(FTS) | DGDGWT2- | 2/3 CCF between EDG- 1.07E-04 N/A * No CCF between EDGs and
DGO1AC A and an AAC DG ' an AAC DG
DGDGWT2- 2/3 CCF between EDG- 1.07E-04 N/A ¢ No CCF between EDGs and
DGO01BC B and an AAC DG ' an AAC DG
DGDGKT3- 3/3 CCF between EDGs 8.96E-05 N/A ¢ No CCF between EDGs and
DGO1ABC and an AAC DG ' an AAC DG
DGDGKT2- 2/3 CCF between EDG- » Data change from 2/3 CCF to
Fail to | DGO1AB A and EDG-B 1.01E-04 3.26E-04 2/2 CCF among EDGs
Run
(FTR) | DGDGKT2- 2/3 CCF between EDG- 8.72E-05 N/A * No CCF between EDGs and
DGO1AC A and an AAC DG ' an AAC DG
DGDGKT2- 2/3 CCF between EDG- 8.72E-05 N/A ¢ No CCF between EDGs and
DGO01BC B and an AAC DG ' an AAC DG

II.C. Case 2 : Two (2) AAC DGs + CCF with EDGs

Case 2 represents that two (2) EDGs and two (2) AAC DGs are installed and there is CCF between EDGs and AAC DGs.
The CDF for this case is estimated using the cutsets derived from Base Case by changing the CCF failure data associated
with the EDGs and an AAC DG as shown in the Table below.
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TABLE 3. CCF Data Change for Case 2

CCF Event Base Case Case 2 Remark
* Data change from 3/3 CCF to
DGDGWTS- | 3/3 CCF between EDGs | 4 445r 1y 4.82E-05 4/4 CCF between EDGs and
DGO1ABC and an AAC DG
AAC DGs
¢ Number of 3/4 CCF
DGDGWT2- 2/3 CCF between EDG- 1.03E-05 N/A combination is 2 times higher
Failto | DGO1AB A and EDG-B o= than that of 2/4 CCF. Itis
Start applied 3/4 CCFs below
(FTS)  Data change from 2/3 CCF to
Bg([))&vgn- i{irijcai E’:R"Cee&EDG' 1.07E-04 6.56E-05 3/4 CCF between EDGs and
AAC DGs * 2
* Data change from 2/3 CCF to
gg([))lc;vgn- é’ir%CaFn k:g"g%‘GEDG' 1.07E-04 6.56E-05 3/4 CCF between EDGs and
AAC DGs * 2
* Data change from 3/3 CCF to
DGDGKTS- | 3/3 CCF between EDGs | g g5 05 | 4,00E-05 414 CCF between EDGs and
DGO1ABC and an AAC DG
AAC DGs
* Number of 3/4 CCF
DGDGKT2- 2/3 CCF between EDG- 1.01E-04 N/A combination is 2 times higher
Fail to | DGO1AB A and EDG-B ' ) than that of 2/4 CCF. It is
Run applied 3/4 CCFs below
(FTR) * Data change from 2/3 CCF to
ngﬁgz X?;r%cai kﬁKVgeSGEDG' 8.72E-05 | 5.24E-05 3/4 CCF between EDGs and
AAC DGs * 2
 Data change from 2/3 CCF to
DGDCKT2- | 2/3 CCF between EDG- | g 75 05 | 5.24E-05 3/4 CCF between EDGs and
DGO01BC B and an AAC DG AAC DGs * 2

IL.D. Case 3 : Two (2) AAC DGs + CCF without EDGs

Case 3 represents that two (2) EDGs and two (2) AAC DGs are installed and there is no CCF between EDGs and AAC
DGs. Only CCF among EDGs or AAC DGs is considered respectively. The CDF for this case is estimated using the cutsets
derived from Base Case by changing the CCF failure data associated with the EDG and AAC DG and random failure data
(fails to start, fails to run, and unavailable due to test and maintenance) associated with the AAC DG.

The CCF data related to the EDGs and an AAC DG are changed as shown in the Table below.

