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 In Japan, there are 3 cases of LOOP due to earthquakes.
 3/11/2011 Tohoku-Pacific Ocean Earthquake: Fukushima-Daiichi, Fukushima-Daini
 4/7/2011 Miyagi-oki Earthquake: Higashidori(under construction), Rokkasho Reprocessing Plant
 9/6/2018 Iburi Earthquake: Tomari

 The damage caused by Tohoku-Pacific Ocean Earthquake is as follows
 1 transmission tower collapse
 Many insulators placed on the transmission tower were damaged

Background and Objectives
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KK
(Ceramic Insulator) U.S. Conventional Fragility

Am 0.91 0.30

βr 0.24 0.30

βu 0.22 0.45

HCLPF 0.43 0.09

Failure frequency [/year]
(with KK site Hazard) 1.1E‐4 4.6E‐3

Background and Objectives
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IS THIS REALISTIC…?

 In conventional KK-NPSʼs PRA, LOOP was modeled by the fragility of the most vulnerable equipment in 
the NPS (i.e. ceramic insulator), but the representativeness to the external power grid is an issue.

 Seismically-induced LOOP outside the NPS can be basically handled by the internal event PRA, but 
there is also a issue in dealing with frequentist method (i.e. the more the earthquake doesnʼt occur, the 
more the probability of occurrence increases in theory).

 There is a option to use generic fragility, however there are also plant-specific aspects in the grid.
 U.S. conventional fragility may be conservative.
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SCOPE

© Google
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 3 power supply routes containing 5 lines (one route of which has a substantially different direction)

Power lines Capacity

“Route A‐1”
500kV Shin Niigata Power Line 4139MW×2 lines

“Route A‐2”
500kV Minami Niigata Power Line 4139MW×2 lines

“Route B”
Arahama power Line (Tohoku Electric Power 
Company)

118MW×1 line
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SEISMIC HAZARD ANALYSIS
‒ Specified Source Faults

 Considered the characterization of each source fault, ground motion attenuation, and site 
amplification.

 Developed the three-dimensional hazard of annual frequency of exceedance, distance and 
gal separated for each source faults.

 Major seismic faults are identified by literature surveys.
 Evaluated 16 faults (24 sections) within 100km

 Offshore faults were excluded from this survey because the on-site facilities are relatively 
representative.
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No. Active Source Fault 
Name Length Mw

Mean 
Recurrence 
Interval

Latest 
Faulting 
Event

Model

1 Sekiya Fault 38 7.1 2600‐4100 14th ‐17th
century

BPT

6 Western Boundary 
Fault Zone of the 
Nagano Basin

74 7.5 3000 ‐ Poisson

21 ISTL (Itoigawa‐
Shizuoka Tectonic Line) 
Fault Zone

158 8.0 600‐800 800‐1200 
years ago

BPT

[Example]
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Occurrence Probability / Ground Motion Attenuation Relation 
/ Amplification near Ground
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 Occurrence probability：BPT / Poisson process
BPT:

Poisson: 

 Calculated using the Monte Carlo method assuming a uniform distribution based on the estimated width of 
the mean recurrence interval and of the latest faulting event period. (iteration: 1,000,000 times)

 Aperiodicity Value α: 0.24

 Mw is estimated from the fault length by empirical formula (Matsuda(1975), Central Disaster 
Management Council in Japan(2005))

 Attenuation Relations for Peak Ground Acceleration: Si and Midorikawa (1999)

 Evaluation considering uncertainty using a logic tree that is normally implemented in PSHA is out of 
scope of this study.

Occurrence Probability / Ground Motion Attenuation Relation 
/ Amplification near Ground
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 Evaluate as “Non-Specified Source Faults” to include smaller earthquakes for which there is insufficient 
information about source faults.

 Evaluation using conventional Gutenberg-Richter (G-R) law with magnitude data.
 Carried out statistical analysis for earthquakes that occurred in the land area of Niigata Prefecture, 

where power transmission networks exist.
 To ensure the uniformity of data accuracy, the data collection period was set as 1/1/2000 ‒ 3/31/2019.

