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Table 1-1 Effectiveness Evaluation on Safety Systems in INSAG-10 [5]

2.2. STRATEGY FOR DEFENCE IN DEPTH

26. The boundary conditions for designing the safety and protection systems are
determined by well defined postulated incidents and accidents that are representative of
groups of events with similar plant responses and attendant loads. The choice of these
postulated conditions is justified on the basis of analysis supported by operating experience
from both nuclear power plants and industry generally. The effectiveness and reliability of
the safety systems to cope with these incidents and accidents have to be clearly
demonstrated during the safety assessment process. The design of the safety systems
focuses on the prevention of core damage and the assurance of the retention capability of
the containment to prevent uncontrolled releases of radioactive materials to the

environment after a postulated event or to mitigate the consequences of such releases.




Table 1-2 Methods of Effectiveness Confirmation for Level 3 to 5 of Defense-in-Depth

Defense-in-
Depth

Methods to confirm the

effectiveness

Current Status

Expected Advantages

Level 3 and 4

Level 1 /2 PRA
Effectiveness Analysis
(SA Analysis)

Training

Identifying significant accident sequences
by PRA

Confirming and preparing technical
capabilities of countermeasures

(Organization, Guidance, Training)

To deploy additional
countermeasures for the significant
or large uncertainty accident
sequences.

To improve capabilities of persons

on site to cope with SA.

Level 4 and 5

Level 2 / 3 PRA

Emergency Exercise

Level 2 / 3 PRA is used for comparison to
safety goals and is not used to assess the
protection measures in practice.
Emergency exercise including evacuation is
performed on one or two occasion(s) per 5

years

To improve the protection
measures in line with the SA
responses on site.
Effectiveness analysis on

emergency plan and preparedness.




Table 1-3 Comparison of Risk Analysis Methods

Method Basic Approach Feature
FMEA, To divide the system into components and to assume - Applied from the detailed design stage when the
HAZOP and that accidents are caused by component failure. composed elements and failure mode can be
FTA Chain of directly related failure events leads to loss determined.
(Swiss cheese model).
To assume that human error is cause of incidents and
accidents.
To establish barriers between events or try to prevent
individual component failures.
e.g., redundancy, overdesign, safety margins, reward
and punishment
STPA Accidents involve a complex, dynamic “process” and +  Can be used on not only technical design but also

arise in interactions among humans, machines and the
environment.

To treat safety as a dynamic control problem rather
than just a reliability problem.

To assume that human behavior is affected by context
and human error is a symptom due to improper design
of equipment, usefulness of procedures or existence of

goal conflicts and so on.

organizational design.
Applied from the concept design stage when the most of

composed elements can be determined.




» Prevention of core damage

v'Alternative injection, Alternative power source,

The third

Examined by PRA and

level Anti-inundation measures, etc. ™ cffectiveness analysis
* Prevention of PCV failure and FP release
VE .
The fourth Filtered vent system, Mobile systems (FLEX),
lovel Hardened safety core, etc. ] Neces§ary to develop
analysis method *
—
* Nuclear emergency response and preparedness " Level SP_RA or
Alternative method
v .
The fifth Structure reinforcement of emergency response,
lovel Support center for nuclear emergency, etc.

Figure 1-1 Analysis Methods Corresponding to Level of Defense in Depth
(from the third level)



Level 1 PRA

Core Damage Frequency

Emergency
Preparedness Level 2 PRA

& Responses

Source Term FP Release
Frequency

Level 3 PRA

Assess
* Environmental Transport & Dispersion
* Radiological Exposure & Dose
* Radiological Health Effects

Risk = Consequence x Frequency

Figure 1-2 Typical Level 3 PRA Technical Elements and Their Relationships [8]
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Figure 1-3 Example of Offsite Consequences Complementary Cumulative Distribution

Function [9]
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Objectives:
*Develop a Level 3 PRA, generally based on current state-of-

practice methods, tools, and data

*Extract new risk insights to enhance regulatory decision making
and help focus limited agency resources on issues most directly
related to the agency's missionto protect public health and safety.
*Enhance PRA staff capability and expertise and improve
documentation practices.

*Obtain insight into the technical feasibility and cost of developing
new Level 3 PRAs.

Figure 1-4 Objectives of USNRC Level 3 PRA Project in Progress [12]
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Subject: Criticality

What-If/Cause

Consequence/Hazard

Safeguards

Moderation Comtrol
Fails Because:

Hydraulic fluid leaks.

Powder is not dry enough.

Room floods.

Bulk powder storage
container collects and
holds liguid.

Geometry Control Fails
Because:

Cart tips over.

Pownder builds up in
pelletizing equipment.

Small powder stoTage
container breaks.

Sintering boats are stacked
too high.

Maoderator reaches
powder/criticality.

Moderator reaches
powder/criticality.

Moderator reaches
powder/criticality.

Moderator reaches
powder/criticality.

Safe geometry
exceeded/criticality,

Safe geometry exceeded/
criticality.

Safe geometry excesded’
criticality.

Safe geometry exceeded!
iricality.

All hydraulic fluid
systems are shielded from
powder.

Multiple quality control
steps for analytical results.

Mo piped water systems in
bulk powder handling

Arcas.

Bulk containers are moved
with sealed opening facing
down.

Passive stops welded to
bottom of carts.

Bulldup prevention
devises within equipment.

Containers are of rugged
construction, containers
are administratively
protected.

Training, administrative
comtrols

Figure 1-5 Example of FMEA for Nuclear Fuel Reprocessing Plant [10]
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€l

Mumber Deviation Causes Consequences Safeguards
5.0 VESSEL - VAPORIZER STEAM CHEST
5.1 High Level Level probe failure Potential criticality concern Vaporizer gravity drain
- Loss of barrier

Mormal condensate drain
overwhelmed or plugged and
passive overflow line plugged

High flow in the emergency
cooling water ling (ltem 4.1)

Potential safely concern -
Cylinder floating, breaking
pigtail

Passive overflow line with strainer to
prevent line plugging

Preventive maintenance on vaporizer.

Administrative control to check for
debris (foreign material) after
maintenance and before cach cylinder
installation

* (Mote: Duoring the Nuelesr Critieality
Safety Evaluntion (NCSE), it was
determined that this interlock cannot be
regarded as a criticality safety
significant interlock for slab thickness.)

Operability test of level float at each
eylinder installation

High-level alarm

Figure 1-6 Example of HAZOP for Nuclear Fuel Reprocessing Plant [10]
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BiRE D5 4 L~V RO 5 L~ u IS B 2 DR BREIE O L, SA B JF 1) R BT
WO, JR PR DX 2 G022 L. T2 TV MICEDL VAT LDIREE (~H
—F) ZEHTS 312 KU3.1.35R) .

OREYEN
® i FiE

YR 75T, OTERLEZAF - FICEZERKR T F U A+ &2 d 25, STPA Tk
it 2 7w xick W, Figure 2-2 1R Lz8liRHEERAET V%22 2T L 2RIC
ERL7zavy b=V R 77 F v R2ERKT 5 QB2128H) ., av -1+ J77F v,
VAT LNTHAY— FRAEEYIET 2 BWERIOCERB OMAIER 2 5 5 RO Z & T
H b,

R, avba =LA M 7FXHATRRINET 7 a VI LT, 2T 27> a VR
ED XS BARETHAY - NICER 222 L. IFLRhay tue—1T 7y ayv (UCA)
i3 2 (3.22%M), 2D UCA OMEficH7z > CTld, STPA THEINTWEUTOD
774 F7—7F (Notproviding 72 &) 27 7> a v tiflatbe s,

1. 207 7Y avdbgz b7\ (Notproviding) & ¥ —FIicE 5,
2. 20T v aviioThzbns (Providing) & ¥ —FICE 3,
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(EPZ NI %) ERTHDZ L LT, kD ar— | CcolEHIRRIH %A Figure
2-6 1Zd, ¥ EPZ N Schools/Shadow (B % 57 & 45884 2 £M) 28 SBO F4E
25 1 Wi ol 2 BIih 9 3, 2RI EPZ PI® Public Jx X EPZ #@ Shadow 73k % B4R
L. mf&ic EPZ N ® Special Facilities (e, Mi#fEi%7 &) /Tail (Public %5 10%)
23 SBO F4E20> & 5 ] 15 7r CHREEEZ BRI 5, 7ads. WL F U AiconTid, @EX
BEOLXDFHBMESI N TS, Thid, ERIZEFEF T 2, PR TOME TR 7 —1N
AR AT 2 0EHH 5 Ri7e & CHERE RSN S 2 L2 BERL72bDTH 5,

o [HNETHHREM COERY —7 v ARV F ) A+ L oLtk
AWFE T I KE SOARCA TOFI Y — 7 v A R Uk > - U A % F v CRFiffi - 5T %
179 25, BRI R ERCOHER S —7 v AR RS F Y+ L T 2 & EcA F o
X5 MHER®D 5,
> 77 v MR : SOARCA Tl BWR-4/Mark-1 % BWR & 77 v b & L CiHf -
ML Tw3, BHCEBOE#E LT, Table 2-5 Td 8.5 B ¢dD Event /8T
X5 T 7Y R RPVIMCHIB E NS, T 7V RN T4 T 2 VIREILDN Y . K&
RERERREMIC X ) N ASRIIRICE 2 & & b o, BNA ST 3B NA SR RAE
N%BZZEBPETONS, EANTIE Mark-1 BIRINASR 2> 77 v FRBEF Y E
TH Y., A BREEEMEIREL VD OL INTWDE, T, BNARBRITES
T2\ TH Bl 21X Mark-T et R ARG A 2 T DS A ZR RS 7113 853 kPa [gage] &
7> TH Y., SOARCA f{FK 77 v t @ 448 kPa [gage] X b & &\, T4 HI I DM
EiZHBbDD, EH T T v FTld SOARCA fRE 77 v M T H A THAINA Sl
MBS b0 EZLNS,
> HEIASE R Y P ERERYE  CRECOR v b R IR A ST (1PD) & 7
STk H, ENTD 2Pd BT L 13845, Lad> T, AR Y FE XA
IVZRENTREILICEL R3bDEEILND,
> GBS F U SOARCA Tl v v A= FH coBfstmsiic LCch b, ¥
R E LIS 7V 4 Tld, FED O 6 Rl ol il e T LTw 3, EAT
. VHIEBRERICEBCCEEEY T 2L —v a vaMfThhTwb, flziE. PAZ NT
DANEDHK 8 TN &L RS i I E L C oy I 21— a VisR
[45]Cld. PAZ PERZD PAZ Hb~ 3 2 Refidlix 15 Wefdl, UPZ 4~ 3 2
Biffix 17 K Cch 2 LIRE L T b, E72. St HBR A REEEL — b (3R
b7z, R RE b0 FEILND,
LAEo X5, EPGERICHES U CRHiiZz £ 2561013, RV PERMX A I v 732
C7p b, BHEETE THERTDIEL 2 b D EF 2 b5, RIFFETIRE L T\ 2 3l ik 13 E N
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HEHACTHFBRICEHMAETH B e E 2N 525, BoN 3R IZEPEM & B 5 algENE
DBdHDEICHBERLETH D, b, BT TREOENICOWTIX, 5.2 i O RE T IC
BOTHEEDEN I GATORARY R 77l A N ENERBOFIEICOWTERmL T35,

