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Abstract

After the Fukushima NPP accident in 2011, the USNRC issued a
request to all NPP owners for reevaluating the seismic hazards at their
sites using present-day guidance. A SPRA could be reperformed
depending on the new seismic hazard results. At first, this project will
collect, study, and summarize two SPRA reports of US NPPs, as well as
their peer reviews and USNRC comments, and then provide key
regulated issues in seismic hazard analysis and consequence analysis
respects for reference in domestic regulation and review.

Electric Power Research Institute (EPRI), USA, published the
Expedited Seismic Evaluation Process (ESEP) report EPRI 3002000704
(2013b). The US Nuclear Energy Institute (NEI) published the NEI 12-
06 Diverse and Flexible Coping Strategies Implementation Guide, also
known as the FLEX Implementation Guide. Both documents aim to
assist nuclear energy regulators and nuclear power plant owners to
evaluate the seismic assessment of important structures, systems and
components (SSC’s) of nuclear power plants. Japan Nuclear Energy
Safety Organization (JNES) developed experimental methodologies to
quantitatively obtain seismic behavior of SSC’s. It is proposed to analyze
the methods and testing reports developed by USA and Japan for the
seismic assessment of SSC’s in order to enhance our nuclear review
technologies, hence the nuclear safety.

At 4:10 pm on January 1, 2024, a strong and extremely shallow
earthquake with a magnitude of 7.5 (Mw=7.5) occurred in the Noto
Peninsula north of central Japan. The focal depth was 10 kilometers and
the intensity reached the strongest magnitude 7. Many buildings in the
cities on the Noto Peninsula were razed to the ground and large-scale

fires broke out, burning hundreds of houses and buildings, and triggering



tsunamis. In total, the Noto Peninsula earthquake killed 241 people,
injured 1,297 people, and 12 people were missing. 9,050 buildings
collapsed and 12,820 buildings were partially collapsed. The losses
were heavy. The nuclear power plants near the Noto Peninsula include
Shiga Nuclear Power Plant (Shiga Town with earthquake intensity 7),
Kashiwazaki Kariwa Nuclear Power Plant (Kashiwazaki City with
earthquake intensity 5), Tsuruga Nuclear Power Plant (Tsuruga City with
earthquake intensity 4), Mihama Nuclear Power Plant (Mihama Town
with earthquake intensity 3), Takahama Nuclear Power Plant (Takahama
Town with earthquake intensity 4), and Ohi Nuclear Power Plant (Ohi
Town with earthquake intensity 4). Before the Noto Peninsula
Earthquake, except for Takahama Nuclear Power Plant and Ohi Nuclear
Power Plant which were operating, the other nuclear power plants were
in a shutdown state. After the Noto Peninsula Earthquake, fortunately,
the Shiga Nuclear Power Plant was hit by a maximum earthquake
magnitude of 7. Its two units only suffered ruptures in the pipes of two
transformers that received power from the outside due to the earthquake,
causing insulation and cooling oil to leak. Preliminary inspections
showed that no safety issues were caused after the earthquake. In
addition, at the Shiga Nuclear Power Plant and Kashiwazaki Kariwa
Nuclear Power Plant, which have been shut down, part of the cooling
water used in the spent fuel pool overflowed due to the earthquake
shaking, causing a so-called "water oscillation" (Sloshing) phenomenon.
There have been no preliminary abnormal reports from other nuclear
power plants. This project will collect relevant seismic assessment and
control methods conducted by nuclear power plants after the Noto
Peninsula Earthquake in Japan to provide reference for our country's

nuclear safety regulatory authorities.



This report summarizes the seismic performance of
decommissioned nuclear facilities in high-risk earthquake areas,
focusing on the risk of failure in spent fuel pools (SFPs) during seismic
events. In order to protect the fuel from radiation leakage, SFPs must be
designed with high seismic resistance. This report reviews current
standards and regulatory data to assess SFP design requirements and
vulnerabilities. A checklist including 10 items can be used to evaluate
the seismic performance of the SFP structure and to ensure stability
under earthquake event. Findings indicate that SFPs, under the required
design guidelines and regular maintenance, can withstand above design
basis earthquakes (DBE) events. This report also discusses the aging and
deterioration issues of SFP that may need to be considered during the
decommissioning stage and control suggestions. The results of this
resport can also be used as a reference for seismic risk management of

used SFP to ensure the safety of nuclear fuel.

Key words: Probabilistic Seismic Hazard Analysis, Seismic
Probabilistic Risk Assessment, Peer Reviews, JNES, Seismic
Assessment, Noto Penisula Earthquake, Shika Nuclear Power Plant,
Sloshing, Spent Fuel Pool, Seismic Resistance, Decommissioned NPP,

Seismic Risk Assessment, Structure Fragility



AFW
ANS
ANSI
ASME
ASCE
ASW
ATWS
BE
BLMC
BWR
CCDP
CCW
CDF
CDF
CDFM
CET
CEUS
CFCU
CLERF
CPCFB

CRDM
CST
DCPP
DNS
DRS

Auxiliary Building

Auxiliary Feed Water

American Nuclear Society

American National Standards Institute

The American Society of Mechanical Engineers
The American Society of Civil Engineers
Auxiliary Salt Water

Anticipated Transient Without Scram

Best Estimated

Big Loop Monte Carlo

Boiling Water Reactor

Conditional Core Damage Probability
Component Cooling Water

Core Damage Frequency

Cumulative Distribution Function
Conservative Deterministic Failure Margin
Containment Event Tree

Central and Eastern United States
Containment Fan Cooler Unit

Conditional Large Early Release Frequency
Conditional Probability of early Containment Failure
or Bypass

Control Rod Drive Mechanism

Condensate Storage Tank

Diablo Canyon Power Plant

Demand Non-Seismic

Design Response Spectrum



DS Design Seismic

EDG Emergency Diesel Generator

EES Experience Earthquake Spectrum

EPRI Electric Power Research Institute

ESEP Expedited Seismic Evaluation Process
FEM Finite Element Method

FIRS Foundation Input Response Spectrum
FLEX Diverse and Flexible Coping Strategies
F&O Fact and Observation

F-V Fussel-Vesely

FWST Fire Water Storage Tank

GMC Ground Motion Characterization

GMRS Ground Motion Response Spectrum
HCLPF High-Confidence Low-Probability of Failure
HEAF High-Energy Arcing Fault

HEP Human Error Probability

HLR High Level Requirements

HRA Human Reliability Analysis

IAT Independent Assessment Team

IPEEE Individual Plant Examination of External Events
IHS IPEEE HCLPF Spectra

ISRS In-Structure Response Spectrum

JNES Japan Nuclear Energy Safety Organization
LB Lower Bound

LERF Large Early Release Frequency

LHS Latin Hypercube Sampling

LLNL Lawrence Livermore National Laboratory
LMSM Lumped-Mass Stick Model



LOCA Loss of Coolant Accident

LOOP Loss Of Offsite Power

LOSP Loss of Off-Site Power

LTSP Long Term Seismic Program

MAFE Mean Annual Frequency of Exceedance
MACR Maximum Averted Cost-Risk

MCC Motor Control Center

MSIV Main Steam Isolation Valve

MU Maintenance and Update

NAPS North Anna Power Station

NEI Nuclear Energy Institute

NEP Non-Exceedance Probability

NRC Nuclear Regulatory Commission
NRR Nuclear Reactor Regulation

NSSS Nuclear Steam Supply System

NTTF Near-Term Task Force

OBE Operating Basis Earthquake

OWST Outdoor Water Storage Tanks

PF Performance Frequency

PGA Peak Ground Acceleration

PG&E Pacific Gas and Electric

PLWR Pressurized Light Water Reactor

PRA Probabilistic Risk Assessment

PRT Peer Review Team

PSA Peak Spectral Acceleration

PSHA Probabilistic Seismic Hazard Analysis
PWR Pressurized Water Reactor

PWROG Pressurized Water Reactor Owners Group



RAW Risk Achievement Worth

RCS Reactor Coolant System

RCW Reactor building Closed cooling Water pump
RE Reference Earthquake

RHR Residual Heat Removal

RLE Review Level Earthquake

RLME Repeated Large Magnitude Earthquake
RRS Required Response Spectrum

RWST Refueling Water Storage Tank

SAMA Severe Accident Mitigation Alternative
SB Service Building

SCDF Seismic Core Damage Frequency

SEI Structural Engineering Institute

SEL Seismic Equipment List

SDC Seismic Design Category

SFA Seismic Fragility Analysis

SFP Spent Fuel Pool

SG Safeguards Building

SHA Seismic Hazard Analysis

SLERF Seismic Large Early Release Frequency
SLOCA Small LOCA

SMA Seismic Margin Assessment

SMRP Senior Management Review Panel
SOV Separation Of Variables

SPID Screening, Prioritization and Implementation Details
SPRA Seismic Probabilistic Risk Assessment
SR Supporting Requirement

SRSS Square Root of Sum of Squares



SRT
SSC
SSC
SSE
SSHAC
SSI
SSLOCA
SSPS
SSSI
SWEL
TES
T-H
TRB
TRS
UB
UHRS
USNRC
VSLOCA
V/H
WUS
ZPA

Seismic Review Team
Seismic Source Characterization
Structure, System, and Component

Safe Shutdown Earthquake

Senior Seismic Hazard Analysis Committee

Soil-Structure Interaction
Small-Small LOCA

Solid-State Protection System
Structure-Soil-Structure Interaction
Seismic Walk-down Equipment List
Test of Earthquake Simulation

Time History

Technical Review Board

Test Response Spectrum

Upper Bound

Uniform Hazard Response Spectrum
U.S. Nuclear Regulatory Commission
Very Small LOCA

Vertical to Horizontal

Western United States

Zero Period Acceleration
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PR E R (cm) 0.32 0.95 0.64
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(3) F¢ £~ 3 - All Fuel Stored in an Independent Spent Fuel Storage
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(4) F# £ 4 - All Fuel Removed from the Site: 734 B 3= 38 @Ji A A S ¥
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Mo R 4§ RS o 4 B SFP end P AT
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HAERgErERZA - RT2 R EZ RS

(4) F1# Bér 2 A A #fac SFP # el frion s o I H s vl
W2 REPM RS RG o

(5) 4 Frok 8 A B @ g 4 o Flos I % 04 fr i i SFP
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PR RFIAINBE 3 BT R = I8 2 (Browns Ferry 1-3,
Oconee 1-3, Palo Verde 1-3) » 1 F&+% % B 2 B # 2 (Vogtle 1-4) - %
FEE? PR RBes 3N ary RedN> 7 3 AT R 6
3048 % 7 B F $%(Columbia Generating Station 1, Diablo Canyon 1-2,

Palo Verde 1-3) -

U.S. Operating Commercial Nuclear Power Reactors
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8 BREQZ2E

Licensed 1o Operate (32)

Seurce: U5, Wedt Risitiey Compiin - A3 (1 F abaaay 21
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Reactor, BWR) > 61 84k * B -k F J& Yg (Pressurized Water Reactor,
PWR) » & %4k * R 4= -k & J& Y (Pressurized Light Water Reactor,
PLWR) - & 7 04 3048w 5 I8 IRAEFAE 5 % 1 ¥ 0 17 {VARGF 4R
B 2F S0FREFRE S B 3 27TIRE D A VR F %
Bl AAFFA - T DM IPEE S FRDY S 1969 # 97 19
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PR R 1 e 19 &P T A r 18 -

3V AT RS I3 s e
3RYRAG 2 e
(Browns Ferry, Oconee, Palo Verde)
1A+t 7 kT = B8 e (Vogtle)
PRAREE 3AEFNR RO T fa I
(Columbia Generating Station, Diablo Canyon

1-2, Palo Verde 1 3)
ﬁkalﬁ%"””f;\mSS M ix P ML

pE
2n
¥+ F R A5 31 ¥R BWR » 61 ¥® PWR >
A IR K F R Y% (PLWR, Vogtle 3-4)
GORIFET | 18R E L# 0 17805 24 > 3030 % 3 » 27
FRALE D> A JUREE-RF e 18 B AT
5 -
w PR p P 1969/09/19 - 2016/10/19

PORBREIMERY RIS e S RFEEERI Y (4T
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32128 /m: 5 - HnEREE? TR
FRpE (F) e L FoEYe Al 3
1970.58 Robinson 2 PWR-3
1973.1 Oconee 1 PWR-L
1973.76 Oconee 2 PWR-L
1974.54 Oconee 3 PWR-L
1974.82 D.C. Cook 1 PWR-4
1977.98 D.C. Cook 2 PWR-4
1978.25 North Anna 1 PWR-3
1980.64 North Anna 2 PWR-3
1984.8 Callaway 1 PWR-4
1984.84 Diablo Canyon 1 PWR-4
1985.65 Diablo Canyon 2 PWR-4
1987.21 Vogtle 1 PWR-4
1989.25 Vogtle 2 PWR-4
1996.1 Watts Bar 1 PWR-4
2015.81 Watts Bar 2 PWR-4
1973.82 Peach Bottom 2 BWR-4
1974.5 Peach Bottom 3 BWR-4
1984.28 Columbia Generating Station BWR-5
#= == <=Robinson
Pl O O ONorth Anna
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Bl 13 2REHE? BT RGRY - HBe2 FRP Y

BLER 13 81

B 2ERT RN 3

i i PWR 4 ez

* p P BT % B PWR % 2 ¥_Diablo Canyon % & B (DCPP)&5 2
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MERE Fodamdwp, PWR %2 > 2=t ¥ % K North Anna % &
=(NAPS)e1 2 3R %2 W& B o 2 e0 3 1% Bt PWR # % - DCPP 4% &
PP = et poHP BdRiT 0 NAPS 22 4% = Buenk Bhp A8 4p
oo 2 B PR Rt )t 4 130 F)pt 5 AT W B DCPP v
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g

13 £ WEE? TRy - HPWRIS 22 Fp §% = et

2 FEEY PR R I )
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FrERGTRE P 4w
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1842 1984 2 117 2p 5@ |2 23/ emr $RTE
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North Anna Power Station 1-2 | 1% .#% 1984 & 7 * 27 p fx*
FHERTE ST 3 B 28 e 1985 57 18 p g
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28 4w 1980 & 8 7 21 p PR
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WEE A rR (TR AR L 0 U E (AR N R B BB S e R
4| & F P chiF s o DCPP 7 SPRAF2 1 B 0 % ¢ 5 @ (1) SHA

FE M 0 (2) SSC e B A I - QT Ry BF BIA-E M 8
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% > 112 (4) SPRA gk frigmif & & RF) & R B-chi7 s - DCPP
79 SPRA 3F 2 *if4r A 2 k3= % SPRA I iFE v WA R 7% 4
LA > NRC*EFwv HE2AZ L AT &Ai2{F DCPP & SPRA #
L2 FiTEAI-NRCeE & & L eam {7 o
1. DCPP SPRA # 4 7P e+fr P &
DCPP SPRA 3F 4 — B 4pécit p cnfe P 1R o L 2011 # 3 2

11 PP A4&E T BTz 5 » NRCz= NTTF » # + NRC 42 5
ﬁ%ﬂﬁﬁﬁﬁ%ﬁ’U%iﬁiﬁii{@%ﬁﬁﬁﬁﬁﬁo
NTTF % E - E&RETH kR jFiriesw g #1 %> WREI R Y
T 22012 # 3% 12 p USNRC & J5 820 $| 4= e £ 10 (Title 10
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(NRC Letter, 2012a)& 7% % RiF#? T R EL4&BP = NRC
RpfcEp Eim e Fuam B2 R - "Lt DCPP fmf; EPRI
SPID Pt g iTery RA T REFA R AR FRA 10
Hz 2. & > GMRS 42 13K 3K % @ > F]a { 7 SPRA - ¢* SPRA #-%

cHERTF L AP AFRE RAET CRIRER SSCH U fif
Brph B BRI R EE AN AR S 5 BRI T fodkaee
{7 o
2. DCPP SPRA #f £ 1§ 3

=t > DCPP SPRA 3¢ 4 #% i= SPRA 134 & > i€ ¥ NRC 7

f3 mﬁig?l ek s HFERER s 13 3k SPRA ARz ik
% o SPRA eh# &2 4 & 45 : (1) SCDF hEa E R Y514 > ¢ 5 b 'k
i = § @ (Risk Achievement Worth, RAW){r Fussel-Vesely(F-V) % &
& & 2P o (2) SCDF 4r SLERF ei®iz » 24 & > ¢ 7 £ 1 SSC #
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o RAPFESE S A AN RF RS T B Rk R
F A5 eng i fof ) @5 PRA 3] ~ 7 2 BR800 o
BRK o (3)dw i 3 SPRA APiw & ¥ chilifedrle (7§ & ehp P foif

o ()35 Rohb # LB 35 ARG S R B i fs o

DCPP &1 SPRA 3F 4 4%t SPID ¢hi & 304 £ B 2 3 B A 47
PRSHF B SSC F A~ fRnE & iilatr 2 LR E
it oo

TP LIEL N SPRA LAT B% -~ LfR0 N2 R TR A
ffri % g & > K00 R @ NRC 7 fR{o2] M 4Eh » TA {03 5
WAl ehr Fd > LR SRR AT ARG v B R SR R -

B.{¢ » DCPP -7 SPRA 3R £ £ ff i 3R & w5 7 o
3.DCPPSPRA# 4. et B o T ot F &

=
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PR T ICRALF T o Babdr %(ﬁm N E AT Ies T
F 2628 ) 30 2% N TE 4 (V)2 968 m/s e DCPP i

=1

SHA 42 # 35 5% fofddr = 2 75 5 a3 20 > ) 2354 8kan
BT RA M e PG&E (2015a, 2015b) » 32 % B T F ¥
(Uniform Hazard Response Spectra, UHRS)f- GMRS vt s *+ [§] 1-
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— — — 1E-4 UHS for Control Point
= = = =« 1E-5UHS for Control Point
GMRS
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Spectral Acc (g)
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0.1 1 10 100
Frequency (Hz)

® 1-4 DCPP Fuht 424128k T % 1 UHRS §r GMRS (PG&E, 2015b)
E_kz@i%] » F J&3¥(Foundation Input Response Spectra, FIRS) 5 o
2 -3 #1(Soil-Structure Interaction, SSI):* & @ % » AR [ it 4o
T ophd 3D ABFEEE 1D e 0 £ 4 5% AT o E R
#3l3 348 kappa £F 3 W FEAUEHAEE G 3 B E
a3 30 B o &k 810 B o ¥[8 % 4 (containment
structure) ~ # B4 fi % (auxiliary building)frit # B 5 (turbine building)
BT AR A 0 £FKT % FIRS o 4r DCPP &1 GMRS
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Benp B S0 8 A BT DCPP 3ruchBREHIE AT R » 4o
Bl 1-6 777 o
DCPP:5 Hz
: | I S
e Hos@ri fault H* _
0.9 | = Shoreline fault = I S .
Los Osos fault 5 —
0.8 H San Luis Bay fault » £
= = Local Faults § l’ —

0.7

------- Regional Faults
= === Background

Fractional Contribution to Total Hazard

SA(e)

Bl 1-6 DCPP 5 Hz 3§+ it & o § & PR T jt & (PG&E, 2015b)
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DCPP: 10-4, 5 Hz

' [
|
= - (Bemlpm - —————— O Common-Form Models
0O o © OTotal Sigma
00 O Dataset
000 OTau
o5 © PhiSS Dataset
O q) ') O Phi Eps. CA
. OH> O O Phi Eps. Global
QD O Mixture-Low
o6 O Mixture-High
0 © PhiSS Mag-Dep.
@ O HW Model5
¢ OHW Model 13
Q O HW Model 23
(D O Directivity Model 5
{) O Directivity Model 13
<) © Directivity Model 23
0.1 1

GM Ratio (Sens/Base)

B 1-7 DCPP 5 Hz 3# 4v i B %107 AEF 737 3% b Bl(PG&E, 2015b)

HEFRA CHBDTRALE R 00 B F N L > £ 4
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Fooo ATEREZ B B R c B)FIF EFF 0 10740107 AEF &n
B ERd P B GMPE 4t 1 1 25 B HEARE L4l -(4) 10 2~ 2
Z NG 4 BARRR PRy - RiFchdd $#ET R IR
+ X o
4. DCPP SPRA # £ et & 5 312

DCPP SPRA # 2 eh% v § & 4cift s B 5 3 ik 2o
() REAFE

¥ R & - H (Seismic Equipment List, SEL)7| d1 3 24 2 {5 >
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EAE 2R R PRI R RiELE 5 SPRA HC3E
& SSC» migi7 5 f 4 45 - DCPP iz g ASME/ANS 7 PRA & %
(2013) FEzufe ¥ 4o SPRA #4230 F K # o BB & iR
»EHELEE RO IR mR A FEHEE BR R
%k SSCo Fla 15 fr25e At - Rod | 5@ gadm
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% 2 1% 0 DCPP FEIRE 38 R AT 297 g chg 2874 1 (1)F
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3z &4 L ¥ F A 4 7 (Human Reliability Analysis, HRA)#3 % #1
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PO AR (AERY > i 7 RCIoan ¥ 4 8 0 RC ok
W 2 hBr) ) ki (Afples® " RC 2 HE P )o
St 4 st g * 3D 3 A F HAI(FEM) 0 @ = AR
A rﬁ’ﬁiﬁﬁiﬁﬁ' @SSl Bk LE v BERFNHTLAR
s 4 47 KTF e kY * FIRS e im o

@750 SSIPE » 4 KM & Foh 2 B35 2 5 {0 30 BARER 2
e o BES » RAEE L F o L FoRER T
P R4 S FHEERRR > BEHMLEE A
FIRS %40 % o FE 238 SSI 47 (P #ick i % S HCAI% % ) o
FRMETSRERIIEI G B F N SSIand KL 30 B
233G -

A4 30 22 FIRS 4p % en3 ¥f (outcrop) e i# B P2 {8 » %
o SSIF i 41y & ﬁ;éi P(D)E BEE ARG SRR - R R
ek BREERF 0 02 1D B K A 47 5 & 4 (in-column, within) e i#
B > se® BAEW 2 ER G 305 - BHPM R RFR > LT g
oot AR REM o (DGR3 I G FRT - ERFhi
BEPE > 11 1D B4 F At F BHpN 4oid B > 4ot 04 B

W SSI F g traf s 5 g%l H- "gi¥ %k »
R $ 1k (stratified sampling) ; ‘2 & = 5 ~'gH FHPF > P 7 L2
= 4 4% (Latin Hypercube Sampling, LHS) o # * 30 & £ /% 4c:# B f P&
BEERE AT - B RF BOE & S (2 RE S L3R
DRICIEA BB REL) FF 30 BiE o L2 LHS 24 &

ARHEHPETEE v » hP dode 84% A AZ A2 5 (Non-
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Exceedance Probability, NEP) e 4# 4= * J& 3% (In-Structure Response
Spectrum, ISRS) » iz#* ISRS 4 g7 £ & 2 ¥k L B - Y
poRE R ISRS $H* 2 et Sl B HApp 4eid B
Frprd B mtd E e K B2 > LY Biefe 84% NEP ISRS #
SRR A YT E S, -

5 a0 SSLF A TR B Z B el o SRR ES A
ﬁ‘i}; & o Bois g 4 M3 33 Hz o

DCPP i R A B = § Pn BB o SSIATRF L EvE 0
EEFHTAADE S 47 R FF M 33 Hz - # ;"Eﬁi@?]% &
fia$i-385 R FIRS ) # B2 wik - 87 F BHA T 0 5
g 100-40-40 e & o FIRIR AR TR F ’
BRGHES M > BIRA g kT e ISRS ¥ * FIRS 4e
R S R T AL S V0 B WA S £ X
:f?ﬁﬂﬁ#z’ﬁ%;%ﬂa&i AR oPFNLE e F RATHET 30 =X LHS A&
PEE RACHER 2 HEE ARt 0 B3N IER B HER B B oY Hicfe 84%
NEP #2-% » ISRS -
(4) SSC 1% g4 45

DCPP SSC e B 5 7 Radp#l =¥ & S Hz 455 > 5%
ot ek T gk deid B oo 95 DCPP ch & # + & 3+ 4 (Long Term
Seismic Program, LTSP) » 4 % % #c(Separation Of Variables, SOV);#
T I g f#_«frm’m;#gﬁl‘.,’orgmffﬂ‘*"‘ﬂmgx ;}%R/T‘
PG A LS ;%#;] R NIRE 3

DCPP # * ® 73 ;2 ;-2 SPRA #-4] ¢ SSC % 31+ - (1)SOV >

d & 22 o Q)% T FE ;% 4 st 445 (Conservative Deterministic
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Failure Margins, CDFM) > #* >t B~ {8 H ¢ & B ' it end 354 S8 - (3)
RREHE AL BES P NEH DS LR R A
€& T Arehl TR

DCPP LTSP ‘e it inff 44 »afiost § (T { &7 B 5 ez gt o
~ B4 440 FIRS & 5 Hz 48 5 v 5%[E £ vt kT g 4eig B 4 id
SHfre o B2 R o 42 GMRS 3§ 4
FRRLEEPMHSSC i PR F T E 2 RIS >
DCPP #:#418c0 GMRS 7 ¢ 123 4 & (M 3 < »° 10 Hz) ¢
o gt E R e AT RA R oo Tt SSC (T H) &
FHBpRMEE E=G {3 DCPP -

SSC 5 lEmtren &7 M i 48 (7 B~ S0 f8,)
TEE SR N «fri BT Fu o
R R RBIERT)

DCPP SPRA 3 2 th% T 3§ & 4cid 7 fuend 2 BIEHA) - 3

w &

( £
¥ B ~SSC Aot S kiT) o BV ERESFERI MUK
B HREG 0 TR R R T ko B2 588 SPRA (h R fF o
(1) B3 SPRA T f ¥ REBIEHA

DCPP B 3/ #7en B F RIADNR A > B TR M T 244
FrtvB RO AIARM AR E B PR F EHCE Y - B g
* R i E 2 oo

DCPP ¥ 2% B F 3l ey 16 By RANHFRE > & 16 B

PREWEE > TR SSCHd & B RELT Big S A iy F 4t
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1

- % 287 ¥ 0 2 PRA ## Riskman $4 {7 o 3 B frzby

N

3
() 22ah 22 P B E o B RTRF RHES ¢ F I
%350 16 B # REWE 5 PGA # Bl £ 0.1 g-0.35 g $* £
69-9g &3 s daE -

