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Measure of Safety &

“ Risk (to the public) high
= Frequency X Consequence . /
o
> &
< Use of risk surrogates )
= Core Damage Frequency low
low high
= Early Release Frequency Consequence

* Three Levels of PSA

N
y

Level 1 PSA : level 2 PSA :

level3 PSA :

Influence of External
Factors -type of

Core and Containment
Responses

Plant System
Responses

release, weather,
topology, land use,
population density,
evacuation, etc.

(Severe Accident
Progression)

(Accident Sequences)

’—-----
\__________’

-Core Damage *Radioactive Release -Consequences
Accident Sequences {Large Early/Late {Early and Latent
{Core Damage Release Frequency, Fatality, Property
Frequency) Release Sources) Damage)
\ (4




=L 2| PSA 2%t H| 1 (as of 2012)
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g1 W PWR 0 0 X X 0 0 X X 1 X X X x |l

28| 2 W PWR o | o | x Xx | o | o | x X 3 X X X X |y

nCEY! W PWR 0 0 X X 0 0 X X 1 X X X X

oZ 12 W PWR 0 0 X X 0 0 X x 1 x X X X I

A 34 Sys80 o | o X X o | o X x I X X X x |

AR 56 OPR-1000 0 o | o X 0 0 X X 5 X X X X |

27 1,2 Framatome o | o X X o | o X X p| X X X X g

2% 34 OPR-1000 0 0 X X 0 0 X x 0 X X X X |l

2756 OPR-1000 o | o | o X o | o X x I x X X x |

ATz 1,2 OPR+ 0 0 ) X 0 ) X X o X X X X [MMZ psa

AlD2| 34  |APR-1400 0 o o o o o o 04 o o X X |[H4Z psA

241 CANDU 0 0 X X 0 0 X X X X X X |y

24 234 CANDU 0o 0 X X 0 0 X x I X X X X |

Mg 12 |OPR+ o o) 0 X 0 0 X x I x X X X |HMZ PsA
1) 20124 7|—-— O(==&), X(O|=&), F2) QIEARAL XTI, SHH, H AL 4o1| 23} e

)I-I)H)I

1)
3) 12|12, 8711, /41,2 FP 1A X| T2 SMA(seismic margin analysis)&-&. olj&t 29| FP 2&HA| X| Xl PSA O] =&,
=4) gg+3456 2713456, AI12[1,2, AEA1,20| FP 1,2CHA SIXHAAL M EH| 7 (screen out)El.

WASH-1400 PWR 0 0 X X 0 0 X R 0 X x 1L
(RSS, 1975) BWR 0 0 X X 0 0 X X 1l o 0 X x |T
NUREG 1150 PWR 0 0 0 0 0 0 0 ol o 0 0 0 iz
(SAR, 1990) BWR 0 0 0 0 0 0 0 o4 o 0 0 o 1”
“ZT) SFP, WA W I A E[ 7=, AFEERR] 8, 522) SD PSA; PWR-Surry (NUREG/CR-6144,

1995), BV\t—Grand ulf (NUREG/CR-6143, 1995)1 4



AERI

Status of Domestic Level 3 PSA 5{7

% Pre-Fukushima Accident
= Determination of safety goal (ZCHAI17E* (2001))
without any domestic-specific results of Level 3 analysis
= Practically use of risk surrogates
- No need to Level 3 PSA
- No infrastructure for performing domestic Level 3 PSA

*** Post-Fukushima
= Multi-unit site risk issued

= On-going rule-making related to Level 3
. SIX}2{0LFH(2014) > Level 1/2/3 PSA in SAR
o WAMIISTLYIIE DM (RER)OIA At S EI HEel 2ol =2



L3 PSA 10t ;71
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s To establish the infrastructure for domestic Level 3
PSA

o 4K} KAXE A LIHEFAIS (2012.3-2017.2)
- 2| 18 Level 3 PSA 7|39 A7 (2012.3-2015.2)
. MTHB(DCF) L 7| SR I 7|&H MEHy A
. FLDG SAMFBWFECM) L DB
. FUDG FHLIFWI 2W Y DB
= MACCS2 7|%t 2LfTQ L3 PSA 818 A #| (KOSCA-
MACCS2) 7% (2012.3-2016.2)