TABLE 4. CCF Data Change for Case 3

CCF Event Base Case Case 3 Remark
DGDGWT3- 3/3 CCF between EDGs 1.16E-04 N/A * No CCF between EDGs and
Fail to | DGO1ABC and an AAC DG ' an AAC DG
Start
(FTS) | DGDGWT2- 2/3 CCF between EDG- i i » Data change from 2/3 CCF to
DGO01AB A and EDG-B 1.03E-05 3.55E-05 2/2 CCF among EDGs
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CCF Event Base Case Case 3 Remark
DGDGWT2- 2/3 CCF between EDG- 1.07E-04 N/A ¢ No CCF between EDGs and
DGO1AC A and an AAC DG ' an AAC DG
DGDGWT2- 2/3 CCF between EDG- 1.07E-04 N/A ¢ No CCF between EDGs and
DG01BC B and an AAC DG ' an AAC DG
DGDGKT3- 3/3 CCF between EDGs 8.96E-05 N/A ¢ No CCF between EDGs and
DGO1ABC and an AAC DG ' an AAC DG
DGDGKT?2- 2/3 CCF between EDG-  Data change from 2/3 CCF to
Failto | DGO1AB A and EDG-B 1O1E-04 | 3.26E-04 212 CCF among EDGs
Run
(FTR) | DGDGKT2- 2/3 CCF between EDG- 8.72E-05 N/A * No CCF between EDGs and
DGO1AC A and an AAC DG ' an AAC DG
DGDGKT2- 2/3 CCF between EDG- 8.72E-05 N/A ¢ No CCF between EDGs and
DGO01BC B and an AAC DG ' an AAC DG

The failure data for an AAC DG in the cutsets are changed to considering 2/2 CCF of AAC DGs and 2" AAC DG

random failure as shown in the Table below.

TABLE 5. The Failure Data Change for Case 3

Basic Event Base Case Case 3 Remark
* 2/2 CCF of AAC DGs FTS +
The AAC DG fails to start DADGS-S-AACDG * (2
DADGS-S-AACDG (FTS) 4.30E-02 4.32E-03 AAC DG ETS + 2" AAC DG
FTR + 2" AAC DG T&M)
* 2/2 CCF of AAC DGs FTR +
The AAC DG fails to run DADGR-S-AACDG * (2™
DADGR-S-AACDG (FTR) 3.07E-02 3.11E-03 AAC DG ETS + 27 AAC DG
FTR + 2" AAC DG T&M)
The AAC DG unavailable * DADGM-S-AAC * (2" AAC
DADGM-S-AAC due to test and 1.44E-02 1.27E-03 DG FTS + 2 AAC DG FTR
Maintenance (T&M) + 2" AAC DG T&M)

IL.E. Case 4 : Two (2) AAC DGs + CCF with EDGs + no CCF among AAC DGs

Case 4 represents that two (2) EDGs and two (2) AAC DGs are installed and there is CCF between EDGs and 1t AAC
DG but no CCF between 1%t AAC DG and 2" AAC DG. The CDF for this case is estimated using the cutsets derived from
Base Case by changing the CCF failure data associated with the EDG and AAC DG and random failure data (fails to start,
fails to run, and unavailable due to test and maintenance) associated with the AAC DG.

The CCF data related to the EDGs and an AAC DG are changed to considering 2" AAC DG random failure as shown in
the Table below.
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TABLE 6. CCF Data Change for Case 4

CCF Event Base Case Case 4 Remark
« DGDGWT3-DGO1ABC *
DGDGWT3- 3/3 CCF between EDGs (2" AAC DG FTS + 2™
DGO1ABC and an AAC DG 1.16E-04 1.02E-05 AAC DG FTR + 2" AAC
DG T&M)
DGDGWT2- 2/3 CCF between EDG-
Failto | pGo1AB A and EDG-B 1.03E-05 1.03E-05 * No Change
Start
(FTS) + DGDGWT2-DGO1AC * (2"
ngﬁv&m- ZA/:’;&C;?:X"C‘*‘ESGEDG' 1.07E-04 9.43E-06 AAC DG FTS + 2 AAC DG
FTR + 2" AAC DG T&M)
« DGDGWT2-DGO1BC * (2™
nglc;’gn' é/:’;rsjcai kf%%‘GEDG' 1.07E-04 9.43E-06 AAC DG FTS + 21 AAC DG
FTR + 2 AAC DG T&M)
« DGDGKT3-DGO1ABC *
DGDGKT3- | 3/3 CCF between EDGs (2" AAC DG FTS + 21
DGOIABC | and an AAC DG 8.96E-05 | 7.89E-06 AAC DG FTR + 2" AAC
DG T&M)
DGDGKT?2- 2/3 CCF between EDG- .
Failto | DGO1AB Aand EDG-B LO1E-04 | 101804 | + NoChange
Run
d
(FTR) ] ] « DGDGKT2-DGOLAC * (2"
DEPCKT2: | 28 CUF DEMCEnEDG | g70E.05 | 7.68E:06 | AACDG FTS +2' AAC DG
FTR + 2" AAC DG T&M)
« DGDGKT2-DGO1BC * (2
DEPORT2: | 28 CUF DEMCenEDG | g70E.05 | 7.68E-06 | AACDG FTS +2' AAC DG
FTR + 2" AAC DG T&M)