24 Y X7 FHEDIERS

STAMP/STPA IC X 2 U R 7 53H1 % &0 7= RRFFE DG AHl & U<, 1F S AR o B i &
NSO L U<, FafoFIEERM GEERNT SA FIEE, TP KEHE) Z24HE L
TWw3, BRIz, STAMP/STPA #FHHWTC, HMICELZ A —F v F U A ZHH L, VY
A ZARIR (R - FIEFEOWE) Ot 21T (3E), YV A 7KK OEAICE VT,
Bz mdilfs ) Al G (V227 % SFICEI T RERIR VK <+ 2% @ ALARP)
BTELEPHETH 22, EHLL CERREELZRILEI L2 BT Z2LELDH
2, AMFETIREL T3 ) A Z7FHE TR 2V itk » T, FIEE-ZERRE U&=
TD 7 7Y 4 ) —ALARP (5 ECTORARY) A7 §Hif) OBRMEICE W TFERE L%
WIPSEARETATREIC R 2 b D e E 2 b D,
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Table 2-1 Key Words Used in STPA

STPA key words Definition HAGERT
accident Accident is an event leading to a loss involving | 727 ¥ 7 v b, &
something of value to stakeholders such as a loss of | #&
human life, human injury, property damage,
environmental pollution.
actuator Automated controllers provide control actions to | 7 7 F 2 T — X
actuators, which change the controlled process
state.
Control CS is a system model composed of control loops as | M AEIfRIX., = v~

Structure (CS)

shown in Figure 2 -2. CS contains components
and interactions (control action and feedback)
among components.

P — 2+ 7
7Fx

hazard Hazard is a system state or set of conditions | ¥ — F
potentially leading to an accident
Hazard Causal | HCF is a cause leading to an UCA and a hazard. AN — N IR

Factor (HCF)

Hazard Scenario
(HS)

HS means a scenario from a HCF to a hazard.

AF—FoF A

interaction Interaction consists of control action and feedback | #H A {EH]
in control loop as shown in Figure 2 -2.
sensor Sensors provide feedback about the current | & ¥ ¥ —
process state to controllers.
system System is a set of components that act together as | & A7 A
a whole to achieve some common goals or
objectives.
Unsafe Control | UCA is a control action that, in a particular context | JFZ 272~ b w

Action (UCA)

and worst-case environment, will lead to a hazard.

— VT I7vav
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Table 2-2 Comparison between HAZOP Guide Words and STPA Guide Words / Hint

Words
HAZQOP guide Meaning Corresponding STPA guide words / hint
words [14] words [18]
No The complete negation | Guide Word:
of the intention from . e
the design Not providing” causes hazard.
Hint Word:
1: Control input or external information
wrong or missing
4: Component failures. Challenges over time.
5: Inadequate or missing feedback. Feedback
delays.
6: Incorrect or no information provided.
Feedback delays.
8: Inappropriate, ineffective or missing
control action
9: Process input missing or wrong
10: Unidentified or out-of-range disturbance
Reverse Logical opposite of the | Guide Words:
design intent . e
Providing” causes hazard.
Other Than There was a complete | _ . .,
substitution Wrong timing” / “Wrong order” causes
hazard.
More There is a quantitative i
increase in whatever is | Hint Words:
being identified 1: Control input or external information
Less There is a quantitative | WI0Ng or MIsSing
gepreqs(ie mn ‘\;{hgtever 151 2. Inadequate control algorithm (Flaws in
emng identitie creation, process changes, incorrect
As Well As There is a qualitative modification or adaption)
mod}f1cgt1op, ora 3: Process model — inconsistent incomplete,
qualitative increase or Incorrect
Part of There is a qualitative

modification or
decrease

4: Component failures. Challenges over time.

5: Inadequate or missing feedback. Feedback
delays.

6: Incorrect or no information provided.

Feedback delays.

8: Inappropriate, ineffective or missing
control action
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HAZQOP guide Meaning Corresponding STPA guide words / hint
words [14] words [18]

9: Process input missing or wrong

10: Unidentified or out-of-range disturbance

11: Process output contributes to system

hazard

12: Inappropriate operation

13: Inappropriate operation

Early Something occurred Guide Words:
earlier than intended

(clock time) “Wrong timing” / “Wrong order” causes

hazard.

Late Something occurred
later than intended
(clock time)

“Stopping too early” / “Applying too long”
causes hazard.

Before A step was performed Hint Words:

before it should have in

5: Inadequate or missing feedback. Feedback
the process sequence —_—

delays.

After Afstep was perflormﬁtd 6: Incorrect or no information provided.
after it should have in Feedback delays.

the process sequence

Underline means a guide / hint word corresponding to a HAZOP guide word when the guide

/ hint word contains two or more meanings.
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Table 2-3 Comparison of Two Types of Fuzzy Inference System [28]

Fuzzy Inference System Advantages
Mamdani Intuitive
Well-suited to human input
More interpretable rule base
Have widespread acceptance
Sugeno Computationally efficient

Work well with linear techniques, such as PID control
Work well with optimization and adaptive techniques
Guarantee output surface continuity

Well-suited to mathematical analysis
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Table 2-4 Accident Sequences for SA Analysis of Peach Bottom [32]

i Time at evacuation
Sequence Time at PCV failure (hr) .
completion (hr)

Long-Term Station Blackout — 20.1 6.75

Unmitigated Response

Long-Term Station Blackout with  (No core damage and no 6.75
mitigation PCV failure)

Short-Term Station Blackout with 16.9 6.00
RCIC Blackstart

Short-Term Station Blackout 8.5 6.00

without RCIC Blackstart

Loss of Vital AC Bus E-12 (No core damage and no (No evacuation)
PCV failure)
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Table 2-5 Accident Progression in STSBO w/o RCIC Blackstart

Time (hr) Event
0.0 Station blackout
1.0 Core damage
2.4 Failure of core support plate
8.2 Failure of RPV lower head
8.5 Drywell liner shell melt-through

Hydrogen combustion in reactor building
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Identification of important hazard scenario using STAMP/STPA

1. Define accident and hazard (see 3.1)

2. Develop Control Structure

> |

(see 3.2)

%

3. Identify unsafe control actions (see 3.2)

—
—

b

4. Identify hazard causal factors and
hazard scenarios (see 3.2)

| 1 |1
)

.

5. Classify importance of hazard

scenarios and Provide countermeasure (see 3.3)

Analysis on judgement of criteria for PCV venting and protective measure

Accident Scenario in SOARCA

6. Quantify judgement on PCV venting
(see4.3 and 4.4)

wpet{ - PCV pressure
‘{ - Evacuation progression

h

\\
-
4~ Judgement

7. Quantify public risk resulting from
PCV venting or PCV failure and
Discuss on criteria for PCV venting
(see5.1)

on PCV
venting

il

R =
Time

h

Compare I

8. Perform sensitivity studies and Discuss
on protective measures
(see5.2)

Public
risk

~__

- »
Time

Figure 2-1 Overview of Integrated Risk Analysis on PCV Venting
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Controller

Process Model

Control Action

Feedback

Controlled Process

Figure 2-2 Simplified Interaction Model of STAMP/STPA [18]
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Control input or
external information

is wrong or missing

Controller
f’é‘\l _
=" Inadequate control [(3)
- ) Process model —
algorithm - flaws in . .
. inconsistent,
creation process changes, . <
. ; o incomplete, or
8 incorrect modification or . )
danti incorrect (B
Inappropriate, adaption =
ineffective or missing Incorrect or
control action missing feedback
Actuator i Sensor Feedback delays
12) iB) .
Inappropriate Inappr.oprlate
operation operation
r Y
@) 6)
Wrong, too high, too Controlled Process Inco:‘le((::lt or no information
low, or  delayed provide . .
operation D Measurement inaccuracies
e . Feedback delays
Component failures Y
b Challenges over time
o
© > —
@
Process input
o Process output
missing or Unidentified or contributes to
wron _
g out-of-range A5 system hazard

disturbance

I/.'_.

Figure 2-3 Control Loop and 13 Hint Words to identify Hazard Causal Factors [18] [20]
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3 rules to decide tip percentage

A

Fuzzy input: Service and Food level
Fuzzy output: Tiipercentage

1. Fuaaty iputs \ B
molhod(mln)

L \_%/\_

" service is poor or food is rancid

average
2. e ] N
ro depondency
good on input 2
Qo 30% (1] 30%
then tip = average

‘\-

0 30% 0 30% 4. Apply
I If service is excellent  or food is delicious then tip = generous | meothod (max).
Tip=17%
service=3 food =8
input 1 input 2

0 30%
When service = 3 and food = 8,  fesetol.