1872 earthquake data were analyzed and the occurrence frequency of exceedance was evaluated.
 The upper limit of Mj was set to 7.4 (Shimazaki (2009))

SEISMIC HAZARD ANALYSIS
‒ Non-Specified Source Faults

Niigata Prefecture Chuetsu Earthquake

Great East Japan Earthquake
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Fragility
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 Oikawa et al. (2001)
 The following fragility list based on damage performance data before 1979 was 

developed. 
 Moreover, It has been proposed to apply a factor of 2 to evaluate the fragility after 1980.
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System Analysis
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 Fault Tree
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Results

TOTAL: 1.1E‐3 /year

 LOOP Frequency

1.0E‐05

1.0E‐04

1.0E‐03

1.0E‐02

1.0E‐01

Onsite Representative
Fragility

Detailed analysis Generic Fragility
(U.S. Conventional)
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Results
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LOOP

Transmission 
Tower

in the vicinity of KK

KK
(Ceramic Insurator)

Route A Route B

Source Fault #407: Fukaya and Ayasegawa

3.2E‐5

1.6E‐5 3.7E‐5

1.6E‐5 5.7E‐6

LOOP

Transmission 
Tower

in the vicinity of KK

KK
(Ceramic Insurator)

Route A Route B

Source Fault #7: Fukaya and Ayasegawa

1.1E‐7

1.5E‐5 9.2E‐8

3.1E‐8 2.7E‐9

LOOP

Transmission 
Tower

in the vicinity of KK

KK
(Ceramic Insurator)

Route A Route B

Source Fault #6: Western Boundary Fault Zone 
of the Nagano Basin

4.0E‐5

1.0E‐4 3.6E‐5

1.5E‐5 3.1E‐6

#
Route A Route B

FV RAW FV RAW

6 5.7E‐1 8.7E+0 5.7E‐1 2.7E+0

7 7.1E‐1 1.0E+0 7.1E‐1 1.3E+2

407 2.0E‐1 1.8E+0 2.0E‐1 1.0E+0
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Hazard Curve Sensitivity
- Non-Specified Source Faults
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 Since the equipment such as insulators could be seismically more vulnerable than the high seismic 
design category equipment of nuclear power plants, the accuracy in the low acceleration region is 
important.

 For non-specified source faults, the sensitivity analysis by extreme value analysis using the method 
of moments was conducted in addition to the evaluation based on the conventional Gutenberg-
Richter law with magnitude data.

Method Performance Data

Base Case Gutenberg‐Richter law  Magnitude

Sensitivity 
Analysis #1 

Extreme Value Evaluation using 
the method of moments 

Magnitude

Sensitivity 
Analysis #2

Extreme Value Evaluation using 
the method of moments 

JMA Measuring Seismic Intensity 
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 INDEX: Magnitude
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Performance Data
Gutenberg‐Richter (≧M1)
Gutenberg‐Richter (≧M2)
Gutenberg‐Richter (≧M3)
Gutenberg‐Richter (≧M4)
Gutenberg‐Richter (≧M5)
GEV, Generalized Extreme Value Distribution
LP3, Log‐Pearson Type III Distribution w/ log‐sampling moment method

 The G-R lawʼs misfit in the low acceleration region is thought to be due to undetectable earthquakes. 
However, we assumed that samples were obtained equivalently from the population, and the 
sensitivity study was conducted by using a distribution form more consistent with the data

Sensitivity Analysis #1
- Non-Specified Source Faults
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 INDEX: JMAʼs Measuring Seismic Intensity
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Performance Data (Kawasumi)

Perfomance Data (Railway Technical Research Institute)

Performance Data (JMA max.)

Performance data (JMA min.)

GEV, Generalized Extreme Value Distribution

LP3, Log‐Pearson Type III Distribution w/ log‐sampling moment method

 The classification class was too rough and it 
was not a realistic  evaluation.

 SLSC (Standard Least Squares Criterion )
 GEV: 0.152

 LP3: 0.202

Sensitivity Analysis #2
- Non-Specified Source Faults

 Trial to evaluate the damage hazard of the power transmission network from the viewpoint of 
damage performance data rather than the information on the source faults.

 This has the merit that the distance attenuation related- and site ground related- uncertainty are 
taken into account from the start.
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Summary
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▶ It was confirmed that the evaluation of the site's facilities alone was insufficiently 
representative with respect to the frequency of LOOP occurrence, but its impact 
was limited (about 2.3 times the frequency of LOOP occurrence).

▶ In particular, the contribution from non-specified source faultʼs seismic motions is 
large, and the conventional G-R law evaluation may be conservative in the low-
acceleration region when the fragility to be evaluated is relatively small, as in the 
present case.

▶ For LOOP generated by source fault far from the power plant, the power plant 
facilities are likely to be healthy and the impact on the CDF is likely to be 
relatively small (generally considered a level that can be evaluated using an 
internal event PRA model rather than seismic PRA).
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Future Work
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 Expansion of Evaluation Range of Specified Source Fault
 Sensitivity Analysis by Changing Correlation
 Refinement of PSHA
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