The failure data for an AAC DG in the cutsets are changed to considering 2" AAC DG random failure as shown in the

Table below.

TABLE 7. The Failure Data Change for Case 4

(FTR)

Basic Event Base Case Case 4 Remark
. - DADGS-S-AACDG * (2
DADGS-S-AACDG (TFhTeS?AC DGfallstostart | 55 00 | 3.70E-03 AAC DG FTS + 2" AAC DG
FTR + 2 AAC DG T&M)
. - DADGR-S-AACDG * (2
DADGR-S-AACDG | Hhe AAC DG failsto run 307E-02 | 2.70E-03 AAC DG FTS + 2" AAC DG

FTR + 2@ AAC DG T&M)
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Basic Event Base Case Case 4 Remark
The AAC DG unavailable * DADGM-S-AAC * (2" AAC
DADGM-S-AAC due to test and 1.44E-02 1.27E-03 DG FTS + 2" AAC DG FTR

Maintenance (T&M) + 2" AAC DG T&M)

IL.F. Case 5 : Two (2) AAC DGs + CCF without EDGs + no CCF among AAC DGs

Case 5 represents that two (2) EDGs and two (2) AAC DGs are installed and there is no CCF between EDGs and AAC
DGs. In addition, there is no CCF between 1t AAC DG and 2™ AAC DG. The CDF for this case is estimated using the
cutsets derived from Base Case by changing the CCF failure data associated with the EDG and AAC DG and random failure

data (fails to start, fails to run, and unavailable due to test and maintenance) associated with the AAC DG.

The CCF data related to the EDGs and an AAC DG are changed as shown in the Table below.

TABLE 8. CCF Data Change for Case 5

CCF Event Base Case Case 5 Remark
DGDGWT3- 3/3 CCF between EDGs 1.16E-04 N/A ¢ No CCF between EDGs and
DGO1ABC and an AAC DG ' an AAC DG
DGDGWT2- 2/3 CCF between EDG-  Data change from 2/3 CCF to
Fail to | DGO1AB A and EDG-B 1.03E-05 3.55E-05 2/2 CCF among EDGs
Start
(FTS) | DGDGWT2- 2/3 CCF between EDG- 1.07E-04 N/A * No CCF between EDGs and
DGO1AC A and an AAC DG ' an AAC DG
DGDGWT2- 2/3 CCF between EDG- 1.07E-04 N/A ¢ No CCF between EDGs and
DG01BC B and an AAC DG ' an AAC DG
DGDGKT3- 3/3 CCF between EDGs 8.96E-05 N/A ¢ No CCF between EDGs and
DGO1ABC and an AAC DG ' an AAC DG
DGDGKT2- 2/3 CCF between EDG- » Data change from 2/3 CCF to
Failto | DGOLAB A and EDG-B 101E-04 | 3.26E-04 | ) cCF among EDGs
Run
(FTR) | DGDGKT2- 2/3 CCF between EDG- 8.72E-05 N/A * No CCF between EDGs and
DGO1AC A and an AAC DG ' an AAC DG
DGDGKT2- 2/3 CCF between EDG- 8.72E-05 N/A ¢ No CCF between EDGs and
DGO01BC B and an AAC DG ' an AAC DG

The failure data for an AAC DG in the cutsets are changed to considering 2™ AAC DG random failure as shown in the

Table below.
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TABLE 9. The Failure Data Change for Case 5

