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Introduction

" Increasing necessity of a large number of consequence calculations

* A new trend of single-unit consequence analysis

— Full spectrum of Level 3 PSA considering all source terms rather than categorized representative source terms

e Multi-unit consequence analysis

- Rapidly increasing number of multi-unit accident scenarios by the number of units and the number of STCs

Number of combinations assuming same STCs for all units: (n + 1)¥—1
Number of Units Undergoing Accident (M

215 1,295 7,775 46,655 279,935 1,679,615
1,330 14,640 161,050 1,771,560 19,487,170 214,358,880
4,095 65,535 1,048,575 16,777,215 268,435,455 4,294,967,295
9,260 194,480 4,084,100 85,766,120 1,801,088,540 37,822,859,360

Number of combinations assuming same STCs for all units that are collocated: ,,,1H — 1
Number of Units Undergoing Accident (M

jamee 2] 3 ] 4 |l s | 6 | 7 [ 8 |
5 20 55 125 251 461 791 1,286

10 65 285 1,000 3,002 8,007 19,447 43,757

15 135 815 3,875 15,503 54,263 170,543 490,313

20 230 1,770 10,625 53,129 230,229 888,029 3,108,104

S.Y.Kim et al., Multi-unit Level 3 probabilistic safety assessment: Approaches and their application to a six-unit nuclear power plant site, Nuclear Engineering and Technology, 50 (2018) 12461254
~ N. E. Bixler & S.Y. Kim, Performing a multi-unit Level-3 PSA with MACCS, Nuclear Engineering and Technology, 53 (2021) 386—392
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Introduction

= Automation tools for bulk calculations

 MUST (Multi-Unit Source Term) Converter
* Mr. (Multi-run) Manager

2.K1-01_51-03
2_K2-02_K3-03
2.51-02_51-03
3_K1-01_K2-02_K3-03
3.52-04_K2-02_51-03 ——

— 4 K1-01_51-02_S2-04_K3-03 1
Y
g\ MACCS-STC01.D95.CSV ——
MUST Converter

MACCS-5TC02.095.CSV
MACCS-STC03.095.CsV
MACCS-5TC04.D95.CSV
i MACCS-STC05.095.CSV
— MACCS-STC06.095.CSV

Multi-Unit

User Specified Project Folder ————»
P ' Single-Unit ———>

Eeurea Term Categery (57C) Dotal

Source Term Input

- (& CombineSource.out
- (2 CombineSource.out
- [&f CombineSource.out
- [ CombineSource.out
- [ CombineSource.out
- [ CombineSource.out

- [&f combineSource out
- [&f combineSource out
- [ CombineSource.out
- [&f CombineSource.out
- [&f CombineSource.out

(@ Copy to each folder

[of ATMOS.inp
[af CHRONC.inp
(] comIDA2.bin
[ DCrinp

[f EARLYIinp

I e —— INDEXR.dat

- ' [ METEQ.inp
[] product.key
[ SITEinp

Site & Other Input

/’
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- [ CombineSource.out
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S.Y. Kim, Solution to perform a large number of MACCS calculations using MAAP results, IMUG Meeting 2021,
Online, September 20~22, 2021.

[ maccs.exe
MACCS.bat

(2 Multi-run of MACCS

A Number of MACCS Output



Introduction

= | imitation of current studies

* Most of studies focused on best-estimate modeling
* Increased importance of optimized modeling to reduce calculation time

= Requirements and strategy
* Optimizations that can speed up calculations with little impact on the results

Level 3 MUPSA

L1 MUPSA Modeling 1<t Analysis Level 1 & 2 Multi-Unit Scenario (MUST Converter+
(AIMS-PSA) (FTREX, FTeMC) Quantification (SiTER) Mr. Manager/MACCS)
P
e - Minimal Cut Set -' Level 1 MUPSA Level 2 MUPSA - Level 3 MUPSA
§ Scenario/Freq. Scenario/Freq. Scenario/Risk
i, \ (FTREX)
H = E =
e — Monte Carlo £ = ‘ B
L= == History (FTeMC) ’75 == ‘ ‘r == J
AT i SRR = A R
| i | | 1
Level 1 SUPSA BeEAST Level 2 SUPSA MUPSrgELCCeir;I' erm MLI:L:IAEL(I:: of
(AIMS-PSA) Interface B (MUST converter) | | (s )
- )
Source term
information

< Software to Perform MUPSA >

7 (o :E |
s 4 43 T e i e
" 'y ¥ g - -

55 T
S -

- < Bulk Calculation by CPU with 128 Threads >
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Introduction

SUSNRC

nce Anaiyses Code.
20242024

-8 USNRC

Protecting Peaple andd the Ensironment

MACCS Consequence Analyses Code
Development Plan 2024-2028

2023 Asian MELCOR/MACCS User's Group Meeting

Salman Haq, Ph.D., P.E.