Tip percentage = 17%

Figure 2-4 Tipping Problem using Fuzzy Inference [28]
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500 1.2

450 —8— PCV Pressure
— oo _ B - - - -8 - 12
g = M - Evacuation ,. Dc:
© 350 CompletionRate 08 2
= T B
o 300 =
v 250 06 §
= L8]
B 200 S
£ 150 g
> 2
a 100 0.2 E

50

0 0
0 1 2 3 4 5 6 7 8 9
Time (hr)

Figure 2-5 Time Progression of PCV pressure and Evacuation in STSBO w/o0 RCIC
Blackstart
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First fuel

cladding ga Lower head
SBO releasegg P failure
<«— 1:00 >i= 7:00 >
GE Siren

=~
o
=
o
o
(98]
—
wn

Schools/ Special

Shadow

Facilities

10 to 20 miles radius
GE: General Emergency

Figure 2-6 Timeline of Emergency Response at STSBO without RCIC Blackstart
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3. WAV MBI B STPA ZRW-TEMHAR Y X 7 34

31 YRIHFONSK
311 X&RETBTIVT VR

IF LT Cid. ZeEEL(33] coEmBEE T TR IREE)NCE - TRE#R O
T TR PE IV E DIEIC X O AR OIRER B E 235648 3 5 nlRetElZ. 2RO HE ARG Ik
Y R 7 2 HRICITEM IRk NERETH S, | LINTEH, K
DIEREY) 27 BETNIREFTOFHICL>TD b INZBRELTEZLNTE L, —
¢, 1F il AR, FrfllEEIc 1) 2 2 BE o m[34] Cld 2 iz <, FP o KH#
BHNIC X 2 BB ROB ALV AT N TN

INOLDEZF#SEIC, KofricsuCid, [RENABELY RELR SN REORK
SEEREENS & TERMEFZET 2 L L CREHRICEEI LS | &, [HiE
BRIC XV RIINAGBE2 RERCING | 22T 20 F Y P LTERT 2, k. A
SHTIX 2 20T 7T v FOWUERGRE LT, BIEIMEREEL T ch HEHRLE
Lo L, BHERIHEFROACHEFEE IRV DL LTIKY,

312 NRETBVRTLA

3.1.1 CTEF LT 77 v b QRN Ry &> oIE~D FP i Tth s 2 &
2>6 . Figure 3-11C/R9 FP 2T 2 77 v b (IBIAESR~ Y P&E2&T) 351K
SA Rfic BT 2 FEITNIRHI[36] % > AT LICED 5, Figure 3-1 ICRTIEMAEGRN Y +

FFE 7 AN X BN L2742V 7 4 v (Filtered venting line) & 7 4 L X /> & 7x
Wit E#R{L~X v + 7 4 ~ (Non-filtered ventingline) @ 2 2D 74 Y B FEHET 5, 74 V&
RV M I BINA SRS I ~PEH T 5 C & TSN ASRIE ) 23 25l ch b | JH
THHEMCTOMEMA & LT, BINERT BB EGRR Y PO ERE IhTnws L
226 RFHlIC BT HIENA ST 2R v P EEOHIMER L T 5, T2, BNARSE
R[N A~PERH T 2 BRI iE~ v PR ICAT L Tn b 7 4 V2GRN uﬁﬁ(%ﬂiﬁﬁ*ﬁ?ﬁ’ﬁ
LN, WBINEIRBARRICH T FP i E %2 Kig IR <% 5,

TRV VIIRTCIREINLTEY ., ¢%ﬂﬁf#%%ﬁ¢?5:a%ﬂ%ﬁ@é
23, BIRTEL L & ohREIEIE 2 S OEERREERGAICE W T b ik I =BG iIcCF
BHEHEET 2 2 & L A[EETH B,

MA<T,. 7277 v bD—2Th HFEROEBFEICOWTIL, FROBEIRIICHKE T
570, EROBEHICEE D 2 BEAARHI[17][37]D v AT LICED B,
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313 XWRETHBNY—F

311 KLUN3I2 CTEELAETIZVT VY VAT LD EA#EE L. FP it IRAEE & O
RESER N OBE 2 A AF— P LCEREL 2.

FP fCHUREEIC DWW T, [HENA SRR 2 1EE L 72 KB 2 FP ) RO [ 7 4 v &
NI ROBNBR Y P EBEE L2 REL FP R (7 Ly v avr—nick 3 x2
ZEVIRHBICIME | D2 0%FET 5, B, T4 AEZXYFE Lo EHH R
A ER IR TH 2 23 FP /MU e il GREHRIR) 2wk, 727y 7 v b (ERA~
DEFFE T HEEY) ICZES b D& LTSTPAD Y X 75Tl Rit e 3,

K, FERBEERILIC O W T BIEESRE T 0L A IClEZENH 2 b DL T 5, b,
AW CREBEGROT 707 v FRICHEREES 2 b DL LTnE I e pb, ER
DEHEITET L TnEdDE LT,

Table 3-1 ICARDWICHEFET 7TV FRUEAF— FOBRERT,
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Table 3-1 Definition of Accidents and Hazards
Hazard
Accident
FP release Evacuation ID

Residents exposed from Large (PCV failure) Not started or H1
radiation being harmful to in progress

health with soil contamination _ i

and leading to long-term Medium (Non-filtered | Not started or | H2
relocation PCV venting) in progress

Soil contamination leading to | Large (PCV failure) Full H3
long-term relocation without i i

health effect Medium (Non-filtered | Full H4

PCV venting)
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6¢

Filtered Venting Line 1
A
Main Stack
Reactor Building
Handle for Remote Handle for Remote
M anurl Operation Mangual Qperation ——
{1} Rupture Disk
Water Tank
’ < with Eilter
ve
Supp1ession Secondary \
o Isolation Valve Non-filtered Venting Line
Chamber -
_ ;/

Primary Containment

Figure 3-1 Overview of PCV Vent System



32 UXIHH
321 A brA—LR IS IFvDEREHRE

312 CERLEVATLCETIN R L 2R, FRETD SA FFic B % £l
PHE N BEERI36], R E~=2 T [17], BEaKE =4 ) v 75HH[37] 25,
Figure 3-2 - d BV avitue—LRA727F % & LTERL T,

FEEMOCZ OEENC O W T ICHAT 5,

Figure 3-2 BB O~y F v 7)) 1R TR T 15 EFT (Nuclear Power Plant Site) (%,
SA DFAEPTIE R RGN 21T 9 o JRFHIFEETICE VT, AR~ Y b FENE DR
%2 T 5 FEATNRAR R (FrR) (Site Director) %13 U 51 (Plant Director) |
H#HEE (Operator) . PCV R ¥ b E%{f (Components of PCV Vent) . PCV =¥ b EfiiH]
W7 1 BEHE 3 2 AE AN A RRERER DEIH (Recovery of Components) # 2 e — )L ZA b 7 7 F
Y ICER L7z 720 HAIGHE FE (Liaison Director) 2348k 04 v 2 —7 = — 2 (B4
AR OF 754 v 2—) %iHI,

Figure 3 -2 B DE ) &tEAE (Head Quarter of Electric Power Company) (%, &
FIT ARG S R FRE N RICE R TE 2 X O RT 5, £ 72, tNILOBIRES T &dd L,
WY D> DRI 7 R 2 T < % 2R 2 Bl 3 2. R HHET B St ARt IicE
BEHNG R v 2 — % 3XiE L. HTNWEHEZEBRIERFOMITORE . FEEOREHIMICR S
JCARE O BEE AR EREFRHSL A v A PRSI (R 2 EAGTHEE 2 1T 5 23, KAffgET
ZE AR NRRE L L Til),

Figure 3-2 B4 DA 794 + & v & — (Offsite Center) %, BT st <D R AHE
DAL 725Aic, Eo NEF I SKEEBHOS AT ] SERERTR S OHITA o [ FNFA
) meh THF K EGFERN KRS 2L, BlRef L s odfo i z)5a
WMRZHE T 22 HNE LERFOVK WS ERTH 5, Figure 3-2 TIE, 5Hil
fEL Ty, EREHICED 2ERZEY, €=V v 77— X %AE - IUE - 9 s
AR, BARE =X ) v e v X = EBREENE A, iz TICAH 74 bk
vax—ANEREE LT D,

Figure 3-2 TEDOEEL - JR 7 718#IT (Regulator and Cabinet) IZ&\\Tlx, JREF 15
FRRAE. BRRREFESESERNICERE S . NEREEREZ AR LT, FrK
EXICOMBATIFEZIT 5, Figure 3-2 Tl FH{L L Tl wnds, 771K EHE O GHINE
CBbH 3 77 v MR, EREEICE D 2ERLSUE, BARE =2 ) v IR 29T 51K
BHRIEZR EE TN 2 2, FfEfbiZ e I BERL - B ST IR LTk,

mgIc, SO EEMORFREELZ T 7> a vy (INOO~WDREH) &7 4 —F Ny
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(KNOO~DDEHFWAREH) & LR L7z, FRIT, TR TH 2 I8MARR~ v+ 0 FElii
FIWrIx, FEET. B ARM, BEL - H T & CTEMAR R v P EEOE (72
vavQR) LLTRLTWS, TnE COMBGIEECOEMTIE, MNAR~ Y IS
FTOBEL L HERZ b o T 12 [35] 43, ROHTICEH Tl AR~ v - EfHlTc s
WC 7TV P REDHSEZ T TR ARZEOBS CHKEN. B, HHT. Bnkk L
B OO EE LA e I N Z L ZHEL T 5,

322 e arviro—ir7o 3y (UCA) i

Figure 3-2ICRTUTOT 7v a v GREAD) 226, ~¥F—FE25 &R I AREED B
52 UCAIKEbZavite—AT7yaviilitsa,

KB E DA Vv E—T7 2 — R

O FEISNICHE LSO A 74 F v &2 — BE - R BET~ o R4t
(Plant condition)

@ BE - FIHET 2 & OfER~D#EEETR (Direction for evacuation)