Basic Event Base Case Case 5 Remark
_ + DADGS-S-AACDG * (2"
DADGS-S-AACDG (TFhﬁs';‘AC DGfailstostart |/ 55¢ ) 3.79E-03 AAC DG FTS + 2" AAC DG
FTR + 2" AAC DG T&M)
The AAC DG fails ¢ + DADGR-S-AACDG * (2™
DADGR-S-AACDG (FﬁR) alistorun 3.07E-02 2.70E-03 AAC DG FTS + 2 AAC DG
FTR + 2" AAC DG T&M)
The AAC DG unavailable * DADGM-S-AAC * (2" AAC
DADGM-S-AAC due to test and 1.44E-02 1.27E-03 DG FTS + 2" AAC DG FTR
Maintenance (T&M) + 2" AAC DG T&M)

I1.G. Case 6 : One (1) AAC GTG + CCF without EDGs

Case 6 represents that two (2) EDGs and one (1) AAC Gas Turbine Generator (GTG) are installed and there is no CCF
between EDGs and an AAC GTG. The CDF for this case is estimated using the cutsets derived from Base Case by changing
the CCF failure data associated with the EDG and AAC DG and random failure data (fails to start, fails to run, and
unavailable due to test and maintenance) associated with the AAC DG.

The CCF data related to the EDGs and an AAC DG are changed as shown in the Table below.

TABLE 10. CCF Data Change for Case 6

CCF Event Base Case Case 6 Remark
DGDGWT3- 3/3 CCF between EDGs 1.16E-04 N/A ¢ No CCF between EDGs and
DGO01ABC and an AAC DG ' an AAC GTG
DGDGWT2- 2/3 CCF between EDG-  Data change from 2/3 CCF to
Failto | DGO1AB A and EDG-B LO3E-05 | 3.55E-05 212 CCF among EDGs
Start
(FTS) | DGDGWT2- | 2/3 CCF between EDG- 1.07E-04 N/A * No CCF between EDGs and
DGO01AC A and an AAC DG ' an AAC GTG
DGDGWT2- 2/3 CCF between EDG- 1.07E-04 N/A ¢ No CCF between EDGs and
DGO01BC B and an AAC DG ' an AAC GTG
DGDGKT3- 3/3 CCF between EDGs 8.96E-05 N/A ¢ No CCF between EDGs and
DGO01ABC and an AAC DG ' an AAC GTG
'I;?JI:] to DGDGKT2- 2/3 CCF between EDG- 1.01E-04 3.26E-04 * Data change from 2/3 CCF to
(FTR) DGO1AB A and EDG-B ' ' 2/2 CCF among EDGs
DGDGKT2- 2/3 CCF between EDG- 8.72E-05 N/A ¢ No CCF between EDGs and
DGO1AC A and an AAC DG ' an AAC GTG
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CCF Event

Base Case

Case 6

Remark

DGDGKT2-
DGO1BC

2/3 CCF between EDG-
B and an AAC DG

8.72E-05

N/A

¢ No CCF between EDGs and
an AAC GTG

The failure data for an AAC DG in the cutsets are changed to considering AAC GTG random failure as shown in the
Table below.

TABLE 11. The Failure Data Change for Case 6

Basic Event Base Case Case 6 Remark
. * NUREG/CR-6928 (Jan-
DADGS-S-AACDG | HEAACDGTailstostart | 4 a5 65 | 15602 | 2012), Combustion Turbine
(FTS)
Generator FTS
* NUREG/CR-6928 (Jan-
The AAC DG fails to run 2012), Combustion Turbine
DADGR-S-AACDG (FTR) 3.07E-02 1.78E-01 Generator ETR * mission
time 24h
The AAC DG unavailable * NUREG/CR-6928 (Jan-
DADGM-S-AAC due to test and 1.44E-02 5.00E-02 2012), Combustion Turbine
Maintenance (T&M) Generator T&M

ILF. Case 7 : Two (2) AAC GTGs + CCF without EDGs

Case 7 represents that two (2) EDGs and two (2) AAC GTGs are installed and there is no CCF between EDGs and AAC
GTGs. Only CCF among EDGs or AAC GTGs is considered respectively. The CDF for this case is estimated using the
cutsets derived from Base Case by changing the CCF failure data associated with the EDG and AAC DG and random failure
data (fails to start, fails to run, and unavailable due to test and maintenance) associated with the AAC DG.

The CCF data related to the EDGs and an AAC DG are changed as shown in the Table below.