7oA AERIRE B T AL R R Y L (DR R
A ply o AL el i ¥~ o B4 B oK (Auxiliary Salt Water, ASW)
FiEFOELREE > B S e ¢ 7 & DCPP 11 SPRA ¥ o Q)i
BA R s LRI g AL el 3k o 2 ¢h 5K 4 (Outdoor Water Storage
Tanks, OWST)} # &R 8 - 2 L 42 & 7 & DCPP h SPRA @ -

SPRA 3 - B B = enF 2 48 ¥ i* #F(Containment Event Tree,
CET) » #* 3R @ AT R E T L5t d » R 518 8 g8
AHES o B B2 CET MR % & LA R &R hr BF 25

CET o bl4eZ A 3 {rRImag b 3vigfi oy Rasf - & g2 8 R4
Bk LOCA » #3 B ERBCBIT oS Higst s £ oH R o

-2 s BRICARPD iple Bt AN R 2
#oRT AT Rk T A MR

PRSIl LR 4R 480V 2L & % o £ T 9% 4 »x(High-
Energy Arcing Fault, HEAF) /B e B8 L Uk > st 224 & B RBE %+ SCDF
ﬁvmw o1k B 3N Ix107°/# 5 g SPRA 3|4 » 2 SSC i &
shagg L Bgim o

FEILG fEE B31E vk $ B4 SPRA § OB AR dok ik
AIRH > B H R g RREA “f (Residual Heat Removal, RHR) %
sefedf B4 &K (Auxiliary Feed Water, AFW) & $teinif * -RiRif2 g v <
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SPRA H-Z] 4 » 3+ RAIE K e 3 8% o
(2) SPRA ¥ B % RBHRHET it e s 3 1

DCPP 53 SPRA # & % i F &~ 2 fo4 171345 ASME/ANS PRA
Q0P E R EFH2FFF A - FFRATRUEE
B2k 7% a8% Th2 TG E g4 A F1 > DCPP 1
SPRA ¥ 2.7 ek A 45 & & * * SPRA -
Q) ¥ Ah'GchE

%8 Riskman 2 % 5en 475 &+ & 5 T 4v Riskman % 35144k
e it L E s £ E e gt b > #0488 Riskman ¥ g & SiAp B
Moo BE B A~ R AAHA) >~ #iedpfe HRA &1 £ V&Y - 1Y

EirE &AM SF o SPRAE - 2 BX P (1)SSC2Z 7 £ 2>

tRM o R ARM > BV AR o (Q4E 0.1 g S RE G ER
FRBER - 3)I " 24 [ FRiEFHE AFW af * KR - (4)2L
G r/2at R L Fein SSC AT i HCEKE BT 2V 4 2k o (5)% FH
SSC At e b REE FIEHZ ¢ o () ARy RIIFRZER
2_3p AL gz % (Anticipated Transient Without Scram, ATWS) & 71| o (7) &
EHEMSe FELT Y > 4] F &8 5 (control room vertical boards)
F# R A GBI RT S 2 8 A g (FLEX) R iF
AR o (8)F Mg s Ar &l i SL(RCS)F g vy R € EREA
LOCA Frig '3 4p  (9) & T A 2 E(steam generators) s & 4F 3 ¢
Wachp B IE o (10)8 B3I % Bﬁr‘ 8 o4 3 7 #% (Emergency Diesel
Generator, EDG) 4 »% > &7 2 3 & (x4h o (11)77 8 > e B 3%
€ EREFTEAEH > 218 F L F 7 YR (Main Steam Isolation
Valve, MSIV) & it FE 3t 7 5% # 8 en¥ 4] > BlYp~ F1F Bl 73 BaOR



A EEEE AR o (12)F RE 2T > FIFEEMEE FSRT T o (13)
RS T eI § IS R R AT S SR £
& nd g g ~ EDG frlie 204 gr-k (Component Cooling Water,
CCW)# 245 F A 2x o (14)5 *hnfrp 3RR 38 5] Reclips > R4
FE- B 74 E‘Zﬁﬁg 2 (15T REEFI» Rk -(16)23-» 2+ T
4 #&4p ° (17) FLEX 7% %+ SCDF 4= SLERF 3 & <~ 58 - (18)* if
w44 (Spent Fuel Pool, SFP) 4 3k < &if 25 iy 5 3 3k ' U4 > A2 7
SFP ek LB o (1DHAIP A2 7 % - I FLEX K &
(4) SCDF 1% &

DCPP 3 7 5 SPRA & 7t T 5 SCDF gtz 2+ & 5 2.8x107/
£ % 14750k F-V £ E a5 SCDF £ & & - SCDF g & l[%?‘f‘k
Fs oo (1)#4 #-k &% 5 ) (Condensate Storage Tank, CST)frif b -k it 5
1, (Fire Water Storage Tank, FWST) » 4 %] & AFW & $iehi & -Rikfe
AR e itz e F - BAEIHoFE iy 2 3R
2R EFRBRE > 4ok FLEX & v A = # 4] AFW o izt o it e
ik g RSB QW RS PR 5 Tt B 5
A ERPAFVDELZ 2R A A (DY ok ﬁ#ﬁf&g
W FWST gt -kqo? %5 AFW chgd b R o dob @3 T A i &
PIRPEAN DG RE 0 T ERF RS F A KT 2 (5EDG
ERES ORIFE O AT RIS R .
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% 1-4 =F-V 5 :#SCDF ¥ & & (PG&E, 2015b)

Component Description F-v Median Br Bu Failure Fragility
Capacity (g) Mode Method
CSTRW CST/Refueling water storage tank 4.32E-02 4.05 0.14 0.23 Tansg"e”nct‘i:fas'h'ear SOV
(RWST) failure of the tank at
felevation 125 t-6 in,
MCRVB Main control board vertical board 3.03E-02 6.72 0.29 0.43 Functional SOV
FWST Firewater storage tank (FWST) 2.85E-02 4.05 0.14 0.23 Structumal = SOV

Tangential shear
failure of the tank at|
elevation 125 ft-6 in,

AXBLDG IAuxiliary building (common structure) 2.81E-02 4.74 0.16 0.27 D,S"“"‘“’a' e SOV
iagonal Shear
Failure
PCAPS Process control and protection system 2.80E-02 7.82 0.28 0.46 Funictiongl SOV
(Eagle 21)
NW2B EDG room interior NLBW (between 2.27E-02 3.90 0.17 0.30 f"““ﬂ“’a"‘l’;“rf" SOV
EDG 1_1 and 1_2) jplane flexural failure|
TBSHR Turbine building Unit 1 portion (shear wall| 2.20E-02 4.00 0.12 0.31 Exg:scf;;a;téw SOV
failure mode) drifts in EW shear
walls
IACTX Nuclear instrumentation regulating 1.64E-02 7.00 0.27 0.42 Funclional SOV
transformer
FLOOD Firewater piping in auxiliary building 1.58E-02 2.54 0.22 0.39 [Structural - leakage Exseriegce
aset
BWOB East-West concrete block wall between 1.24E-02 4.58 0.17 0.34 p?z::::dfluer::);acl);]a'i-lzfr-e SOV
4kV cable spreading room Bus G and H
ASPIPB ASW piping (buried) 1.14E-02 3.40 0.08 0.04 S";’“‘”’a"p”"““' SOV
rom dresser
coupling
CNBLDG Containment exterior structure 1.08E-02 522 0.23 0.19 Structural - SOV
Tangential Shear
Failure
DGENGN EDG engine (includes jacket water and 9.13E-03 3.85 0.18 0.20 f"”c‘”'a““ea’ SOV
k; ailure of skid end
radiator) seismic stays
DGGNTR EDG Generator 9.13E-03 3.85 0.18 0.20 fS‘_”‘C“"a' —shear SOV
failure of skid end
seismic stays
MOVAWT TDAFW MOVs 6.68E-03 13.83 0.23 0.67 [Structural - Binding| SOV
of valve stem
_L >A Y L B o1
16 B ¥ ﬁ:‘g'&pi e SCDF 2% 7% 1-5 » 2 1T kg it

¥ E@Tar wiTATR A% &4 1-5¢ » Frequency % ¥ B K4
4+ (PGA 4 ** Lower Bound 4= Upper Bound 2. fF ) ¢ 2 4 4f
CCDP 5 & ¥ B EHF 7 ik i Jp < 3 45 # & (Conditional
Core Damage Probability) > Frequency 3k + CCDP 5 ¥ 2 K4 2 eh
Quantified SCDF - Truncation 7 # $74f & > F & fens 24 F 3 40
Truncation > 4 € #§3%» £ chE it b *4 - Unaccounted Freq. 5 #77
A E AR
A B 5 % 20 seig SCDF 7 i fedi o @ SCDF e i % 7
i B

S

Cerft o o W i g it ¢ SCDF §r Unaccounted Freq.

T

ol

&=
[l
bin}
=i
H
K3
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#1-5 # RE4% 2 9SCDF f £ (PG&E, 2015b)

iz Lower Upper . Quantified Percent | Unaccounte
Initiator Bound (g) Boupnpd () Frequency | Truncation SCDF CCDP of Total d Freg.
SEISO1 0.1 0.35 1.7E-02 2E-14 6.6E-07 3.9E-05 2.4% 3.9E-09
SEIS02 0.35 0.5 1.5E-03 2E-14 1.4E-07 9.2E-05 0.5% 2.0E-09
SEIS03 0.5 0.75 9.8E-04 2E-14 1.2E-07 1.2E-04 0.4% 1.7E-09
SEIS04 0.75 1 3.8E-04 2E-14 5.8E-08 1.6E-04 0.2% 1.4E-09
SEIS05 1 1.25 1.9E-04 2E-14 4.4E-08 2.3E-04 0.2% 1.3E-09
SEIS06 1.25 1.5 1.1E-04 2E-14 4.2E-08 3.7E-04 0.2% 1.2E-09
SEIS07 1.5 1.75 5.6E-05 2E-14 1.2E-07 2.2E-03 0.4% 1.4E-09
SEIS08 1.75 2 3.6E-05 2E-14 1.1E-06 3.0E-02 3.8% 3.6E-09
SEIS09 2 2.25 2.4E-05 2E-14 2.2E-06 9.0E-02 7.9% 8.1E-09
SEIS10 225 2.5 1.1E-05 2E-14 2.1E-06 1.9E-01 7.6% 1.2E-08
SEIS11 25 2.75 1.1E-05 2E-14 3.5E-06 3.2E-01 12.6% 3.7E-08
SEIS12 218 3 5.0E-06 2E-14 2.4E-06 4.8E-01 8.6% 7.7E-08
SEIS13 3 3.5 6.7E-06 2E-14 6.6E-06 9.9E-01 23.8% 1.7E-07
SEIS14 35 4 4.0E-06 2E-14 3.9E-06 9.7E-01 14.0% 2.6E-07
SEIS15 4 6 4.4E-06 2E-14 4.2E-06 9.7E-01 15.3% 2.9E-07
SEIS16 6 9 6.4E-07 2E-14 6.2E-07 9.7E-01 2.2% 2.5E-08
Total

Reported

Freqﬂencies 2.0E-02 2.8E-05 8.9E-07

of the Group:

(5) SLERF % %
DCPP # {7 ¢ SPRA % 7 -T2 SLERF 8Lz 3+ & % 5.4x107°/

# > 4% 1-6 7|4k F-V £ 5 0 SLERF £ £ & o SLERF thm % B &
Fem G oo (DRI AT R o 2T e £ # %3% SLERF - ()]
FEfB b 54 4r B H < (Containment Fan Cooler Unit, CFCU)# Fi 2%
PRRE R T B sl § R B RAR S5 o (3) CST v FWST > A |
2 AFW i end B RiRGei LRk o DA 323 4 ~ 254
FHeEE s B T RADEFRE > bok FLEX & T4 &
YA AFW st et as &4 ¢ ERp T - O kg
MIFH ¢ E % FWST cht -k fo? 47 AFW et & Bk o 4o @i
TAG B IERB A RE 4 PR ERE RS F LR
(6) 7 i 38k SL(SSPS)4F #k € W Ik BIFERY IR 4wt v 4 2% o
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21-6 ¥ R A 4% & SSLERF F j*(PG&E, 2015b)

Component Description F-v Median Br Bu Failure Fragility
Capacity (g) Mode Method
CNBLDG Containment exterior structure 4.41E-01 522 0.23 019 | Structural - SOV
angential Shear
Failure
STMGN Steam generators 7.79E-02 9.77 0.26 0.43 SS"“C'“’E" Upper SOV
upport Ring Band
in bending
CFCU Containment fan cooler (piping 6.75E-02 7.34 0.23 0.26 ngflf;:u;ﬁgg Sov
containment bypass) weld Failure
IACBK 120V AC instrument breaker panel 4.25E-02 10.73 0.28 0.55 Functional SOV
SSPSI SSPS input relay panel 4.06E-02 5.94 0.13 0.44 Functional SOV
SSPST SSPS test cabinet 2.02E-02 5.94 0.13 0.44 Functional sov
FLOOD Firewater piping in auxiliary building 1.94E-02 2.54 0.22 0.39: [Structural-leakage Exgeriegce
ase
PCAPS Process control and protection system 1.88E-02 7.82 0.28 0.46 Funictional SOV
(Eagle 21)
MCRVB Main control Board vertical board 1.60E-02 6.72 0.29 0.43 Fungtional SOV
CSTRW CST/RWST 1.49E-02 4.05 0.14 0.23 Structural - SOV
Tangential shear
failure of the tank at|
felevation 125 ft-6 in|
CMEPEN Containment mechanical penetration 1.48E-02 10.2 0.24 0.32 Structural SOV
ASPIPB ASW piping (buried) 1.30E-02 3.40 0.08 0.04 S"‘f‘gr‘:"ﬂrég:g{"”‘ SOV
coupling
TBSHR [Turbine building Unit 1 portion (shear wall| 1.15E-02 4.00 0.12 0.31 Eng:gv“ef";‘;ry sov
failure mode) drifts in EW shear
walls
IACTX Nuclear instrumentation regulating 1.11E-02 7.00 0.27 0.42 Functicnal sov
transformer
FWST FWST 8.94E-03 4.05 0.14 023 |, Struclural = sov
angential shear
failure of the tank a|
glevation 125 ft-6 in|
1 h I e 'z 51 A Y > s s 2
16 B ZEAE 2 SLERF 2% 7304 1-7 » 57 kgt
l_‘_ 4 5/ 2 - L - > A ik
% E et BFAR BB YT
+ 1 =h N 7, ’ 2 N
% 1-7 = BE4-F 2 cOSLERFE ng(PG&E, 2015b)
= Lower Upper Quantified Percent | Unaccounte
Initiator Bound (g) Bound (g) Frequency | Truncation SLERF CLERP of Total d Freq.
SEISO 0.1 0.35 1.7E-02 2E-14 7.3E-08 4.3E-06 1.4% 3.9E-09
SEIS02 0.35 0.5 1.5E-03 2E-14 8.4E-09 5.6E-06 0.2% 2.0E-09
SEIS03 0.5 0.75 9.8E-04 2E-14 6.0E-09 6.2E-06 0.1% 1.7E-09
SEIS04 0.75 1 3.8E-04 2E-14 2.8E-09 7.5E-06 0.1% 1.4E-09
SEIS05 1 1.25 1.9E-04 2E-14 2.1E-09 1.1E-05 0.0% 1.3E-09
SEIS06 1.25 1.5 1.1E-04 2E-14 2.0E-09 1.TE-05 0.0% 1.2E-09
SEIS07 1.5 1.75 5.BE-05 2E-14 4.5E-09 B8.0E-05 0.1% 1.4E-09
SEISD8 1.75 2 3.6E-05 2E-14 3.9E-08 11E-03 | 0.7% 3.6E-09
SEIS09 2 225 2 4E-05 2E-14 9.1E-08 3.7E-03 1.7% 8.1E-09
SEIS10 2.25 25 1.1E-05 2E-14 1.9E-07 1.7E-02 3.5% 1.2E-08
SEIS11 2.5 2.75 1.1E-05 2E-14 3.6E-07 3.3E-02 6.7% 3.7E-08
SEIS12 2.75 3 5.0E-06 2E-14 2 9e-07 59E-02 5.4% 7.7E-08
SEIS13 3 35 6.7E-06 2E-14 8.9E-07 1.3E-01 16.6% 1.7E-07
SEIS14 3.5 4 4.0E-06 2E-14 9.2E-07 2.3E-1 17.1% 2.6E-07
SEIS15 4 5] 4.4E-06 2E-14 2.0E-08 4.5E-01 36.8% 2.9E-07
SEIS16 6 9 6.4E-07 2E-14 5.2E-07 81E-01 | 9.7% 2.5E-08
Total
Reported y
Frequencies 2.0E-02 5.4E-06 B8.8E-07
of the Group: .
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(6) SPRA # 1t eh7 s 2 A 45

#ic 18 Riskman 7+ 1% B % = + % (Big Loop Monte Carlo, BLMC)
#Fd * 303t SCDF v SLERF % % cnddic? s T o S 454 3§
HEu TR g3 A kfrd pr i FEEARR o & ¥ B
HE SRR BEOTE B T URERENT TS T
# 1802380 2 mE b frangk o

% 1-8 $#cH Fi T A 45 12 % (PG&E, 2015b)

0,
- %o

Point .

- Difference
Group | Iterations ESt!ImEilt: v between PE | Sample Mean

Truncation) and BLMC
Result Median 95th 5th

SCDF 1182 2.40E-05 18% 2.82E-05 1.42E-05 | 1.02E-04 | 2.81E-06
SLERF 1182 4.47E-06 17% 5.22E-06 1.86E-06 | 2.16E-05 | 1.60E-07

FPRERPEA AT HEATE 16 BE R ELT St AR F o
e FHFF R RTERL LA c ARMIEAFEHNRHE Y 10
B3 RALF Bk &35 F fk SCDF 0 98% - 4t ¢ » ¥ RAW
S2 & F-VEAAIXI07 B > A #a 2) KN x Bogi o
d 3t 7 4+ik 98% SCDF ¢ 10 B3 B AT 254k » @ ¢ £ %7
#EF D 2x107/E B/ B 2 Ix107/E > £ 1-8 * mR A $5¢h SCDF
{e SLERF B3t @t & 1-5fr4 17 en8 it 8% K« £ 1-8 7 &
TS T s B R BBk 1182 0 H AT g
LEB T 17-18% o
7 FE E A 15 5% % & B2 SCDF 4r SLERF R £~ & o SCDF e
FOSHBE A AT g - B#E S @ $5BF A = SCDF
Aol d M- B#EcE % 5 SLERF e7 /r T o 478 % 4 4ot o

AT B BEEROANAS I EIIRA B RET o



(7) SPRA § it crsg g 14 47

DCPP 7 SPRA # {7 ¥ 347 — 240 7 B R A FTER B0 11
i&- % 7 2 SPRA #3]ehiy » ok - B8 F 4 - 4 PWR 97 &
2 }+fe DCPP SPRA h#F T B » M2 3 AL X & A7 mRE

\F'

CATR M e AT Bt d o AR SR TR R AT R A
& F73+ 8 SCDF v SLERF $ * # % chE i £ ¥m8p 5 (ST B A 47
X107/ & > A AR S 2x107/E ) i e A iR B oo SR
B 45 ¢k & SCDF 4v SLERF 4 %] 24010 # 1 4.47x10°/& o 4
R B U S 30 g A A oAt B AT 0 AR R A 1T i
B REREOESF > P AR . Ao

AR R AT e 7 (D)X TA 4 E F (Human Error
Probability, HEP)% % 5 7 4 =i > SCDF &> 9.6% > SLERF j >
2.0%; 3% % HEP % % 95 F 4 =& » SCDF # 4 20.8% » SLEFR #
fv 7:4% o ()P~ B fE ot 1€ 0 # SCDF & 5 £+ 25 (SCDF
H e 25.0% » SLERF # 4c 4.7%) » (3)B~i} LOCA 2o /| cnigik » %
SCDF fr SLERF 8457 12 £v% & 3+ o ()% vh 4t ASW 1 58 > 3252
o rh A B S K B oIt 8k 5 0 ¥ SCDF 4r SLERF 4 7 &
F o (5)EH T4 fAizt £* T > 2§45 SCDF 4r SLERF - (6)
SSPS B 4 B A im it 20% » @ SLERF i 5 2.2% o (7)#ix 5P ¥ fE_

[ BEH{ 4c 5 48 - p% » SCDF # 4 4.2% » SLERF # 4c 0.2% o (8)
P~7)" FLEX i i® » SCDF 3 4 83.3% > SLERF 3 v 16.6% ° (9)i%
i+ 5 Hp g5 5+~ & ¢F 47 5 (Condituional Large Early Release Frequency,
CLERF)E & - @ ¥ REWF 2 hTinE » M RE FFF RE
4% ko4 CLERF » 4 1-7 0 SEIS16 (6 g9 g)i CLERP %
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0.81 » it % SLERF 7 9.7% - #- SEIS15 4= SEIS16 4 & PGA ¢ 6
gH B3I 899 g & BELTE 2 SLERF & r'fﬁ‘/]?%b“ GlZ & 1-

9 » 37 SEIS16 (8.99 g-9 g): CLERP % 0.97 » (10)B~3} i 8 i 5 )35

5

el

Bk P fR 8
 ciojp B} - SCDF fr SLERF %% § % i « (13)% & 480V

10 &%
B %

1.8% - (14) L #7 ASW

=3 ‘g ’z LL
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SLERF -

— %5

)w’?

» SLERF # 4t

5.6% o

%% > %+ SCDF 4r SLERF #5857 11 1% % 3+
EAE i

= (11)

(12)B~ i) & 4F {5

# 3 %412 o SCDF 3+ 4.2% » SLERF 4
f",—r?%ﬁvm%;ff'bt—’ A

% %% SCDF 4r

%19 £33 BAGE 2 PSLERF F j£(PG&E, 2015b)

Initiator | Lower Bound ggg:; Frequency | Truncation Qgirgg':d CLERP E?‘rr(z‘:: Una;::c;::.nted
SEIS01 0.1 0.35 1.70E-02 2.50E-15 5.18E-08 | 3.05E-06 0.8% 1.01E-09
SEIS02 0.35 0.5 1.50E-03 2.50E-15 7.47E-09 4.98E-06 0.1% 5.19E-10
SEIS03 0.5 0.75 9.79E-04 2.50E-15 5.81E-09 5.93E-06 0.1% 4.51E-10
SEIS04 0.75 1 3.76E-04 2.50E-15 2.82E-09 7.51E-06 0.0% 3.84E-10
SEIS05 1 1.25 1.92E-04 2.50E-15 2.12E-09 1.10E-05 0.0% 3.79E-10
SEIS06 1.25 1.5 1.13E-04 2.50E-15 2.07E-09 1.83E-05 0.0% 4.29E-10
SEIS07 1.5 1.75 5.57E-05 2.50E-15 6.57E-09 1.18E-04 0.1% 6.01E-10
SEIS08 1.75 2 3.59E-05 2.50E-15 5.03E-08 1.40E-03 0.8% 1.57E-09
SEIS09 2 2:25 2.44E-05 2.50E-15 1.15E-07 4.69E-03 1.8% 3.68E-09
SEIS10 2.25 2.5 1.10E-05 2.50E-15 1.82E-07 1.64E-02 2.8% 6.96E-09
SEIS11 2.5 2.75 1.10E-05 2.50E-15 3.87E-07 3.51E-02 6.0% 2.48E-08
SEIS12 2.75 3 4.95E-06 2.50E-15 3.21E-07 6.48E-02 5.0% 5.09E-08
SEIS13 3 38 6.68E-06 2.50E-15 9.59E-07 1.44E-01 15.0% 1.08E-07
SEIS14 3.5 4 4.01E-06 2.50E-15 1.19E-06 2.97E-01 18.6% 1.47E-07
SEIS15 4 8.99 5.03E-06 2.50E-15 3.13E-06 6.21E-01 48.8% 1.76E-07
SEIS16 8.99 9 1.10E-10 2.50E-15 1.07E-10 9.72E-01 0.0% 3.09E-12
Total Reported Frequencies of the Group: 2.03E-02
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FRAPPE NP IR 2T 2 A LRI IFLER
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NAPS 7 SPRA #F £ 35 i SPRA B3 ~ %% ~ L2~ M2 {7
%A@ frg kR 0 5 B ¥ NRC 7 f3fo] LM 4R » T4
et B A Rl > MR FER B R WA v R -
3.NAPS SPRA #F 2 chpt B 5 3 frf b F J

NAPS SPRA # 4 % = § &4k ¥ 2 5 2 fofesb F & ©- GMRS
133 PSHA 7 UHRS fr3-at 3= 4 A7 (23] e fodhb it G
Bc) F18 o NAPS endrd|2h 2 & 2 £ AR % 20 M L 5 A#HIE
% fiv o NAPS Fiht kT % e GMRS a7 > 8 1-8> # &4 1 1 10
Hz #g % 2. ' » GMRS #2 SSE &t {5 424 3 > #& NAPS 13 3145 e
F R A ® 1¥ o A8 GMRS * B H RALF & b TR
feh Bt hgd ¥ 2 > GMRS ek » £ it B (PGA)

0.572g -
.
Az discussed in the May 9, 2014, letter (ADAMS ML14111A147), the NRC
considered the re-evaluated hazand and previous estimates of plant c p city
chu . inue operating while agditi
evaluati
North Anna ¢ NACoar i . i e 0 s e
her info toncletm‘ﬂwhh r this plant requires 2 risk evaluatios
The zn s3fe shutdown earthguake (S5E) is shown in blue; the
C pla becgrul. dmat nn-_;pone p-en m |GMRS] iz in arange
1.4 o arts cmmay
- wa sm:-cru;,:ht apa w[lHSl A in purple.
: Az zeated RC rpfnorigdum dated May 21.2011 ADAMSMLHliﬁAuSI
L (reneg'apﬂ:wll.!d;r.‘.*d. approgriate, in public meetings.
1.2 —— e .
— C
0.8 | —
["5] L
06 |
N L e————
= pp—T 11 | 1 1 1 1 111
0 = .