PM MACCS Code Development and Applications
Accident Analysis Branch
Division of Systems Analysis
NRC Office of Nuclear Regulatory Research

3 USNRC

* Prior to 2020
« State of the Art Consequence Analyses
* MACCS-HYSPLIT ATD model

2020-2024
* NRC Non-Light Water Reactor Vision and Strategy
* MACCS Documentation (Theory manual, Technical Bases for
Consequence Analyses ..., Verification Report )
* MACCS-UI (Code Modernization by Replacing VB and Database)

2024-2028
* Continue/Complete Non-LWR Vision and Strategy
* Focus on Knowledge Management and Knowledge Sharing
* Update Fortran and Issue MACCS V5.0 (Modernization)
* Execution efficiency
* Pre and Post processors

* Enhanced Graphics

)
S.Hag, MACCS Consequence Analyses Code Development Plan 2024-2028, AMUG Meeting 2023,

- Korea Atomic Energy
KAERI Research Institute
|

Applications Driven MACCS Development

2 USNRC s

[y S ey e—

NRC Non-Light Water Reactor (Non-
LWR) Vision and Strategy, Volume 3 -
Computer Code Development Plans for
Severe Accident Progression, Source
Term, and Consequence Analysis

Regulatory
Readiness

LA

MACCS Fortran Execution Efficiency

2025-2028

Pratecting Tecpis and the Exsieusment

* MACCS Execution
* Cloud Computing
+ Linux version — Cloud and cluster processing
* High Performance and cluster computing in progress

* Challenges

+ Effective use of multiprocessor hardware (parallel computing)
+ Weather trials de-coupling

+ Source Term and Number of Plume Segment Optimization
+ Number of Cohorts, number of regions/radials Optimization

* Social Economic and Population Regions modeling
+ |Improve graphic reporting

* Pre & Post Processors
« Standard tables and graphs used in licensing reactors

Seoul, Korea, November 7-10, 2023
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Plume Segmentation

= Effect of various segmentation approaches and multi-threading

e No of (52'1213’ 1;%311?) (Comﬁggméllt}’) The efficiency of offsite consequence analysis in a multi-threaded environment
It 1 11,
Segmentation Plume seoo
(second) Release Base Test Error  Base Test Error 100.0%
Case Case Rate Case Case Rate 2500
FLUOVR 71 100% 1000% 0.0%  100% 100.0% 00% 2000
P];E?O%R 36 100% 1153% 153% 100% 93.8% 6.3% e e
PLUDUR 1000 i - e
~10.800 25 100% 106.1% 6.1% 100% 933% 6.7% o
e 500 IH%“-Q?EF-“&“ E— 375%
0.0% g 7% 159%) ) 350 g5, g 7e s %1 3300 25 3 05 T
PLUDIR 10 100% 143% 143% 100% 894% 10.6% , [ ]| | - | [ e
; PLUDUR=3800 (1hr) PLUDUR=7200 (2hr) PLUDUR=10800 (3hr] PLUDUR = 14400 [4fr]
. nRelezse =71 nRelese =36 nRelezse =25 nRelese =18
< 1/2/3/4 Hour-Plume-Segmentation > a1 Thead 2590 1340 253 720
) m 4 Threads 728 374 264 204
e . m 8 Threads 211 212 149 115
- o 12 Threads 307 160 113 88
W 16 Threads 258 133 g4 73
M 20 Threads 226 117 B3 64

m1Thread m4Threads m8 Threads 12 Threads w16 Threads m 20 Threads

< Calculation Time by Plume Segmentation and Multi-Threading >

Cumulated release fraction

. No of Plume Time Estimated Early Fatality (0 Km~80 Km) Cancer Fatality (0 Km~80 Km)
T 4 Plume Segmentation Rel .
r clease Time (sec) % Base Case Test Case Error Rate Base Case Test Case Error Rate
f Base-case 71 2,590 100% 100% 100.0% 0.0% 100% 100.0% 0.0%
IS Early 24hr Plume Segmentation 25 950 36.7% 100% 99.8% 02% 100% 98 4% 1.6%
= Mid 24hr Plume Segmentation 26 977 317% 100% 128.7% 28 7% 100% 75.3% 24.7%
Early release (0-24h) I Mid release (25-48h) | Late release (48-72h)