TABLE 12. CCF Data Change for Case 7

CCF Event Base Case Case 7 Remark
DGDGWT3- 3/3 CCF between EDGs 1.16E-04 N/A ¢ No CCF between EDGs and
DGO1ABC and an AAC DG ' an AAC GTG
DGDGWT2- 2/3 CCF between EDG- * Data change from 2/3 CCF to
Failto | DGOLAB A and EDG-B LO3E-05 | 355B-05 | 55 cCF among EDGs
Start
(FTS) | DGDGWT2- 2/3 CCF between EDG- 1.07E-04 N/A * No CCF between EDGs and
DGO1AC A and an AAC DG ' an AAC GTG
DGDGWT2- 2/3 CCF between EDG- 1.07E-04 N/A * No CCF between EDGs and
DGO01BC B and an AAC DG ' an AAC GTG




13" International Conference on Probabilistic Safety Assessment and Management (PSAM 13)
2~T7 October, 2016 » Sheraton Grande Walkerhill « Seoul, Korea « www.psam13.org

CCF Event Base Case Case 7 Remark
DGDGKT3- 3/3 CCF between EDGs 8.96E-05 N/A ¢ No CCF between EDGs and
DGO1ABC and an AAC DG ' an AAC GTG
DGDGKT2- 2/3 CCF between EDG-  Data change from 2/3 CCF to
Failto | DGO1AB A and EDG-B 101E-04 | 3.26E-04 212 CCF among EDGs
Run
(FTR) | DGDGKT2- 2/3 CCF between EDG- 8.72E-05 N/A * No CCF between EDGs and
DGO1AC A and an AAC DG ' an AAC GTG
DGDGKT2- 2/3 CCF between EDG- 8.72E-05 N/A ¢ No CCF between EDGs and
DGO01BC B and an AAC DG ' an AAC GTG

The failure data for an AAC DG in the cutsets are changed to considering 2/2 CCF of AAC GTGs, 1% and 2™ AAC GTG

random failure as shown in the Table below.

TABLE 13. The failure data change for Case 7

Basic Event Base Case Case 7 Remark
< 22 CCF of AAC GTGs FTS
. + 1% AAC GTG FTS * (2n¢
DADGS-S-AACDG (TFhﬁS?AC DGfailstostart | 50e 55 | 3.30E-03 AAC GTG FTS + 2" AAC
GTG FTR + 2" AAC GTG
T&M)
« 2/2 CCF of AAC GTGs FTR
. + 1% AAC GTG FTR * (2
DADGR-S-AACDG (TFh;’Fg‘AC DG fails to run 307E-02 | 4.55E-02 AAC GTG FTS + 2" AAC
GTG FTR + 2" AAC GTG
T&M)
The AAC DG unavailable " FUAAC GTG T&M * (2
AAC GTG FTS + 2" AAC
DADGM-S-AAC due to test and 144E-02 | 1.22E-02 G TR 4 2% ARG TG
Maintenance (T&M) T&M)

I1.G. Case 8 : Two (2) AAC GTGs + CCF without EDGs + no CCF among AAC GTGs

Case 8 represents that two (2) EDGs and two (2) AAC GTGs are installed and there is no CCF between EDGs and AAC
GTGs. In addition, there is no CCF between 1t AAC GTG and 2" AAC GTG. The CDF for this case is estimated using the
cutsets derived from Base Case by changing the CCF failure data associated with the EDG and AAC DG and random failure
data (fails to start, fails to run, and unavailable due to test and maintenance) associated with the AAC DG.

The CCF data related to the EDGs and an AAC DG are changed as shown in the Table below.
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TABLE 14. CCF Data Change for Case 8

CCF Event Base Case Case 8 Remark
DGDGWT3- 3/3 CCF between EDGs 1.16E-04 N/A * No CCF between EDGs and
DGO1ABC and an AAC DG ' an AAC GTG
DGDGWT2- 2/3 CCF between EDG- * Data change from 2/3 CCF to
Failto | DGO1AB A and EDG-B 103E-05 | 3.55E-05 212 CCF among EDGs
Start
(FTS) | DGDGWT2- 2/3 CCF between EDG- 1.07E-04 N/A * No CCF between EDGs and
DGO1AC A and an AAC DG ' an AAC GTG
DGDGWT2- 2/3 CCF between EDG- 1.07E-04 N/A ¢ No CCF between EDGs and
DG01BC B and an AAC DG ' an AAC GTG
DGDGKT3- 3/3 CCF between EDGs 8.96E-05 N/A * No CCF between EDGs and
DGO1ABC and an AAC DG ' an AAC GTG
DGDGKT2- 2/3 CCF between EDG- * Data change from 2/3 CCF to
Failto | DGOLAB A and EDG-B 101E-04 | 3.26E-04 | ) cCF among EDGs
Run
(FTR) | DGDGKT2- 2/3 CCF between EDG- 8.72E-05 N/A * No CCF between EDGs and
DGO1AC A and an AAC DG ' an AAC GTG
DGDGKT2- 2/3 CCF between EDG- 8.72E-05 N/A * No CCF between EDGs and
DG01BC B and an AAC DG ' an AAC GTG