Frequency (Hz)

===|jcensee_SSE Licensee GMRS NRC GMRS ==IHS/RLE

B 1-8 NAPS fa it -k T % 57 GMRS ++ #& (NRC Letter, 2014b)

KT FIRS e3- 5 &2 B GMRS #7i¢ * 9 2 - &k » FIRS &

73



B TR B> ~ K # B s (Service Building) ~ # B4 % el &

A IR % 2 (Main Steam Valve House Unit 2)s4% & ;% SSI 4 47 - FIRS
L iE-HA i}{ié_iﬁg?] B OJEdE o * KR 5 (Service Water
Valve House)fr i -k & % (Service Water Pump House) =%z ;¢ SSI »

$5 0002 3 AR S 1 frlr # R % (Safeguards Building) e %] #_2k #
%47 o KL m GMRS 4 FIRS vt fir *2 ) 1-9 o

1.40 _ :
— Seryice [\ 1 |
£ 2 Building | wry. N1

1.20 = ' T 7 \\
b Auxiliary . :
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- s COntainment | | ]
2 1.00 — " EE L
= .
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-
& 080 — e V| @in Steam Lot
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o
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& 060 = e Service Water
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E- Service Water
o 0.40 — Valve House
Q = == GMRS
xR
[Ts]

0.20

0.00 -
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Frequency [Hz]

Bl 1-9 NAPS -k T % GMRS 4r FIRS 2 #& (VE&P, 2018)
NAPS 2z SPRA 'k 5 GMRS 17 j fra 17 2 NRC » in 2 $t
WAL o NAPS chpt B A2 R AP S 7% 4 » SPRA 4
o4 AEE (70 737 F 0 FEeRil & &% > SPRA -
% 111 5 NAPS 7 SPRA # B 6 38 » Bt % > 70 &
PGA T iofos = EAZARHE F o & SPRA Frab#EA] P » #-4 1-11
s T FALYAT B 10 B R ApRE Sl A 1412 -
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% 1-11 NAPS & PGAeh-T $5qv 4 i & A7 ARAR F

PGA (g)| Mean | 16" Fractile | 50" Fractile | 84" Fractile
0.0530 |1.07E-03| 6.26E-04 1.03E-03 1.07E-03
0.0648 |1.05E-03| 4.73E-04 8.83E-04 1.07E-03
0.0717 19.96E-04| 4.11E-04 7.82E-04 1.07E-03
0.0793 19.06E-04| 3.58E-04 6.85E-04 1.07E-03
0.1019 |6.51E-04| 2.49E-04 4.80E-04 1.03E-03
0.1524 |3.71E-04| 1.39E-04 2.74E-04 6.34E-04
0.2061 [2.42E-04| 8.66E-05 1.77E-04 3.97E-04
0.3082 |1.37E-04| 4.24E-05 9.80E-05 2.13E-04
0.5097 |5.70E-05| 1.72E-05 3.80E-05 9.48E-05
0.7248 |2.81E-05| 8.64E-06 1.92E-05 4.59E-05
1.0306 |1.39E-05| 3.57E-06 9.37E-06 2.16E-05
1.5411 |5.34E-06| 1.25E-06 3.31E-06 8.88E-06
2.0840 |2.39E-06| 4.77E-07 1.48E-06 3.89E-06
2.5483 |1.40E-06| 2.31E-07 8.26E-07 2.25E-06
3.1162 |7.83E-07| 1.08E-07 4.25E-07 L28E-06
3.6237 |4.84E-07| 5.52E-08 2.54E-07 8.11E-07
4.0071 |3.48E-07| 3.50E-08 1.78E-07 5.84E-07
5.1000 |1.53E-07| 1.00E-08 6.92E-08 2.51E-07

% 1-12 NAPS SPRA#-A] criPGA % F fr & T 3asip

FREAE | RETR(@ | REL(g) | RE PGA (g) | B RYE T 30aE S
%GO01 0.06 0.3 0.13 9.21E-04
%G02 0.3 04 0.35 5.34E-05
%G03 04 0.5 0.45 3.01E-05
%G04 0.5 0.6 0.55 1.79E-05
%G05 0.6 0.7 0.65 1.11E-05
%G06 0.7 0.8 0.75 7.08E-06
%G07 0.8 1.0 0.89 8.26E-06
%G08 1 1.5 1.22 9.09E-06
%G09 1.5 2.5 1.94 4.25E-06
%G10 2.5 5.1 2.75 1.48E-06

¢ CEUS ¢h¥ v fuhtdp 17 > NAPS chk B4 % Bt 4304 4
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& % p >4 § (background) B ik 0 MARIRA A B kp KA B LA D
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Spectral Acceleration (g)
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Frequency (Hz)
@ 1-10 NAPS ek T % frd-5 5 GMRS (VE&P, 2018)
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76



FIERN Vg2 i i dF 297 F o SSC 4 sz o R ¥ 2
PRA 3 ¢1SSC 11 & 4 *F 75 40 6 SSC % SPRA #73] ¢/ SEL -

NAPS chfg p % # PRAHCE] @ 7 4248 5100 B¢ & 48 SSC 4 »%<
WG Mk AT R B4 3800 2 BAKE LA AL BHAK
#om Ak dl o E SSCo Aok~ RS frE E E o TR g RO
WF AP > T i AN £ 2 PRAZ g 24 2 & SPRA & 3¢t
Ao o gt 8%~ G s B AR R 2 ROV Kok ROk
o~z Hvgesf (AeTA) 4 & e SSC o NAPS & 36 i b
SEL + % & 4% 800 % SSC ( ¥ 4r 62 6 T &) o

(ﬂﬂﬁﬁ%
NAPS éhp B E 3 #REFPEAFR - L0 FRT - &
0 Bt ;%;:F!.*if £% > 3 SPRA 2= { a¥ 22+

T A IE P T AP NAPS ¥ Bk A ey o

¥ % 33 SEL A~ fhit (7 b2 B AL ieg & > F A K PR
A SEL (gt BE 20 f itk AR L 3 T Esn
SPRA < 47 » SEL % :£{7 71 R {47 b £ & 7o 37 SSC
he g7 E & > FE NAPS SPRA 1 SEL fo B¢ i &
SPRA J& * o
() SRt 4 £ 47

NAPS chFIEf8 i 5 Z 2 &+ > i

=t
T
-ﬁ?

I A R B

3
EhEY M EBRREE S SRR G B A 4
*E7r 4 1-13 2 ¢ LMSM % Lumped-Mass Stick Model » T-H

= Time-History « # i % £ % % FIRS frif * 2. SSI %?J »F R
% GMRS fe3-at & &4 47 0 T-H R # &> FIRS -

77



% 1-13 NAPS SPRAch g o fis 4 477 iz
BiE _[Rari | feal (Ao d] e

I P A , s Vs30>5000 fi/sec -

s(afpe)| FF LMSM SSI 30 & SSI #i5 » %8k
7 S\ N ,

Sk RS s |LmsMm| #&¢ |LB-BE 1-'UB

SSI |5% T-H
IR A 4 E
B &=\ "\:’f#‘: == /g
wams | K :ﬁ/ FEM Jgﬁsﬁsf e EREEL
=& 30 & SSI # » %3k
%25 |[LB~BE{rUB:5%
SSI |T-H
A RN e N 1 OJE
BN &\ P*#FKIW L‘ ST g
wekes | fg/ FEM Jﬁéﬁ‘SﬁSI} R
=& 30 i SSI %, 5
LB -~ BE{r UB :
5% T-H

LR £ 4 LMSM

BERG | #7 | FEM | ARAR

# £k . o

% 5 #% |LMSM | A AR | fH %4 - £ TH
Iipped |, 4 . |LB~BE{rUB >
somy | of | FEM FRER sy oy
2Fped | e P

BRSSP o R R S%PLR L o 4k it 3% R

o JEL R R 5 mpfﬁmﬁéﬁ’u%?—i’. TH%J)\’,E&/;{*%’*
4% PR A2 4 84% hE B o A x:j%_ﬂfr,éﬁi&rs AE 0 A B R
Rove (B4 > 1% ~ 2% ~ 3% ~ 4% ~ 5% ~ 7% Fr 10% ) B 3 7 #icde
84% ISRS ° LB{r UB 7 516 1 & $#ci% 2 £ (0.3)% i* BE s H b
Bom @ - B g SRS K 15% - LB-D i BE BHkIR
T o R 5% R TR ] B HEGER L (0.3) 0 7 3.7% R L
2 LA

PRSI 15 e Z iR % en 5% T-H4p 4+ SSI z’v’ﬁ%]%
F g » © A& 0.1 Hz 2 100 Hz 2 & » B~ 301 @B E 45 > 348

78



ISRSe - > % eH ISRS 2 W= B> (A KT pfo— L3 B ) A
g~ e R ik 0 538 SRSS A o § BHERIR G BEPF S
% T-H #71% ISRS #4#-T #2@ f£ 5 BE ISRS » LB ~ UB §r LB-D 1
ISRS 4 4ot o 5% T-H #7717 ISRS ettt ® L4 % T-HAp = 4
514= cr"E % 3 FE T4+ o & — #F % B~ BE ISRS 4r LB-D ISRS +* & 17
R R L LR Sl A2 FEEM o ¢ e ISRS (S4,,) % BE -
LB-UB = % ISRS er¥t#k T oE - 11 ¥ Mg BE-LB -~ UB
= % ISRS th4 4 & » 454 # % ISRS » B~# % ISRS fr¢ # ISRS *
Benp ¥ RS SRR ARASDT T o S B F D e
Pfefr VH W B E 2 et ¥ FA N o 415 2t (A
freasr) 2 ISRS a4 & 2 e (B.) > 4 SA,, v B, 7 & 84%
ISRS o 24k % 5 4Eff # > # % LMSM {r- £ 3 w45~ TH
ALY BRI R S 4% o

SSI 474 2 B F N el T8 8 - B > E T HE 7
FoRHENI L F BIY X DARERDBT > Ttk
{7 SSIA 4% o # v #5558 SSIA 4540z & 44 * FEM H-3) o 85
FOSSIA ¥ g 5B fegHcan? mE R L ()RS < ik (2)
BHIER > G)F i ER G o (4) 2 E 2 e g LR (5) &
$ V/H %1 - @& % LHS $Hi¢ 5 % 1 A2 P-4k > K17 30 2 SSI #;

™

r

&

Gl e w RS SSI A drehigdps g0 S ok - KRR
(coherency) e Fx T2 » FIIEAE Y % i@ & HR1T 40 SSSI 22 i 77 7|
IR > KA ISRS o e - 3 ks 3R E P ficfe 84% ISRS 0 1Y
2 F]SSIfripfp F R e frin iR 4 o

B Fsh 230 SSI A7 RS HHCA 28 A LMSM v 3 % 2 3 ke

79



(LB~BE{rUB) #fe 5 &85> TH> 24 15 % SSI 2475 6 ¢
A e SSI F R 2 2 F o SHBIR IR g
PT2ER > EFEPHMIF SSI AT o B BB ER S 1 5uide
AFEARSOpE NI FET R B AE R S Bl 84%
ISRS -

FEE RDBERY 27 NAPS S 4 Arenfhr fisg 4 o
FAHULC 34> ¥ies e SPRA < 47 o 2 14 - NAPS i o
P A EF TR EIFFEFA CFAFATERNEFE LRI AR
T2 g5 i A > R NAPS chig s 4 4 4738 & B * >t SPRA -
(4) SSC i} A 45

NAPS SSC ¢ HCLPF 4r¥ #c3 £ &> #7 418 GMRS 7 PGA
(0.572 g) » # SSC ehé#E > 4 22 DCPP & F o NAPS SSC ¢ HCLPF
2R E s 1.8g  HCLPF§ %2 & ER @25 1.0g-

NAPS SSC 13 JF {54 g S fos it & »efiist » 4473 2 &
DCPP #f F : SOV & CDFM > & % # SSC ( b|4-d ) thst s % £
PIAT * cdRde SRIGETA o 37 5 7 a0 BB A ISRS % i@ o

B o kT s HCLPF 2 8 0 &% Tiaf 8 - & SSI A

\H-

4
renig 4 ? o SSC ehd LA 47 > # EAE F ehT 43 & 4o U]
£10% » 1im FR A P ORE S R A AR A DB R B
R EL20% © FE A hp RAFF A Fr o 4o i3 sz [SRS 4
Bodoklp- SSCehd f& (& 546) A e  ch 2 bt Ap 4 &
20% rapoo fA bR BT o E R e 5 g SSCend it o
P B Rz Pk NAPS ehk Jpit o7 & F 2 HiKd
HFAIA AR Tedkt SPRA = 47 o 218 » NAPS %

80



FEATEFRFFFA - FAFATRNE FHRES TR &
T T4 A 0 FETR NAPS 0% 4514 453§ £ i * ** SPRA -

NAPS hq b BF A 1THEH s K Efrt G2t file
&g i > B 14 A &% 2 3% SCDF 4r SLERF » ¥ fFin € & b
PEFE (G4rE & HE & B 7]~ SSC 4 »afrt L) o £ 4
BB HEH I RIM KRR ITER TR EDFETY LR R PR
SPRA 1% f% o
(1) B3 SPRA ¥ R T @483l

4efr DCPP » NAPS 3 2 F BHA R p *S B $ 2 ¢ PRA #
o e E R4 ARM STERE R B R ¥ 2 PRA 103
P2 g AR 2 XA ERR £ 2 PRA #73]¢ HRA
Y B BF B o NAPS ch SEL ™R p »t i £ 21 PRA > 54 %
AERRBT ARSI m B R 0 4 SSC 2 SEL - 1 g
BE g4 ko

NAPS ¥ 10 B2 2 %A (PGA /) &7y B TEH#
F-PRATHRFMRLE BET® » A R SSC 4 31 12
3+ ¥ & % ¢ SCDF 4 SLERF » £ % & % 2% SCDF {v SLERF -
4o DCPP > NAPS chfe - 2 4 ~ 3 Rfr s SLph chdp e et U =
APR S 0 B U Ty U A Ap M HCEE o SPRA 03¢ 4 B E R
9 HEP ME iR 2 PRApRFG 2B > 5 B A Ri@#Ed v B
HEP 4% 22 AAFT 2L 5o B2 ke B AT 5 s sl
Fol0BpA T HAMA > B HRA F 7 > o350 8 HEP 1 4 Bk

r—gf‘@?rf‘&%ﬁ“i}f&o

81



(2) SPRA T Fu ¥ REBIERCA chir s 7 |2

B4 5 NAPS SPRA 7 i BF RBIBH 087 b £ % fuh
FhF AR R R4 Fegkt SPRA © 457 o NAPS ¢ SPRA
TR BF R 240~ 49134 ASME/ANS PRA 158 (2013):54p B
ERORBEAREZRFFEHE FEFFATRN I OERTELE
% fp it 30 A o F]pt > NAPS 9 SPRA T b BF A 173 & I
# 3+ SPRA -
B) ¥ BR'GhE

EPRI h#c k8 FRANX * *M3dcp 2 AT 5 10 By REE
%o Bk MiwBatY o A4 wRATR P AEEE SSC S JF M Ea B
4 »z o EPRI er1#c 4% ACUBE * *+3- & SCDF 4 SLERF - SPRA £ i
- 1 mx () A T SRt A7 ik ¢ 7 & £ *t 7 (Loss
Of Offsite Power, LOOP) » 7 %] LOOP # * % #cy B E 2 4R¥ o 3

o

4 o (2)] -] LOCA(Small-Small LOCA, SSLOCA)ih# & % # % &
0.12 g i %_NAPS :5 SSE - (3) % B ¢ B ¢ Fehypse (Hfgate
- R¥EHR) Foaw R E Mo F AR AWRTEY 2 YR (4)-

B IFLH* R H e SSCTE AP~ SPRAY » FIZ b BR & 40
B AR Q)RR AR R g R

%% g %RWEM&% SSC kit o g AL & Fqrokibing
FEEW > 2 Y RE KDY - (O)FTAL BE R BLA 27 7
o ¢ FREEFALOCA - (NERPFERFERX S 24 [ &% 72 ]

P 1Z 73 P Y PR B A 49 87 %+ SPRA & % B2 488 %) o
(4) SCDF 1% %
NAPS 34 {7 ¢7 SPRA & 77 L 35 SCDF gk iz 3+ & 5 6.0x107/

82



# > 4 1-14 7 1% SCDF F jprs Rpid ~ 0SSC o i FV £ & &
PR R R RIS AT el A o Y I
# ACUBE #f SCDF {v SLERF i& {7 € & & » 17 - 1345 ACUBE ‘i

T

.._,\

B e
LANEN

£

: (1) LOOP » 7] 4 #

%:@ £

° (2) SSLOCA » = F]® #c¥ B %

de 4o

' B RAOFV B B ET R FDFV B o SCDF e &
Y e B
T o )T AR
M R Bf‘ £ 7 ke a &F > k%R (key safety system pump) 4 T o T

444
" J

~hH

Aoy RAPFEE 0 A 2 ERE BT A R A L Ak o 10
Pan Atz @R &% T ATk iT o (4) 120vac £ & % (vital bus)

3T 4 18Ik ﬁ;l

i % B (vital bus inverter)s% »%

o W

RN Fragl B

4

7
BL o

# 1-14 NAPS % FV#£: E ciSCDF £ & & (VE&P 2018)

* SSC 5%

Failure Fragility
Fragility Groups Fragility Group Description UL1CDFFV | U2CDFFV | Am Br Bu Mode Method
. EPRI Report
SEIS-LOOP SEISMIC-INDUCED LOSS OF OFFSITE POWER 6.91E-01 6.90E-01 0.30 0.27 0.40 [ Generic [10]
HCLPF is set
SEIS-SSLOCA SEISMIC-INDUCED SMALL-SMALL LOCA 9.51E-02 1.02E-01 | 030 | 0.28 0.28 | Generic to SSE [10]
SEIS-EE-BKR-HJ8-RLY | 4KV to 480V BUS BREAKERS - RELAY CHATTER 6.76E-02 6.90E-02 0.52 0.24 0.52 | Functional | SOV
SEIS-SW-P-1AB-RLY | SERVICE WATER PUMPS - RELAY CHATTER 3.84E-02 3.96E-02 | 077 | 0.24 0.49 | Functional | SOV
SEIS-CH-P-1ABC-RLY | CHARGING PUMPS - RELAY CHATTER 3.63E-02 3.75E-02 0.77 0.24 0.49 | Functional | SOV
EPRI Report
SEIS-SLOCA SEISMIC-INDUCED SMALL LOCA 3.33E-02 3.37E-02 1.00 0.30 0.40 | Generic [10]
SEIS-VB-INV-1234 120 VAC VITAL BUS INVERTERS 3.26E-02 3.23e02 | 110 | 0.19 | 0.58 | Functional | SOV
SEIS-SI-P-1AB-RLY LOW HEAD S| PUMP - RELAY CHATTER 2.83E-02 2.83E-02 0.77 0.24 0.49 | Functional | SOV
SEIS-FW-P-3AB-RLY | MOTOR-DRIVEN AFW PUMPS - RELAY CHATTER 2.65E-02 2.65E-02 | 0.77 | 0.24 0.49 | Functional | SOV
SEIS-EE-BKR-HJ2-RLY | EDG OUTPUT BREAKERS - RELAY 1.90E-02 1.94E-02 0.77 0.24 0.49 | Functional | SOV
CDFM
SEIS-EP-CB-12ABCD | 125 VDC DISTRIBUTION PANELS 1.46E-02 1.48E-02 1.15 0.24 0.38 | Functional { Hybrid
CDFM
SEIS-EP-CB-4ABCD 120 VAC VITAL BUS DISTRIBUTION PANELS 1.40E-02 1.41E-02 1.16 0.24 0.38 | Anchorage | Hybrid
EMERGENCY DIESEL GENERATORS - RELAY
SEIS-EDG-HJ-RLY CHATTER 1.096-02 1.09e-02 | 0.70 | 0.24 0.83 | Functional | SOV
Structural
failure of | CDFM
SEIS-BY-B-1-24 STATION BATTERIES 1-1l AND 1-IV 8.53E-03 8.38E-03 1.14 0.24 0.38 | rack Hybrid
CDFM
SEIS-EI-CB-MCR-PNL | SEISMIC FAILURE OF MCR BOARDS AND PANELS 7.55E-03 7.61E-03 1.30 0.24 0.38 | Functional | Hybrid

NAPS SPRA 10 ¥ & E 4% # e SCDF % % 73t % 1-15 > H
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#1-15 NAPS¥ £ 4% i &SCDF f £ (VE&P, 2018)

Initiator %Total | U1 % Total u2
PGA Frequency | U1CDF | UL1CDF | ccop | u2cDF | U2CDF | ccop

%G01 0.06g to <0.3g 9.21E-04 6.87E-08 0.1% 0.00 6.87E-08 0.1% 0.00

%G02 0.3g to <0.4g 5.34E-05 3.16E-06 5.3% 0.06 3.12E-06 5.2% 0.0e

%G03 0.4g to <0.5g 3.01E-05 7.10E-06 11.8% 0.24 6.99E-06 11.7% 0.23

%G04 0.5g to <0.6g 1.79E-05 1.06E-05 17.7% 0.59 1.06E-05 17.7% 0.59

%G05 0.6g to <0.7g 1.11E-05 | 9.30E-06 15.5% 0.84 9.30E-06 15.5% 0.84

%G06 | 0.7g to <0.8g 7.086-06 | 6.74E-06 | 11.2% | 095 | 6.74E-06 | 11.3% | 0.95
%G07 | 0.8gto<ig 8.26E-06 | 8.198-06 | 13.7% | 0099 | 819606 | 13.7% | 0.99
%G08 | 1gto<15g 9.09-06 | 9.09t-06 | 152% | 1.00 | 9.09e06 | 152% | 1.00
%G09 | 1.5gto<2.5g 42506 | 4.25E-06 | 7.1% 1.00 | 4.256-06 | 7.1% 1.00
%G10 | >2.5¢ 1.486-06 | 1.48E-06 | 2.5% 1.00 | 14806 | 2.5% 1.00
800 Unit 1 Seismic CDF Contributions

% Total COF

0a% ] T ¥ ¥ T

ClBgte O3gto Od4pte OQ5ztc Ofgto O7gio OCBgto igto 15ztc »2.5g
“05g <D.4p Z0.5g <0 6F <07 =0 8g =ig <15g <1 5g

Ground Acceleration (PGA)

® 1-11 NAPS & % & § % @ 7 SCDF gt #I(VE&P, 2018)

(5) SLERF % %
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# 1-16 NAPSH¥ B E 4% i ﬁﬂSLERFTET}gJ%(VE&P, 2018)

Fragi iit\r

Fragility Groups Fragility Group Description U1 LERFFV | U2 LERFFV | Am Br Bu Failure Mode | Method
EPRI
Report
SEIS-LOOP SEISMIC-INDUCED LOSS OF OFFSITE POWER 5.01E-01 5.05E-01 0.30 0.27 0.40 | Generic [10]
EPRI
Report
SEIS-SLOCA SEISMIC-INDUCED SMALL LOCA 9.07E-02 9.19602 | 1.00 | 0.30 | 0.40 | Generic [10]
SEIS-RS-P-1AB-RLY INSIDE RS PUMP - RELAY CHATTER 5.46E-02 5.25E-02 1.37 0.23 0.48 | Functional S0V
SEIS-BLDG-RC REACTOR CONTAINMENT BUILDING . 4.40E-02 4.31E-02 1.71 0.24 0.26 | Structural CDFM
Outside RS Pumps Spuriously Start due to Relay
SEIS-RS-P-2AB-RLYSS | Chatter - 294602 | 2.81E-02 | 137 | 0.23 | 0.48 | Functional sov
SEIS-FW-P-3AB-RLY | MOTOR-DRIVEN AFW PUMPS - RELAY CHATTER 2.436-02 1.80E-02 | 0.77 | 0.24 | 0.49 | Functional sov
SEIS-RS-P-2AB OUTSIDE RECIRC SPRAY PUMPS | 220802 | 2.8e02 | 1.38 | 0.24 | 032 | Anchorage CDFM
SEIS-FW-P-2 TURBINE-DRIVEN AUXILIARY FEEDWATER PUMP 2.26E-02 2.36E-02 1.60 0.24 0.32 | Functional COFM
SEIS-EE-BKR-HJI8-RLY ‘&_IKV TO 480V BUS BREAKERS—RE_L&‘[_CHATFER 2.1BE-02 2.20E-02 kp.S?_ 0.24 0.52 Functional Sov
SEIS-RS-E-1ABCD RECIRC SPRAY HEAT EXCHANGERS 1.58E-02 1.50E-02 2.01 0.24 0.32 | Structural CDFM
SEIS-EI-CB-MCR-PNL | SEISMIC FAILURE OF MCR BOARDS AND PANELS 1,42E-02 1.62E-02 1.30 0.24 0.38 Functional CDFM
SEIS-BLDG-AB- Shear Wall
LOWER AUX BLDG LOWER FLOORS FAIL 1.42E-02 1.39E-02 2.05 0.24 0.26 | Failure CDFM
SEIS-MS-TV-111AB | MAIN STEAM TRIP VALVE TO TURBINE DRIVEN 1.81
| SEIS-MS-TV-211AB | AFWPUMP 1396-02 | 3.86-03 | 251 | 0.24 | 0.32 | Functional CDFM
| EPRI
| Report
SEIS-SSLOCA | SEISMIC-INDUCED SMALL-SMALL LOCA 1.37E-02 1.46E-02 0.30 0.28 0.28 | Generic [10]
EPRI
Report
SEIS-LLOCA LARGE LOCA 1.34E-02 1.27E-02 2.50 0.30 0.40 | Generic {10]
SEIS-EG-B-3 EDG 1) Battery 1.32E-02 4.07E-03 1.15 0.24 0.38 | Functional CDFM
SEIS-EG-P-1) EDG 1J Fuel Oil Transfer Pumps 1.29E-02 3.99E-03 116 | 024 0.38 | Functional CDFM
SEIS-MOV-QSPH- MOVs in QUENCH SPRAY PUMP HOUSE - SW
RSHX Cooling to RS HXs 1.19€-02 1.13E-02 213 0.24 0.32 | Functional CDFM
SEIS-VB-INV-1234 120 VAC VITAL BUS INVERTERS 1,19€-02 1.35E-02 1.10 0.19 0.58 | Functional sov
SEIS-EP-CB-4ABCD 120 VAC VITAL BUS DISTRIBUTION PANELS 1.14E-02 1.28E-02 1.16 | 0.24 | 0.38 | Anchorage CDFM
EPRI
Report
SEIS-MLOCA MEDIUM LOCA 1.13E-02 1.22E-02 2.00 0.35 0.45 | Generic [10]
SEIS-EE-BKR-HJ2-RLY | EDG OUTPUT BREAKERS - RELAY 1.05E-02 1.02E-02 0.77 0.24 0.49 | Functional SOV
Tank
SEIS-QS-TK-1 REFUELING WATER STORAGE TANK (RWST) 9.77E-03 1.10E-02 1.07 0.15 0.29 | Overturning Sov
Failure of Fuel
SEIS-RC-CNTRL- Hold Down
RODS REACTOR CONTROL RODS 9.68E-03 1.09E-02 1.26 0.24 0.32 | Spring CDFM
EMERGENCY DIESEL GENERATOR CONTROL
SEIS-EI-CB-202 PANELS IN ESGR - Fails EDGs 8.83E-03 1.13E-02 1.40 0.24 0.38 | Functional CDFM
SEIS-EP-S5-1H1-1)1 480V LOAD CONTROL CENTERS 1H1 AND 1J1 8.16E-03 1.20E-02 122 0.24 0.38 | Functional CDFM
EMERGENCY DIESEL GENERATOR CONTROL
SEIS-EI-CB-201 PANELS IN EDG ROOM - Fails EDGs 7.98E-03 9.96E-03 145 0.24 0.38 | Anchorage CDFM
SEIS-CH-P-1ABC-RLY | CHARGING PUMPS - RELAY CHATTER 7.47E-03 7.30E-03 0.77 0.24 0.49 | Functional sov
SEIS-CV-TV-
150ABCD Containment Vacuum Isolation Trip Valves 7.11E-03 6.96E-03 2.51 0.24 0.32 | Functional CDFM
EPRI
Report
SEIS-LLOCA LARGE LOCA 1.34E-02 1.27E-02 2.50 0.30 0.40 | Generic [10]
SEIS-EG-B-3 EDG 1) Battery 1.32E-02 4.07E-03 1.15 0.24 0.38 | Functional CDFM
SEIS-EG-P-1) EDG 1J Fuel Oil Transfer Pumps 1.29€-02 3.99E-03 116 | 0.24 0.38 | Functional CDFM
SEIS-MOV-QSPH- MOVs in QUENCH SPRAY PUMP HOUSE - SW
RSHX Cooling to RS HXs 1.19€-02 1.13E-02 2.13 0.24 0.32 | Functional CDFM
SEIS-VB-INV-1234 120 VAC VITAL BUS INVERTERS 1.19E-02 1.35E-02 1.10 0.19 0.58 | Functional sov
SEIS-EP-CB-4ABCD 120 VAC VITAL BUS DISTRIBUTION PANELS 1.14E-02 1.28E-02 116 | 0.24 | 0.38 | Anchorage CDFM
EPRI
Report
SEIS-MLOCA MEDIUM LOCA 1.13E-02 1.22E-02 2.00 0.35 0.45 | Generic [10]
SEIS-EE-BKR-HJ2-RLY | EDG OUTPUT BREAKERS - RELAY 1.05E-02 1.02E-02 0.77 0.24 0.49 | Functional Sov
Tank
SEIS-QS-TK-1 REFUELING WATER STORAGE TANK (RWST) 9.77E-03 1.10E-02 1.07 0.15 0.29 | Overturning Sov
Failure of Fuel
SEIS-RC-CNTRL- Hold Down
RODS REACTOR CONTROL RODS 9.68E-03 1.09€-02 1.26 0.24 0.32 | Spring CDFM
EMERGENCY DIESEL GENERATOR CONTROL
SEIS-EI-CB-202 PANELS IN ESGR - Fails EDGs 8.83E-03 1.13E-02 1.40 0.24 0.38 | Functional CDFM
SEIS-EP-55-1H1-111 480V LOAD CONTROL CENTERS 1H1 AND 1J1 8.16E-03 1.20E-02 122 0.24 0.38 | Functional CDFM
EMERGENCY DIESEL GENERATOR CONTROL
SEIS-EI-CB-201 PANELS IN EDG ROOM - Fails EDGs 7.98E-03 9.96E-03 145 0.24 0.38 | Anchorage CDFM
SEIS-CH-P-1ABC-RLY | CHARGING PUMPS - RELAY CHATTER 7.47E-03 7.30E-03 0.77 0.24 0.49 | Functional Sov
SEIS-CV-TV-
150ABCD Containment Vacuum Isolation Trip Valves 7.11E-03 6.96E-03 2.51 0.24 0.32 | Functional CDFM
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# 1-17TNAPSH B E 4% i ﬁﬂSLERFTE,‘}gJ%(VE&P, 2018)