« ESIHH (w/ 57| pre-processors & 17| post-processor)

X KOSCA-MACCS2: Korean Off-Site Consequence Analysis based on MACCS2
* MACCS2: MELCOR based Accident Consequence Code System II



Overview of KOSCA-MACCS2 F -
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KOSCA-MACCS2*

--------------------------
LR

o
L 4
*

Domestic Raw Data

(Domestic economic
:| data (10 and over)
(household Asset,

------------------------------------

Pre-Processors
: (Data Conversion Modules)

--------------------------------------------

Run Case Generation Module

\Domestic Product) etc.) y

S TEEEE I NN NN EEEEEE NN EEEEEEIEEEEEEEEEEEEEEEEEEEEEEEZEEEEEEZEEEEEEEZEEESR

GRDP (Gross Regional

Census data (FY2010)

Numerical political
map (Shape file)

Foreign data

Farm Land (text file)

0

Numerical Land Use
map (XsDB)

KMA and Site

Meteorological Data

ECOREA, K-FOOD DB

IAEA TRS-472(2010)

MAAPS5 Output

‘e

-
B A CTTTL YETTTITE YO Vi Vi Wiy Sy SRy S 0
- EEEEER EEEEEER EEEEEER u EEN | ) EEEENR
* *
o ssmsmsmnmmEs mssssEmsmmEEn ssssssssmmEnn EEELLLLD apfunnnnnny

(source term)

- “’
----------------------------

P

EEEEEEEENy
.

KOSCA-ECONO
(economic data)

KOSCA-POP

land fraction,
region economy)

(sector population,

KOSCA-METEO
(meteorological
data)

KOSCA-FCM
(Korean-specific
food chain model)

.

KOSCA-SOURCE
(source term)

]

-
‘e *
SEssEsssEEEEEEEEEEEEEEEEEEEEEEES

*
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* SW 7HE FHof A

--------------------------

----------------------------

SITE.inp

METEOQ.inp

COMIDA2.bin

DCF.inp

INDEXR.dat

AuX|I|ary Input F|Ies :

---------------------------

0

Base Case H Sensitivity
Case

J

MACCS2.exe

\

MACCS2 Output
(text)

Post-Processors

KOSCA-OUTPUT
(graphic output)

-------------------------------------

D etmMEE =6
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Overview of KOSCA-MACCS?2 T

+ 58 7|5 U 53
= Provide user-interface for managing site-specific MACCS2
input/output files
« Project 9|, tree 1= £HZ| HHAl

« Run case generation module
— base case, sensitivity case, batch run for the cases selected

« Help function

= Facilitate to prepare the domestic site-specific MACCS2
inputs by five pre-processors

« KOSCA-POP (vs SECPOP2000): sector population, land fraction, region
indexing and regional economy data generation module

« KOSCA-ECONO: economic cost data conversion module

« KOSCA-MEREO: meteorological data conversion module

« KOSCA-FCM: domestic food chain model (input DB for COMIDA?2)
« KOSCA-SOURCE: MAAP5 source term conversion module

X No development of DCF pre-processor (just using MACCS2 DCF inputs

generated by FRGDCF, IDCF2 and DOSFAC2)
8



Overview of KOSCA-MACCS2

v =20 715 YU EA (continued)
= Facilitate to interpret and document MACCS2 outputs visually by

a post-processor, KOSCA-OUPUT

« converting MACCS2 text outputs (16 types) to graphic forms
(scatter diagram like bar chart,
complementary cumulative density function(CCDF))

<+ KOSCA-MACCS2 HZEF A| AR AFQF

Tvpe Requirements for Requirements for
ypP KOSCA-POP module main and other modules
_ Windows 7 and over, 64 bit OS Windows XP and over
RAM : 6GB and over (min. 4GB) RAM : 2GB and over
Sys?em Microsoft .Net framework 4.0 and over
Environment ' :