. P——————— N Late 24hr Plume Segmentation 26 970 37.5% 100% 128.7% 28.7% 100% T4.7% 25.3%

< Early / Middle / Late Phase of Release > < Comparison of Dense Plume Segmentation for Early / Middle / Late Phase >

/’
“~- Korea Atomic Energy S.H. Kim, S.Y. Kim, A Study on the Optimization of Offsite Consequence Analysis by Plume Segmentation and
e Multi-Threading, Journal of the Korean Society of Safety, 37(6), pp. 166-173, December 2022.



Plume Segmentation Optimization Method

= Concept of optimization

(A Sparse segmentation
Plume release is initially slow
(or no release)

Dense segmentation
Plume release is rapidly
increasing

© Sparse segmentation
Plume release is no longer
rapidly increasing, no longer
releasing, or stabilizing

/’
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Plume Segmentation Optimization Method

Cumulative Release Fraction-based
Plume Segmentation Optimization

= Optimization based on the slope of cumulative release

Optimization l l @

Cumulative Release
Fraction-Based Plume Entire Region
Segmentation Plume
Optimization Segmentation
Algorithm
— Optimized
s GraphPopup Plume BASE CASE
Segmenation
XE CsS BA | 1= RU MO
Source Term Source Term
1.00 Input Input
Ll Ll-lel¥ """ Converter
______ - - Converter
=T o | | &t 92965.55x0.99 Resetting Plume
o=4 _a! | o1 S -
L egmentation
o=s » 5= Section
: Y
¥
0.81 P Offsite offsite
*  Sparse Section : slope =0 Consequence Consequence
075 'g‘ p . P . . Analyzer Analyzer
Y @ plume release = 0 or < criteria
¢ S / . c 3
= Es ‘:'." +  Dense Section : slope > criteria
o€3 o ® plume release begins to increase
oze i © rapid plume release Optimization BroE Cast
- . Dénse @ plume release begins to decrease
- & Pl +  Sparse Section : slope = 0
044 ,.‘ ume @ plume release = 0 or < criteria
a |

0.38 f Segmentation Unsatisfied Validation Y

Relative Error
Acceptable ?

I
Satisfied

Applying Plume Segmentation Optimization
o 32400 2500 97200 129600
= @
4;N—®W © »< @ - r = e
< Criteria for Distinguishing between the Dense and Sparse Plume Segmentation Regions > Analysis Completed

e < Flowchart of Optimization and Validation >

- Korea Atomic Energy S.H. Kim and S.Y. Kim, Optimization Method for Offsite Consequence Analysis by
e Efficient Plume Segmentation, Nuclear Engineering Technology, 56 (2024), pp. 3851-3863



Results and Validation of Optimization

= Results (Base case vs. Optimization case)

) Health Health Health Health
S.?urte & [,miw d Effect Effect Source Term Time i ealt | Effect
: e i stimate (Early (Cancer Category Estimated (%) Effect (.Ear ¥ (Cancer
Category () : - Fatality) .
) Fatality) | Fatality) Fatality)
i Containment Core melt No Alpha UL E ossir Debris Recirculation
ontainment e stop before mode cont. containment conlainment cooled Crays
bypass 's;:‘:" RV RUPTURE failure fallra iz exvessel
STCO1 99.3% 0.0% 0.0% STCO1
1 STCO2 100.0% 0.0% 0.0% STCO02
NO CF. T
coves - 1 STCO3 31.5% 0.0% 0.0% STCO03 51.5% 0.0% 0.0%
E-LEAK 3
cay leswo I STCO4 62.7% 0.0% 6.0% STCO4 62.7% 0.0% 6.0%
CS-YES 1
E-RUPTURE o : STCO5 16.9% 0.0% 0.0% STCO5 16.9% 0.0% 0.0%
I— 6
. cs-ves — STCO6 38.0% 0.0% 2.7% STCO6 38.0% 0.0% 2.7%
NoALPHACE Lo e STCO8 | 1002%  oo%|  oox% STCO8
Isclated CS-YES 9_'
Moot o — 1 STCO9 | 1003%  oo% 0.0% STC09
Late
L'i I STC10 99.6% 0.0% 0.0% STC10
cs-NO 1
SR LAUPTURE v 2| §sTC12 TTE%| 0o% 0.8% STCI12 77.5% 0.0% 0.8%
ot cooled 13
Mo bypass e T = STC13 67.3% 0.0% 0.0% STC13 67.3% 0.0% 0.0%
— s STC14 44.0% 0.0% 2.4% STC14 44.0% 0.0% 2.4%
ALPHA CF 18
crene P STC17 87.2% 0.0% 0.7% STC17 87.2% 0.0% 0.7%
ot scates i STC18 19.6% 0.0% 0.0% STC18 19.6% 0.0% 0.0%
CS-NO
sLocA :— STC19 38.0% 0.2% 3.4% STC19 38.0% 0.2% 3.4%
SGTR 21 STC20 234% 0.2% 5.2% STC20 234% 0.2% 5.2%
. STC21 40.2% 0.0% 0.0% STC21 40.2% 0.0% 0.0%
< Source Term Category Logic Diagram for OPR1000 >
‘Averagel 61.5%] 0.02%| 1.25% Average 45.5%f 0.03%| 1.77%
Before Excluding After Excluding