on croquency | TSR | iveme | cuemp | VZLERE | e | cuene
%G01 0.06g to <0.3g 9.21E-04 7.58E-10 0.00% 0.00 7.58E-10 0.00% 0.00
%G02 0.3g to <0.4g 5.34E-05 5.77E-08 0.37% 0.00 5.69E-08 0.36% 0.00
%G03 0.4g to <U.5g 3.01E-05 1.35E-07 0.87% 0.00 1.31E-07 0.84% 0.00
%GU:I- O.S_g_tp <0.6g _ 1.79E-05 2.75E-07 1.77% 0.02 2.68E-07 1.72% 0.01
%G05 0.6g to <0.7g 1.11E-05 3.71E-07 2.39% 0.03 3.65E-07 2.34% 0.03
%G06 0.7g to <0.8g 7.08E-06 4.96E-07 3.19% 0.07 5.03E-07 3.23% 0.07
%G07 0.8g to <1g 8.26E-06 1.60E-06 10.29% 0.19 1.63E-06 10.45% 0.20
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( é-‘ “J— pb.i &
1. GERS 522 SA, 0 pp 2- B 4

X A

GERS % 4p Generic Equipment Ruggedness Spectra » ¢ # &

k)

i

Nt A PR AEFRHSTEF LMLy £ Flp iz
05% 1% wo /R g1 i3S 5%z 4 »xds oo i Fins H kB L 84%
D& s 10% o HrE NG
GERS = 4, e "% (2-1)
B o 4,50 3R B R R AR L B
7 L it R A o
SA,,00 pr {:}% High Confidence Low Probability of Failure » * %
B 95% % oK BT A& s K AT 59 o
SAycrpr = Cme_lﬁ(ﬁ“ﬁk) (2-2)
% i Knockdown F]+ F,, » & —‘F% Bl (% 4o T

GERS

SAHCLPF = F
kd

(2-3)

Knockdown F]+ F,, duE = = ;8% 44 Kennedy #74% ezt 5 = 3¢

Ecd — eO.65ﬁU+0.37ﬂR (2_4)
g Kelly Merz #73 3+ &5 & 3¢

de — eO.37ﬁU+0.65ﬂR (2_5)
H ¢ > Kennedy 325 GERS % % = 5 84% 13 o -k & 23 143 10%n%
»x % > @ Kelly Merz P32 5 GERS % % % %) 90% 13 o -k & g7 i< 3%
16% % >t & o

HiEA &b 8 0 ¥ R Knockdown ]+ F, =1.20 5

e 3k Sdycer 9 5 GERS &0 83% o Fy shid &£ 2% T &
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B¢ v pE AR A, R0 B B0 B 5 AT £ HEE
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2 2

Be =B+ B; (2-7)
Wi B SAycrpr ¥ d T3 g iR
_ ~2.326 3
SAycrpr = SAsey, X € ‘ (2-8)
WA R P OBSA, Fd TA N ER

SA50% SAD 50% (2_9)
AFC 50%

.E.\:‘l ’SAD,50%§'\:”)\PE¥;}E‘F}\3‘H‘4E3\}§6 ﬁ’;:’ C50/ﬁ'ﬁ\§%%i—" l‘}‘]:;_
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% 22 ¥ RK # P ehg¥ 123k E(NUREG/CR-7040, p. 8)

5% Damped Spectral Acceleration Capacity SA (g)

GERS SA 50 ‘B; [(j:, /6: SAH CLPF

Component

Distribution Panels

Floor Mounted 3.5 5.1 0.11 {0.23]0.25 29

Wall Mounted 2.5 36 0.11 {0.23]0.25 2.1
Motor Control Centers

“Function After” 2.5 3.6 0.111023]1025 2.1

“Function During” 1.5 22 0.11 1 023]0.25 1.25
Switchgear

Low Voltage 1.8-250126-3610.1110231025) 15-2.1

Metal Clad 1.8-25126-36[0.11]0231025]) 15-2.1

% 2-3 ¥ E ATk TS

AFp

Cabinet Types
Median | P, | P,

Mhlotor Control Center 28 0.10 | 023
Switchgear (flexable panels) | 44 | 0.13 | 0.37
Control Room Electrical 33 0.11 | 0.27

Benchboards and Panels
{with frequency = 13 Hz)

F 24 ¥ FIE Y EPEF B et R G 4vid RS 47 12(15H2)

(Median 4F=33.B,.47,=0.11,0,4=027)

GERS Device Location Cabinet Base

SAcrrs(2) Sdpse(g) | Bro | Pup | Sdsex(2) | B Be | Br  Sdmerer(g)

10.0 10.7 0.09 | 0.18 iz 0.14 | 032|035 1.5

4 2-5p A% %@t 73

JNES US

AF, 1.0~2.5 28~44

112




2. B TR A B R
PEEp R ABR G LT = 2 2 5 & T 358X (sample
mean) ° -5 R E IS K S B8 ",‘f "GP E i ¢ #ik(median) o
Bpl B EERAEE > BER AP FenEiv i@ m#k; %iik(mode)
BRI EEEY IR EEBDETL R Z 2T A FNT R
%o 2 Flicdp A A E_HE SR A TN AR A BGE S TR o
Blp s R N T I AEA RGN AR
fcdp A jpév i3

R= max(xi)—min(xi) (2-10)
T 0% i L
d, =lZ‘xl. ~X| (2-11)
nio
%3
§? =3 (5, — ) (2-12)
n—143

AL

S, = Jﬁzu -%)? (2-13)

e
i—)&
i

S
C (%) =2:x100 (2-14)
X
B R R BN A BACRA T R R BdRR L s ] o -
LSRAPIEERRELESITDER > GEFLI EREERRE 0 HA
E X QU
LA RS T 2B F D E S HAeT -
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#(2) ZLG_ZZ/Z (2-15)

FEAGY R NP ERPMET B TREN PSS > 75 EHA
TEHEAEE A RE
EHFERABAG > w by ot L e

e 1
S, =25 (2-17)

it iRt £

(2-18)
% ik iRt 4
X
S =— 2-19
y y X, ( )
IE Sagii e e
S = k fk_le’ y = xk (2_20)
)_Cl/k
§, =05 y=x" 221
y k f X y ( )

G S AARSET P 0 T R GTEREE X0 0 e v E AN

#%l}é‘ﬁﬁ;\l AP Lt o BT m L b 2 4eT o B ,

w5 BB S HHMs S E
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dy = ayar+ayar++a‘9yarx 2-21)

ox, ox, x

n

HY vdys y i ~dx, 5 x Pl EFL (¥ AR EHRAE
E) o BEH L BEAR OB HER e VB R AEL

dy = a—ya’x1 + a—ydx2 +t a—dx (2-22)
ox, ox, ox

n

He sdys y gL ~de, 5 x, Rl 234 (¥ AANEHRDE
BB o BB L BHIMNGHE R TR AR AL

ayd

dy P
ox,

ox,

% ——dx,
ox

n

dy + 4+ 4 (2-23)

max

PR dy, dx,y, e, dx,y R REEE A o FHEBIFLA DTSR
foo PIT R R LY amEL

(dyf:i[%] (dx,)’ + Z [g)f ][ay ](d )dx,)  (2-24)

=1 i=l, j=1 j
Ho ojzj o FiFidde el Bfcf B2 6 2022 4 PR
TE AR IR o B TR G L

2 2
dy = J ayar yd ) -+(ﬁldaJ (2-25)
axl x2 ox

n

MW 5 - P> VARG Fail-Pass Bl > H#E%k %04 &
HARR T il i A A pTpER o
3. Gy 5775 3
2 T B34 7 NEI 12-06 FLEX # j| Appendix H 2z #8455 e &
WG A TR 0 3R AT i F R L R (MS)2 SSC G, B 0 %
% Fuie 7 FLEX {vg chb 43 5 9 Z4e ™ B -
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B 2-3 — AE T

Risksinformed
Azsarrmant
dMa 11

v

faote 1: This poth o ovily avalkabie ifdofal SC0F 5 1E-
@ totol SLERF £ 1E-5

5 20 i AR LA

%26 FHR LML SSCeRE> 2P 2 e C&
(NEI 12-06 Rev. 5, p. 219)
Type SSC Composite | Random | Uncertainty Caroi/Crsi | Crose/Cro
ﬁC ﬂR ﬁU
Structures & Major Passive
Mechanical Components
Mounted on Ground or at Low 0.33 0.24 0.26 2.26 144
Elevation Within Structures
Active Components Mounted
at High Elevation in Structures 0.45 0.24 0.38 2.8 1.60
Realistic Lower Bound Case™ 0.30 0.24 0.18 2.00 1.36
Other SSCs 0.40 0.24 0.32 2.54 1.52

27 £ WA TR A1 S

7 & [F] (Dasgupta, pp. 3-11)

Ground

Motion DEt Cioy Csou;
Structural Element | Parameter (9) (g) (g) B
Roof Collapse PGAT 0.15-0.17 | 0.23-0.68 0.85-1.84 0.36-0.61
Diaphragm Failure PGA 0.10-0.20 | 0.26-1.13 0.61-2.34 0.30-0.42
Shear Wall with PGA 0.10-0.40 | 0.40-2.28 1.70-4.90 0.28-0.62
Flexural Failure
Shear Wall with PGA 0.10-0.40 | 0.13-1.24 0.44-5.80 0.26-0.72
Shear Failure

Laboratory. 1988.

TDesign earthquake, peak ground acceleration

*Campbell, R.D., M.K. Ravindra, and R.C. Murray. “Compilation of Fragility Information from Available
Probabilistic Risk Assessments” UCID-20571. Rev.1. Los Alamos, New Mexico: Lawrence Livermore National
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4 2-8 £ W& 4% 7 Bk 351 23 ¢ Diablo Canyon Power Plant
(Dasgupta, pp. 3-11)

Cin® | Csou’

Structure Plant (9) (9) B. | By B}

Concrete Internal Structure Diablo
(Internal Structure Shear ) Canyon 2.98 6.91 02 1031 0.37

Intake Structure (North Wall Shear) | Diablo
Canyon 3.23 8.55 0.28 | 0.31 0.42

Auxiliary Building (North South Diablo
Shear Wall) Canyon 2.67 5.79 0.21 | 0.26 0.33

Turbine Building Diablo
(Shear Wall Column 31) Canyon 184 4.87 026 | 0.33 0.42
Ranqe Minimum 1.84 4.87 — e 0.33
9 Maximum | 3.23 | 855 | — | — | 042

*Pacific Gas and Electric Company. “Final Report of the Diablo Canyon Long Term Seismic Program.”
Docket Nos. 50-275 and 50-323, Table 6.23. San Francisco, California: Pacific Gas and Electric Company. 1988.
TCI% (capacity at one percent probability of failure) and €54y, (median capacity) are expressed in terms of 5 percent

damped spectral acceleration.
*Calculated

29 4 g itag? % > Gcfo% £ 4 (Dasgupta, pp. 3-12)

Median
Variable Safety B, B. Bt
Capacity Factors
Ultimate strength versus code
allowable Fs 1.2-25 | 0.06-0.12 | 0.12-0.18
Inelastic energy E 1.8-4.0 | 0.08-0.14 | 0.18-0.26
absorption capability #
Total capacity factor Fe = FsFy 24-60 | 010018 | 0.22-0.32
Response Factors
Modal response
Design response spectra Fga 1.2-14 | 0.16-0.22 | 0.08-0.11
Damping effects Fs 1.2-1.4 | 0.05-0.10 | 0.05-0.10
Modeling effects Fy 1.0 0 0.12-0.18
Total modal response factor Fuyo <Fe i FxF
MR TpSATeTM 1.0 | 0.10-0.20 0
Modal and component MC
combination Fss 1.1-1.5 | 0.02-0.06 | 0.1-0.24
Soil-structure interaction
Fps = FypFucFssi 1.6-2.8 | 0.22-0.32 | 0.18-0.33
Total response factor
Factor ofSafety1 Fm = FCFRS 4,0-12.0 | 0.22-0.37 | 0.28-0.46 0.36-0.59
*Kennedy, R.P. and M.K. Ravindra. “Seismic Fragilities for Nuclear Power Plant Risk Studies.” Nuclear Engineering
and Design. Vol. 79. pp 47-68. 1984.
Tcalculated
*Csy, = F - DE , where DE is design earthquake.

FU* 4 2-6 il bk AL R g FF T 5 SSC AELE S %

-1 e

e dt (2-26)

~
Il
=
S
O
Il
"—;
3
ﬁ
3
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A oA s e A EHERRL Bo=\Bi+ B 0 By AW A

T2 R L - [, 5T
i &% B (CDF) o

et PO i
ERI RS

I A T N

» D[] REF

% 2-10 R # A% E 29 7 A28 NEP 2 $ /R 4

Standard Normal Non-Exceedance
Variable, Z Probability, NEP
2.33 0.99
2.05 0.98
1.65 0.95
1.28 0.90
1.00 0.84
0.00 0.50
-1.00 0.16
-1.28 0.10
-1.65 0.05
-2.05 0.02
-2.33 0.01
£ P.=0.01 & »35%(2-26)» ¥ 1@
_ _ -2.33f¢
C, = ac, = A Xe
£ P.=01> & »35%(2-26)> 7 7
_ _ ~128 3
Cipo, = de,, = A Xe
£ P,=05 > 5 »3%(2-26) > ¥ ¥

Cspy, = dc,,,

5.SSC % pris

N~

AR AR g R

E=l

bo

_ 0-Bc _
oﬂ—AmXe c=4

m

» SSC e 2 5 ¥
i AR g Py e A R

f ‘ H(a)da
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(2-27)

(2-28)

(2-29)

d = 2R e

(2-30)



_ (=dH(a)
P=—[ — =Py da (2-31)
B \7 7—“]{]’3_&[—7—? 9 ]}21}7%\4%(& @f#l,z-ﬂ
d dH a dP a
—AH(@)P,,]= (a) P, d—; H(a) (2-32)

AR RS @

N —[H( )Py Jda=| di[l(“) P, da +j f‘” H(a)da (2-33)

a

b

[H(a)P,, ' =0= j dH(“) A+ j f‘ H(a)da (2-34)

F]pt 0 74(2-30) Frd (2-31) chE B L R E - B A 5L
ERRR RS BAT

1 A = Say .y,

H(a)=Ka™*", K, = =
Sa

_lnAR ’

(2-35)

Hp

o K, T A N (2-59) R 0 A, B R Sa, AT
FHycv¥ e R > Say,, » RAMEFONH, Fd e R - ¥ R b 'R
Sk AV A L

dH (a) _

” ~K.K,a " (2-36)
fie & 38 (2-31)12 2 T 56
In(a/ A
P, = q{w} (2-37)
' ﬂc
7 $18 SSC en% s & p,
P =-j°°(—1<1< a-"rl)j L 2 dg da, ¢ = L[| (2:38)
F 0 ™ H o IB Am
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W A N0 2 RS S ED(x) &

o)=F, =] f@iE=7—[ e af @)

R T >

1
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- BFEASTBF PR B
1 2[;/1/\’}2
fx(x)= e ) o<y (2-41)

ot ) (2-42)

B F
dP. 1(na-m )
e 1, % ] =In4, (2-43)
da  af.\2rw
x4 (2-30) 0 B 4 kil gop
‘ l[lna—MJ2
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=], H(@ jaﬂJ— (K ™)
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Bl (2-44)F £ B 4o
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— 1 ~ 282 —Kux
= e ¢ e dx
BeN27m J’_w
HEB2ZFLNT FRheoT
_ C(x-M)? . P+ BEKy—2M)x+M?
I e 2P e_KHxa’xzj~ e 2hc dx
- - 2 (2-47)
o _;{xz”[KH_MzJ”Mz}
_ J_ o AR i) R g,
TAfFANE o REHREI N FA R R
1, i ;
[ePdz=v2r, [ edz= " (2-48)
- - a
B (24T A 0 BT A R AL AR
1, 1, 2B 1 [,Hijz_fizw
oo _E(A[ +2Bt+C) e —5(77 +ﬁ”+C)L _L 0o 2{ A 1 ]
J-_me dt—J._me \/Zdﬂ_ \/Z'Le dn (2-49)
He
n 1
t=——, dt=—=dn (2-50)
JA4 JA4

dt =——e
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2
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CONDITIONAL PROBABILITY OF FAILURE
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PEAK GROUND ACCELERATION (g)

Bl 2-5 Sk fi s # 2 4 sl

2 2-11 BEF ped @A F gt (Ripd fhivp 2

ML17122A268,p.4-4 > =3 5 271 % %)
Table 4-2. Variation of P, with hazard curve slope
H(a) Sa Ap Ky K, Pr
1.0x10°° 0.753 — 297212 0.000424834 | 0.0000328938
1.0x10* 1.627 217 2.99 4.28 x 10 | 3.28 x 105
1.0 x 10°5 2.603 1.6 4.90. . 1.09%,10:3 | 3,040%10
1.0x 108 3.627 1.4 6.94 ., 7.65x103 | 1 olDots] )4
1.0 x 1077 4.663 1.3 9.16 __ 1.34 x 1077 | 417 x 1073
C. 77029 U.U730900 000227567

H(a) = MAPE at spectral acceleration Sa
Sa= Spectral acceleration
Ag, Ky = Slope parameters and constant and K, constant elated to hazard curve
Pr = Mean annual probability of unacceptable performance (or failure) of SSC

(] Csow, =3,
Fx(x) A

(2-60) » DBE |

s F P, ((2-60) » DBE
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UL EL Y ET SROR
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> * DBE, Sa
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e 4 Xa- B4 RS RE RS R Y XA LT AN
=lny, Y=¢" (2-63)
Y=g(X)=e*, X=g'(¥Y)=InY (2-64)

oA T EWREXN ~NU,,0)2BF 3R I8

£ (x)= 0_3562[05] | —ee<x <o (2-65)

HAFA T I PheT !

F@=[_f(&dé (2-66)
ZAST ZEBEFRASFU~NOD)ZHF %R I Hhe™ !
Jo(x)= \/;_7; ¢T | e<xzo (2-67)
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O(x)=F,(x)=[_f,(§)d¢ (2-68)
P OX) SHBETREF g BRT o 5 R PR Y 2
B o R Sk

do™ O
1) =[E 2B il o) (2-69)
H ¢
dgc_iy(y) :% (2-70)
Fe oV OREHEYEA Y~ LN (i, y, 1n)/)~’b§;12 PR
S Fede T
1 1 z[ln)(;,ux} 1 _;[ln);—yxj
yW) == = SR 0 (2-71
Sy () ‘y X\/z— yO'X\/Ee y> ( )

= fmdn= jjmez{ ) dn, y>0 (2-72)

FECF B A G T 0y, 2R ERE Lo, 5 F T IIH

Hy =ty = A=E(nY)=1In(m,) (2-73)
B=0,=0,,=¢=Var(inY) (2-74)
e E@)feVar(e) A Wl 5 Tk B HEE S o B fou ¥
POTE T A R AT IR m s V20 He ¥ el R
T
F(m)=0.5 (2-75)
7 gl A G
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Prob(Y <m,)=Prob[ X <In(m,)]|=F,[In(m,)]=0.5  (2-76)

F,(m,)=0.5 (2-77)
Flpb oo EcE A ¢ B F A 2P il G T R
In(m, ) =m, (2-78)
P F A T2 Y B H T K
mX :ﬂX (2-79)
Flpt oo HHECF A T2 Y P H T g B GdcT
Hy =In(my), p,, =In(m,) (2-80)
¥BALNQ2.T71) A2 ¢
Iny—g, =lny—m, :1ny—ln(my)=ln£LJ (2-81)
mY

F 0 HHECE A T R R S e T

11 1 y ’
1 ‘z[a‘“(mﬂ
- . Iny Y 2-82
fy(y) yo_lnym ( )
£\
1 In(y/m 1
()= fz{ W/ »}: L) @8
yo-lnY O-lnY yo-lnY
H e
|
u:% (2-84)
InY
HEN A F X~ Ny, 0,) = N(lnmy,0,,,) 2 3 A4 1 508
J{lln[yﬂz
2| o m
—— - . nY Y 2-85
fy(y) yo_lny\/ﬂ ( )
e

128



FY(y):FU {M}:Fu {M}:FU(M)

InYy

b

In(y /m,)
F ®
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o, =In(V;} +1), VYZ — % 1

RESSE SRR 388 3 PEa
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2
B = ln( %y - ]
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B 0<04PF > FNenmiTin B S did o p ek HilW A T2 P Hor
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m, =e —m (2-99)
3P BAS b HET B TR
Z=Y1%,Y, (2-100)
Z7 5 - By e w o !
Mz = Hiny, T My, T Hyy,
Hyy =Inm, (2-101)
Inm, =lnm, +Inm, +Inm,
Hedes ez d fifpska ¥
m, =mym, m, (2-102)
HEHE R L2 T3 5 402 HHE®E L T3 jpea {8
Ony =Ony 0y ¥0uy, B;=0 + 5, + 1 (2-103)
FPHEHERTEA TN ATEAGE > T AN g% o £
Z=X+Y (2-104)
FXIYS3 v irm o P Z2 Tiofge R iLivd TR
@
1y =y + 1y (2-105)
o,=0,+0, (2-106)

Bilp AR FEESFIRT o T F =00 F KB R a
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P, :q{M} (2-107)
Br

R PLETHET > T FL T 420

¥ YRR R

P, :q{lnm/Am); By (Q)} 2-108)

B Q Gk doargrg P fied (H#E¥ isrm) & Tk
Ind, (% &4~ %) ehizw T o 3w s 5 (HCLPF) ™

0=95% P, =0.05T > d X(2-108):* ¥ 8 :ch3 f4id B a & o

Z AT % ¥ A LN HRE F 2T Tk ;fﬁ'}':"vb HMAcT
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P, =@ 2 ) 2-109
{ 3 } (105
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hn)

Be=~Br + B, (2-110)

PAEE R Cu~ Confr Coondt g R4vid B a B4 S d 34(2-110)
1P =001 ~ P, =019 P, =0.5 4.7 -

§@¥]}6ﬁﬁll7’ﬁﬁED?—H¥#F“ﬁﬁU%aS&Z&*

7T % kg o 4 LUSSCF RN A G Sl o 1 EHEET B
AR B I S - gl;ﬁ:‘}/»\ i ey VAo
PF(A)ZCD{M} (2-111)
B

He o dficd A2 b Rl > 2 e B M
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Ina—u,
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(2-114)

In(a/A4,)+ ,BUCI)_I(Q)
) 5

R L S(2-108) o

Frequency of Failure, P

Failure Frequency, Pe(a)

1

0.5 4

.0 4

Examples of Possible
Fragility Curves

Uncertainty in True
Median

Composite
Uncertainty in A Curve
Associated with
Failure Frequency P

3

?D( b ————

Ground Acceleration A

Bl 2-6 % 4 & 0 ML B FEE2 7 LR
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o
.