KOSCA-MACCS2 ¢| 2
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2 KOSCA-MACCS2 (Korean Off-Side Consequence Analysis based on MACCS2; "BAFIAY) — — -

Project Tools Help

=

P

i
# Information
- M, INPUT_Database
=0 ATMOS
[5] ATMOS
=-[E0 EARLY
[=) EARLY
= {E] CHRONC
[ CHRONC

-0 COMIDA2
] COMIDA2

¢ Run_Base

=% B0

-

002
sensitivity
31

- Bo1/001
BO1/002

Ready

2
20141126-wskim

[KORI-01-20141126-wskim]

Project Case

[KORI-01-20141126-wskim] B‘

m

Base_Code BaseCase_code ATMOS_C

| Base_Name

«

ATMOS | Edit |
EARLY [ Edit |
CHRONC [ Edit |
SITE

METEO [ Edit |
INDEXR
DCF [Edit |
COMIDAZ
| Convert Run |

| C¥_PSA_Data¥KORI-01-20141126-wskimWinputDBY i

C_PSA_DataWiKORI-01-20141126-wskimWinputDBY|
CW_PSA_Data¥KORI-01-20141126-wskimWinputDBY |

C:#_PSA_Data®KORI-01-20141126-wskim#inputDBY| |

I
Ci¥_PSA_DataWKORI-01-20141126-wskimWinputDBY

MACCS2
execution

at il
at

COMIDAZ2 re

land at
land a

Project Code  KORI-04-20141117-wskim ERL FAT - 80km - [ Exit
Output Group [ Copy to Clipboard [ Copy/iewtoExcel | [ ViewtoGraph |
QlifpitFle KORI.04-20141117-wskim { B34 / 001 (ERL FAT - 8.0 km)
MACCS2 11/17/2014 15:52:00 WERSION 1,12 <
Pi: ATMOZ USER INFUT (UNIT 245 = atmos.inp
P2: EARLY USER INPUT (UNIT 25) = early,inp 5
P3: CHRONC USER INPUT (UNIT 26) = chrone.inp
Pa: METEOROLOGY DATA (UNIT 28) = meteo,inp ez |
P5: SITE DATA INPUT (UNIT 29) = shte.inp
P LIST OUTPUT (UNIT 06) = output g 05
H
z
USER INPUT IS READ FROM UNIT 24 E 10E-8
FECORD IDENTIFIER FIELDS |1 CHARAC TERS LONG ARE EXPECTED. £
C S OF EACH INPUT RECORD 4RE PROCESSED [
HE MaSIMUM NUMBER OF IDENTIFIER RECORDS THAT MAY BE SAVED AS THE ]
BASE CASE IS 1000, £ 10E8
RECORD %
NOVBER RECORD g
& 10E-10 4
+ GENERAL DESCRIPTIVE TITLE DESCRIBING THIS "ATMOS™ INPUT
1 RIATNAMIO01 ‘ATMOS input for UICN 384° soe-12 § ]
£ 10E-14 t t + t +
+ GEOMETRY DATA BLOCK, LOADED BY INPGED. STORED IN /GEOM/ o s R S o I 5 = S
- = Early FatalitiesRisk

10



KOSCA-POP (Cz <

“ Functions
= Identification of polar-coordinate spatial grid
= Calculation of sector population and land fraction
= Region index and regional economic data

“ Identification of polar-coordinate spatial grid

= depends on the limit of MACCS2 version (e.g., MACCS2 V1.6 4%
compass directions < 64, intervals < 35)

= Region Index & economic data: X} 5 &2 (Al TH)

*+ Land Fraction
= £=X| EX| |2 £ (Land Use Digital Map)Z 5LE{ HZISF 30m X 30m
point data(~10GB text format) & - land fraction 7| X X|&8 F=
(~2.7GB)

11



KOSCA-POP

% Sector Population

2010 MIMA XI&

HEES TAX & (8/8/H +F)