@ BINAE~ v + EhEfiE (Consultation on PCV venting)

REFNTDAL VR —T 2 — R

@ FEBAN AR 2> O FHl - HERHHE~D1ER (Direction)
® FEEANFAIE 2> & WIEHHE~ DR (Direction)
© FEBATNRAIE 2 & SR~ DHER (Direction)

@ SHEHE2 B E ~Df5R (Direction)

fRIAAER < v P EEDH(E (Operation)

© SHHHE 2 S EIBFFE~ DR (Direction)

IRAN A GERER DIEINEE (Recovery)

@ PP EEE D o BTN RALRE~DE (Advice)

—f% 7z STPA CTREHMRVPERTRET /v a3 vEARFET 2 2 L% 0w, K%
7285720, " —FNICBRT 2R2ToT7 7y avicLTREIT 2L L. T2V a
YOIN—Ttk 3.2.2.1 12T, REWRERFTY ANY —DFELZEFE LR 7)) —=V
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7% 32221 CCHEfMT S, b, 323 CEHAEMVEEOBL»L UCAZR ) —=v 7
LTCTW3H, 325 BTy 7V o2 Y8k OMEEIC O WTHERT 5,

3221 avie—AT7r2yavoBEM (Fr7iavosir—71)

lloavite—r7r7yvavicxfLT, —#OT 7y avog&id s/ v—7{bxEiid
%, FEEITINE~ofHRIEHEcH 5 [OxITIGHiE~o R (Direction) & [OIF#REE
fit] (Plantcondition) 1Z—3#HDOTFT 7L avThr eEz bbb, Zr— kT 5
TEMBTEE, T, BIIBRSBRR Y FERECEBIT S (@R v FEERZ] (Consultation
onPCVventing) . Q) JEFFFELE D S HKEIMNERTE~DOIF ] (Advice) XU [(©
~v FEMEfER]  (Direction) 22V T REROBEMICE Y 7 —FL$ 5, Thick-
T, Nloavie—ArT7r7vavii, 827 Vv—7I N7,

3222 77 a vl A A K7 — F o HER

STPA Tl 22 filc/R L7z ) UCAD XA TR LTZHA F 7 —F (Gzabhin,
Hzohd otz 4 Iy BEY. B3 E2E1E RTELEH) sHEI LTV,
Ihoe 3221 CEBEL-avra—AT 7y a v EfAADE S LT UCA ZH#HT
22 EMTE D,

—H. HAFT7 = FOEARR#EY 2T 7> avbd b, Bz, MERRE Lws 7
srvavic LT, e nimn] dwi H4 PV —Fid#Eblch 228, [RTE 28 |
EWVIHIHAFT—=FERE®RZ IRz, Al chs LW 5, Lizi-> T, 3.2.2.1
TEELAET 7Y avicLTH4 V7 — Folft# RS 2 081D 5,

3221 CHEFT 7 va it EERERME, Wk R K OO 4 EEICOEI NS,
INLDT 7 avicifs 574 ¥ — FodMtEzaHli L7z, % Df§HR% Table 3-21c
R, TTT, INENDT 72 a VI L TNo” L HIBT L7244 F 7 — I L &
cerlL, Bhicxolhzrd e & bic, MEHREM (Giving information) | Zf]& L
T“No” &Il L 7=l %2 LA T IR 3,

o HHRHEOME -2 FIH : 2 ZTld. T3 fHmiR ) LU ok x4 v T
OfFmiEft] cEEhsdbDL Lz,

o [HFliEtoFME 271k 2z ik, MERREfEInZV] LEENb DL LT,

o [HMRiRtoRE T X 2@ 2 2 <X, NERMmICIFHRIRE 23 nTtnwd oL LT,
YT H B EHWTL 72,
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323 NY— RICEZAREMELF L UCA D

3221 CEEILZT7vavi, zhCLT, E@HAMERHZ L LA FT — Fof
Hebd (Table 3-2%M) % UCA LEFRT %, Hlx X, TQEE - HTHhHET 260
FER~okE s~ | (Direction for evacuation) D7 73 a YIIN LT, [HGzxbhzv],

[(Gzbid] . o224 Iv 7] A4 VT — V@l EEER25 25
N [FRo7ziers G202 ] EHiEROEN] L5 UCARELN5,

IV ER—AT I avihHA VT — FeHfIcHAGDE S L, % O UCA 23l &
nNaZlhb, % UCA OFEFREMERCHAFFCE 2 ) A5 ) —OA[RETEIC D W THRET L,
AP — FICE L EREDE W UCA 2Hhi 32, 2 oBE, FAETREMEMEL ., BsHo 074
NY =HFETCE S UCA R, "= FICELZERUERE VL L TR ) —=v I T L
7z. Table 3-3 ICHGEHHER%ZTRT,

Table 3-3(a)ld. FBEITL A 7V A4 F v 2 —ROEE - FFHEET & OEHREE I
B3 % UCA IO W THGT L Z2#5RTh 5, 2o MME coEaRITE I L Tid, AR
LT L BRI AT LATHBERINTVWE 2 L6, UCA OFRAEFREE KD D L&
Abid, £/, TLERRY AT A0MERERA L Cw 2 AT, MBS REATICE
TEL TR EGITREIC XD Y ANY =23 a[HEE B2 b d 2 &b, FAEFREDE
UCA i3 v LRI L 72,

Table 3-3(b)ix. BEEL - A NEENT 2O A4 754 + v X —%@ L CHG HIRIER~D
EHEETE R ICBE S 5 UCA 12D W TRRET L 23R CH 2 o AER T, T K EN S E L [4]
D 15 FRICHESHEETH Y, JICHEEsTEELTwELEZXLNSE Z L H, UCA @
FAEMRERECd D EEZOND, £z, FEEHH O DlHRIE, HJ7HIGEIC S Fax 237x
I, WHTHBERICK 2 ) AN) —BaReeEZ 605 Lh b, FAERREDE W UCA
T X e LT L 72

Table 3-3(c)iE. FEA. EHARMAL, BE - R HGIT & OBMAR~ v + Eli
tohate I N FEFE TN SR R 2 & D EEHE R ICBIF 2 UCA oW THGET L 2R Th 5,
Y¥—F Hl, H3 IckT 25 [IENAESRN Y P Eiilma - 517 L] iIcowTld, Table 3-3
() COMEMILAE & R CREMREIEREVW DL EZbNE, [Mo-BNETR~R v FE
fites - TR RO THEAAZRER~ v b EfEE - RO 7224 I v 7 iconTid, %
AATREME 2 E D UCA & LT T 2 20 UCA 23t &1 3,

o UCAL KNAGRIRIROHEIHZEE L INAGR~Y P EMEERSH T v, (B
o — } HI, H3)
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® UCA2: 77 v FREL) AREEZEILL ANESR~ v P Ehiifir 280 2, [
5 — F H1, H3]

Ihbix, TR~ FP I A FTREAR R D 1T 7z v & v 5 RIS X 0 | ISR ER < v b
FEhizigiErsc L], [BEFCI2EKHBICcHY, HEHICXDY AN =L W»
e L R eETSH UCA L LTI N TS, ZUORERKFITIE R D DD,
UCA OFAEIC XD | BINASRN Y 2 ETE TICKMASRRBICE 2 REERH V. %
DFER FP O KBUEHHICE 2, B9 — F & LT, MINASRIIER I 31 2 {3 Kbk
DRILIC L » HI (FP RHBIH +E#Re 7)) Xid H3 (FP RBUSRUE + e T) @
Eb ok, IR Y P RERT 5 2 LIk AR~ DR GiEL — F D%
HAL)ICOWTIE, T —ANA T —ZADRIGIC D EEZ LS T L0, ATt H1
E H3 oW B2 2 & & Lz,

H2, H4 220 Tid, 74 VX ZNIBCIEINESR~Y P 2EfiT 2% — FTH 525,
MERA 70\ | JREE TR RN v P2 EEE N2 & L i13F 2 L R BEEATE 7«
Itk 2 ) AN —RAaRE E2 N DB, RIC [#Mo i8R BFEELNEE, 740K
ENI RO ERS Y P RERI NI AT D 20D, FIEFIC LN 2L 2H
AAUIRAEFTREME I, E TR EERME R L ICL 2V AN =3 A[HEE B2 b
b, A7V ==V I T MNTELEEZLND, RIRIC [Ro7z 24 I v 7] icD
WL, AR Y P OfRRENDSE 2 b5 A, FIEEIC L2 - B E fThbh s C
EEEZNIE, RVYFTAVOBEDITENRD L ITEZIT W,

Table 3-3(d)ix. FEEFTEALR 2 5 FHE - HFREFE~ DR TH 225, FEHNT
DOXIETH Y, FIHEECIFAETEL B e2b, UCA DFREFREEIIERVD DL F
AbNd, Ll FEFPFEEEMEBEICL 2 AN = A[EEEZONDE T &b, X2
—=v 7T FTERLEZLND,

Table 3-3 (e)ld. SHEHIE D HEIEE ~DIRTH 525, Tk Table 3-3 (d) & [AEE
ThH 5,

Table 3-3(f) 3, MHIZEIC X 2GRNV P DIRIETH b | AN Table 3-3(d)
CFRfRCHELEZOND, 772, AT ¥F— FIc R 2 a[RetE D& UCA & Ll
INTn3,

ul

® UCA3: 74L&V %FET 2R
v+ oFEf, [BEE ¥ — F H2, H4)

EREIC X 2 7 4 V2 B X IR WIEI A AR

THIE, B EICE AR E IR W e 2 o N30, EZEBLTL £ 5 & I W
—PFNIZEZZ Do, HIREBLNMCIZFEZFICL 2 VAN =L W2 ThH D, 74
N R BN R OIBINESRN Y FOFEMIC X b, FP o ERH AR X 5 FP
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RS 7 4 V2 XV FIC X 3 FP B EO R OBHIER) Ic 2 2, Bl#E ¥ — F & LT,
AN A ERIERI IC 35 1) 23 BB o Rt Ic X H2 (FP rh#l B + ek se 7) it H4
(FP it + 852 7) Db oh b, RIC, O UCA 233 ROBEE I IEHM 72
WENRD BT H2 EBEMN T 515 25, K UCA IZBMARR~ v + OREREETH Y,
R I ERRN BN W EZ NS 720, H2 & HA Ol 5 #BIEMf 22 L L
7z