o
-

-
~
e
Failure Frequency
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f(A) Bp /s
e
______________________ Probability
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|
1 |
1 I
t |
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| |
I
|
!
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Ground Acceleration, A
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Peak ground acceleration a [g]
Bl 2-8 Zw kB QR4 > B CDF & S % F 6

—B_=0.15 B2

- = -BR 0.20
I It BR 0.25
i A =15

m
BU =0.2

i 95% confidence
0 0.5 1 1.5

Peak ground acceleration a [g]
Bl 2-9 ¥ AR £ By 34 > B CDF o S & p %
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# 2-12 NEI 12-06 Appendix H 2. Table H.1 s % &5 7 »
LFEAAFETHEHBIREFT S

Composite | Random | Uncertain
Type SSC P ty Cs02%/Cio | Ci10%/Ci
Be Pr Bu

Structures & Major Passive
ﬁe‘:h?“é"al %"mpoé‘emst L 0.35 0.24 0.26 2.26 1.44

ounted on UTOUNd or al LOW | 5 353834 2.27765 1.44728
Elevation Within Structures
Active Components Mounted
at High Elevation in Structures 0_943244 0.24 0.38 2%2?5500 1.15'969%2
Realistic Lower Bound Case™ | 030 0.24 0.18 2,00 136
Other SSCs 0.40 0.24 0.32 254 1.52

0400000 253588 151880

(= ) JNES % g1 4 dg®iz 3 2

p A Japan Nuclear Energy Safety Organization (JNES) i * & #*
SRR AR 2-14 977 > BEPRRGK K DB TR o B A b
R 2 PR R 0 4o R 2-15 #or o ﬁ;*])‘ 3 RE o BORIRIGFK
RNk vk B AoB) 2-16 917 o B kIR F SkEcdy 0 S E
FoEaFTRpE  AEFTEEP A INES a2 2HREAFAY 0 T
HP T RAPM KK 2 SRR RS TR 2 BT -

TADOTSU Shaking Table
(15m x 15m)

Electrical Panel

Amplification Device Table
(5m x 5m)

Actuator

x Electrical Panel
Horizontal Shaft Pump

B 2-14 INES &8 5 % %7 2 B (NUREG/CR-7040, p. 41)
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Bl 2-15 & A3 4 4ci& B PF R G % ) (NUREG/CR-7040, p. 49)
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Spectral Acceleration (g)
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Bl 2-16 £ 3 4ci# & 3% (NUREG/CR-7040, p. 52)
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TADOTSU 488 5 it 4 2% 6 ¢ (1095 &) » B 2-18 2 9 %
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Fragility Capacity (x9.8m./s2)

B 2-17 P S AT 5 80k T b & 2 451500 4 (SMIRT-26 Test 1, p. 2)
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a0l 1)p()r‘t SthlUIC :

Bl 2-18 -k T b & E 5% l (NUREG/CR-740, p. 42)
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Bl 2-23 PWR 3414548 ~ % 4385 #03) (NUREG/CR-7040, p. 53)
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Shaking direction H
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/ Fuel assembly %
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7

Bl 2-24 PWR %41 & i 222 #°3]) (NUREG/CR-7040, pp. 54-55)
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Channel box : 100 mil (J& 2.5 mm)

Shaking direction
—

Control
rod

Fuel assembly

Vessel
(4 units)

Bl 2-26 BWR %3 < i 522 #73] (NUREG/CR-7040, pp. 61-62)

4 FZ A -4 AlET R

FHET AR AARREF F 2R ER
PO AAILE R s A R R o AL E MR

e
o5
in-

C

I
Jet

BEEANT S 2 TN E 227 ARy 2 A "
A v frd B A o Tl Bk FAlnR 5 ¥ 6 1 2
BH 2 ET AR DE G AP0 FtERE Y Aot R
AR T L FF PRI o A2 A RFFRY 0 R A N Y
ARk L R T fed2 R4 > EFHE S NV

P o RS HCA oW 2-28 4 o
S AR R A A PRI G L A B aRT
Fez BEAH kTR R BHERRITER S F R A
AR RFEET R B EEGR T HALT ERR HE
oo AR %Y AFRFH > LEBEY CRHBERFT Y o P
BEFAFRFDLIEF 0 FI R RFT EFFHFE - &

o
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A L5 dh R B AR 2 TR - Kot KA R 2-29 #7oT o

A FHARA i E B Bbig A
(BWR) (BWR/PWR) (BWR/PWR)

Bl 2-27 ~ 43 & B3] 5 (NUREG/CR-7040, p. A-33)

\ . i T
 geacncu A O N '

U NTEARR ‘
| ' FARIPUMN

Bl 2-28 4|2 $h R 325 #74] (NUREG/CR-7040, p. 65)
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Motor

Thrust Bearing

Liner Ring

Kingsbury Bearing

oY
Parallel Flat Bearing
|

Shaft Bearing

o~

Bl 2-29 % 4|2 bR 2 B AE 2 (SMIRT-26 Test 1, p. 10)

2 2-10 3 2R FRF BRI HY ARG zHip R
A S e~k o A S S 161 Hz (B i A R L g 7 34 eh
AATE) D kR E FRHAMA D B B0 k0 M T 6.4 Hy
(BRFAHFFHR AT L0k 2 K- gdmfE) D s D
AR 0 K- 20 Hz #F FrfiTendeid RARHR L > MIrd| 5 Eahk

e

oo FRAL T AR MSO S & R ATk e i i

rg

N o
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%2-10 < A EF phRk 2 ¢ KK BRI
5 A1 R (A)

¥ CEXcL
B fendn HAEMME ok
) AP A ¥ 4.0 mm BEEPMEAERNEATIIRELARTR
1~1.4x9.8 m/ s ' R Sitda MR HEHEER
24 #F D 4.0 m BEAADE] PUAH &IELME A
0.2~0.75%x9.8 m/ s ' A LR 8/ RO S 2 1) 4 B 15
- AFD ik 50 mm FERR AN ARLHES/RES
0.3~1x98 m/s’ ' & B E
KD o D'k AN XN ARLHERYG/ RES
2c 1.0 mm
1.5-2.25x98m/ s’ o
FE !
3 . 1.0 mm HERBARATEEFHHERR
0.75~1.5%x98 m/ s
A Dk 15%98m/s* + ) e
4 &5k 0.75%9.8m/s’ 1.0 mm BERFARATER T ERERBITLE

5 481 R (B)
g L P ] CEXc LN 301 H i%
1 |Di#% 04~12x9.8m/s 1.0 mm HFRAG MRS EER

(z) JNES % Jf Lg% 5%
1. % - 34 — kT dh &
FRES IR (RCW) R = 3K 3@5% 0 72 fhk{ofi

Henm 2 @ses o pEREEEFBRRLET  BEFFER A EK K
TghRen> ? <} BB EDEZT R F s s ~ (8% 30 dh K e
P ieE R RRCEARRAEL DRI R RE B R
Fend e FRE R > RFPIBB AR ERRYREEY 0 2
AWH B A A BT E6Xx9.8m/s o

Ak EE G g BAcd R A A ARED 2Rk B E P
PHAEETE ~ B~ B A B BARGLEHRA ¢ R
W L g ERPRDR Y FAFE PRI FLINFRA
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#FRA310~20x9.8m/s® FF o

7 2-11 R TR 2 5 PTG &%
= BR | R | HEMPAE

vl Il Rl S UL S PP
ML | ) 8.4 0.21 3K P 7R B 4
RCW & - i 28.5 0.07 FA SRR
= —%l‘&J/ 33
s 6.1 - HERSY

LR ARELIFRRERY O NEREAPSABTFRRRER
PR T A A S B OX98mM/ST BT c R
oA dRdE ~ F R p i Bty %%~@i* ol 1R RERTE 2
TAARASERAREY > REREE - F BRI 02
?ﬁuag@@%ﬁ%%ﬁi?%f"*%ﬁ

ARRBRERTH KR SRR BIRME Y 30 A

it TR IR DE et frdR S SR o B B S i R

#10x98m/s" o FB Y o HORT F WA LEHRETRETE >~ 2
{""5 ra»rr)}é':; F?J:(‘Eﬁ %{E‘ "'K/w\ m,ﬁ—‘fr*’;ﬁnj%ﬁm?g&}4gé.ﬁ ;;_
¥ oW REDRS SR fo"i@.ﬁ’&‘ﬁg‘fi‘/‘;#ﬁ Hh o
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22-BLFRAL L2 HE TR EE

&R hFM P AR (g) | f HEREE OF S0
REE S o 4.5 - W BES
HKBREE 4.4 0.166 AC ¥4]F
F TR 4.4 - ERAEE R
6.9kV &8 & BHMEE 4.2 - AZxE % %H
F SR 5.6 - Rk F SR

RBIE HBhFEFR 9.8 0.020 4% 48 A R
BETHIEHR 6.7 0.027 ThER

RER 42 - ERBHEE

30% 2 A B HIRAE o APM 2K

b PWR > R & &Y B R AFE 33 86,
(g B4 ) » 2 9 532x9.8m/s” » il it 5 =4 i
48 mm- 52 PIEL RS 25 o = A iw s PWR T o
e by s 7T7Tmme A 4R S, kR L RERT
& B AR A Y B

% 2-14 PWR 41546 » k52 3 I 0 & 5%

T INES#XE: | NUPECH &
KAB AR E (m/s?) 3.2g 1.1g
- i % 418 mm 22mm
RAREH Wk R B e | 3.5mm? 1.3 mm?
CRDM 1 & 17.2mm 3.3mm
PWR VE Uiy e/
# %
BEREH (£4HE5555ERE At aE8AMENR | EH4EARNER
HAATERE S 77 mm 36 mm
HEGRE 0.19 0.09

b BWR 2% 4R A& o fg s B R B 4 RS,

(e ® P R4 ) » 29 53x98m/s” » Wil e 2 F fi=#HiE 83
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mm ° 3% < 3 iEd PIFEGE % o 100 mil channel box 7 BWR & By %
Al b 4F MY i 91 mmo PR EATE L S A 4 e

#ico & BWR 4144~ (iigsgk? » LRI F 3 & S, > BWR
Flth 25 § A2 %750 4ol 230 47 - SBHAERBE L F L
5@, Tl B E o 7 E 231 -

% 2-15BWR 446 » s 5z b 4T B %

X JNES:X & | NUPEC: 5
KA AmikE (m/s?) 3g 1.5g
oY &k 131 #% 83 mm 34 mm
BWR 5 AR PEIRAE BE
M %
BERES4 | BRBastafkEas EHHBEBEARNBE
GARMEES 91 mm 82 mm
HEAREE 0.10 0.17

B 2-30 BWR £ 4+ 4 % %753 & S,) (SMiRT-26 Test 2, p. 3)
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<

4 ) )
i // /

0 20 40 60 80 100 12

Displacement (mm)
Bl 2-31 BWR #+#4]4#: * -i=4# F2 (SMiRT-26 Test 2, p. 3)

Load (kN)

4. % Z30A — Al fhk

KT RE Rk (FHHEHE%Z Afe B) Sk r Hesdd
W5 TR B B S 12x9.8m/sTFEA A E R (iR g
FRIMNF ek B 5 14X9.8m/SPE 0 B A LR GF A R
) 0 R AR R AF ek B S 31x9.8m/s’ o BEAtd 4§ RE 2
WRREAePZb R F BT 5 0 iR BT (ZAEFK 4.0
mm ~ 2.0 mm f= 1.0 mm ) £2 24 5 2 B enbf i o LB R
Wk (BRREHR ADE 3K fer 49 ) nBE % o FEF TR AH A
e F v B A 22x98m/s’ 0 B iE TR IR B e i B S
2.3x9.8m/s*PF o Rf hwt i i R BRI ERoIT IR A
JBEAFRBF o 2% R A ERKOEE FE Ao 2-16 #1F o
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£2-16 28 phR 2 b AT B RKLTE %

B AR
REX A B KA R
oM REMETF AT K
5 48R A Wk :31x9.8 m /s’
A BRA R R FJK:35x9.8 m/ s’
1% o XL s RHNERIFEATELERE:
(JEAG4601:10x9.8 m/s>) WK 22x98m/s’
7 K :1.6x9.8m/s’
AE 5 48 LKA oM AREMEITF E AT KT
4| 5 BRARRE BHETA: 14x9.8 m/ s°
¥ E o F R B RMAREBEITFEUNTEHL TR
K (JEAG4601: 2.5x9.8 m/s?) EETAR: 2.3x9.8m /s’
# | B
x| &
Zoh s B AT AT B
a| | aamamn e
PRI B3R 1 09 R 15 - R i
&9 (B 2 % SR A2 38 3% 3 F 1K 25)
53
i

AR A R IR R R 69

VAARAR X AF BAS R I A 5 3045

4 mm =2 mm=>1mm

R SRR R B R PR /1 (BE TR
8 A (KA i 14.0 X 9.8 m/s?
A (GaR) it 14.0 X 9.8 m/s?
¥ A AR (PWR) ) \ 6.3 X 9.8 m/s?
% 5 M2 (BWR) HRBERERR 4.3 %9.8m/s?
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() JNES % &k & 2 1235

L% - 30 — kT ghRk
Bearing
—_ J_ ’ 1Box
l ~ AR H
e T
E J [[{‘ o [ RERT
<+ ; (R =
N - 4= &1 8
- | N |
[ - - - e el kil ..AL--[L
It 1 1 1 ]
I i 1

Bl 2-32 -k T g & 2 & <t (NUREG/CR-7040, p. A-21)
% 2-17 kT ph R 2 A

R 8 A&

nE 1250 m3/h

iz 55m

£F 5.7 x 103 kg

323k 1800 rpm
B8 255 kW

Rt "276,% 134 m

7 2-18 Kk T ghR 2z ~ & & 1 (F)80)

SRt ® <1 (F]50) LA
ok 110 mm O.D.(6310)
_ . 170 mm O.D.(6316)
3T ﬁbm\
;Jﬁ;ﬁj 60 mm I.D. 85 mm O.D.
- 80 mm I.D. 121 mm O.D.
110 mm O.D.(6310)
| 170 mm O.D.(6316) ,
LR 170 mm O.D.(7316B) 3
¥ 67 mm 1.D. 127 mm O.D.
270 mm I[.D. 175 mm 1.D.
. T 267 mm L.D. 88 mm LD.
RIRE 195 mm LD.
i 8 95.5mm LD
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#2-19 % FKHF2Z A

TR%ME (8 RRFE) e, €€ R~(m), W x HxD
HERER (29.0H) 1/1 247, 2160 kg 1.8x2.3x0.9
REIE 5] P 2 (35.8 Hz) 1/1 247, 640 kg 0.8x23x0.8
b b E % (24.2 Hz) 1/1 24 %, 4050 kg 1.8x23x%x2.0
6.9kV &8 & BMME E(21.2Hz) | 1/1 2457, 5600 kg 20x23%x25

* 4R (43.8 Hz) 1/1 34544 % 1010kg | 2.65x 1.01 x 1.35
B ¥ Bh ¥ #14R (30.7 Hz) 1/1 34 # %1, 2580 kg 21x23x%x26
% 38 T 83 Fl 4R (22.2 Hz) 1/1 241, 750 kg 1.0x23x 1.0
4t % (32.7Hz) 1/1 24848, 670kg 23x1.9x%06
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_ [Gown]
2 [

ront and back
doors are fixed
o [T 7] %9 by bolts
of

EaE=1E=1E X ]
g b 0
v uJ 1 8 4 1
B
d 800 56
L oo ]
==lI==l==]

= A G 3

ARBIRER - T
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1000 L1 | |‘ Catie Dict a._
£y — 1
i T T 4 ]
ﬁm] F a d ¥
L] |
0 :
L Y--T S m H
= =] W L k]
- " ]
Ce o 4 o M B
emg i -
- No1Board  No2Board T o

A FRER AGSKVERERAMMEAR

le 2650 -J — « —

L ]

A SRS W BHIE FlR

| 1000 |
F - !_-'_% = ;_ I = %
" alalak E@Ea o]
| |

1800

—= !, e
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| |

—

e | {

A B TR R AGSRR

Bl 2-33 T # % & 2 #3 (NUREG/CR-7040, p. 50)
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% 2-20 F A 2 A 245 R

YTy )3 R & i
TUB-2-D MELCO 3
G e CO-18-D MELCO 9
VCR62D TMT&D 3
NRD-81 MELCO 9
S UP3A TMT&D 9
MY4Z Omron 9
PR H3M Omron 9
g F HALN MELCO 3
g B+ HASN MELCO 3
Tm TR 18 inch TOTOKU 3
g TS 18 inch Hitachi 3
4 B (CPU) TOSMAP Toshiba 3
Input/Output & - TOSMAP Toshiba 3
Pl BB S9166 AW Yokogawa Electric 3
T R B S9016AW Yokogawa Electric 3
= S9146AW Yokogawa Electric 3
- MELCO 3
RIE~ TFV Densei Lambda 3
S9980UD Yokogawa Electric 1
EDR-N6L Hitachi 4
AREEE AP3107 Toshiba 3
UNEI13 Yokogawa Electric 3
R4 giE R EPR-N6L Hitachi 1
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, MSO-A80 MELCO 9
SRS s
C-20J, T-20J Toshiba SE 9
NF100-SH MELCO 9
E SH100 Toshiba SE 9
F type Hitachi 9
Hi e B R SSA-SD3-53 MELCO 9
o B R MS Hitachi 9
V- ACSNK Hitachi 9
BY D REREE VTZ-E6EP Toshiba 1
(GPT) VTZ-EGEP Toshiba 1
(improved)
B10-1 Toshiba 1
DS-416 MELCO 1
DS-416
7 & gk BB MELCO 1
*F Tk 5 (improved)
DS-840
(from panel MELCO 1
test)
F FdTEe B 6-SFG-40S MELCO 1
VF-6M63
= e .
ETETREE (from panel Toshiba 1
test)

sro A B | B

W

N

59
Iy

V4
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CR Drive
Mechanism

Tie Rod

CR Guide Tube

Support £
Shaking Table
. :
% g E
E
x
Fuel Bundie B |

Container

B 2-34 PWR 41436 » sk sLid &% 03] 2] o Bl
(NUREG/CR-7040, p. 55)

1 IH:H: o
% [35-:3,. _'3,_, % Container
Support e A ;
\ ' -Fuel Bundle
Tie Rod \
| CR Guide Tube E
o
a
"
reel 33ty
, AR
Shaking Takle| | [ o |
b\ | CRD Housing
e, I N (Y. : i
— E
4 ©
T CR Drive ™
o 1 (s o Jn[ec[smsm
¥ - -
L /

B 2-35 BWR 41446 » ¢ L2 % #7325 B
(NUREG/CR-7040, p. 62)
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7000

8000

h 4

BB A
mE 1691 m3/h
FiF s 92m
% 61x 103 kg
$i 3R 1500 rpm
BHiEH 750 kW
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200 4 &3 R A

s rmem | PR EERE )
sbk(<a) | 100 115 0.41~0.48 3
BBl |55 50 0.41~0.48 3
fﬁiﬁi 100 80 0.39~0.58 4

B ok 120 120 0.14~0.34 4
g ik 100 120 0.14~0.34 4
oo 3] AR 355 50 0.53 3
TRk | 550 45 1.17 3
K;;gjb;gf (543 7(;).D.) 270 - 3
;j ;;Z (4735(2.D.) 184 i 3
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(=) EPRI % 3 {ii 4 em® iz 5 2

R R AR RS U e NRC & £ il & f8 2
FEF PRSI 4 R EE R B ER L i
H2 B F el RGBT AR < c BLTFIREEA-A2g AL S

ﬁﬁ’&?%%%ﬁk’Uﬁﬁﬁiiﬁ%iﬁﬁ?uﬂmﬁﬁ@
o

AR A (RE) §XENRE LS KR
o R A) L gy ~ o A g e AR (B R4
B DM hR T o do Bl 2-37 AT o § A NI B RO
(iB]3#F R3#, Test Response Spectrum, TRS) iF | & 426 fr L3k 2
R (& £ F R, Required Response Spectrum, RRS) B » 3%~
ARG ETER Do BERPIREY CTRSE ¥ L A~
LSRR I S I e ‘%ﬁﬁ”ﬁﬁﬁiiﬁr
Lo Mk - FRERESk R U 0 EHE 480 kEFOT 4 < (Motor

N

P
G

Control Center, MCC) z # & > p 7 & fasgdlfr? 1 2 2 FfrT #8432
I E o Ao B 2-38 #ror o F N @EZH e MCC i - &4 = B
20m21"x90" % » K £ E K 1080 FF o AT & #r 4R R 2
B K A oo R BRA N ’}7?5]%&” TR KPR TS AR i
st kel > » g HXF L SHERBETTR > FFRFE H
B2Radlipd X338 FNHEIRFR o
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RESTRAIMERS

HYDRAULIC

AN

SYSTEM
REACTION

MASS

MT

/

-
J
e

&7 ]bﬂﬁ ACTUATO
— A R
e T
]
| TABLE
(f
o,
‘--h‘_‘\‘ :
ACTUATORS

i8] 2-37 Wyle Laboratories “G-machine”#& # 5

(NUREG/CR-4900, p. 3-8)

# 2-23 Wyle Laboratories “G-machine”#= # - #icdy

BT

Fghle p

22 36,000 & ; -k -T 29,000 &

8® T x8m®m*~

6,000 (4 i B 2G %)

Bt A 3 9% 5 kT 12E
£F 33 B~/ f(BRpF) 5 22 & H/§(GE D)
Fihd <~ @ R
K T46 =/ F(BRPF) 5 31 B /AR A
Bk 4eig B £3% 8G; kT 7G
B % E 5 70 A i
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Bl 2-38 & St 4R® 5 b 2 T 4] ¢ o (MCC)
(NUREG/CR-4900, p. 2-15)

EEAERKAT A LT Z A5

I REXA
Eg#ﬁ#iﬁ??/’;‘?ﬁiﬁﬁ\#gﬁgﬁfr? Fobs E - i
RETFIIEAC T H T TS e SRR

R RFER - FERCTBER X 2REEBR - feb ke

PREOTRT S BRI B LA I3 B 1%
PIAB R RFTRCE  FHATRLE ST RSB
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70 BRAEFEREK LY G T BEGAESE S PR R
TS FE T Fpe E o

,ﬂ"/ﬁ-ﬂ.
j I [ Foundation Plate

Bl 2-39 MCC %1% & & * ehdfafe ¥ 33t
(NUREG/CR-4900, p. 2-17)

@240'?;{ #“5 r_;416kVF£Fﬁ§%g‘lg‘pE ﬂ- 1 %ﬂg
T e TRIEE T ¥ (NUREG/CR-4899, p. 3 7)
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i

NN

<3| ZEEN

-]
Flevation A-A
SEISMIC TEST TABLE

Bl 241 2ok s B g 8§ Ao chpe
(NUREG/CR-4899, p. 3-56)

] 2-42 £ 4|36 §* T & (NUREG/CR-4899, p. 3-37)

(=) EPRI % % ch% %
Te b fomtTidmcdp (s > FRGHEN F4c @ RV v BN
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ZPA L & ks~ b fdice A o d NSRS
VRRAE S Rt en s ey o FIt 0 AE Y BN ZPA RS i 2 S
k-

ERT WY 0 MCC dngs— L8177 56 ¢ >

3 X H BEph (FE fhie— KT fh) SEREH ﬁvéz’v’ﬂﬁi%]%“
25g7ZPA > jEm FIREE R A L e R 20 g b o ${AR
BT 5 ey R F(Squared Type X - Westinghouse Type
AR ~ GE Type CR) > H % 35 ddiv 4 » #ic (& 3t d 2> 50%c i
fW$)%@m52g46lgpﬁWZH\IKIHWMﬁm32g¢43

BHMN ZPA - FHALG H - w2 g T AL 4 Y K
£3 % 5.6g> HCLPF 4 3.6g -

257 fer Figded B s a4 ¢ #ici 3.9 g HCLPF
AL 25 g40 23 go d TG 2BAB BT L - mpF o B AIAA
¢ ficfe HCLPF A % 5 3.9 g 40 2.5 g o 30 iplakend i 3 gipcds E >
HEAFEMA 4 P i 658 BHP ZPA - &7 2 Bz Bipvt > S 4F
Mt d PEZR > AT Ed AR B L BRAAER A
WG Z BERBET YOG A 2 BB e
E IR R TP &2 & HCLPF o R/ » ¥ 0 £ 78 3

E:0y

¥ 3 5idzd B HCLPF 1 > & 2 5ideds B HCLPF - £ 5 -
ETREEKLKE (RhR Pl EEE) ke dl 4
TR
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%204 T g T BECE B2 B A 4 (B 3% ZPA)

B ¢ =% | HCILPF By Br
Westinghouse Type AR 6.1g 43¢ 0.13 0.08
= Square-D Type X 52¢g 32¢g 0.2 0.1
F G-E Type CR 55g | 33g | 023 | 0.08
All Relays 56¢g 36¢g 0.19 0.07
Size 2 FVNR 39 g 23¢g 0.25 0.08
= Size 2 FVR 3.9¢ 25¢g 0.21 0.06
i
= Size 3 FVNR 6.5¢g - 0.32 -
All Size 2 39¢ 25¢g 0.21 0.06
Fe 2-25 11 FA K B 3R ZPA & oF ek 4 A 4
WA Ay Ay By Er
4.16kV B B K & 39¢g 39¢g 0.18 0.09
TRIREE 42 ¢ 53¢ 0.18 0.09
Lo o 42 ¢ 53¢g 0.18 0.09
RERP TS & 42 g 53¢g 0.18 0.09
B.O.P ¢ % /3 39¢g 1.7¢g 0.18 0.09
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(MEREP AFTHRRVHEF

EFREP ARFSAELANT R FHMEE A RTR 0 L
B A g R o 1 ARSI > g~ ke RAEEBE A
P RIS KRB o FRER T AR TG N TR kR
BT RE D AIRE R E B R AR M N hE &
{ES LT
WiRE o b BB TRIE

3

|

PR S 0 S ME R P E R BB R

FRED ATHIR G R F BT 2APM 2
BRAEK W (7 5 sk > SRR E RE 7 5 RS2 WA AR
PAKRES L AEHEERRKE NBENR > 5T
duE 2 BiEs Al o MERTF KA BRI 2T
5¢Hﬁ$‘%%£%3§’%7?%ﬂ¥ﬁﬁ’@ﬁi%i£ﬁ

tlf ) T - AT Y R S Sl BT BRA A
ik AR T gidea &L PR ST R RERE
FR S RFHRATET LT FRAL N L RNPG NEHERE > b
RERSHE# L ELH > LhHa ALk T Y MCC
e F 5 PR RRE
im%ﬂﬁﬁﬁﬁéﬁﬁ&W&ﬁrﬁ%iﬁJ’iﬁ%wﬁﬁﬁm
ViR 2 S HAWRFFOERT (FRIC2 THI) 80
Fio~ R K E R EHTERE 2 PR E