Center point Z}& /=1 HIAl 37}X| (TM ZIEAH 2 HE AIR)

371X &N 2|F M 75 (vs. SECPOP block-level & county-level)

 Allocation of population by the ratio of area belonging to the sector (Area)

 Allocation of population to the sector containing center point of administrative
district (Center)

« The use of the 1km? point data (Point)
A4 Zap Ha (M=, 1649] 1074 71

-l aea | Cemter | Point

Ol 12~(48,582,293; EA|XMXIR)
2010 HHE SOl A ZH.CSV

48,582,293 48,367,271.38 50,911,697.65

T1%(101,160.69; SHHXI =)
2010_{™HE TM_IE_SH.txt

21 2 XH(%) ~0 -0.44 4.79
HA 2 X}H(%) ~0 -0.009 -0.009
702 5108 5108

101,160.69 101,151.34 101,151.34

12



KOSCA-POP |2
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95l KOSCA-POP - POPP)_20150202 1 |
Project

2 TM coordinate
) Current Site

Project Name |POPP.J_20150202_1

Project Folder  |D:¥ProjectW3PSA
W2015% _PSA_Data

) Map coordinate

@ GPS coordinate [I]

onoitude 202
[127 pp |12 |pm[0.00000  |pms

Distance(Km) Fai\:ula Jatiude 38-5—
¥ 1 Are: r
g2 s Il‘ (3 bp[3 joM[00I0  |pms

Selection of Site Location form
XAy 250640328

Q.
b
7
3
2
g
H
2
w
g
=
£
o

e —— Site Location
B i ae Y(E) 11866368 Opflon
] 8 Area
# 16 Area
2 o= Generation of Segments
B A [ fay ] [ B ¢
M 2% Area

Setup of Compass Direction

-

Exchangerate 1050 Mikprice %0
Calculation of Population
i

; B .:s:a - Reset [ Distribution and Land Fraction

256Km

MACCS? Site inp Distribution P

Segments Draw O

Generation nf/l | View of Population ] :
uty d Ponulallon(B?

[¥] View Code '
-Iption E X 50.000
: ‘ 50,000 ~ 100.000
tion a ] | 5Q,000 ~ 500.000
= —
o
-
o H
o~ g R T
" e i R
- e EiEm R iE
™ @ e e Eiimmiie e
o L N, i B iEne
s, wom e PR e
P Bt 7 4 e ¢ 3138 7 oo 1
B Rl S LS
s e e g
fgiaidaaiiineang e s
T
iBteigaaiatiingg e i s i
Hhigiginigtnteds Py L
e R EEEE
iiBiaia D idann i d-ho o
Hiaigatesna e SRR e
igiBign iR Ia A L i
bH Eaimomom m cong 7§ fooce / 7 7 oo ¢
SRIRISIAIRIG I8 B
eI e
R S R
Sein Fml £ o e A
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KOSCA-ECONO

\/
0’0

SAH XI= 28 (20104 XI=& 100{F 0| 4)
= T AMEAXNZRE W &/F/A =7 (LEXIZE Z/29A Xt=®)
Mg 82 72 At AI2(HELY, Estern-E Xt & &)

= &

rosncy shase cost’ evacuation and shart-tern relucation (Hpersan-day)

ol KOSCA ECONO - ECONOPJ_20141123 5

Chronc.inp

Eroject
Project Name ECONOPJ_20141123.5
Project Folder Di#ProjectWL3PSAWZ015W_PSA Data

CW_PSA DalaWSITEPJ_ 20141121 _4WSITE.INP

C¥_PSA_DataW_Base_Data2@early,inp

C:W_PSA_Data¥¥_Base_Data2WCHRONC.INP

Population Flag FILE
Setting Economic Cost

et 5.5

- Intorsediate shase costa; relacation for b to one vear (4/erseniar)
EreLcsTon 65 61

ELTIVE ACTION CATh BLAE

tlon of the nten
+ Tansar orocesed

© daratim, ot (h
DL INTPHAS 0.0 (in seconds) (o intaraediate ohase)