The failure data for an AAC DG in the cutsets are changed to considering 1%t and 2" AAC GTG random failure as shown

in the Table below.

TABLE 15. The Failure Data Change for Case 8

Maintenance (T&M)

Basic Event Base Case Case 8 Remark
e IMAACGTGFTS * (2”d
The AAC DG fails to start AAC GTG FTS + 2™ AAC
DADGS-S-AACDG (FTS) 4,30E-02 3.79E-03 GTG ETR + 2" AAC GTG
T&M)
¢ I*AACGTGFTR * (2nd
The AAC DG fails to run AAC GTG FTS + 2™ AAC
DADGR-S-AACDG | o7y 3.07E-02 4.32E-02 TG ETR 4 2 AAC OTG
T&M)
The AAC DG unavailable * 1 AAC GTG T&M * (2"
nd
DADGM-S-AAC due to test and 144E-02 | 1.22E-02 AACGTGFTS + 2" AAC

GTG FTR + 2" AAC GTG
T&M)

11
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IL.H. Case 9 : One (1) AAC DG + One (1) AAC GTG + CCF with EDGs

Case 9 represents that two (2) EDGs, one (1) AAC DG, and one (1) AAC GTG are installed and there is CCF between
EDGs and one (1) AAC DG but no CCF between one (1) AAC DG and one (1) AAC GTG. The CDF for this case is
estimated using the cutsets derived from Base Case by changing the CCF failure data associated with the EDG and AAC DG
and random failure data (fails to start, fails to run, and unavailable due to test and maintenance) associated with the AAC DG.

The CCF data related to the EDGs and an AAC DG are changed to considering one (1) AAC GTG random failure as
shown in the Table below.

TABLE 16. CCF Data Change for Case 9

CCF Event Base Case Case 9 Remark
« DGDGWT3-DGO1ABC *
DGDGWT3- | 3/3 CCF between EDGs (AAC GTG FTS + AAC
DGOIABC | and an AAC DG 1.16E-04 | 2.82E-05 GTG FTR + AAC GTG
T&M)
DGDGWT2- 2/3 CCF between EDG- .
_o o | GotAB i EDO.B 1.03E-05 1.03E-05 No Change
Start + DGDGWT2-DGO1AC *
(FTS) | pepewT2- | 2/3 CCFbetween EDG- | 4 oc 00 | npopos | (AACGTGFTS + AAC
DGO1AC A and an AAC DG : : GTG FTR + AAC GTG
T&M)
« DGDGWT2-DGO1BC *
DGDGWT2- 2/3 CCF between EDG- (AAC GTG FTS + AAC
DGO1BC B and an AAC DG 107E-04 | 2.60E-05 GTG FTR + AAC GTG
T&M)
« DGDGKT3-DG01ABC *
DGDGKT3- 3/3 CCF between EDGs (AAC GTG FTS + AAC
DGOIABC | and an AAC DG 8.96E-05 | 2.18E-05 GTG FTR + AAC GTG
T&M)
DGDGKT2- | 2/3 CCF between EDG-
o | DGOLAB i EDO.B 1.01E-04 1.01E-04 No Change
RUN « DGDGKT2-DGO1AC *
(FTR) | DGDGKT2- | 2/3 CCFbetween EDG- | oo oo | 5ioegs | (AACGTGFTS+AAC
DGO1AC A and an AAC DG : : GTG FTR + AAC GTG
T&M)
« DGDGKT2-DGO1BC *
DGDGKT2- | 2/3 CCF between EDG- (AAC GTG FTS + AAC
DGO1BC B and an AAC DG 8.72E-05 2.12E-05 GTG FTR + AAC GTG
T&M)

The failure data for an AAC DG in the cutsets are changed to considering one (1) AAC GTG random failure as shown in

the Table below.
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TABLE 17. The Failure Data Change for Case 9