%

4

c,E%v
ud

HEefs &L 27 om 2 ds i &
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Z PP RAE FRARCPERTIRMEATHARTCE R TE A
(-)2024 8 p 2t FL ¥ B2
1.¥# Bivk

204 1% 1 p T 4R 0N (FFER) pARFLE 4
PR Mw=75 (My=7.6)% Z 48 K ¥ R 0 RE BT R
R AA LS 6 A HFITS R A 1373 B) EREF
B At T AL USGS 0 17 ZRiFA 4 10 km o 4o B 3-1 ~ B 3-
2477 o B AF R T AL IMA o RIRIE RRER X 16 km o
AR i

USGS Community Internet Intensity Map

NEAR THE WEST COAST OF HONSHU, JAPAN
2024-01-01 07:10:09 UTC 37.4877N 137.2711E M7.5 Depth: 10 km ID:us6000m0x|

a2'N .
0N 40'N
38N il
36'N N
34N SN

DAMAGE none nane nane | Wery ight
wrensmy || | v \
Processed: Mon Mar 4 12:12:19 2024 wmdyfi1

W31 g2 g8 RRRA G
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. _;;;_:d - .__-: - S
LSRRI

"oke
- ok
¥ ¥ Noto~
e on
el i D b
jima s ¢
S &
(
L ~

* B3 E AEAH(USGS)
A, 7.5
L 4837.498° & 4 137.242°

REL10.0 2

M 7.5 - 42 km NE of
Anamizu, Japan

L]

2024-01-01 15:10:09 (UTC+08:00)
Location 37.498°N 137.242°E
Depth  10.0 km

Time

B 3-3 s

7%
i3

”a?eg Vo oradagawa

Airport ';.Dcf
G el 3
“\ ’Sht?n ) /Da

BAREERIMA)
HAM,7.6
I 437729 R 4& 1377167
g E

(IMA)
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(1) P *§ % RAH (M)
2w ERAT f/;tﬁﬁf RAdRpE Ky » L5d 2P
b RPELPIE Bk ik S Rt d Avid R RIEPID
beig B AGE IR E A IR BEEHE RA S MR
A S G R G AIER R R OREE R KPR o EEEL P
@ﬁ&%@&{%j@&&a@ﬁlﬂo@ﬂﬁﬁ%%ﬁmmw
Folky v gHRaBr o HIRBE B EHP RA IR 0 T
MEREERFF TN RERE FERF2Z " o BRI HL - B
GO PELERIPFE PO REARE My=801 0 £
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Moment Tensor map of earthquake:
Mag: 7.5 2024-01-01 07:10:10 UTC
Lat: 37.5442 Lon: 137.2339 Depth: 8.0 km

1 List updaled: 2024-01-00 al 08:11 UTE
300 km
= Political boundaries
= Tectonic plates boundaries (Bird, P. [2003])
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Plane | Strike | Dip | Rake Plane | Strike | Dip | Rake
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P2 55 42 115 P2 49 41 102
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- RREPEAITEERL L BB iﬁ%’fmﬁi =3 0 g
A F R GR G B HAE o £ % B
>F R

SSHAC =1 k453 ¥ B Tk ~ X% hat Bk 7 R
PTG S 2B e ﬁk ﬁam;;ﬂ AN N
(Level 1 3 Level 4 ) % 4-1 £k~ 4 £+ Z(MCE, Maximum
Considered Earthquake)i¥4vik & > #-+ R A T |4 5 ™~ ¥ ~ F =
Bk o B b {3 E R A B(SDO) B B K I 2 AT
FEF R Z W 4pth > k% SSHAC (P %% > dok 42 %77 o 5

PR R REEEER R0 4 4 42 2 SSHAC (v ¥

B0 323k s Level 32 Level 4 24 73 AF AT » i Y Hm
RRE R B A T E A IR RS B & R B

SSHAC 2. Level 3 {5 ¥ £ /& % 2512 2 % % (E 4 8 » 2006) -

L4l RPE A HERERLT S

Table 2 of the Standard ANSI/ANS-2.29-2008

MCE spectral response acceleration® Nominal ground motion hazard lecel
<0.1g Low

0.1 to 0.3g Moderate

>0.3g High

*Maximum considered earthquake (MCE) defined as the average of 0.2-and 1.0-
second period spectral responses (for 5 percent damping and assuming Site Class
B) from U.S. Geological Survey maps in ASCE/SEI 7-05.
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% 4-2 PSHA 4 iz 4

Table 3 of the Standard ANSI/ANS-2.29-2008

SDC | Nominal ground motion Level of uncertainly and Recommended PSHA
hazard level controversy Level®
Low 1
3 Low High 1
Moderate Ililog{l %
High Low 2
High 2
Low 1
4 Low High 2
Merrate Ililogﬁ %
High Low 2
High 3
Low 2
5 Low IEigh g
oW
Mo@erate High 4
High Low 3
High 4

*Minimum level of PSHA permitted

(- ) ASCE/SEI43-19 3" ¥ & K ¥ 2.t B 3-4R 2_
AF Y B AF15 ASCE/SEI 43-19 (ASCE, 2021) 1% 2 ¥ % T g
22 H 2% »5(SSC, Structures, Systems and Components)2z_ it & % F > ¢
P ¢ 7 ANSI/ANS-2.26-2004 (ANS, 2017)43 % B 43k % 4 #f
oo gt ek W 441 2 B EPRI (Electric Power Research Institute) >+
SFP 2_3 ‘ot & 4 17 (EPRI, 2013b; EPRI, 2017)i& {7 4~ # 787 45 o 14
TORAT L IR AP o

ASCE/SEI 43-19 (ASCE, 2021)# & 7 S 474 T ek % mf 22K 3+

B T R AN T P RGBSR TR AR REL D R
F o ANSI/JANS-2.26-2004 (ANS, 2017)P|#% &7 - % 7| etk & 00 iF

& %f?kﬁ’ & 5 ek 55 kg o ASCE/SEI43-19 1 £ 7§ ﬁf--‘f’ nE AT
1. » BHimip

$o it SSC @t & 145t % I (Seismic performance) /g ¢ 7 ¥ £ X e
1% "LK Ap (Limit states) 2 % 42 317 £ X & LR ik 0 & A A%
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(annual frequency that damage will exceed the acceptable level) o 4%
4-1 #r71 > 7 I @t &K 354 #(SDC, Seismic Design Category)*7 ¥t /&
ot P EPr o AR EUR R 2 BB ERABIEF)E G T R
SDC £ 483 f* > H 4 R BHERE - A0 Pr g Bl (i
MHETUR 2 B F EATARME T R ) i 5 2 0 SDC & #dkc
FH MRS AT g L Rix ki 3 (418 % 0 SSC 5 SDC »
WEFAF PG5 RS R T E g2 P TR
>4p B en SSC o d ] 4-4 ¥ & » SDC2 ~ SDC3 ~ SDC4 & SDCS5 % %]
&> 250 & ~ 1000 # ~ 2500 & & 10000 & ® G 2 3 R B % (&
AZAXAE & HD & B 5 4x107 ~ 1x107 ~ 4x10% 27 1x10%) - 4 4-2 2 &
SDC & # 2 ¥ RRE PR AFE TP R T ER2Z %
(BNL/USNRC, 1997) < SFP &7 R i& » % R R L st
WERL S - P A ATERMIE FNRPM T ITA RS FIREREL
72 e d kb 'g o Flet SFP 4> SDC4 2 SDCS -

TS R CUK fidrd 4-5 B R 45 om0 PR e TAR G
BHRA A R FY T G %A R o Limit state A & o 3F
SHREF RS DA Ft g * 37 B gt SSC Limit
state D Bl &30 B4 08 T 2 BN IAEAMFEA, o FPLE AT E S
7' SSC o Limit state A g #3727 3 W7 g'ap 54 > 8K
BT - B SSC W himTid 2 €HI L A4 8 RPL2
SSC» ik wcfs ¥ MfkfR » L B HE 7 < 7 it 24k o Limit state B
NP FFEFEFRESENLERT > SBFEFTRY - B
SSC "4l h T > 2 ¢ 1 4 ~ o> KAk
SSC» MBEris ¥ IMMRAL o FH 303 P R B 'Rt e 5 g it

BdarEmis %2

2
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R 42 54t SSC - Limit state C g * > 2 5 B '&E ~ BV
REBTIAPMBEEBEAEGH R ERIEAF I B
Limit state D i * ** it E5 Fhp T 5 8iES 41 4 &

A I RRRRE R R ed R AR DR WA

W

2

PFE R Ie ™ M RfRE ¥2. SSC o

N\

#. 4-3 ASCE/SEI43-19 it B3k 3+ 4 #g 97 ¥ 2 2 P & Pr
(ASCE, 2021)

Table 1-1. Summary of Earthquake Design Provisions.

Seismic Design Category

2 3 4 5
Target performance goal, Pr 4x107* 1x107* 4x107° 1x10°°
DBE response spectrum or acceleration time series SF x UHRS; Chapter 2 in this standard
Damping for structural evaluation Section 3.3.3
Analysis methods for structures ASCE 4 and Chapter 3 in this standard
Analysis methods for systems and components In-structure response spectra; ASCE 4 and Chapter 8 in this standard
Load factor 1.0
Inelastic energy absorption factors Table 5-1 and/or Table 8-1 in this standard
Material strength Minimum specified value
Component design strength Design strength according to materials standards unless exceptions are
made in this standard
QA program Chapter 10 in this standard
Independent peer review Chapter 10 in this standard
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Return period [years)
100 yr 250 yr 1,000 yr 2,500 yr 10,000 yr 100,000 yr
T T T

10.00
—a— SLAC National Accelerator Labaratory, Menlo Park, CA 1 =

—=2— |daho National Laboratory, Idaho Falls, Idaho

—=+— Los Alamos National Laboratory, New Mexico

= 0~ National Energy Technology Laboratory, Sugar Land, TX

1
I
1
I
—# — Argonne National Laboratory, Argonne, lllinois 1
1
I
I

= 7= Oak Ridge National Laboratory, Tennessee
- ©= Brookhaven National Laboratory, Upton, NY 1

1.00

A
\

9%

Normalized 5 Hz spectral acceleration
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1
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oy n 1 ]
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(53N 5] o 3]
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1

0.001 0.0001 0.00001

Mean annual frequency of exceedance

Bl 4-4 2 Bic RI%4] T3F-akeh 5 Hz 245 3# 4 i & (ASCE, 2021)

Comp onent
Ca;jicily Mean Component Response
LS-D LS-C LS-B LS-A Mean Ultimate
i i ] . L Capacity
Mean Yield, Qf - |- | : ‘I
Code Capacity _|- :

Assumed Elasto-Plastic Behavior |

Component

Distortion
>

o

Bl 4-5 S 4 £ 4 R0 G722 PR 7 L F

(ASCE, 2021)

1u\-
] \~

2. ¥ R4 G R

R
'—’F:
i)

\_.
f‘a
.

> w0 AT 3+ & (Design Basis Earthquake,

Y

DBE)#7 % ¢k 3+ & J&3# (Design Response Spectrum, DRS)# ¢ T 3t

DRS = SF xUHRS,, (4-1)
2 UHRS,, =333 5 T R F & # (Uniform Hazard Response
Spectrum > UHRS) ; Hp R] % % & AZARHAE 5 > SF 5 S5 B e > Lo )
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ON 2L e
IRl

SF = max(4;"?,0.64,°%,0.45) (4-2)
SA
Ay =—rt (4-3)
A,
H,=P., H,=10xP, (4-4)

144 43 %755 > & B SDC ¥ H R seh Pro 32 1% 1 gt
ERATUE D LB SDCE B Pril 2 ps R B4 3 Ro

BEZHEAITE A PTHRAITERY LT RED R YR RRE
(ASCE, 2017)%.%_> @ [L W P B kB % 4-6 2 % > H ¢ i
Response Level (7 i) & S s B %)% % o 3¢ SFP
& 1‘]& k¥ 0 B & Prestressed concrete structures # Reinforced
concrete structures ° & i e F ARG 0 L B B R Y
M%) FRAREARMR A R F RO EE ] o T L AR
stk P
(1) Response Level 1 ( ¥ 1% 1)

Bt AT o B2 FER VLT R AN E 4 R Rk o 2
B 3 SEE R R BRI L A B o 4 BB A B
HePb S )51 2 B AL o A AT HCA P 2 2EaRE s 4 A o
PPRAT S R YR s ey B4 2R R
M35 % R 50% o R M~ B E P AR A o R Ao
AR R AR RN S0% KB F TR
IR GE A= N W [ Al A
(2) Response Level 2 ( 7 1% 2)

BSLRAT R s fifed g 24 2T RGLF

Ik
3
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50%~100% - R 522 44~ Ffctr PREH - Rt ek £
FORE AR R D 50% L o B BRI IEY o T4 R
W3 =28 ARG FURE S psi) o AT SRR LT H
** Limit state D 2_ %1%
(3) Response Level 3 ( 5 &% 3)
BHE BT KA DT AR A g R
B Aot /ﬂ\’f’?ﬁﬁixé’*mi

P

ASCE 43-05 =7 Limit state C ~ B
(loading combination)® > & * L& |+ %257 s F]+ (inelastic energy
absorption factor) Fyy = 1 3+ 5 cnig s 2 4 & 3 £ @ FACERF R
T2 RAFE NI BFRS RY > EFERIFEFRE
Ao JLRATT 2 R RLE ¥ 24 75 4 g Limit state A~ B & C 3

FUERRT > BEEE L PR kp&ﬁ;—’f?‘ A= £l = S

% 4-6 44 47 SSC #14x * 2 2 & v+ (ASCE, 2021)

Table 3-1. Specified Damping Values for Dynamic Analysis.

Damping (% of Critical)

Type of Component Response Level 1 Response Level 2 Response Level 3
Welded and friction-bolted metal structures 2 4 7
ing-| 4 Z 10
Prestressed concrete structures (without 2 5 7
complete loss of prestress)
Reinforced concrete structures 4 7 10
Steel-plate composite (SC) walls 3 5 10
Reinforced masonry shear walls 4 7 10
Piping 5 5 5
HVAC:
* Pocket lock 7 10
* Companion angle 5 7 4
* Welded 3 4
Distribution systems:
* Cable trays 50% or more full and in-structure 5 10 15
response spectrum zero period acceleration
of 0.25 g or greater
¢ For other cable trays, cable trays with rigid 5 7 7
fireproofing and conduits
Massive, low-stressed mechanical 2 3 a
components (€.g., pumps, CoOmpressors,
fans, and motors)
Light welded instrument racks 2 3 a
Electrical cabinets and other equipment 3 4 52
Liquid containing metal tanks:
* Impulsive mode 2 3 4
¢ Sloshing mode 0.5 0.5 0.5
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3 BEREEER
B ARE R R bl RS R AR R R 1A
{5 7 R - ﬁ?@%ﬁ%mpﬁuwﬁwfﬂﬁiﬁﬁﬁﬁ’

R SUESNURGE LY - ACRUE SIS R ek U R RIS o S

2 SFP 'sHpp M 2 RC 3 4 3 B (ACI349-13) (ACI, 2014) = <} i3
I tadkk JB4oT 3 8 (Reineck, 2013) :
I I IR U (4-5)

_14.14/100p

Jd
PF R (<127 mm) ; RC =8 &

%?SQ&JEJJ%EQLL%’}\ (4'6)

He o pL o455 0 d (mm)

3
M (In-plane) & “F (Out-of-plane) 3 4] F 58 & " g3t B 4o
v 2 v 2
( J +[ ] <1.0 @-7)
¢I/n In-plane ¢I/” Out-of-plane

BEAATTRIFAPEG R ¢ FH AT FP
£ % o %R H(ASCE 43-19) (ASCE, 202132 » 3+ 3 # & 4 ;&

—m

e F MR AT B UF R AR BT i £
SRR AN BR T LAHT S FREAAE S KA -
" R 3§ R(ASCE, 2019) -

FAOHNEE S TG 0TS AR RS 3R
(D)d o3 Biew $HE 2 s £ 5 A (Da) ek 3 AR BT hp B
47 f(Dy)rie S o TG BRI w F S (Fu)ie TR o

, . D
R F A D=Dy > (4-8)

u
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PR AT A A A R i Beza 4 0 F
HE G RF B TR EE R E G R A MR
SR - BHNHARTAFER  FL g Rk
FIAIE RE G R B

B TR TS frdraEat B 0 RIG M RIEY S 52
FORIER SHER S B G RDw) TR AR S BT R4 g R
(Ds) > SA953 A g R ® 1.0 & {8 0% 2 Rl 7344

MRZER I enE Do

554
n

D

D:DNS+ﬁ (4-9)
Hppd sz phi 3 FIRF B R G fpin > mind

\

ﬁ; FOEH T AR 4k AR R o

Pat B Myt MfFy (4-10)
OF, oM,

&?%’@%%ﬂ%%gﬁ%%ﬁﬁﬁiﬁgﬁ
¥R

T B4R F(Ds)she s o 2 FRLE- HiE

Fb e T I3

LA A A Bl (Fu) 5 3% % 3 AR & ah2b i) i i 4 oh
# ¢ 5 3§ (ASCE 43-19) (ASCE, 2021)1345 F1 5 # F
BeOF & 54 S 2ERB RGN FF (Fuo) ~ 503 Kk
(Fu) ~ B 2280 5 Bl 5 (Fp) & R AR AR )2 k(F)
(1) #2225 5 Fl1F (Fuco)
Fuc @ 22250 0 F]3 % 303= 0 3 AR A E AaUR i
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£ 47 2R F]F (Fuo)iE # 3

Table 5-1. Inelastic Energy Absorption Factor, F,¢.

Reduction Factor, F,°

Limit State LS A LS B Lsc

Special reinforced concrete moment frames:

Beams 15=¢h 5.25 4.0 2.5
¢£/h<10 3.25 3.0 2.5
Columns® 2.0 1.75 1.5
Reinforced concrete shear walls and steel-plate composite walls, in-plane:
h i : . .
Flexure-critical walls, =% > 2.0 Byfc <ty 225 2.0 175
‘w f, <3/ 25 2.25 1.75
h . . .
Shear-critical walls, 7‘” <20 20 175 18
< W
Special steel moment frames:
Beams and columns? P<0.2¢P, 525 3.5 2.5
Columns” P =03pP, 425 3.0 1.25
Columns® P = 04¢pP, 3.25 2.25 1.25
Columns” P = 054pP, 1.75 1.5 1.25
Columns® P> 0.5¢FP, 1.0 1.0 1.0
Steel braced frames:
Special concentric (bracing members) 4 3
Ordinary concentric (bracing members) 25 2.0 1.5
Eccentric:
Shear-critical link beam 6 4 2
Flexure-critical link beam 5 35 25
Buckling-restrained 6 4
Chevron 25 2.0 1.5
Slab-wall moment frames:
Roof slabs, floor slabs, beams, and walls of 15<¢/h 25 2.25 2.0
reinforced concrete £ih <10 225 2.0 2.0

MNotes: f. = concrete compressive strength; f, = average shear stress, which is equal to shear divided by the shear area; h,. = height of the entire
shear wall or a segment of the shear wall considered; P = nominal axial load; $P, = design axial strength; # = span length; h = beam depth; and
# = length of shear wall or segment of shear wall considered in direction of shear force.

# Fue = 1.0 for Limit State D.

® F,c for compression and shear in columns shall be taken as 1.0.

() #35 & <l (Fu) :

n—k+1
Z W3Rk CF =142(F . —1)—— 4-12
‘@" é] ul ( uc )l’l(l’l+1) ( )
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k @ BB g kg

(3) & ZESLY i B (Fle)

Fuo 5 £ 4 3 AR 258U 00 a0 § RenF] 3 > % UGB A g
R ER T ol acar oo B H ?Lﬁ'ﬂﬁ_;ﬂ'ﬁ F|+ 73 oo Fpp 9
BE R F G R A PR
ﬁ%ﬁﬁi%“’%@ﬁﬁﬁﬁ&$ﬁ%ﬁ1%ﬁi%i%ﬁﬁﬁ
oA PR B AUR R e e

B RATIRE AP B 2 2L a TS (F) > 355 40T

@za{mqq 10 (4-13)
SA(f,)

f ﬁl iff;zsfPEAKSA
’ -f;l 2/(F2+1)>fPEAKSA 1ff>fPEAKSA

SA(f,) * A& SHABA S f e &
f.

SA(f) @ 228 E BF et v p RAE S

&

o

R B S R B R

(4-14)

Sreagsa - DRS 3+ ik B T 388 ool 5 b 1R
(4) R ARSI ()

Fio 5 #5302 R AR 2L R 8 FS o 0 =
b }%l}ﬁ;ﬁi\‘:ﬂi@?ﬁéé* E‘Zﬁ;}f'r}%ﬁ’? kR o gL F] S :E_TLT#H‘ 4
£ BT TR R 0 I 5 e R i
A FE A RS A A R R R 2 B R T i

B RFARARE 2 R W FF (Fp) 0 R AT
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a, =1 for Dy /C=0

F=ax(F,-)+1,{a, =0.6 for 0.1SD,/C<04  (4-15)

o. =1 for D,/C=0.6

By

5. SSC mg%m £
F PR A R e A T ¢ L R 2T
EL Yy T ik Vﬁ%%@ ANS-2.26 (ANS, 2017):& {7 o & 473 /%

i

\“ﬁ"

1‘#

‘3\

» HHERET LR x4 172 & 4 4 45(ASCE, 2017) -

Bt Bk 3T ¢ MY IR R hAL§ 1995 ASCE/SEI 43-19 %
3.3.3 &(ASCE, 2021)% # e @ fe kot o gt vb o il g 5 24
S ik IR S A BRI DI B S b T B O S S 8 .
e BRI R A TR L E S R AW S
el F R Bt FHENRBRAS FTRaE S RYEF R

i\l:é: ~ g4 ;\.—é‘ 25 f@f% &Y s T é J& 4 1% ,E_O-peak?‘;glfé 5_‘?1:*#;5/,,}*;\

£ 48 BRI HATIE R B DR

Table C8-1. (TRS/RRS) Ratios as a Function of Hazard
Curve Slope Factor (Ag).

Fsosn SF
Ap p =040 Eq. (C2-6) (TRS/RRS)
1.50 1.58 0.667 1.27
1.75 1.39 0.571 1.30
2.00 1.30 0.522 1.33
2.25 1.26 0.510 1.32
2.50 1.22 0.500 1.31
2.75 1.20 0.490 1.31
3.00 1.18 0.482 1.31
3.25 1.17 0.474 1.32
3.50 1.16 0.467 1.33
3.75 1.15 0.461 1.34
4.00 1.14 0.455 1.34
4.25 1.14 0.450 1.36
4.50 1.13 0.450 1.35
4.75 1.13 0.450 1.35
5.00 1.12 0.450 1.33
5.25 1.12 0.450 1.33
5.50 1.1 0.450 1.32
5.75 1.1 0.450 1.32
6.00 1.1 0.450 1.32

STANDARD ASCE/SEI 43-19
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B A RE R WREESTE > R F R R
Bl S SRRE AR A RRE T AR 2 1T
RIE S ok T RERD
OREES S 53k

PR At BIRE T B PP R o 4G R
Belh T B Pt T R M & 4 78 KL% 5 4o IEEE 344 (IEEE,
2013)fr ASME QME-1 (ASCE, 2017)% - igut $h 0 i ¥ 45 ch5i B
P b 4 MRl R (fragility test) > B ehE R H R E T s
A ER R BT AatRa oo RRlEEARY R E S E P

2 fepdp3 i > #4239 IEEE 382 (IEEE, 2006) 4§52 (7 p

LS\
\4—

RHE > 2o PR FHEE SRR S o e s SRR
B Ay ROF T HEER > 27 E(O)mnE o £k RHGR
RIZR(TES) ¥y & 1+ chipl 3@ % # (EES) 5 245 > 37 Bl ¥
RN R ALE Y
(2) LB T e
BEES > RE R il kT rRESEOM R
i B R RaEY hE B R MR Y RSk
(Experience Earthquake Spectrum, EES) » T &k g Fr¢ = E2F i 0§ Pl
By 0 AR U HBERE RS o 1945 IEEE 344 1% (IEEE, 2013)
t b & $ $p)3# (Test of Earthquake Simulation, TES)® » ¢ #-Fr 2 &
BEHIE BRI E R 3 A RORAE RRR T SR e
oo ok A R M A% F P ok (ASCE, 2021) -
EES RIFERIEWAF T RE 27 B P licdy > S BdRE 7

Fpo SRt bR R AT G e T SRR TR
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% £ (Capacity, C) e % i3 o b 2 3043 ZF 2 4
TR iR B 1S ¥ & ) 4 i (ASCE,
2021)
() BRI RAT 2
&@F%%gﬁﬁ?%%’iﬁﬁﬁfﬁ SRS R Bt
R ehds a4 °-—~’Ei'5‘p1‘# R EE 2 VEELF AR
Kip it B AR W RAcE BT hA 2 X 0 b 44 R(EPRI, 1999)
duE 2 7Y R B FE R~ B AR S A RendtdciE 2 & sl
Foo BApd REZHIPF RARP 4o
(1) ¢ e FE T
a, » v #en fg T (uncertainty in the median)&_* k48 2 0 B
P B FR R T TR AN E
a.=A, e (4-16)
He > 4 5 A% ok 4 M (median fragility » -k 5 &% BWR 3
14 g> B-KF &% PWR % 20¢g): B, 57 #i=% 7 7 T4 eh¥t i
2% X (lognormal standard deviation of the a distribution ) » {, * % #&
B EEE -
(2) % 45 & R gx Rendat

oL
E

a=ae"’ (4-17)
a B BF A E ZT ek BB [y 5 R UL e
BE N AT P IA TS LR ETREE -
(3) % »xl &
THANT R S B E MR L ek > B AR R

T ARl
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In(a/ A,e"*")
Br
HY o F(a) b tteit RaT $R SFP L seeni % > N(Z) % Z i
R A A
B 4-6 ~ B 4-7 2 ] 4-8 5 Vermont Yankee fiht 2 = - o g &

1%@=N( j:N@> (4-18)