/’

- Korea Atomic Energy S.H. Kim and S.Y. Kim, Optimization Method for Offsite Consequence Analysis by
e Efficient Plume Segmentation, Nuclear Engineering Technology, 56 (2024), pp. 3851-3863
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Particle Size Distribution Setting

= Particle size bins of MACCS (MELCOR) and MAAP5

FMXRBgg 1y < WEPTy 16 s % MFPIN < FAFPO ;% MTFPO,, )
SDIS. o d
RDPEDB v o / SB.IV.IG.IS.JI ILIEt NFPINg * MFF0yq ' MELCOR Particle Size Bm
t : Calculation Time [s] Bin No. Diameter range [ #m] MAAPS Bin
MB : Number of Particle Size Bin in MACCS (1~12) Min Max
MG : Fission Product Group Number in MACCS (1~10) 1 6.53E-02 121E-01 Bin 1-3
RDPSDIST : Fraction of Aerosol in Each Particle Size Array in Group MG _
SB : Number of Particle Size Bin in MAAPS (1-30) 2 1.21E-01 2.23E-01 Bm 4-5
IV : Donor Compartment Index of Release Junction 3 2.23E-01 4.12E-01 Bm 6~7
IG : Fission Product Gl‘Ollp Number in MAAPS (1"~18) 4 4.12E-01 7.61E-01 Bin 89
IS : Species T 1 = Vapor, 2 = Aerosol .
P ype.( pe ) 5 7.61E-01 141E+00 Bm 10~11

JI : Release Junction Number
1T : Number of Element (1-25) 6 1.41E+00 2.60E+H00 Bin 12~13
[E : Number of Element for Mole Fraction (1-31) 7 2.60E-+00 4. 80E+00 Bin 14~15
FMXRB : Fraction of Aerosol in Fach Particle Size Amray in Compartment [V 8 4.80E+H00 3 88E-+00 Bin 16-17
WEPJ : Fission Product Flows through Junction JJ [kg/s] )
MEFPIN : Initial Mass of Element II [kg] ? 8.88EH00 L64EH0] Bm 18-19
FAFPO : Element Mole Fraction in Fission Product Group 10 1.64E+H0] 3.30E+01 Bmn 20-21
MTFPO : Initial Number of Fission Product Atoms in Group IG 11 3.30F+01 5.60F+01 Bin 22-23
NFPIN : Initial Number of Fission Product Atoms by Element II 12 5 60E+01 L O4E02 Bin 24-30
MFPO : Initial Mass of Group IG [kg] = i m

< Equation to Interface MAAP Output to MACCS Particle Size Bin > < Mapping of 30 MAAP Bins to 12 MACCS Bins >

/’

- Korea Atomic Energy S.Y. Kim et al., Interfacing between MAAP and MACCS to Perform Radiological Consequence Analysis,
e Nuclear Engineering and Technology, 54 (2022), pp. 1516-1525, 2022.