Maintenance (T&M)

Basic Event Base Case Case 9 Remark

. + DADGS-S-AACDG * (AAC

DADGS-S-AACDG (TFh;’S';‘AC DGfailstostart | a5e 00 | 1.05E-02 GTG FTS + AAC GTG FTR
+ AAC GTG T&M)

The AAC DG fails t « DADGR-S-AACDG * (AAC

DADGR-S-AACDG (FﬁR) alistorun 3.07E-02 7.46E-03 GTG FTS + AAC GTG FTR
+ AAC GTG T&M)

The AAC DG unavailable * DADGM-S-AAC * (AAC
DADGM-S-AAC due to test and 1.44E-02 3.50E-03 GTG FTS + AAC GTG FTR

+ AAC GTG T&M)

ILIL Case 10 : One (1) AAC DG + One (1) AAC GTG + CCF without EDGs

Case 10 represents that two (2) EDGs, one (1) AAC DG, and one (1) AAC GTG are installed and there is no CCF
between EDGs and one (1) AAC DG. In addition, there is no CCF between one (1) AAC DG and one (1) AAC GTG. The
CDF for this case is estimated using the cutsets derived from Base Case by changing the CCF failure data associated with the
EDG and AAC DG and random failure data (fails to start, fails to run, and unavailable due to test and maintenance)

associated with the AAC DG.

The CCF data related to the EDGs and an AAC DG are changed as shown in the Table below.

TABLE 18. CCF Data Change for Case 10

CCF Event Base Case Case 10 Remark
DGDGWT3- 3/3 CCF between EDGs 1.16E-04 N/A ¢ No CCF between EDGs and
DGO01ABC and an AAC DG ' an AAC GTG
DGDGWT2- 2/3 CCF between EDG- * Data change from 2/3 CCF to
Failto | DGOLAB A and EDG-B LO3E-05 | 355805 | 55 cCF among EDGs
Start
(FTS) | DGDGWT2- 2/3 CCF between EDG- 1.07E-04 N/A * No CCF between EDGs and
DGO01AC A and an AAC DG ' an AAC GTG
DGDGWT2- 2/3 CCF between EDG- 1.07E-04 N/A ¢ No CCF between EDGs and
DGO01BC B and an AAC DG ' an AAC GTG
DGDGKT3- 3/3 CCF between EDGs 8.96E-05 N/A ¢ No CCF between EDGs and
DGO1ABC and an AAC DG ' an AAC GTG
'F:z?;rI] o DGDGKT2- 2/3 CCF between EDG- 1 01E-04 3.96E-04  Data change from 2/3 CCF to
(FTR) DGO1AB A and EDG-B ' ' 2/2 CCF among EDGs
DGDGKT2- 2/3 CCF between EDG- 8.72E-05 N/A ¢ No CCF between EDGs and
DGO01AC A and an AAC DG ' an AAC GTG
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CCF Event

Base Case Case 10 Remark

DGDGKT?2- 2/3 CCF between EDG-
DGO01BC B and an AAC DG

¢ No CCF between EDGs and

8.72E-05 N/A an AAC GTG

The failure data for an AAC DG in the cutsets are changed to considering one (1) AAC GTG random failure as shown in

the Table below.

TABLE 19. The Failure Data Change for Case 10

Basic Event

Base Case Case 10 Remark

The AAC DG fails to start

* DADGS-S-AACDG * (AAC

DADGS-S-AACDG | 4.30E-02 1.05E-02 GTG FTS + AAC GTG FTR
+ AAC GTG T&M)
The AAC DG fails + DADGR-S-AACDG * (AAC
DADGR-S-AACDG (F;.’R) aiistorun 3.07E-02 7.46E-03 GTG FTS + AAC GTG FTR
+ AAC GTG T&M)
The AAC DG unavailable * DADGM-S-AAC * (AAC
DADGM-S-AAC due to test and 1.44E-02 3.50E-03 GTG FTS + AAC GTG FTR
Maintenance (T&M) + AAC GTG T&M)

I11. The Result of Sensitivity Analyses

The result of sensitivity analyses for AAC designs are as follows:

TABLE 20. The Result of Sensitivity Analyses for AAC Designs

Case

No. Description ACDF Remark
Base | One (1) AAC DG + CCF with * Two (2) EDGs and one (1) AAC DG are installed.
Case | EDGs ) * There is CCF between EDGs and an AAC DG.
Case 1 One (1) AAC DG + CCF without 6.9% * Two (2) EDGs and one (1) AAC DG are installed.
EDGs “77% 1 e There is no CCF between EDGs and an AAC DG.
Case 2 Two (2) AAC DGs + CCF with 5.0% * Two (2) EDGs and two (2) AAC DGs are installed.
EDGs 779 | e There is CCF between EDGs and AAC DGs.
. * Two (2) EDGs and two (2) AAC DGs are installed.
Case 3 EVE\)IOGS) AAC DGs + CCF without -20.5% | * There is no CCF between EDGs and AAC DGs.
- Only CCF among EDGs and AAC DGs respectively.
. * Two (2) EDGs and two (2) AAC DGs are installed.
Case 4 Two (2) AAC DGs + CCF with -20.6% | * There is CCF between EDGs and 1%t AAC DG.

EDGs + no CCF among AAC DGs

* There is no CCF between 1%t AAC DG and 2" AAC DG.
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(lf\?ose Description ACDF Remark
. * Two (2) EDGs and two (2) AAC DGs are installed.
Case 5 EVBIOG§2+) ':‘(’)A‘gc?:i;;fc: ch'ﬂg)euz -20.7% | * There is no CCF between EDGs and AAC DGs.
g * There is no CCF between 1t AAC DG and 2" AAC DG.
Case 6 One (1) AAC GTG + CCF without 18.4% * Two (2) EDGs and one (1) AAC GTG are installed.
EDGs “*7% | e There is no CCF between EDGs and an AAC GTG.
. * Two (2) EDGs and two (2) AAC GTGs are installed.
Case 7 E‘gggz) AAC GTGs + CCF without -11.5% | * There is no CCF between EDGs and AAC GTGs
- Only CCF among EDGs and AAC GTGs respectively.
. * Two (2) EDGs and two (2) AAC GTGs are installed.
Case 8 EVSOG§2+) /r?:\gcclicr;nso; Cg\:;év ghToGug -11.9% | * There is no CCF between EDGs and AAC GTGs.
g e There is no CCF between 18t AAC GTG and 2" AAC GTG.
* Two (2) EDGs, one (1) AAC DG, and one (1) AAC GTG
are installed.
Case 9 8%(? é‘g‘:cwl?tﬁ Eé)gs (1) AAC -17.2% | * There is CCF between EDGs and one (1) AAC DG.
* There is no CCF between one (1) AAC DG and one (1)
AAC GTG.
* Two (2) EDGs, one (1) AAC DG, and one (1) AAC GTG
are installed.
Clage gf‘r%(i) éé}:cw[i)t(h;ot t%né gs) AAC -18.5% | * There is no CCF between EDGs and one (1) AAC DG.
* There is no CCF between one (1) AAC DG and one (1)
AAC GTG.

The sensitivity studies show that adding one more AAC DG (Case 3, 4, and 5) reduces the CDF much if there is no CCF
among four (4) SBO mitigation features (i.e, two (2) EDGs and two (2) AAC DGs).

Changing an AAC DG to AAC GTG (Case 6) increase the CDF because unavailability of AAC GTG is higher than that
of AAC DG based on the reliability data in NUREG/CR-6928, however two (2) AAC GTGs (Case 7 and 8) can reduce the
CDF.

Adding one more AAC GTG (Case 9 and 10) reduces the CDF much but it seems that two (2) AAC DGs (Case 3, 4, and
5) are better design than these cases due to high unavailability of AAC GTG.

It is expected that CDF for sensitivity cases of considering additional AAC source will not increase significantly and the
insight of results will not change even if the detailed support systems are considered. Therefore, the detailed support systems
for the additional AAC source such as the fuel oil system and HVAC system, etc. are not considered in these sensitivity
studies.

IV. CONCLUSIONS

A lot of efforts have been made to mitigate SBO event which is a dominant initiating event of the PRA. The AAC power
source is an important SBO mitigation feature, thus various sensitivity analyses are performed to decide which design
concept of AAC power sources is efficient. The result of sensitivity analyses show that CDF can be reduced by installing an
additional AAC source and minimizing CCF between EDGs and AAC DGs. It is also expected that these sensitive methods
using the Minimal Cutsets (MCS) can be helpful to save time for performing sensitive analyses.
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