Table 3-3 (g)ld. SHEHIEL SEIBRKIE~DIERTH 55, Tt Table 3-3 (d) & [H]
HTh 2,

Table 3-3(h)i. IBINAZRRERICET 2EIHERIETH 2 25, FREVE OIEIH ASIRIEHE 720k
MTHDZERHLITHBIGEICIE. X VIBIASRN Y PEBOHWICESL DD EE 2
LbNDB T EDD MEIIRER Y FEREIBI O UCA ~EB 3[RV D EE2 b
%,

DL Eootrigs & L€ UCAI~UCA3 2RAEm RO E WD o & LTl vz, AT
X, BAEREEOBIS 2O UCA 2 A7 ) —=v 7 LTWw32, 325 W TiiHyF+Y
F DY K OHEFEYE IC O W CHERR T %,

324 NY—FFERER (HCF) RUNY— R+ ULt

3.23 CHH L7z UCAI~UCA3 icxf LT, UCA Z5| 2z L. ZDERERANYF — F2F4E
T2HEK (HCF) LU Z ZHhbBEEINIZAF—F F I 4%, avie—r—7%Hn
THiH3 %,

3.241 aviru—ar—FXOER

Figure 3-2 ®av tu—A X727 F x2S L T, UCAI~UCA3 oZhZ LT,
Figure 2-3 IR davite—Ar—70oKE (avite—7, iavte—r7wxx,
TOFaz—X, kV¥—) ERET D,

UCA1 1%, Figure 3-2 TDO7T 7 v a vQORUPODKEMNEZR~ v b FhaHW & KI5~ TF
952 e, FENHM L CTER 2 NS REINREATEZ 2 e —J L35, 7=,
VPR AINENRTHE T IV P eavy ivn—Ar 7R 35, RiC, 7275 =2
I—ZFREINEATREOT 7o avid 77 v P ~BIF2EEL LT, SRR OHE
B LT 25, $72, v v -3 77 v PRUZHEEITRNEERTRICT 4 —F Ny 735 38R
ELCTT IV MRHEERKODEIARIE L 32, 2hb %k, 77 v P ORBGER ZHIH T 51—
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TLI 5,

UCA2 13, UCA1 Lt [EffIic, Figure 3-2 TOT 7 ¥ 3 YORUPODIINEIR~ v b Efi
HIWT R CHRAET 22, 77 v MR T T BERRILD 4 v 7y b LTw5B
VR, LedoT, 77V FOEHGER 2T 20— 70z < AR REEE % FlfH 5
LN—THERT 5, EROBHIE R 2R T 2EE - R hlflrzavite—-J¢ L, =
viem—AInszuRe LT HIBRAMERZ 2y e —Ar T reRbF 5, £,
Figure 3-2 Tlx. BES - J[RFHEGT LT BBEORICA 734 b2 v X =2 LT
WRZ b, ATHA bV ER—%T 7 F a2 KNI —LT 5,

UCA3 1Z., WA~y MEETH Y., Figure 3-2 TDT7 27 a v@ICi%NS+5%, 2h
75y FOEKEREREIET AL T IcB T A EEE (F/Fax—%) 77 (B
avite—A7atR) LOBFREETHY, FTIKERHTETCNS

PExFEwzr, avio—nr—7 U TOMKE RS,
® LOOPI : EREH ZHIH T 1L —7

> avihe—7 HER R IEET (AR v b FEHE R I (X FEFR TN R
KRS &)

> Waviv—A T o i HBRERER
> WBHnEE A 794 by ix—
> EWILEE A7V bevx—
® LOOP2: [HNAM~NY F2&T 77 v b OREERZ IS 20— 7

> avhu—7  REINEATRE BHASR v N EERER T ERS - R+
HHT b &)

> Haviwe—ATueX  BEGRRY FPEEET 7T Vb
> EWRmEE R OEREE © 77 v iR ONERR B
> V¥ - LEMRIEES WA v — k07T v MEIRRE

Figure 3-3 IZfEfKL7za v br—nr—7KERT, O~Blk, STPA THEILTW
PV 7 —F%2000—7DFNTLEFICEHHLZbDTH %,
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3.24.2 HCF U~ —FvF U o

Figure 3-3 It davite—Ar—7icey b7 —F%@EMHL T HCF KUA¥—Fv
F U AERMHET 2, Hlz1E, LOOP1 LcoltifHittATix [@ avF—3 v Mgk, &
fFic X 5491t (Component failures. Challenges over time) | &9 b v+ 7 — F2A%EH X
N3, b Y b7 —FEEMST2HGECR>TWE A, Toe v bEAWT [T BB
TEBVBIHEFE L, BDEE INIEELR-E ] 0 HCE 2238 X3, Zhn UCA
ICEB V20 BE L, B0 320 Tchivd, HCF & LCilitid 2 & & dic, UCA &
UNF—FICER LA A —FrF Ut xitidd 5,

Table 3 -4 (a)iCi3{F Rt % i 2 L — 7 (LOOP1) ToOMEHHER % Table 3 -4 (b)
T 77 v b OERGERE ZHIEd 32— 7 (LOOP2) ToE R %/Rd, &3k, LOOP1
& LOOP2 ol ch 2 a v b u—7 (FEL - JF1 1 BHF R CREFTHRATER) <o
Wi, Table 3-4(a) (LOOP1) icChEt4 3,

LOOP1 (LOOP2 ¢ oi@ifi&aty) <lid. U TFo Xk oic, 12 ® HCF LU ¥—F o F
VABHHEI N TV 3,

o [BINAFR Y + DFEfEli&ICEId % HCF : HCF1, HCF2
o 77 v IMRIOHEIRICEIF 5 HCF : HCF3
o [FRUBEEIER - IRIIEIRICEEF % 8 @ HCF : HCF4~12

HCF1 kU HCF2 i, AR~ Y FEfMFICEWT T 7 v M RerrBle T e
CHOTARERERMRL T, NV PEECFHELTLEI L) b0THY | 3.2.3 THlih
L7 UCAL X3 UCA2 KEHE 2 AR L6 DTH 2, thbid, avtu—7# (B -
T BT R OREFNERTE) < 1@ A@Ylzay ba—r7ra) XLa (EEoR
ffa, 7'\t AW, RNIEMEREEL#EA) (Inadequate control algorithm (Flaws in creation,
process changes, incorrect modification or adaption)) | @t ¥ b 7 — F%#@H L Tl L 72
bDTH b,

HCF3 13, LOOP2 (7'7 v M EBGEROHIE) BT 2NETH Y, 77 v MRIZIE
LAABTER VLRI BDTH S, HCF3 RAEDFER &L LT, NETR~ v F Ltz
W5 UCAL, E73¥Wi% & L) UCA2 0K L 7% V13%, HCF ¥4 UCA ICE
FIC8&H 5 HCF1 U HCF2 & 1387 0, & 2 HHAFH cofED, oM/ IcE
%525 L eMENEEL LCXT 5, 2k LOOP2 oav tue—5ThHHE
FIEASHED e AT, Q) FTutvxET - ¥E. 5848, AIEME (Process model —
inconsistent incomplete, or incorrect) | Db ¥ P 7 —FZEHLCEHLZbDTH 5,

HCF4~12 13, BEL - FFHET 204 794 b v 2 — KO HigEZ 8B L 721
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R“\@ﬂ:ﬁé%ﬁ?ﬁ‘? & T HIR R CIEE 3 2 EEERIUIC B S 2 E D 7 4 — F oYy 2 TR

ENTH DL, 2o HCF #AEDHIFR & LC, [EREHIENL., EINATR~ v b B %
5% 5 UCA2 [ IcBiR 3 %, 25 HCF 12, LOOPL i Tk v b7 — FB., @,

[® @Y7, RiF7z, #N/z7 4 — Fo¥y 7 (Inadequate or missing feedback. Feedback
delays) J.[(© [EiE-> T3 2t AEfETH 5. 8N 727 4 — Fo¥y 7 (Incorrect
or no information provided. Measurement inaccuracies. Feedback delays) | . [(@ [E:& -
Tw3, KEFTEL, hNSTE2L, EN7z#E (Wrong, too high, too low or delayed
operation) | . [® A#Y]7Z, BRI Th\, RiJ7za v ra—17 27> a v (Inappropriate,
ineffective or missing control action) ], [(®) R} T\ % [[Ei&E > T\ % 7 vk X AJj (Process
input missing orwrong) | . [ A#Y)7x#/E (Inappropriate operation) | . [GAEY]
72 3%/E (Inappropriate operation) | #iEH L CEH L 72dDTH 5,

LOOP2 (LOOP1 & os@ifiz & £ vy) Tk, LT X S, 4 2D HCF KU —
Ny Uit I ncn s,

e 77 v IMRNDOIEEICE]ST 3 HCF : HCF13, HCF14, HCF16
o IR E~ Y MEEICEId % HCF : HCF15

HCF13, HCF14 XU HCF16 1377 v b R OMEIAYE (BINASRERER OEIH) 2607
4 =FRNy 7 COED, HEVIFENTH S, 2nd HCF BEDHER L LT, HBINARS
v PEREHIWTZ LS UCAL, 721382 & £ &9 UCA2 RN ICBEI NS, b
HCF X, LOOP2 it Tk v P 7= FORUQZEH L CEIHL-bDTH 5,

HCF15 13 EEBIC X 2 7 4 M X BN I R WIBIAESRN Y P 2o GEIRL CTiET 5 &
WIHDTHY, 323 THH L7 UCA3ICEE SRR E2HDTHS, T LOOP2 itk
WTe VY IF7—F@QZEHLTCEHRLZ2bDTH 3,