Particle Size Distribution Setting

= Base case: 6 bins
* Bins 7~12 are rarely used due to big size
Particle Size Distribution

BIM1 BIM2 BIM3 BIM4 BINS BIME BIMN7 BING BIMG BIN1O BIN11 BIM12
m 01667 | 01667 01667 01667 01667 01667
RDPSDISTO02 0.0055| 00233 00705| 01936 02604| 04462
RDPSDISTO03 00043 00193 0064 02024| 02775 04324
RDPSDISTO04 0.0053 0023 00687 01917 0.2597| 04516
RDPSDISTO0S 0.0053 0023 006928 02092 0.2982| 039865
ROPSDISTO0E 0.0047| 00206 00664 02041 02802 0424
RDPSDISTOO7 00047 00182 00606| 01913 02714| 04545
RDPSDISTOOB 0.005| 00222 00699 02073 02768 04188
RDPSDISTO02 00048 | 00213 00685| 02092 02808 04154

< Example of 6 Bins (MUST Converter) >

=" 6Bins > 3/2/1Bins

6 Bins (Base case) 3 Bus 2 Bins 1 B
Bn No M (pm) Max (gm) | Bn No  Mn (gm) Max (ym) | Bn No  Min (gm) Max (gm) | Bn No M (pm) Max (2m)
1 6.53E-02 121E-01
1 653E-02 223E01
2 1.21E-01 223E0 1 6.53E02 412F-01
3 223E-01 412E-01
2 223E01 7.61E-01 1 6.53E02  2.60EHI0D
4 412F-01 T61E-01
5 7.61E-01 141EH0 2 412E01  2.60EH)0
3 TO1E01  2.60EHN
6 141EH0  2.60EH00

<~ Korea Atomic Energy
= [KAERI  Research Institute
|

S.H. Kim and S.Y. Kim, Influence of Particle Size Distribution Setting on the Results and Speed of
Offsite Consequence Analysis, ASRAM 2023, Hong Kong, December 4-6, 2023.

< Diameter range of 6 /3 /2 / 1 Bins >



Particle Size Distribution Setting

=" Exampleof 6/3/2/1Bins
* Dry deposition velocity
In(vg) = —2.964 + 0.992(Ind,,) + 0.190(Ind, )" — 0.072(Ind,,)” + 1.061z, + 0.169V

* Particle size distribution
FMXRBq, 1y, X WEPJyg, 167z % MFPIN ;X FAFPO 1 X MTFPU;
NFPIN; < MFR)y,, o

RDPSDISTyp p6 = f

SB.IV.IG.1S.JJ.ILIE.t

Number of Particle Size Bin
6 Bins 3 Bus 2 Bins 1 B
1 2 3 4 5 6 1 2 3 1 2 1

Dry de velocity S10E4  Q0IE04  135E03 246E03 494E03  987E03 | 384EM 2I18E03 TO4E(3 | 12203 6.73E03 | 621E03

EDPSDISTOO01 | 167E01 167E01 167E01 167E01 167E-01  167E-01 | 333E-01 333E-01 333E-01)|500E-01 5.00E-01 | 1.O0EHN
EDPSDIST002 | 550E03 230E02  T7OSE02  194E-01 260E-01 446E01 | 294E-02 264501 7.07E-01| 990E-02 O00E-01 | 1.00EHO
EDPSDISTOO03 | 430E03  193E402  640E02  202E01  278E01  432E01 | 236BE02 266E01 7.10E-01| 8.76E-02 912E-01 | 1.OOEHND
RDPSDISTOO4 | 530E03  230E02 687E02  192E01 260E01  452E01 | 28302 260E-01 T711E-01|970E-02 9.03E-01 | 1LOOEHN
Fraction FDPSDISTO05 | 530E03  230E02 6O8E-02 200E-01 296E-01 3.0VEQL | 283E02 270E-01 6.03E-01|981E-02 O02E-01 | 1.OOEHN
EDPSDISTO06 | 470E03  206E02 664E02 2.04E01  280E-01  424E01 | 253E02 271E01 7.04E-01| 217E-02 9.08E-01 | 1.O0EHD
EDPSDISTOO07 | 410E03 1.82E02 606E-02 101E01  271E01  455E401 | 223E-02 252E-01 726E-01| 820E-02 O17E-01 | 1.OOEHD
EDPSDIST008 | 5.00E03 220FE02 690E-02 207E-01  277E-01  419E01 | 272E-02 277E-01 696E-01| 971E-02 O03E-01 | 1.00EHO
EDPSDISTO09 | 480E03  213E402  683E02  200E01 281E01  415E401 | 261E02 278E01 696E-01| 946E-02 9.05E-01 | 1L.OOEHND

- < Exampleof 6 /3 /2 /1Bins >

“=.-. Korea Atomic Energy S.H. Kim and S.Y. Kim, Influence of Particle Size Distribution Setting on the Results and Speed of
e Offsite Consequence Analysis, ASRAM 2023, Hong Kong, December 4-6, 2023.