© LR e race (oS PPOLECT 10k FERLTO, TTE GO GF THE ExpEig
- FERICO 0nER WA THE LOMG- 6 (OS2 AV TERIH 15 EVALLH £ (SECTNGS)

at yareion 1,11 PG |5 no
TR MRS is the soriad
a1 which the seriol snds

wesci! 1 st {5 vEiRS)
© b CRNTERION FOR INTERREDIATE FRE FELOCATIEN (84
Desrion 1.ces (40 |MIERHEDIATE FYASE FELOCAT CH)

e ceson 1 -1 P T (5
oo oo

- CAITICAL CRaAN NAKE FOR LENG-TERN ACTIONS
ek———

o e o st primnts s 1

Gon'a1111an yuare = 3.15 EI3 sacunds
WACES2 al lovable rands I% 3. 1667 to LEID

TECONTAX AT IO PLAN TATA PLEGH

© NN OF LEVELS (€ CEONTANAATION

ouLEm 9

SN0 TS CISEPAOING 10 W LIIEE LEVRLS 1 CEONTANINATI

D IMCEC0l 5 IRES | OSSET (60, 12D BeS)

" tose pemcHion Ficios 0 THE LIED LBEIS O

4 Decontamination Plan

- COFRM ($/ha) String[] Array

» CDNFRAM ($/persor Stringl[] Array
LVLDEC 3

4 Emergency-Response
EVACST ($/person 86.61
RELCST {$/person- 86.61

eI 5 15.

- CIST (F FAR OECONLANINITI O PR FARLAMD LNIT AFES (DOLLIRS/ETTIFE)
- “Fi THE VARITES LEVELS OF DECOATANIKATIOH

oo 25 1. |

- COST OF NONFAM LECONTANINATION FER FESIDENT PERSON (DOLLARS/PERSIN)
- "FR THE VAR QU LEVELS GF DECONTAN HAT1ch

'« Exchange Rate -

CDFRM ($/ha)
1.0.svalue=1,E+5 . the farmland
decontarnination cost

Segments Draw Option

7] View Code [¥] Draw Color
Legend Option
@ Population ) Population Density

L.« L3PSASetup » 6)_Data EconomieCost

Ly B2 LE =}

U 20181215 AREA - g

b 20141215 49 BH

b 20141216 HIgEA

20181217 YR

i 201812175710y

Ji dothetFramework3.5-4

JEap

4. Enterprise Architect

ki 13PsA Doc

b 13954 Setup

b 1%OSCA-MACCSZ

2jshtedbManager E
J 3jEcanomicCost
) Dats KOSCAMACCS2
5)_Data_SitedoManager
61.Data_EconomicCost
222011108 G

S 0@

PR EE R T e ST

I8 =2U 1R
FHSH Xz
(10018)

- |OpenFle(ZI 2R EHE 143 v
=
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KOSCA-METEO

" I\/IACCSZ% 7|§Xf§: SR A 7| AZESXE

. 6K 108 7+2 7|

}.

S5EX| 20&27t4 2t

3

= X=E(~2011.12)
© CALMAT® 7|4XHE: 7| A (KMA) B2 B4

ZAt=(~2011.12)

Open File  KORI-11-10,t

W
pngrind

?ép@y
nponmo

W
N
a4

naame

m.

88

2o-0hoa
00000

9
i
4

P00m

PumpEEDDN

2BNNBUNORLEODY

NNBEDN

N

o

3
NAUN-QLRNDRAWN=D

o

B

a

o

o

]
o

[(Bave METED | [

Exit

Meteo.csv I} 2

REB 00N s wNE

>

| KORI-11-0;
| MACCS FORMAT

213
213
213
213
213
213
213
213
213
213
213
213
213
213
213

11
i2
i3
14

INI=

S 255100
6 215100
6 175150
6 245150
6 215150

METEO 23

Meteo.inp

ET DATA
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KOSCA-SOURCE G

“ Source term analyses for PSA are usually performed

by MAAP code in Korea
= Differences: 18 ST groups for MAAPS, 9 for MACCS2

< The method for specifying the plumes analyzed (eg,
selection of the number of plume, release time, release duration, etc.)