Kic, Table 3-4 CHitE X N725H16 D ~¥— K5 U 4 & UCA & OBIRIE A #BES 3,
Fi L7z X 512, HCF icid, EENICAF—-FICESZ b0 LRENICAAYF—F2hET 2
bDICHTFoNE, £/, AF—FLFVFDI b0 Ohld, FRIFEALZ 23S F Y 45
FETHEDDPRLLEETNT VL, KON TIENKOMAE ClREML AW L2, %
o7zl yF )V AICERH LTI A—=7d 5, fHlziE, HS13 & HS16 1FJRIK & L Tk

HE L 2 v — R TR 203, ZOMRFET L F Y A RFARED D —DIc s —
L TCnwd, "F—FevF ) ADORREEM L 22458 % Figure 3-41Cm-d, £/, %
NZ T O TN ICFEMCEHT 5,
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o IEMAER~ Y M RMGRORRIC, IMNARIREIGR ORINZ BT 2 /iR & LT, i

Bae_ v P R EMETE FICKHARREIRICE 2 [HS1], 2o, UTick by [HS1]
ZHEERIC IR S 5,

> IENASREIEEROWME R LICX Y, KINASRIE E CORBEFREIZEE LD B
£ < HEE X 5 [HS3, HS13, HS16],

> BREROEIHRRH S EER X Y R S HEE S 412 [HS14],

o RINAERN Y N W ROKRIC, ARLBZEILT LIV RINESRV M &
FhE T & FICIRINASRBERICE 5 [HS2], 2 DFE, UM X Y [HS1] 2 [EEN iR
ERR-R

> MINARREHEROIE R SIC X D, IBINASRITE T CORMBEFRIAER LY B
< HEE X 5 [HS3, HS13, HS16],

> IR OEN, BV 2Lk ) EROBHHRILS KRR L Y D4 CliE T h
% [HS4, HS6, HS7, HS10, HS12 ],

> RS OB, M7 R ORI &I XY ER OB EN % [HS5, HSS,
HS9, HS11],

UCA3 ICE B B2 F—FoF )

@ T ANAZXRVEFPMEREEICHEDL ST, EIEEIC X 2BEBEICI Y 74 E 2N
IR VIEINESRN Y F 74 voR%zBT % [HS15],

325 M F ) F oYM, BREEOHER

324 FTOMETICBWT, 727V F VY P ROAF—FE2ERL, avte—AX}+ T2
FeNTOT 7y avhb, FBEMREEDE W UCA & LT UCALI~UCA3 ZH#iHiL., 2D
JFK (HCF1~HCF16) MUY —FIcE % v+ U+ (HS1~HS16) #¥EL 7=,

DX T Iy T Vv ERBEE LTy XYV TCAF =N F VA RFFETE %
T L3 STPA OFHETH %5, STPA DIERHFHI[18]IcBWTIE, Y AT LD a v &7 F&E
RFiC, 3.2.1~3.24 OIFEEZREL CTHREZH#ET 52 LICX D, BEh VAT LEMHET S
TENWRINTWE, 22T, RIEMFEED DL LT, 323 TRZ ) —=v 2 TY LT
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W7z UCADRZUTH L0, IRTFEBELD R ZHERL -,

Table 3-3 %k T3 2 &, MKE OGBS 2 UCA, @ RIcBES 2
UCA., BN TOEMEGE - fHRICBET 2 UCARRZ ) —=v 77y bE3hTnw3, #l
TR DT HULIEIC OV T, TLERHEY AT 4, HEBD., BHHFBEOHER Y 4%
MNERFE L ONTEH Y GRY LCENR EBRAET 2 A[REMIF UCAI~UCA3 It~ T/h & <
FELTH I AN —=DAREL F 2 b N5 EHHERIC D W Tl R0 K E R B 15
FICHSHEETH Y, IEPEFIATEL I EZLNS, £72, THITOVTIE,
3.24 1285 T UCA2 o¥IH (HCF) & LTI LN TE D, LEICIH L Tl 255K 25
Cohdzlicky, UCADRAETEMEIZIEIOIELS ABbDEELZLNS, HKEFTHOD
THWRISE - FERIC oW TiE, T CIRFIEE OB - MR &0 EaB#E L o TH .,
Ay RN EHFAET B AHEN: X UCAI~UCA3 IclbRT/NE S AL TH Y AN Y —
DAL EZ OGNS, LERoT, 323 TDRZ ) —=v /Ty MIRYTHEEERZD
Nb, 72720, "F—=FF VA ~DOMNEEEAT 2 & AARICEEE S 7 2 AR
BHHZ LN, FEHOGAICHEERELASEL 2%, ZhicowTi, 3.3 Hichl
B, HERmAELTnw3,

RIEDEWHIBAETIE, 321 0av re—A R+ T 27F % (Figure 3-2%ME) ickwn
T, REITNHAMZ AL T 223, Zofh, 794 b v x— BE - FEFHBGT
COWTHEMET NI, Sl paviae—ATryavyiaiiti$2cidagEc
Hb, 7. 3.2.4 TiE, WAV P ERKFOGE, EEHER, EEERRECRE T 2
HCF 28t e hcw, YUFliEra v to—A X 77 F » Caffilft 32 2 2ic kv,
R RE T A= I DR E OSSR ICH 5 TE 2 L FEZ OB A, RO Ccd EE AP —
FoFUA e LCTiEFEINTHE b, IEEMITERLTW3,
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Table 3-2 Applicability of “Guide Words” for each Action

Action Guide Word Applicable ?
Giving Not providing Yes. (Omission error)
information — — :
Providing Yes. Misinformation could lead to a hazard.
(Commission error)
Wrong timing Yes. Late information could lead to a hazard.
Wrong order No. “Wrong order” at “Giving information” could
be included in “Providing” or “Wrong timing”.
Stopping too No. “Stopping too soon” at “Giving information”
soon could be included in “Not providing”.
Applying too No. It is judged “Applying too long” could be
long “Giving information continuously”.
Consultation | Not providing Yes. (Omission error)
Providing Yes. False conclusion could lead to a hazard.
(Commission error)
Wrong timing Yes. Late conclusion could lead to a hazard.
Wrong order No. “Wrong order” at “Consultation” could be
included in “Providing” or “Wrong timing”.
Stopping too No. “Stopping too soon” at “Consultation” could be
soon included in “Not providing”.
Applying too No. It is judged “Applying too long” could be
long “Consulting continuously”.
Direction Not providing Yes. (Omission error)
Providing Yes. False direction could lead to a hazard.

(Commission error)

Wrong timing

Yes. Early/late direction could lead to a hazard.
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Action Guide Word Applicable ?

Wrong order No. At a complicated direction, wrong order could
lead to a hazard. However, just simple direction is
treated in Figure 3-2.

Stopping too No. Ditto.

soon

Applying too No. Ditto

long

Operation Not providing Yes. (Omission error)
Providing Yes. False operation could lead to a hazard.

(Commission error)

Wrong timing

Yes. Early/late operation could lead to a hazard.

Wrong order Yes. “Wrong order” is similar to “Not providing”
or “Providing”, however, could lead to a different
scenario at a complicated operation.

Stopping too Yes. Ditto.

soon

Applying too Yes. Ditto

long
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Table 3-3 Identification of UCAs likely leading to Hazard
(a) “@Information Sharing with Offsite Center and Cabinet/NRA” and “®Direction to

Liaison Director”

o Screening
Hazard UCA Likelihood Recoverable?
out?
H1 “Not providing” Not likely. Yes. Recovered by | Yes.
information of ) a satellite phone
Always connecting
plant status o and NRA agent on
with video )
site.
conference system.
“Providing” false | Not likely. Ditto. Yes.
information of )
Always connecting
plant status o
with video
conference system
could correct false
information.
“Wrong timing” Not likely. Ditto. Yes.
information of )
Always connecting
plant status o
with video
conference system.
H2 Ditto. Yes.
H3 Ditto. Yes.
H4 Ditto. Yes.
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Table 3-3 Identification of UCAs likely leading to Hazard

(b) “@Direction for evacuation”

o Screening
Hazard UCA Likelihood Recoverable?
out?

H1 “Not providing” Not likely occur due | Yes. Recovered by | Yes.

direction for to follow to Act” local government

evacuation article 15. also noticed by

the plant site.

“Providing” false | Ditto. Ditto. Yes.

direction for

evacuation

“Wrong timing” Ditto. Ditto. Yes.

direction for

evacuation
H2 Ditto. Yes.
H3 Ditto. Yes.
H4 Ditto. Yes.