WA o B 4-6 K3 1989 & LLNL (Lawrence Livermore National

Laboratory)ficd|sni & » # @ % 95 F & ¥k 5 8 fiE - B 4-7 B

A3 1993 # LINL 53] cn % > @ % 8BS Ak v & S5 - B

4-8 ¥_# >t 1989 # EPRI (Electric Power Research Institute) i3] s
» g S A HREE B oo

1.00E+00 5

1.00E-01

o
.
1.00E-02
1.00E-03 4 .\_\\\G\?\
—o—0.03

1.00E-04 -%\\‘\\\‘\‘ S —

1.00E-05 1 \\q\\\\o\v\"\i}_“n__ﬂ_i_n___ﬂ__‘“ _i_gjg:
meos A?\\St\ i e —o
1.00E-07 \\ ‘.\‘\_“—-5_\\\:\;—:_“%%_:& —:—0:13
ooeos \'- R \-\\N““--»—-_*____* —+—0.15

T - ﬁ'--o___,_‘_‘_‘__‘. 0.12
—~ _\_\-\1_\_\_\_‘_‘—1—\_

+—0.07

1.00E-09 - — —
\\ M, e I— =—0.05
1,00E-10 = = = ——0.03

1:00E:11 \ i :____--&_7___"'"--1
- |LLNL-1989 e

Q 0.5 1 1.5 2 25 3

Probability of Exceedance

1.00E-13

B 4-6 & * LLNL-1989 2. Vermont Yankee & % & 41 %%
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1.00E-06 -
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> 1.00E-07 —e—0.16
E —%—0.15
S 1.00E-08 0.2
g 0.07
& 1.00E-09 0

= 0.05

1.00E-10 —a—0.03

1.00E-11

1.00E-12

1.00E-13 LLNL 1993 - - . - |

1] 05 1 1.5 2 25 3
G

] 4-7 & * LLNL-1993 2. Vermont Yankee & % & % %%

1.00E +00

1.00E-01
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1.008-03 JHAE
o 1-00E-04 W —o-0.03
: iy .05
2 1.00E-05 - - 007
g o2
X 1.00E-06 e
e
;, 1.00E-07 4 —a—0.16
] —%—0.15
E 1.00E-08 0.12
5 ——0.07
& 1.00E-09 %

—a—-0.05

1.00E-10 —+—0.03

1.00E-11 —

" EPRI-1989 —

1.00E-13 . . + . - ,
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6

Bl 4-8 & * EPRI-1989 2. Vermont Yankee % & o A0 %% %

5 i SFP 7 £:®% » % Wit 1 € (Nuclear Energy Institute,
NED# 417 - 28 Rk & 5 (NRC, 2001; Kennedy, 1999) » % i H
Yrpi SFP &%) 12g < (3 4cit & (PSA)T it Wi5 2 B %
B o R R 0 itk B F H T A SFP > fdz ) SSE £ 3%
1.2g PSAz ¥ 2 i®%* T ’Zg'—]‘i’f#v}: % v g * SFPaldzz %
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AERA e prh s BED B RE Rl desl Leha S, ¥
ST AT AGE FFFAEEF IXI07 3K
3 Ix107° 2. fF o

SFP fep RS T iR 3 £ 12 Apfehd s 0 4 & ki

"% 2R M&R# F , (High Confidence of Low Probability of
Failure, HCLPF)sr$#£ 4 i2 {7 £ 47 e HCLPF 35 K% s 2 2 ¢
o

1EN

FLic 4 Mgtk BRI TP T R E T RK
% A # 5 o HCLPF 4 7 fde 2 ¥ & v if B (Peak
Acceleration, PGA)™ » 2K i MAIF R 2 Fehp Rivid B 1P
- EARE o SR T L e

1y % RMyii g #14 B ¢ (Nuclear Regulatory Commission, NRC)
& NUREG-1738 354 # i3k » SFP B & % &9 i * » UF
7043 0.5gPGA F=RFIp 7 € 4 2% o

-\

%R 4 4p > & SFP ¢9 HCLPF 7 2 £ 3]pt §o ] » A1 H & >l
FE Al 1% s Fo™ o g3 2§ ¥ RS BB AL ok
B oo TR AR T R 2@l o Bt HCLPF eh 2 8
FE SN N%APFTHEIEMNE E Clop > MAEFE X DR
HPEPRPEE K
Bdk 2 ve®fn SFP At R 4 hEME R FF £5%F SFP
0 7 54 NRC #7#k i 0 SFP &f & |2t #& & 77 H (NRC, 2001)
VR SFP F L eniRig o NEI R N2 fe 57 8 7 % 0P SFP &

%

PSA 5 1.2¢g (& PGA 9% 0.5g) e AP enfg et o

Gy
=

vk s 4R 2 (Kennedy, 1999)+ #% 42 T B A B it 4 o iE
2

B EABER B DEFEHRES FEE R L i A

i
o
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0.3g PGA » e B 4eid B(PSA) S 0.8g; @ & s = ik ¥ )
% 05g PGA {r 1.2g PSA - iz R (9% ¥ H =40 53 o B 4
PiEgp A el Bt gie F R EAP R e F IR ETR o gttt
iz * PSA ﬂ"/‘#ﬁq% )fgﬁ Miriz B 4 El-lﬁ-é’f’]iﬁ? Moo #Rm » T e
B R ET > W PSAE T 1.2g & PGAEF 0.5g> v3 T
SEr? g pruiid o
1. SFPR&E2 ffoikircng *hied &2 9 4 plagfcs
() KFMELETEFREHENT 6 MU - » RFP
A G g fol 4 PR B > S u] A RRREA L 43R

Wi L
(b) EEHR o o 7)2 5 A 8 r B R P B e B3
(B ML o FR PR R e R R

K B s PlE 2 i e e i B BB 1.2g
PSA (0.5g PGA) et HCLPF it # &% o B4 B % b
Fimt B o

2. SFP A b & 2

(a) PR FERRE AT R ERA 2T T AFWRELFE
% _%& 3w HCLPF &t 4 & iE 228 o

Level 2 &:E & @

(a) % 1.2g PSA (0.5g PGA) ¢ HCLPF #; # T it {7 &35 » iR 4L
J B EER 95 £ ACI318.71 & ACI 349.76 2 { 374K thir o
i OB ERE R

(b) & Hp R go$0 0t aF & R 7 Bt -

AR bR SR PR AT REART FIRE
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TAg MH P A E T ﬂf U P AN B RS SRR Y
(& &3 1v) chE e 2L £
oo T H B ﬁ;];ﬂﬁ:gﬁf%f@%?% A o

NUREG-1353 3F 2 (Throm, 1989)4% s b4l F 28 4 8 5 an®

R L L BT b

olicdy > dp e R A S L F & 2x107° - PWR 0 SFP
I TFIE B2 8 F 428 90% o ¥ BWR PI423F 95% » 4r £ 4-
9 %7 o gt ¢k > f& * LLNL (1993 )22 EPRI (1989 &) #7ch4 2 f
T RN RHEATOE REMELITE NS EET 0 BEE TR
sk AR el E G TR > ® % LLNL chffcdy 7 01 chE 5 4 g
% 5.6x107» @ EPRI ch#icdp R A7 £ 2 455 9 5 1.8x107 « A=
Pk 4 SRP 2.2.3 (NRC, 1981t sk R » 472 ¢ 4y I ¥
ERCE e RS A S A S S A Y Y A Bf%)@f%
THE LG orEp .

% 4-9 PWR 4r BWR f & 87 % &7 4 5oif 5 fo b 6 f 7

Summary of Accident Sequence Quantification from NUREG-1353
PWR Frequency BWR Frequency
Accident Sequence Best Estimate Upper Bound Best Estimate Upper Bound
(per R-year) (per R-year) (per R-year) (per R-year)
Structural Failures
1. Missiles 1.0E-8 1.0 E-7 1.0E-8 1.0E-7
2. Aircraft crashes 6.0 E-9 2.0E-8 6.0 E-9 2.0E-8
3. Heavy Load Drop 3.1E-8 3.1E-7 3.1E8 3.1E-7
Pneumatic Seal Failures 3.0E-8 5.0 E-7 3.0 E-8(1) 5.0 E-7(1)
Inadvertent Drainage 12E-8 1.0 E-7 1.2E-8 1.0 E-7
Loss of Cooling/Make-up 6.0 E-8(2) 1.4 E-6 6.0 E-8(2) 14E-6
TOTAL 15E-7 24 E-6 1.5 E-7 2.4 E-6
Seismic Structural Failure 18E-6 6.7 E-6

AP R ReE 2E P EFEE Y > NUREG-1353 38 £ (Throm,
1989)# 458t > d SFP -k =™ % R L L ehE T 4 R Rt
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2x107°6> @ d # B354 SFP k=T E X L ehi B R F o KA o
W RARR A BENT fan 3 > HR'GERAR T 7 L > ee Eia
TR-HBEMENER - 3F4 ¢ > SFP 0 HCLPF § & 0.5~0.65¢g
PGA » + X2 X AR+ Reh= R > @ SFP v £ # R &
1.4~2.0g 2. A o izt dicdp & o1 0 Wi iRz FRT o SFP a3 i
B - wRBEA Y o AP - HEL o

% Fehy BOC T Mcdh o SFP IR & 4 gt K > LLNL
1993 & chp 2 & B P 4 4 > SFP chie Tisahigs e % K1
5.6x1077 ; EPRI 1989 & (ficf| @ » & T35 a5 1 1.8x1077 o
¢ LLNL 4 EPRI ch# 2 & £ & #4]% % 2/ (NRC, 1981) » SFP 42
MR ABFT LB ARG AR T LR
(z) *A7®PE

¢ Dr. Robert Kennedy % & (Kennedy, 1999):% 5 » % & i H %
Byt E F Y ol nhs S hcFn e g o Sl A G EHT UER >
SFP & PSA | 1.2g PF » i 35 B4 2 A1 (P hicdy 7 i
FI 12gPSA) ettt Gl AFET R 5 RAZD SSE i

31430 1.2g PSAPF > SFP 7 ¢ FlS R P o lat @ v ¢ ¥ it e R
g E

TrlAFHEIEN G

. PRtk BTG SFP B2 RED 81 P AR Gk crid i 3

Je¥t SFP R 827 GdpAnts il iV R iRe (7ifmig 4 0 P oD

Y T SFPiﬂéii‘ﬁ%ﬁﬁfﬁﬁiﬁi#ﬁﬁ"fﬁrﬂi 5§ ehp

A e TR BERF PR .
2. FE%-SFP 2 M FH 2 5 K2 it
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#0155 ACI 31871 ~ ACI 349-76 & { A4 A& A& £ -
233 SSEZ U A 0.1g PGA 2 % 1#f 44 » # HCLPF 3 £ 3
YA 0.5g PGA « M B AT 4 BB S § Ky hir it o 2

=1

C FAEH B B AR RS E R A R E DN e

FE i SFP 2 A4r 2 78 4 i T W1 L F ek R

SFP ch v ke ¥ it FIF v &% 8 5f K 3h @ &2 08 b

L Rood WAL PRFUF AT EFfoRE 0 Fl AR

AR RAE R 0 R B R I H SFP R B S B E o

¥ EF S R R K T R 5 e SSE £t 0.1g PGA BF > e

BH RS TR

() &% 4 452 EE e e

(b) # & ACI 318-71 & ACI 349-76 & { 374K A $3 i M3k 2- e
£ fo

TR * A2 AR 3 A % (beyond-design-basis) ¥ PGA ¥

0.45~0.5g & 75 4 & 47 o

FE % SFP 2 5482 B Rjr £ § L B2 % R s A

% «:?;i}_zveu\w PWR 7 SFP » # & 3142 it chg F 25

BT G B2 L 24t BWR &0 SFP v fdgdsk it Ao

PR OSSE LT 0 m hRAIBRG T A E L o g A anTR

5 £ 3% SSE #ralaz jof' > & 485 Ko e FehF & 5l4e

mg;\jg y,%;g,;vizt SR EATREH BT AL 2 R4 o

",%3*5?}1‘ PFi% X ACI 318-71 &% ACI 349-49 ch& f<» Z R E &P
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5. Bk SFP 1 3R gtdn R 2 o chad R &
F SFP I = b M {r B0 5 4 B3 0 2 B ¥ KRR
AgAR A B e BRSO R YU o R AT IR 45 4R 0.45-
0.5g PGA 2 AgASK A EH B4 o pob > ZimR i 30
H% AT o $ SFP AE & adF ok 2 B o

6. ¥ SFP % i ehv it 4
i SFP & 0.45-0.5g PGA A& - A B H 2 » Vi g 4 Hip#
RiFFe Iz > 1 E SFP R fof %4t 22 %5k A -

7. 3R AT S HE T
BHEFR T RO - gL & SSE T# 4 mfi o #
M3 05g PGA » Vit chdf T ¢ 20 F K & o b 0S4
Heo g IV ERSFP a2 RFFHE T2 kg & o

8. Ryt mi:
BATARK AT E 25 045-0.5g PGAFF » 7 it RS K &
LFS RG> 20 3 R MO HEMHE T D] SFP ¢ oo BT
T g 514 SFP vk T % o X4t SFP eni R A

9. H @ 4 s NaneEi
REFEAFTIY DR TRRe R wE > TRET G aE
MK 335 8E2 27 1 AP B e ATt o Aol il s A fE T o

10. 2 v %% ik R g

FREZBEAFHEZE R VR UTHFES K
() FET]3 B3l SFP Y Lenh %G e B2 &7 o
(b) &7 R s » L @2 R AR AT EE Lyt h
(e g TE $0 R % 3 B3 chk R R 4ok § ')
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() HEFIIREFE RET A 17> MEP & SFP & »cip b en
BORR AT B BFEN G BRAT RL b G F AR

Bt F AR AE 2 X100 F R o
FERLR * kA jaL » SFP ¢ HCLPF @ & 43 % - 14 %% SFP %4l
BRI HOTA S E E X106

NRC NUREG-1738 (NRC, 2001)® SDA#6 4c# 4-10 #f7% » fil
@%@ﬁfﬁ‘—ﬁi i F G ER A SFP &7 A R3™5 0 SFP oA ik A
HCLPF % > % 1.2g PSA -

# 4-10 SDA#6

SDA#6 Each decommissioning plant will successfully complete the seismic checkiist provided
in Appendix 2B to this study. If the checklist cannot be successfully completed, the
decommissioning plant will perform a plant specific seismic risk assessment of the
SFP and demonstrate that SFP seismically induced structural failure and rapid loss of
inventory is less than the generic bounding estimates provided in this study (<1x1 0
per year including non-seismic events).

NRC (NRC, 2001)z% % EPRI 4o LLNL 5% o $§ 22 o % %
#cpk @ > LLNL 57 R ch% »oif 5 8 * EPRIe 2§ ¥ 0 cha 3 0 f
Boir 4 g 97id v 2

B (Bl4rl F ROETFEH 2 A B R) o @
LINL i3 R g 2 R B > A 304 ¢ 3Rfed 3880 & 1.2g PSA # &

\\\?{r

TARH S g L s M3 SFP it 4 @ (Pool Performance
Guideline, PPG 1x105/% &)« ¢ * EPRIch# BT R E » 14 -
B Huk b 1.2g PSA T nsE i # B3l 4 0 A S AZE 1x10° (15 it
1x103/% & ) o
(2) B} # RIET T HSFP 6+ 4

ﬁ? i % * Checklist (NUREG-1738)2. & ~ = ;2 » EPRI NP-6041-
SL Revision 1 (EPRL, 1991b)+ 3% &7 ¥ — 4 % SFP ch= 2 » A &
it S%IE vt it 2. PSA 2744 0 kP 7 R iR P ECS o
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SFP 2 # L gifenfie d @ 46 5 Bk > im E R E T4
%ﬁ@ﬁ4h%wﬁ“~%%ﬁﬁ#’uﬁﬁiﬁﬁﬁ*°éi%
Hfe ¥ 398 7% EPRI NP-6041 ¢ 3 2-3 > SFP 4530 2 40 4-11
rs i E R > R R A 412 REZ S 2R A YR
w%%%@ﬁ%%oﬁﬁﬁmfﬁ%%ﬁﬁﬁ’U%%ﬁ?&*@
PR AR 2 EAeT b R R OB R 2
FHh G

1237 EPRI NP-6041 2R % & iE 8K 0.8g > T review

Y

b
level earthquake (RLE)# % & 3 4c i B Ji | >t &8 £ 0.8g o L £ &
fﬁiﬁRM%&&T%ﬁﬁ%%%iﬁiﬁwéﬁéfﬁﬁﬁE%P
BHAE RIEY TohZ 2 ¥ HF* F FLehk 6 @b F ¥
(GMRS) 7 5 RLE 3 it % - GMRS chig * § 003 { HFEs & p
B gy ihk g AR A 1 ¥ SFP S At R R &

FERSH AT i o BRRT R 2 o

# 4-11 SFP ¥ 7 | 3% $1 & +% > % (EPRI, 1991b)

B <08g | 08g—12g | >0.8g
Concrete contamrpent (post-tentioned and No o b
reinforced)
Shear wall, footing and containment shield walls e f Yes
Category I concrete frame structures e f Yes
Category I steel frame structures e h Yes
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% 4-12 SFP ¥ 7 |35 2 R H = i (EPRI, 1991b)

Table 2-3 (continued)

SUMMARY OF CIVIL STRUCTURES SCREENING CRITERIA FOR SEISMIC MARGIN EVALUATION
(Page 2 of 2)

NOTES:
a. Major penetrations should be evaluated.

b. Major and minor penetrations should be evaluated. The concrete containment
structure only needs to be evaluated for a 5-percent damped peak spectral
acceleration exceeding 2.0g.

c. No evaluation required if base mat is integral part of pressure boundary or
steel pressure boundary is keyed to base mat to prevent slipping.

d. Mark I tori require evaluation for earthquakes exceeding the design basis.

e. Evaluation not reguired for Category I structures if design was for a SSE of
0.1g or greater.

f. Evaluation not required for Category I structures if design was by dynamic
analysis for a SSE of 0.1g or greater, and if the structure complies with ACI
318-71 or ACI 349-76 or later editions ductility detailing requirements.

g. Evaluation not required for Category I structures if design was by dynamic
analysis for a SSE of 0.1g or greater, and if the diaphragm complies with ACI
381-71 or ACI 349-76 or later editions ductility detailing requirements, pro-
vided the diaphragm seismic loads were explicitly calculated.

h. Evaluation not required if structures were designed using dynamic analysis
and meet the requirements of AISC, 7th Edition, 1970 or later.

i. Inspect for adequacy of bracing or safety wiring.

j. Investigation can be limited to potential for electrical malfunction (relay
or contactor chatter) and loss of equipment anchorage in immediate vicinity
of impact.

k. Evaluation not required provided the structure is capable of meeting the 1985
UBC Zone 4 requirements.

1. Refer to Appendix C and Section 7 for screening criteria.

FE T e ghR R 3] BFRRT UEPH SFP & GMRS T
> R

FrMoB4AIEE PR RE
GMRS /] »+ g% 3 0.8g d4v ik B

SFP t‘%/%@ﬁﬂ,ééﬁmﬁ oA AR YRR TG A IR D s
HE S S HEE R IR 4 R O
SFP 24 4343 NRC A AI(NRC, 1991 » X * % A3+ 4

¢

o
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124598 4 MLI3133A132 (NRC, 2013) » &4 B4 4 4rig A& (PGA)
= 0.5g =niF 27T > SFP ehfpde i s H N G ARERE OF B T A M
% 2 5 (HCLPF) » &4 % iz ¥ R AT » SFP fr chdi R 12t
%

T Sy P L E 2 1

GMRS Peak Spectral Acceleration

® PWR Reactors
# BWR Reactors
2010 Screened Out by SPID |~
=—=NP 6041 Level
16
=
i *
£
] ]
¢ 12
T [ ]
o
g ®e
<

B 4-9 %2 By¥ & * EPRINP-6041 % +> 2. #& &

g+ SFP JR$ 7 i RPN K-k (= 2hi% > i@ @ k=T % o SFP
SR BOE % G b 05Hz 11T 0 FF R HM R G FAE LT -
SPID 7.3.2 (EPRI, 2013b) ¥ #73& ik e 5% % & B~ t& 5 %7 i
AR RO H R E A T R 2 ARG PR R R Bl B2

BROFN 4D 58 R > GEdost B A BEENE S

s
i
\\‘;'

FRE T RO A dRE SRR T R g A, o gt b IR
BT ITL B HRAERFI AR 4k & SFP 4 frg

0.5
1 [3.16 3.16
f=— Lgtanh( Lgﬂ (4-16)
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Jo PHEAGA KRG e E 2o A AR chp O

N

hy = %L[%j (4-17)

g RE S e b PO f ok RN 0.5% I R R T G e R
h,=0.6L(S4, / g) (4-18)
SNTREE O U SIS 4 W g S D OR SR e LE L Y cp O LR B

S
Z\

194 N (4-16) T (4-18) 7 ¥ 31 B PR R FlR S E 3ok o
o dp A A IR R 4-10 0 * NI G A dRERIRT vk g it

e
H"

A% 0 HUES TR 142X BT L 5 0 j2 SFP A g R RE ¢

PR R R 0 TR Bt R DA RdE Ry b e 4 o

B PR Seismic-Induced Sloshing Losses
(Plants With Peak Sa < 0.8g)
Bl Bwr
60 [ ONormal Level [
‘ W Accounting for Sloshing
Losses
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SFP -k > B g3 @ iR brT M e A v
(EPRI, 2013b)® #73k e 238 7306 o 1453

& * EPRI1025295

N\

AL REE"

:
BRen 1/3 973 e o A7 %87 > 93 121

P 3
Bieh% )P > k=T % SFP B B 1/3 972 P 3428 72 /) BF >
YoBl 4-11 #57 o LR E AP > T @A KR T o SFP 4 B # 4

o

K g eps o f BT 4 Ak TR KT LB

R ANR A RN R B R 2

Time to SFP Drain-Down

H PwWR
(Upper 1/3rd Height of Fuel Assembly Height) W ewR
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| | Results for 20 days after
700 [ | plant shutdown
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S 400
E
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Fid
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% 4-13 A3RiEEG > E R g %’%}

Bl e R R ol
Refueling gate WP S TFH 0 2 GMRS | o
d »‘3 »:‘1 H ,}’_ 5
el sm@Sg»ﬁu*zﬂ%J: AT
Plplng connection | F i i Stk i B F > & SSE | 3% SSE ¥ R7T F i@ i
§iE st %ﬁ“%T%iﬁ HR 2 SR
ﬁoPF\}LV)\}F SE]_—[’(
Siphoning oK TR ’-“7;? Visk -3 ? S 203 B R
brex i Tl e BT | BRLAFRR

LR

Fo TR KT 3
e Wiz K 2 45 # =~ SFP & %] > 38.Im:

SlOShing ’FX’E-'J ’ f/i‘j ]/'\:’: %J‘ I—TF]%@%T "% R YN S
SFP 35 # 2ok 091m » &gt i R < 10.97m > GMRS *

v s e < o 0.3Hz % & 2. "% & Sa<0.1
SRR R Ak | O L Ba0le

FAEREAL L R KT
% SFP B R 13 4% 2 pEE
EAiE 72 ) pE
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¥ sk AT 11 54 B 4-12 i {7 & 5 (Mirhosseini, 2010) -
1. SFP % iFBE 30 el 1 28 1)+
R REBL AT R TE IR B 'ﬁ'—’? R m«%/%TXQE#%%;
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kg BRBLIrefE TN HIWBIRIORTR 0 BN A
T2 RN ERBEEBR TSV AEFTE A
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# 4-14 SPRA HjirEr 12 4 42
SPRA i A% $ 2 1 RAE Kk
Seismic Probabilistic Risk
Assessment Implementation Guide EPRI 1002989 (Dec 2003)
SPRA Seismic Evaluation of Existing Safety Report Series No.
Nuclear Power Plants 28
Probabilistic Safety Assessment for IAEA Tecdoc-724 (Oct
Seismic Events 1993)
Seismic Fragility Application Guide EPRI Report 1019200
Update (Dec 2009)
Seismic Fragility Application Guide | EPRI 1002988 (Dec 2002)
PR Methodology for Developing EPRI TR-103959 (June

Seismic Fragilities

1994)

A Methodology for Assessment of
Nuclear Plant Seismic Margin

EPRI NP 6041 (Oct 1988)

PRA Procedures Guide: A Guide to
the Performance of Probabilistic
Risk Assessment for Nuclear Power
Plants

NUREG/CR-2300 (1983)

Recommendations for Probabilistic
Seismic Hazard Analisis: Guidance
on Uncertainty and Use of Experts

NUREG/CR-6372 (1997)

Practical Implementation Guidelines
for SSHAC Level 3 and 4 Hazard
Studies

NUREG-2117 (2012)

Technical Basis for Revision of
Regulatory Guidance on Design
Ground Motions: Hazard- and Risk-
Consistent Ground Motion Spectra
Guidelines

NUREG/CR-6728 (Oct
2001)
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VR
f Identify SFP | T v it e e et
'\ penetrations /.- Perform one of the following

Evaluate seismic
capacity of
penetration and
connected features

Penetration
not able to lead to
uncovering fuel
within 72 hrs?

Evaluate seismic
capacity of makeup
systems

Yes - 1

/ Screen out and \\,‘
{ocu ment evaluation;

Adequate
seismic capacity,
or makeup?

Yes

Na

A J .
Iﬁ?epon results of\\-,

\ SFP evaluation

o

B 4-12 =15 SFP /% iF ¥ 5k B At fi h ik & i 42 (Mirhosseini, 2010)

(I ) SFPR#Evitamiit

2E FAZE 16%hT 4 M E F R 20% a4 4 PR Rk
Boom ER 100 F K B S FRe gt 1950 & > Ft NRC &
T 20 ERFRFT e FL AT RE T DR E T (Nie et al,
2008) °

Rypt 7ty "NRC £23F 575 2 & 1% blde Oak

Ridge National Laboratory (ORNL), Idaho National Laboratory (INL),
Brookhaven National Laboratory (BNL) 2 Electric Power Research
Institute (EPRI)% % » NUREG 6424 ~ 6679 v 6715 #3277 i 7
% 73 % (NRC, 2007) » FIZ 5| B 4o ] 4-13 :
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Aging Mechanisms

Bl 4-13 27 ¥ T RE 7 V% 4 T #BI(NRC, 2007)

T BRSO RE EE (Aeip A Y R AP R R ) B
EIERE S AIMBRPEFE > ot P KBNS L
o drE A SR EY A1 EMAY N E LB RS S EE S
il A ¥R Frut R ER*Z TP A AR KA

BASAE e Tl ERP S IR A ERGARE > U2 bR
WP FEFREy g3 R LmikmsREs L at
R gE e T A A-1SHTL I A SRAI T Bk Y L FF R
A 2 enf %8 (Hilsdorf, et al.) -
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# 4-15 & 7 v Flx &2 & 4 B 38 (Nie et al., 2008)
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1. g4t
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A SFP ¢ » JREY LfFEITF (Senky V4 E - BEEF
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1y BHAR o ?;K? i RS P ok A 4 - R B (Hilsdorf, er
al.) o

H. K. Hilsdorf & 4 % 1978 # » #7 {5 430 R &2 2 L
e c7F7 7 (Dewynter-Marty, 2017) » Mirhosseini A3 2010 # #0 g
R EEE 2L I (Nie et al., 2008) o & §8 k3 > ¢ F A stz

SRR Yt A2 TER T IR BN SRR 2
£

&

&
v

Lo U g g R A

C S E BB AN Y R AL F RS A

&4tﬁ’@ﬂ@ﬁ%*’ﬁ#ﬁﬁ%%m%ﬂ%ﬁwgﬁ+%
SRR S R R R

d B %EEY URERT ALY FEER L > 42 5x10Y n/em?