depends on the MACCS2 code (e.g, max. number of plumes

S 4, etc,) [ kosca-source =
|| Project edit
‘ ject Explarer -~ rrnation - 2
TPJ_20160302_1
| -TIC1 5 arget File : STPJ_20160302_1_ATMOS. inp [ view |
5 §TC-2 s
| [ _STc2Dps3 Elme;Dultatcn = [ufpnlyall]
| 5 STC-3
¢ I/ANCITN CNNAILID/E 000 | 75w 53 — < =
0 - L STC4 STC-1| STC-2 | STC-3 | STC-4 | STC5 ab
L ) | STC4.053
= STC-S Plume Duration ¢ (sec.) d Segment
STC5.053
Plurne
» 0 12 o

Of| A| 2}

16



KOSCA-OUTPUT <)
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¢ The MACCS2 results (weather condition simulation) are written
to binary files
= Representative statistics of the distribution for the result types (e.g., mean,

mode
= CCDF

and quantiles (50t, 90th, 95th, etc.))
(optional)

o MACCSZ Result Types: 16Z

Type O:
= Type 1.
= Type 2:
= Type 3:
= Type 4:
=  Type 5:
=  Type 6:
= Type 7:
= Type &
= Type A
= Type B:
= Type 9:
= Type 10:
= Type 11:
= Type 12:
= Type 13:

atmospheric results at specified downwind distances
cases of specified health effect
early fatality radius
population exceeding dose threshold
average individual risk of health effects
total collective dose from material deposited within region
centerline dose versus distance
centerline risk versus distance
population-weighted safety goal risk
max. observed dose at a specified distance ring (7) (direction-independent dose)
max. observed dose at a specified (7;,6) location (direction-independent dose)
breakdown of CHRONC population dose by pathway
economic costs of mitigative actions
max. distance for the various mitigative actions
impacted area/population results
maximum individual dose from COMIDA2 food-chain model
17



KOSCA-OUTPUT G

% KOSCA-OUTPUT

= user interface to generate two types of graphs (scatter
diagram and CCDF) from MACCS2 text output

= Auto-search function for the result types that user can select

= If necessary, the user can provide the frequency of the cases (e.g., ST
categories) related to the result type

<+ KOSCA-OUTPUT 0Of|A|2}H™

ltm) 2B D ) e e mem s - -
j MACCS2 Output File
KORI-04-2014111

N 7-wskim_B1-001-0UTPUT

(2 won sz wsim)
Praject Codo MACCS? Output File Projoct Code
41117-wskim B1-001-0UTPUT l KORI-04-2014111 7-wskim

ERL FATITOTAL (0-11.3 ) LISPAR

= I g
ERL FAT/TOTAL (0-11.3) WSAA | | — me — T =B- TOF§ —— 70F 5= IOFE
I 4] ToT, \te.1p S 30F8 = sors

18
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o Level 3 PSA =M =r}|
= U AR MUA 2F Ho (FHIH A He), sl =)

o KOSCA-MACCS2 7| &= (H|El HHH)

o KOSCA-MACCS2 70| 7|z 1} & =&
= KOSCA pre- & post-processorsE 8¢t =L 1§ 22| 2|23 &M 7ts
= ot AQ 2|A3 EME FA AE(MACCS2 LM R E) 7HEA &
= 8} Ol E} MAK| HH &L (Toxic material + KOSCA-POP + C{7| &t tm

o Further Study
= 7 EXR(QAF, XX, ZHEXtE, S4YEF X7 S)2 X &
HA Ee
= il risk profileQ| 7|41 (cf. NUREG-115029] risk profile)
= I HEE + AP DAL (L1+L2) BIEo| S
= £ 20 GIS MY E =231 network evacuation 29| 7|5 14
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