*Act on Special Measures Concerning Nuclear Emergency Preparedness
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Table 3-3 Identification of UCAs likely leading to Hazard

(c) “®@Consultation on PCV venting” and “(©Direction of PCV venting to Plant Director”

o Screening
Hazard UCA Likelihood Recoverable?
out?
H1 “Not providing” Not likely. Yes. Recovered by | Yes.
consultation ] a satellite phone
o Always connecting
/direction of PCV T and NRA agent on
) with video )
venting site.
conference system.
“Providing” false | Likely. No. No.
conclusion o
o In case of Difficult to [UCA1]
/direction of PCV o
) prioritizing the recover the
venting )
recovery of PCV conclusion by
heat removal responsible
system. persons.
“Wrong timing” Likely. Ditto. No.
conclusion o )
o Difficult to judge [UCA2]
/direction of PCV o
. the timing of PCV
venting . o
venting considering
both public safety
and plant safety.
H2 “Not providing” Not likely. Yes. Recovered by | Yes.
consultation ] staff e.g.,
o Non-filtered PCV _ )
/direction of PCV . technical adviser.
) venting would not
venting
be conducted
without the
direction of PCV
venting.
“Providing” false | Not likely. Ditto. Yes.

conclusion

/direction of PCV

Following accident

procedures would
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Screening

Hazard UCA Likelihood Recoverable?
out?
venting prevent the
misdirection of
non-filtered PCV
venting.
“Wrong timing” Ditto. Ditto. Yes.
conclusion
/direction of PCV
venting
H3 Same as “H1”. Yes.
H4 Same as “H2”. Yes.
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Table 3-3 Identification of UCAs likely leading to Hazard

(d) “@Direction to Plan/Information Director”

o Screening
Hazard UCA Likelihood Recoverable?
out?
H1 “Not providing” Not likely occur due | Yes. Recovered by | Yes.
direction to accident staff, e.g.,
procedures and technical adviser.
trainings.
“Providing” false | Ditto. Ditto. Yes.
direction
“Wrong timing” Ditto. Ditto. Yes.
direction
H2 Ditto. Yes.
H3 Ditto. Yes.
H4 Ditto. Yes.
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Table 3-3 Identification of UCAs likely leading to Hazard

(e) “@Direction to Operator”

o Screening
Hazard UCA Likelihood Recoverable?
out?
H1 “Not providing” Not likely occur due | Yes. Recovered by | Yes.
direction to accident staff, e.g.,
procedures and technical adviser.
trainings.
“Providing” false | Ditto. Ditto. Yes.
direction
“Wrong timing” Ditto. Ditto. Yes.
direction
H2 Ditto. Yes.
H3 Ditto. Yes.
H4 Ditto. Yes.
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Table 3-3 Identification of UCAs likely leading to Hazard

() “®Operation for PCV venting”

o Screening
Hazard UCA Likelihood Recoverable?
out?
H1 “Not providing” Not likely. Yes. Recovered by | Yes.
operation of PCV ] ] staff, e.g., shift
. Following accident .
venting o supervisor.
procedures and training
would prevent the
omission error.
“Providing” false | Not likely. Ditto. Yes.
operation of PCV ) )
] Following accident
venting ..
procedures and training
could prevent the mis-
operation.
“Wrong timing” Not likely. Ditto. Yes.
operation of PCV o
] Training and
venting -
operability enable
short-time operation.
“Wrong order” of | Not likely. Ditto. Yes.
operation for PCV | Uncomplicated task.
venting
“Stopping too Not likely. Following Ditto. Yes.
soon” PCV accident procedures
venting and training could

prevent the mis-

operation.
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Screening

Hazard UCA Likelihood Recoverable?
out?
“Applying too (The success of filtered venting would not Yes.
long” PCV lead to the hazard.)
venting
H2 “Not providing” (Inconsistency. No PCV venting could not Yes.
operation of PCV | lead to the hazard resulting from non-
venting filtered PCV venting.)
“Providing” false | Not likely. No. Once non- No.
operation of PCV ) ) filtered PCV
) Following accident o [UCA3]
venting . venting 1s
procedures and training
) conducted, FP
could prevent the mis- )
i will be released
operation. )
quickly.
“Wrong timing” (Inconsistency. Delayed PCV venting could | Yes.
operation of PCV | lead to H1/H3.)
venting
“Wrong order” of | Not likely. Yes. Recovered by | Yes.
operation for PCV ) ) staff, e.g., shift
) Following accident .
venting . supervisor.
procedures and training
could prevent the mis-
operation.
“Stopping too Not likely. Yes. Recovered by | Yes.
soon” PCV ) ) staff, e.g., shift
) Following accident .
venting . supervisor.
procedures and training
could prevent the mis-
operation.
“Applying too (Once non-filtered PCV venting is Yes.
long” PCV conducted, FP will be released quickly.
venting Therefore, applying too long is included in

“Providing” or “Wrong order”.)
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o Screening
Hazard UCA Likelihood Recoverable?
out?
H3 Same as “H1”. Yes.
H4 Same as “H2”. Yes.

61




Table 3-3 Identification of UCAs likely leading to Hazard

(g) “@Direction to Recovery Director”

o Screening
Hazard UCA Likelihood Recoverable?
out?
H1 “Not providing” Not likely occur due | Yes. Recovered by | Yes.
direction to accident staff, e.g.,
procedures and technical adviser.
trainings.
“Providing” false | Ditto. Ditto. Yes.
direction
“Wrong timing” Ditto. Ditto. Yes.
direction
H2 Ditto. Yes.
H3 Ditto. Yes.
H4 Ditto. Yes.
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Table 3-3 Identification of UCAs likely leading to Hazard

(h) “@Recovery Operation of Containment Heat Removal System”

o Screening
Hazard UCA Likelihood Recoverable?
out?
H1 “Not providing” Not likely. Yes. Recovered by | Yes.
recovery staff, e.g.,

Following accident ] .
) . technical adviser.
operation procedures and training
would prevent the

omission error.

“Providing” false | (Failure of recovery operation would urge to | Yes.

recovery perform the PCV venting)

operation

“Wrong timing” Ditto. Yes.

recovery

operation

“Wrong order” of | Ditto. Yes.

recovery

operation

“Stopping too Ditto. Yes.

soon” recovery

operation

“Applying too Ditto. Yes.

long” recovery

operation
H2 Same as “H1” Yes.
H3 Same as “H1”. Yes.
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Hazard

UCA

Likelihood

Recoverable?

Screening

out?

H4

Same as “H1”.

Yes.
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Table 3-4 HCF and Hazard Scenario associated with each Hint Word

(a) Loop 1

Hint Word

HCF and Hazard Scenario (HS)

1: Control input or
external information
Wrong or missing

(Not applicable because any other input is not assumed but
evacuation and plant condition)

2: Inadequate control
algorithm (Flaws in
creation, process changes,
incorrect modification or
adaption)

[HCF1] Incorrect judgement of containment heat removal.

[HS1] At judgement of PCV venting, responsible persons
prioritize the recovery of the containment heat removal
system (related to UCA1)

[HCF2] Inadequate criteria on PCV venting.

[HS2] At judgement of PCV venting, responsible persons
prioritize public safety (related to UCA2).

3: Process model —
inconsistent incomplete,
or incorrect

[HCF3] Plant conditions are incorrectly reflected.

[HS3] Plant conditions are comprehensively judged with
plant indicators. If the responsible persons judge longer
available time than the actual available time, the
misreading/misunderstanding of the plant condition could
lead to the false or delayed judgement of PCV venting
(related to UCA1 and UCA2).

[HCF4] Evacuation rate are incorrectly informed.

[HS4] Evacuation rate is estimated lower than the actual
condition. This could lead to the false or delayed judgement
of PCV venting (related to UCA2).

Note -If evacuation rate is estimated higher than the actual
condition, the misreading could lead to the earlier filtered
PCV venting. The success of filtered PCV venting is assumed
not to lead to a hazard.

4: Component failures.
Challenges over time.

[HCF5] Not working properly for public evacuation.

[HS5] Local government responsible for public evacuation
does not work properly due to a bad condition, e.g., seismic,
heavy rain, etc. No or delayed evacuation information could
lead to false or delayed judgement of PCV venting (related to
UCA2).
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Hint Word

HCF and Hazard Scenario (HS)

5: Inadequate or missing

feedback.
Feedback delays.

[HCF6] Inadequate,

evacuation information.

missing or delayed feedback of

[HS6] Offsite center gives inadequate, missing or delayed
feedback of evacuation information due to misunderstanding
or communication equipment failure, etc. No or delayed
evacuation information could lead to false or delayed
judgement of PCV venting (related to UCA2).

6: Incorrect or no
information provided.

Feedback delays.

[HCF7] Incorrect or no information of evacuation
information. Delayed feedback of evacuation information.

[HS7] Local government gives incorrect or no evacuation
information, or delays feedback of evacuation information
due to misunderstanding or communication equipment
failure, etc. Incorrect, no or delayed evacuation information
could lead to false or delayed judgement of PCV venting
(related to UCA2).

7: Delayed operations

[HCF8] The notification of evacuation is delayed.

[HS8] Offsite center delays the notification of evacuation due
to misunderstanding or communication equipment failure,

etc. Delayed evacuation could lead to delayed judgement of
PCV venting (related to UCA2).

8: Inappropriate,
ineffective or missing
control action

[HCF9] The notification of evacuation is inappropriate,
ineffective or missing.

[HS9] Cabinet/Regulator delays the notification of
evacuation due to misunderstanding or communication
equipment failure, etc. Inappropriate ineffective or missing
evacuation information could lead to false or delayed
judgement of PCV venting (related to UCA2).

9: Process input missing
or wrong

[HCF10] Evacuation information is missing or wrong.

[HS10] Evacuation information is not collected properly due
to the difficulty of monitoring evacuation. Missing or wrong
evacuation information could lead to false or delayed
judgement of PCV venting (related to UCA2).

10: Unidentified or out-
of-range disturbance

(Not applicable because no external disturbance in collecting
evacuation information is assumed)

11: Process output

contributes to system
hazard

(Not applicable because any other process is not assumed but
two loops.)

12: Inappropriate
operation

[HCF11] Public evacuation is not notified.

[HS11] Offsite center does not notify public evacuation
due to a bad condition, e.g., seismic etc. No evacuation
notification could lead to false or delayed judgement of PCV
venting (related to UCA2).
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Hint Word

HCF and Hazard Scenario (HS)

13: Inappropriate
operation

[HCF12] Evacuation rate is not informed properly.

[HS12] Evacuation information is not informed properly due
to a bad condition, e.g., seismic etc. Missing or wrong
evacuation information could lead to false or delayed
judgement of PCV venting (related to UCA2).
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Table 3-4 HCF and Hazard Scenario associated with each Hint Word

(b) Loop 2

Hint Word*

HCF and Hazard Scenario (HS)

4: Component failures.
Challenges over time.

(Failures of mitigation systems could lead to a SA. However,
the failures are not considered because this analysis
postulates a SA condition.)

5: Inadequate or missing
feedback.

Feedback delays.

[HCF13] Failure of plant transmitters.

[HS13] PCV venting is judged based on plant conditions.
The failure of the plant transmitters could lead to the false or
delayed judgement of PCV venting (related to UCA1 and
UCA2).

[HCF14] Inadequate feedback of the recovery of PCV heat

removal systems.