VLA R R I G

4
nd
\a;

FFRT > BRURGR S E T > 4oB 4-14 977 o ¥ 4b s bR
FEERT O FPERR AGHBEET > FHOFREVCFRBRER {5
BE > A4cBl 4-15 577 > &P+ & 5 5x10" n/em® sl T 0 g
WA G FER R 023 082 2R AT AW > 3 aE A HR
AP RABEOEMRT G ALE e FRED BB B 2x107

AR FHRPERRETET 30% 0 AR T
FHERETHET Y 40%0 KRa o F P IR FARERRFS uEP

WOl g % < 1 o] 4-16 45

n/cm? 0¢ 3B &
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Slow Neutrons: Fast Neutrons:

+ Alexander e Elleuch
feu/feuo + Price s Houben
v Stoces
1,4 ——— . —
! No Information:
12 - i — = Batten
e » Dubrovskij
1,0 . 0 o T |
. » . 7 1\
o ’ L7 \\
06— -: M~
| |
| | ~a
0,2 ! I !
| | FLUENCE OF
i - ’ . NEUTRON
19 20 2
0% 2 5 10 2 5 10 2 5 10 2 RADIATION, n/cm?

Bl 4-14 Rt R B R &Y 33§ M % Bl(Dewynter-Marty, 2017)

o Elleuch Fast Neutrons ( f.n.)

+  Gray Limestone Aggregate (f.n.)
fru/fruo + Gray Flint Aggregate ( f.n.)

A s Batten No Information
1,4 - | i
1.2
. s ] |
\\ B
i

;',Z \,\ 3 .\
0,6 \\ : w \
NMEEEE

0% 2 5 107 2 5 10

L=

L]

FLUENCE OF
NEUTRON
RADIATION, n/cm?

B 4-15 i 584 Fbss B & ¢ 530 £ M % B(Dewynter-Marty, 2017)

« Alexander (1) s.n.

Ec/Eco » Dubrovskij (13) no information
o Gray (20) f.n.
- o « Houben  (22) f.n.
! o v.d. Schaaf (29) f.n.
1,2 v Stoces (31) f.n.
1,0
| o 9 L] [ |
| v ° oo, —— |
0.8 T — ok —a
""--...-‘ L
0.6 \ B— °
] [ "‘--...______‘_“--—__
oo
0,2 ’——— !
| .
10® 2 5 10° 2 5 10° 2 5 10" 2

FLUENCE OF NEUTRON RADIATION, n/fem®
Bl 4-16 582 P folcer ¢ 330 B B % B (Hilsdorf, ef al.)
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2) “EBFRE—detHF
i+ ++ & J&(Alkali-Silica Reaction » f§ - ASR) » 2R3 ¥ 2
e By B - BE S b
e A 4 ehjie3t F & (micropore) 0 H i
FPERE AT -

Ca(OH),+H,SiO, — Ca™" + H,Si0; +2H,0 (4-19)
— CaH,SiO, -2H,0

BEEF-H RSP T HESE A2 REVRERBAY R
FrRREEF Bl Ca @B e > 4 2 ap fhér-k &
P MR AR BRI SRR G M LB RS o M iEARYR
AL AA IR R R Bipted ) s HM o Ao
Bl 4-17 #77 « AR F AT HFr Bie  REBEREEIHF LY
40~60% > @ ifrse RAE X F £ 65~80% °

B 4-17 R 22 3 2 & ¥ + & & (Hilsdorf, et al.)

P otenis L FR 4 5 7 2 F V0 nh g b TR
i ¥ o e- Rk EBHHER? XL LIPH - FyHRfefiRa
gtg,k,ﬁ’]-_!@_* 1010 Gy 17 > B 3§ Mot ] 10" n/cm? pF » i & %
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nfem® BF 0GR GED Y it B K R K E R EH 0 BT Y 700
Bomy LRI HE R IR E S 0 bldr o AR T
£ & 5x10Y nfem? PR T 0 2 A BB aERF L 1% 0 @kt
RHEPEE S L 0.1% o

Hiptk R s Efo? FEEFEET 0 RKRE Y AT g
4P AR > SRR & d 0 oL R P
A MR o TR ERAES L5 R P INPHAN A 4oB) 4-18
BrE 0 i@ %§,ﬁme% R fedt A e T o AR g IR B
rRE R R LA RS R T R
W 0l S R RSl AR Y LR o

hn
i
3
% s
(%‘a
-A-
-—A-\

Bl 4-18 B2 % & % ASR B8

2. KA
(1) wdm (4 55)

93 engg et £ 10" n/em? B o ¢ SR PR RILT A
ARFOCR o LEFH B FERMEY PRIRPEL R =
B0 R slAe s B4R A e i (Hilsdorf, et all)

o M K+ (Interstitials) » T + AR FF/? HLIT7E E

-

352



oL chy izl
e Z M (Vacancies) > TR AR F AT i} FIARE 4 7
LR
S OB DA T f - 9 B R R R
R RHRF ez M) 3 ¢ R ' R R R4 0 # TH
PR ) LIS PR 0 R B R AR
Rk R S B R B R R > TR ARMAERT 5 7
DIRIB TR o R DR € B AR MRS Y

R ArT ikt o @ o & SFP R 3R d A0 o i iE 4 40T

%

o BT AT R E Aot F? TH R (T 108 n/om?) o Fp 0 %
¥ SFP B ¥ chplgh HF > 7 @ ul 4 g ¢ F 5 ST kb dy
BRI T R 4 SFP @ MR AR R § Bt
FHE PR R T

% 2017 # » V. Dewynter-Marty % 4 i& {7

4

il

IS

Pt

- T4 MK AR

AN X s e % (Elsehamy, 2016) » 5 # - & > 1E X F2

RS

THR ot 2R R B AE Y PR R F kY 0 yERDR
AR G5 15Gy/h G 1230 cF FRE > AHFMEEINY 3x
10° Gy » i & 8 & B A E Py SR BHRR » T PR ? «
fe NIRRT iE R > REFTHRBE A FRGHTREL
G SRR N E TR FRERT APy B S IR
PR AR TR S BB  REEE ST -

S BAE TS EfEA o AU s CEM [ 4r CEM V (&4 aci
A kLA ) T R kR AT by SR ST e 8
G PP BRI EE R ER TR KPR
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3
TR - ENEE R BB AR Dy HARRE Y S
B GED P chdm 5 AR B R R 1T o %R B h
yOTA At B R F N SR AR TR RE S S AR R
2P p sk A AEE R R o B LR @ o T 4

19 G XA BrFad S > Bl 420 545 g 245 4

L

1,0
09 + +CEM |

0,8 +CEMV
0,7
0,6
0,5
0,4
0,3
0,2
0,1 +
0,0

++

Cosrosion rate {umfyear)

B 4-19 4 & % {5 5480 B eh k43 & 4 (Elsehamy, 2016)

0,0 & iy ©

-1,0 II

2,0
x
-3,0 I

-4,0 I

Wass loss {mg)

-0 CEM I

CEMV

-6,0
Bl 4-20 4 5% < {5 54 B2 e £ 4F 2 4 (Elsehamy, 2016)
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(2) AR

SFP 4 8578 58 2 B Bl 4 6 3T ¥ 4 K% 270 47 ARty o
MR R e A 0 - B 5 g ehEt A Mo B AR o
SFP p el frok i & & % 3 33 -K(CL) > 248k B4R U & 2
ik R AR IR ARl 3= A g SEA L KELE SO YN B
Arn 4B dha D G BB PR S 0 £ 8 BRI kAR E T AR
PAFRL BOFLFERG - d WH Ak AL DL L
Moo AT M S S PTREFEESHDLEHEZ -
Hig %2> SFP EEHE KB 237 k% o« SR EHR
FEORFEGR SFP R R anfE R > L A Renladk =
AMrE LR

Mostafa & 4 % 2016 & i&{7 7 — 78 7 % (Vehovar, 2001) > ¥ 7
28I koMK B AR o e 24 3161 7 4k
fhﬁZﬁ%mE% FHRAG LR LWREES AT e
R EE T AR S 0 R R TSR S et A R
BT 0 3161 * 44w 2 B ﬂff;ﬁfﬁl\ PO A AR R SR E
Mo BT g LI FAEFRE B BR8N ioR
44L&@4Q%%ﬁ’wwif’Xﬂmwww;a@¢g&aﬂﬁ@
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RALFhFaeES  PHILAEPRERMLDEFRT - 24
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B 4-21 B 4h &1 7 dhdh 7 45 K ) ) 442 & (Vehovar, 2001)

V. |magO|det | HFW |spot| WD 0 um
stilled 30.00kV| 200% |vCD|1.49 mm| 45 114.0mm QUANTA FEG (S5 in Distilled)

B 4-22 B4R 22 7 4dn B3 B3 oK e 4 42 & (Vehovar, 2001)

BN AT 0 X52 BUAN L EAEOK S A T kY SRR T m A

£
ALY 0 B P FaE R R { AHEEF FAEREEF R
¥

_i%ﬁ’_.+7’o vﬁ‘é.‘;ﬁ’gj.%]xaf?cgm %ga_?ﬁfg%gi,{%’ﬁ
Mo R EmM e FEALF I F REAEFA - T - 35 03161

P AR ST ARG B o T R T - T
T R g2 A - RN R h R F
B o tmAE kded 383 kY > 316L # 3o A R E F AR
H A LR RBRBE TR A BRSNS c LEEE
» 316L 7 4dh F1H p o 4h L chdF M > B £ T R RS
$4$§%%$ﬁa%é%ﬁﬂo

b
=1y
rI,
:\r_rt
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Mostafa % 4 7= 4] * PCV(Potential cyclic voltammetry) ik % & |
PR R FORET kRS o PCV 4. CV kid FfE¥ ~
VoltalLab §§ &3+ 4 47 & » T in T BHE# Birlcdpddjz i Stle o
jar e 1T -HILE S 2T T RITRIFZR 1 FRIRDT
PEEERARBEL A 2 RPN EFETLT o TR R
PR IE N TETHE - LRRROD DL g C{rR R 5 R
BREREF ELERE-FAT XA R ENTRAL Y RE
P RFETREOT o PR AN TR AR RTR T
TR BRI R A TR A Bk Bk s AR ek
% B -

B 4-23 B 7 473 Bl A0 PCV o &> o S =B A o
ARRARS S T DR I BFULIRARS o FIL o RIS b
2 I KQ)frE 4 k(@)7 ik INF LI BT o BER 0 UK
AAORT (D) A it g 3 ad 3+ k7 Q) ihdntt - 4 4-16
FESER IV REAFEE T 232 FahNmF8 > 5 L8 5§

Ep 48 » 4 H ¥ b 308 & st edd -

(1) CSin distilled water
(2)CS in demi water
(3 )5S In demi water
180 4 (4 ) SS in distilled water
"E 1004
<
=
B
S 50 |
o
€
L]
E
3J
(&] 0
-50 T T T T T T 1
-1000 -500 0 500 1000 1500 2000 2500
Potential mv

Bl 4-23 PCV " fiust 4 /7 ks >t %457k /2 33 -k #(Vehovar, 2001)
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F 4-16 Ll AR v L

Bk T = Z (mV)
il D e -345
I T S -330
E =Y R 546
L A X 726
Vehovar % 4 #2001 & 3 304L 7 44w 2 5 F 3161 45 & £

H 44 A B8 (7 FUF 487 3 (Dunn & Copinger, 2016) » fou § 2 & 4
P M E B ERNFIRRY A AT A AR T R
T RBRAEEFTEHEEETY R{cERiE FREEE ST PR

A%
*r:}‘;‘m

L & gl engs ) 2 dplendd e > 25 3BT o{od FHET =
AR BT L R S

2. AfEAE BN T AR P b
A RBBH  HRas iR FIEF A M BA RS
B}%, °

3. A#EMBARRMEG ARFOIBTE A AT P ERF )

Foentefeipin? (BpomstiA R ) £ BADHS 2
%fﬁﬁ%ﬁ@wwioﬁ%ﬁﬁmﬁﬁﬁ%%@#ﬁﬁﬁvfﬂﬁ

ARSI o NI BN H R o

4. FEHFEEIFR S22 ERRBAEFL L TR

REPRFaNR 2 Rt HGE - FAtRB kA DE BT IF

T B R TE B o g NIEA FRRFH Ty B EF DRSS

S 0 W LB A 0 AISI 304L 3 4k Wi chE BE o0
Tepr 3o Mo ? st e o

5. TR 304L A 4dn TE E PR 2Pk 0 R %t
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Pl P 316L 40 & £ 4 dhdh > g b g (AR
(3) M2 AT b kP

B2 2R SFP ¢ % 2 33 K 00 "% MAmARIE R AR 0 AR a9
wH i FET RS R e bl IR PF A
T KRR EHR T SERTHF TN § B F B R
Jir 4. £ % B e (Copinger et al., 2012) o iz ¢h kLT i & 3 fin
2 W T ew 1 EARY 51 8 i [ A s TC B R A 0 & R d vk

ﬂ%ﬁﬁﬁﬁ%#o%ﬁ@%?ﬁ%ﬁ%%@%’gaﬁgg@

Ao BRI AmELS S EORE c SRAFAT L BT SR
BI R T BB B 0 B B PR G S = I fowt
,I»io

ok R B RB ekt o PlAR iV iEARY ER TR S D
AR B R A EARARE e 7 S B F o B RAF ST
PR PR R RE Y o BRI P g AT SRR
TRAFRREREE-HEL  FRAERZFFED BTN pH &
P E TR B 0 etk g 2 ﬁkf#”ﬁ FIFE A 2 o hinfaia
pPH BB T b 20 § LF 2 %23 P F B &a 38 K4
FUE LB AMRBAOTE > FlLi AMDLBALT kG
fa o Avpl A eE B o BRI AR B W E RS AR i
o BTG EREMS R TLET E o

bk (bldeA ) 9073 g R IR RS D pH B K 2
B ABERS 0 0 % Blind pH B F B PAE R ERE > B
TR T g A7 473 e T ¥ 2 s (microcell effect) 0 4Bl 4-24 7

7T °
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Foreign porous body - low pH pore water
Early corrosion initiation

Concrete - high pH pore water

Rebar
passive too

L

" Steel liner

+ Net ionic macrocell current

=

Electronic macrocell current

Passive
/

Macrocell-accelerated
localized corrosion

Bl 4-24 Hew # oo 3 B

ﬁ%z%aﬁiﬁﬁéaiﬂ’g%ﬁ%mﬁjgiﬁ%?
o EW IE R IR TILG o HiVE K BI424cT (NRC, n. d) ¢

i. ™ pH &4 2 Fe & 4254

Fe — Fe’ +2¢” (4-20)
ii. Fe?'HB s f-k? kjzFr
Fe** + H,0 — Fe(OH), + H"
(4-21)

Fe(OH)* + H,0 — Fe(OH), + H'
i, s BRI A > F AL LEER
0,+2H,0+4e” —40H" (4-22)

iv. BRFER=STRICEZTR IETE R

EFRPTREEF 2B LHMEFSORe > 0T & 417 &
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B 4 1 £4H
# B3 0.3 mm/year > Aot IR AT E M 2P
EROHIF DT 2 WP PR RRERE ST

P S A ok e B

24T ERPTRE L RS FRRT 4

Plant |Liner/ Maximum

Year of age, metal COMTOSIon Average
Plant /Location Plant Information |incident | years  |thickmess penetration | corrosion rate
Barsebeck-2 BWER 1993 16 7 mm 7 mm 0.44 mm/'yr
Sweden ASEA-Atom ] 0.275" 0.275" [17 mpy]
Brunswick-2 BWR GE 4 1999 24 & mm 8 mm 0.33 mm/'yr
North Carolina Mark 1 ] - 0.312" 0.3127 [13 mpy]
MNorth Anna-2 PWE West-3LP 1599 19 10y mm 10 mm 0.5 mm/yr
Virginia Sub-atmospheric ] ] 0.375" 0.375" [20 mpy]
D.C. Cook-2 PWE West-4LF 2000 an 10 mm 4.8 mm 0.22 mmyr
Michigan [ce-condenser - 0.375" 0.188" [8.5 mpy]
Beaver ‘f"l!]ll}_‘y'— 1 PWE West-3LP 2006 30 10 mm 5.8 mm 019 ]'l?l]'L'.I.-":_-'T
Pennsylvania Sub-atmospheric |~ 0.375" 0.227" [7.5 mpy]

10 mm 10 mm 0.29 mm/yr

2009 33 0.375" 0.375" [11 mpy]
Koecherg-1 PWE 2010 26 6 mim 6 mim 0.23 mmyt
South Africa Framatome-3LP - 0.236" 0.236” [9.1 mpy]

3. %k

ERKFE g (PWR) ¥ 2k pv i 2 (SFP) ¥ > 4 J Sedx

¥ Z R L ek (DER X S 2200 2500 mg/L » pH E 5 A

P
el

4.8) i@* Wik kL frat i BE W G kg S B fEiv T o L
& SFP 384 6 » dhARAF DB RK3E 5 6 3 13 K 07 dhdn

T 2R AR IATAE R AL o B T B GR T 7 4
e R BB > TG R
fe % B 5w (Pabalan et al., 2013) - # @
w5 AR ene Y fr &

L RRE A

ER AR UE S PRI G
» M FPF R i S
B AR

£ U0 4 5 R R

PR AR
hE g i 7 Y o
R Rl S A et PR KV Ay
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d oA HHELFLFT c AER ¢ F F42 PWR ¢ SFP
FARERZEE 2 ok 418977 (NRC, . d)» BEET 2 AR
R SRR TSR E > X 0 4o SFP AR e
AR R ERIERM o RSB e BT R AW D

RN DR OB A L AR AT

PEORLPE T 5 0% DR o

% 4-18 3 W42 T B SFP % % 4 /% k% 2 4 (NRC, n. d.)

T (FHEER) KK i E
Palo Verde 1(2005) Rt A 5%
Crystal River 3(2007) at 4y
Diablo Canyon 1(2010) -5 ix4 4
Hope Creek(2009) e g 18 4 1 K4
Indian Point 2(2005) ~ /ﬁ: )

I IR N R
Kewaunee(2007)
7 2 HHR 4
Salem 1(2002) e (g e a
lem 2(201 HEIFAGEE) | FET%%
Salem 2(2010) Bt T
Seabrook Station(2011)

FORRRL AR S eB ALY 80k > #-§ ¥ SFP FERS Y b
R G A A2 REHFTH %f?jﬁ%’:‘]ﬁ"f%ﬁ’;ﬂ”ﬁf@
Moo BB IR BT A E MY Bl o pH & 1B - ) B 55 s
o RMSRER LB DRERGLT -

Pabalan % 4 & 2011 £ 7 — 57 F % (NRC, 1989) » &-4traps
am SR GR L Y g S ik 5 o

NEF PR R R R b o A AT E e e A B

TR o REEEAP
H

5
2
=
8

AHEnBEBY « RO EIRERL AL T I FrRAT S
oo B Lo B o D e jlae SRR el R RE-H
zJ--f#‘m

m

P 0 b SFP ¢ E e SLARRLK R R o T
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THIMEER o
RHREARACT o AU A HIR Y B PR IRS lmm R HEEE
A I’“”ﬁ Wy g p Ky A K(2400ppm) > R P PR pw
¥ RA o A TR ETRERELARE B E(CMAS) e it TR
W F o dr@) 4-25 o 0 AR RE 4 S Y

Bl 4-25 % iRA% Fe ¥ BI(NRC, 1989)

SRR R R R R P Ao 426 T 0 A Rk A LR E T (B
4-27) g Fe3kapH a7 4pk - 5 pH 53 7.1 FF >
Frabid FEK 0 5 1 um/E ; HRa o F pH B3 6.7 Faid
FERHE A ED] 100 ym/E o T Hedp A P B AL R
A TER Bt pH6.8 T 7.3 2 fF o
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B 4-26 R34 % -k 4F 4 = 4 B(NRC, 1989)

1000

S

==pH6.  Probe | :
0 pH6.5, Probe 2
——pH6. Probe 3
+ pH6.3. Probe 4

—

Maximum Nonuniform Corrosion Rate (um/yr)
=

01 + t t
02/26/11 03/18/11 04/07/11 04/27/11 0517111

Date (MM/DD/YY)
B 4-27 2 1 ? 3#5% T R KA S B(NRC, 1989)

AL S R R > RERESKET 0 AR pH B4
6 5 65 2 BPE - M aE FEHT S BT A 3T 60

p/E g E P o o] 428 ST o B AP Wik pH BHS 0 e A
SE- BRETRE O FR8EFF 7 T AR R ek T
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1.000.0 -

100.0 4

10.0

10 4

Maximum Nonuniform Corrosion Rate (pum/yr)

0.1 +
0121711 01/23/11 01/25/11 0L/27/11 0129711 0131711 02/02/11 02/04/11

Date (MM/DD/YY)
Bl 4-28 # I pH ¥R 5 4 f4sid & BI(NRC, 1989)

Pabalan 2% #7 1 Fimdp > & B0 kP a0 s R
BT i g FKE AM R e S ea F 1 o Y 4
ooy R BRI RRE o KR AR Y Gk £49(C-S-H ~ &
AL HEERR S SEH) G - E SRR e AorRRD
SFE P S BEREGEA| M E Ak RA S OfARE o EIR RS
Zom A OBRE (TRRRE) 2 ERERH DR FIoRE R
PR REfREY A4 S IR fER I TR
FURS BB E B R B R M R e B
HARFFEF TR 2 GRC) AR T C-S-H 4
SRAT EH o b S AR ERGEL P e Fal ¥ R B ET]
B85 E oo 03 - B ORE M angh L F VR BOROR VR R ik TR
BTRTL A o g4l PIBOREE . FaR I a0 ¢ ik 0 @

N

Fard kKRG HARS pH EE M (Glde BERBEATRFE ) & &

e IS IECE
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FLERFRERLH
AE - A35: TERPT RS SPRA R4 S kA
%% %2 NRC% & 2 22 #45 | » iz B DCPP - NAPS 7 SPRA 3
2 FFAI NRC th% B2 R erfm 45 ~ 5548 B fost g v 4
B3I E ik ATk 4T
— ~ DCPP SPRA T 5 SCDF 3 2.8x107°/# » & % IR LR
RigE A H RERT FR TR 3g35g¢
= ~ DCPP SPRA T 32 SLERF % 54x107°/# » & & F il s R
RS ¥ RELT 25 ?ﬂ%‘é’v i 35g4g-
= ~NAPS SPRA %45 SCDF 5 6.0x107°/& » o= F el 5 & %
R OFRERTEESTREFL 05g-06g-
2 ~ NAPS SPRA T 35 SLERF 3 1.6x107°/#& » £ < Flpkim 5 #e 4
AT R RERTERATRET: 1glS5g:
» DCPP {v NAPS 7 SPRA 4F £ 354 33+ R E 4T i ehlic P frfe

J~4

Bl 7 SPRA £ it gz 144 15 - DCPP 7 SPRA 3R 2 23 &
% 159c% 16 B %Eﬁ;i iz g1 B PGA » % SLERF &t
FoLhATRRRERLE 4 BRRELTE S

= ~DCPP v NAPS 17 SPRA $F 4 A 7 F 2 % » ¥ d Bk FE
% H(PWROG)¥ i ¥ PRA i£{77 2 ¢ SPRA
B A S Il 7R G o

=~ ~DCPP 1 SPRA 4 el (7% &2 15 » § 47 B R% F&O >
Ed iRl ed hisd

A~ ~NAPS e SPRA 4 &k 7% &2 15 > 3 35 B # M F&O >

‘3\\-

e

Fd B3 PRAWCAfr L s> fhis % o
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4 & SPRAZAFF T A4 HHFELS | 27 fHT i SCDF
FiE % 1x107/# 5 T35 SLERF FHEfE 5 1x10°/# » DCPP 4r
NAPS SPRA - 32 SCDF 4r-T #5 SLERF 52 42 [ HEiE » &
TR FHwERE o

bFmiEETr2 e 0 (DANERAFE R Fa{el £
%7 T F BT av el 9w @ SCDF g SLERF + hg
LA E RV RO 2R/ B o Q)T R g R
2 EEFERT BB 0 §ERT BT 2rie o (3) NRC 4 R
RFPFRERPT R SRL LG ELETRG & RIS F
1o F]t > DCPP fv NAPS 3248578 5 % | 20 k> & F H P

“-B

ie- W EH AR
L — + £ DCPP 4- NAPS 7 SPRA %2 -~ (7% 44 NRC % &
LRz AP fosr & B2 > R NAp M g 3R 1 (1) & SPRA £
AR o R RERTE Rl p o BIR T Em aR fea
17 (2) &= SPRA £ 1427 » & F iR SSC enk 4TI S 47
i o MiATR AT c Q) SPRAFRE AR LS B
M F&O eni % F 5 HRE42 5 o (4) SPRA 2 &3 $115H
FLEME AR MG ALALTE o
AFEF A TERfP AEAIBHEE T RAPMRE 2
B R RRKREASNTERLE LT 0 AR FRE G AT
- EREPATREYERIPETFR D D EET UK
PO L ARIE S SHP T RBERFE A EFARRITR o
DATRAFER Y AARRAL A REL LA T A

B s TR IR S HERRE

E
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(%)

S ERE P A AEREFREOR G POl o F 4 AR

BETRE MO ER oA 2 YRR RN 4 P A
EROMEL L ARG L FREREE G E E REF S EF
Pk WAEAE S p Ao R HEFRHRR A ORI S
FrAduE 2 BE- RO P p AL <A OMERE o BFD
LB 5% R adsk o
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