[HS14] The time to complete the recovery is estimated earlier
than the actual time. This could lead to false judgement of
PCV venting (related to UCA1).

6: Incorrect or no
information provided.

Feedback delays.

(Failure of sensors is considered in hint words 5 and 13 in
loop 2.)

7: Delayed operations

(Delayed operation of PCV venting is screened out in Table
3-3(f).)

8: Inappropriate,
ineffective or missing
control action

(Misdirection of PCV venting could be included in hint word
2and 3.)

9: Process input missing
or wrong

(Not applicable because PCV vent system is just operated
manually.)

10: Unidentified or out-
of-range disturbance

(Not applicable because PCV vent system is just operated
manually.)

11: Process output
contributes to system

hazard

(Not applicable because any other process is not assumed but
two loops.)

12: Inappropriate
operation

[HCF15] Inappropriate operation of PCV venting

[HS15] Operators inappropriately open valves on non-
filtered PCV vent system although filtered PCV vent system
is available (related to UCA3).
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Hint Word* HCF and Hazard Scenario (HS)

13: Inappropriate [HCF16] Failure of PCV sensors.

operation L .
[HS16] PCV venting is judged based on plant conditions.

The failure of the plant sensors could lead to the false or
delayed judgement of PCV venting (related to UCA1 and

UCA2).

Note — The false recovery of PCV heat removal systems could
urge to conduct PCV venting.

* Hint words 1 to 3 are examined in Table 3-4(a).
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(4

Hazard Scenario
directly leading to a hazard

Hazard Scenario
indirectly leading to a hazard

UCAL

[HS1] At judgement of PCV
venting, responsible persons
prioritize the recovery of the
containment heat removal
system.

[HS14] The time to complete the
recovery is inadequately
estimated.

UCA2

[HS2] At judgement of PCV
venting, responsible persons
prioritize public safety.

[HS3] Inadequate estimation of

plant conditions at PCV venting

judgement (e.g., estimating
longer available time).

UCA3

[HS15] Operators
inappropriately open valves
on non-filtered PCV vent
system although filtered PCV
vent system is available

[HS4] Inadequate estimation of
evacuation rate at PCV venting
judgement (e.g., estimating
lower evacuation rate).

Figure 3-4 Relationship among Hazard Scenarios

[HS5, HS8, HS9, HS11]

Delayed direction for public

evacuation.

[HS13, HS16] Failure of plant
sensors or transmitters including
support systems.

[HS6, HS7, HS10, HS12]
False or delayed information of
evacuation.
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Table 3-5 Importance Ranking of Hazard Scenario Groups

Rank Hazard Scenario Group Hazard led Note
by Scenario

1 [HS5, HS8, HS9, HS11] H1 The HSs delay the evacuation,
Delayed direction for public ] and potentially lead to HI1
evacuation (Indirectly®) regarding health effect.

2 [HS1] At judgement of PCV H3 The HS directly leads to H3. If
venting, responsible persons ] the evacuation is not completed,
prioritize the recovery of the (Directly*) | the HS would lead to HI
containment heat removal although the HS does not affect
system. evacuation.

2 | [HS2] Atjudgement of PCV H3 Ditto.
venting, responsible persons .
prioritize public safety. (Directly*)

4 | [HS14] The time to complete H3 The HS wurges HSI1, and
the recovery is inadequately ] indirectly lead to H3. Therefore,
estimated. (Indirectly™) | the rank of the HS is lower than

that of HS1.

4 [HS3, HS13, HS16] H3 The HS urges HS1/HS2, and
Inadequate estimation of plant ) indirectly lead to H3. Therefore,
conditions at PCV venting (Indirectly) | the rank of the HS is lower than
judgement. Failure of plant that of HS1/HS2.

SENsors or transmitters
including support systems.

4 [HS4, HS6, HS7, HS10, HS12] H3 Ditto.
Inadequate  estimation  of )
evacuation rate at PCV venting (Indirectly®)
judgement. False or delayed
information of evacuation.

7 [HS15] Operators H4 The HS directly leads to H4. If
inappropriately open valves on ) the evacuation is not completed,
non-filtered PCV vent system (Directly) | the HS would lead to H2

although filtered PCV vent

system is available

although the HS does not affect
evacuation.

* Whether the HS leads to a UCA directly or indirectly. See Figure 3 -4.
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Table 4 -1 Rules for Judgement on PCV Venting

(s Rule PCV Pressure Evacuation Judgement on PCV
Completion Rate Venting

1 1 High - Go

2 1 High - Go
2 i Low Stop

3 1 High ] Go
2 i Low Stop
3 : High Go
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UPZ -30km PAZ - 5km

<€ C o —

|
4. People within UPZ beyond
a level of radiation dose
to evacuate seql'jentially.

2. Pleople within PAZ requiring\support
to".lshelter a protective facility‘.\\

3. People within UPZ /1
to shelter inside a building. -

1. People within PAZ R
to evacuate prior to FP release.

Figure 4-1 Evacuation Plan of People within PAZ and UPZ [17]
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Judgement on
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(a) Judgement on High PCV Pressure

Low_evacuation High_evacuation

Judgement on
05 Low Evacuation
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Evacuation Completion Rate

(b) Judgement on Evacuation Completion Rate (Low evacuation and High evacuation)

Stop
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Judgment on PCV venting

(c) Judgement on PCV Venting (Stop and Go)

Figure 4-2 Membership Function regarding Judgement on PCV Venting
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TN Centroid of
areas W and @
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Judgment on PCV venting

Figure 4-3 Example of Defuzzification for Judgement on PCV Venting
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(a) For Sensitivity Study No. 1

Low_evacuation High_evacuation

Evacuation Completion Rate

(b) For Sensitivity Study No. 2

Figure 4-5 Membership Functions for Sensitivity Studies
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Table 5-1 Amount of FP Release and Radiation Dose Relative to 7 Days Dose at Outdoor
[39]

Others
Noble Gas Total
(1, Cs, etc.)

Amount of Release (Bq)"! 6.1E+18 3.7E+15 6.1E+18
Radiation Dose (Arbitrary Unit)
Outdoor

_ . 0.43 0.40
(During plume passing) * Lo
Outdoor ’

' 0.0 0.18

(7 days after plume passing)
Indoor (7 days) 3 0.03 0.20 0.23

*1: Qi in equations (1) and (2).
*2: Couri in equations (1) and (2).

*3: Cin; in equations (1) and (2). Staying at reinforced concrete construction with natural

circulation.
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Table 5-2 Radionuclide Core Inventory [32]

Radionuclide Group Core Inventory (Bq) Ratio
Noble Gas 1.7E+19 6.3%
Others (Csl etc.) 2.5E+20 93.7%
Total 2.7E+20 100%
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Additionally credited to mitigate SA
|
| ‘I

| SBO | RCIC | FLEX + PCVVent No. AccidentSequence

_______________ 1 To other scenario
2 Small FP release
3 Large FP release

Figure 5-1 Accident Sequences of STSBO w/o RCIC Blackstart with and without PCV
Venting
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__ 1.0E+00
z /
£ 10e-01 /
2 _
© 1.0e-02 —
a e
@ T
2 1.0E-03
B
>
& 1.0E-04
— 0 2 a B 8 10
‘ Time (hr)

[P(t) X Cran(t) |

| {1 - P(t)} X Cve’nt(t) Ii

END

r

R(t) = P(t) X Crau(t) + {1 = P(O)} X Crene(t)

P(t): PCV failure probability at t

Csqii(t):Consequence resulting from PCV failure at t

Cyent(t): Consequence resulting from PCV venting conducted at t
R(t):Public risk provided PCV venting is conducted at t

Figure 5-2 Opverview of Risk Evaluation provided PCV Venting is Conducted at Time=t
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Figure 5-3 Amount of FP Release Provided PCV Venting or PCV failure at Time=t
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o o o o o o o o o o
= = = = a
S 100
y
o —o—PCV failure (Outdoor during plume passing)
'?u —8—PCV failure (Indoor for 7 days)
o 10 —4—PCV Venting (Outdoor during plume passing)
8 PCV Venting (Indoor for 7 days)
S
E - T = ———k ' & < ——
0.1
0 2 4 6 8 10

Time at FP Release (hr)

Figure 5-4 Radiation Dose within EPZ due to PCV Failure or PCV Venting at Time=t
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Public Risk (arbitrary unit)
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1.E-01

1.E-02

Figure

—8— Inside of EPZ

—8—Outside of EPZ
0 2 4 6 8
Time at start of PCV venting (hr)
5-5 Public Risk Provided PCV Venting is Conducted at Time=t
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Table 5-3 Comparison of Population around Nuclear Power Plant Sites [32][44]

Nuclear Power Plant Site Within 5 km Within 5 to 10 km
Tokai Dai-ni 48,060 176,179
Tsuruga 373 3084
Peach Bottom (Pennsylvania) 43,441
(0~16km)
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Figure 5-6 Evacuation Completion Rate for Delayed Evacuation Cases
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CHGTELZbDEEZLND,
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Abbreviations

BOP
BWR
CA
CS
EPZ
FP
FMEA
FTA
HAZOP
HCF
HS
IAEA
IC
JAEA
NRA
PAZ
PCV
PRA
PWR
RPV
SA
SOARCA

STAMP

Balance Of Plant

Boiling Water Reactor

Control Action

Control Structure

Emergency Planning Zone

Fission Product

Failure Modes and Effects Analysis
Fault Tree Analysis

Hazard and Operability Study
Hazard Causal Factor

Hazard Scenario

International Atomic Energy Agency
Isolation Condenser

Japan Atomic Energy Agency
Nuclear Regulation Authority
Precautionary Action Zone
Primary Containment Vessel
Probabilistic Risk Assessment
Pressurized Water Reactor
Reactor Pressure Vessel

Severe Accident

State-of-the-Art Reactor Consequence Analyses Project

System Theoretic Accident Model and Processes
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STPA System-Theoretic Process Analysis
STSBO Short-Term Station Blackout

UCA Unsafe Control Action
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