Particle Size Distribution Setting

" Impact of setting: 6 bins = 3 bins

6 Bins (Base case) 3 Bims 2 Birs 1 Bin
Bin Mn Max |Binl Min | Max |Bin Mn | Max |Bin Mn | Max
No|  (um) (um) | No| (um) | (um) fNo| (um) | (um) | No| (um) | (um)
1 | 6.53E402 | 1.21E01
1 |6.53E-(2|2.23E-01
2| 121E401 | 2.23E01 1 |6.53E-02|4.12E-01
31 223E01 | 4.12E01
2 [223E-01|7.61E-01 1 |6.53E-022.60E+00
4 | 4.12E401 | 7.61E01
5| 761E01 | L4IE+00 2 |4.12E-01 R.60E+00
3 |7.61E-01 2.60E+00)
6 | LA1E+00 | 2.60E+00

No

Sowurce
Term

Category
case

Time

Base 3
BINS
(sec) (sec)

%

Population- weighted
early fatality risk
(0~80Km)

Population-weighted
cancer fatality risk

Base
Case

3 BINS

%

Base
Case

(0~80Km)

3 BINS

%

/’

3 a2 a2 A a2

412801

653E-02

28

e ]
e S

121E-01

>

o

223e-01

THIE-01

-)
o S
®

TE1E-01

141E+00

[ B+ B B o L ¥

R e T e T e T e T o B =
e I = N N S S =

STCO1
STC02
STCO03
STC04
STCO05
STC06
STCO8
STC09
STC10
STCI12
STC13
STC14
STC17
STCI18
STC19
STC20
STC21

2217.7 2212.0 99.7%
21704 2171.7100.1%
1214.0 1204.9 99.3%
2439.5 2416.1 99.0%
1747.2 1737.7 99.5%
2418.3 2407.0 99.5%
9485 9432 99.4%
433.0 4293 99.1%
946.1 9425 99.6%
921.6 9135 99.1%
3725 371.0 99.6%
926.5 9242 99.7%
1337.1 1331.3 99.6%
1563.2 1552.5 99.3%
2608.0 2590.1 99.3%

100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%

2506.7 2506.6 100.0% 100%

814.8 811.2 99.5%

100%

100%
100%
100%
100%
100%
101.5%
100%
100%
100%
100%
100%
100%
100%
100%
99.0%
101.1%
100.7%

0.0%
0.0%
0.0%
0.0%
0.0%
1.5%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
1.0%
1.1%
0.7%

100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%

101.5%
102.8%
102.2%
102.3%
101.8%
101.8%
100.7%
100.9%
101.2%
105.4%
101.4%
102.0%
100.7%
101.0%
101.2%
100.7%
101.6%

1.5%
2.8%
2.2%
2.3%
1.8%
1.8%
0.7%
0.9%
1.2%
54%
1.4%
2.0%
0.7%
1.0%
1.2%
0.7%
1.6%

Average | 99.5%

< Korea Atomic Energy S.H. Kim and S.Y. Kim, Feasibility Study on the Optimization of Offsite Consequence Analysis by Particle Size Distribution

- /KAERI" Research Institute
{

Setting and Multi-Threading, Journal of the Korean Society of Safety, 39(1), pp. 96-103, February 2024.

0.3%

1.7%



Particle Size Distribution Setting

" Impact of setting: 6 bins = 2 bins

Population- weighted  Population-weighted

6 Bins (Base case) 3 Birs 2 Birs 1 Bin Source Time early fatality risk cancer fatality risk
Bl Mn Mac | B Mn | Max |Bnl Mn | Mac [Bil Min [ Mx |\ Term (0~80Km) (0~80Km)

No|  (um) (um) | No| (um) | (um) fNo| (um) | (um) JNo| (um) | (um) Category Base 2 Base Base

1 [653Em | 12101 7 case BINS % 2 BINS % ° 2BINS %
2 12E0 | 2mpor | TR EERO L spmla Rl (sec) (sec) cose cose

NPEe g 1 STCO1 2217.7 22014 99.3% 100% 100% 0.0% 100% 104.2% 4.2%

2 223601 |[761E:01 1 l6s3e0beor0 2 STC02 21704 2168.5 99.9% 100% 100% 0.0% 100% 106.7% 6.7%

4| 412801 | 761E01 3 STC03 1214.0 12059 93% 100% 100% 0.0% 100% 108.9% 8.9%

5 | 761EOL | LAIEA00 3 lr61E.01 hscE+00 2 [4.12E-0112.60E+00 4 STCO4 2439.5 24139 98.9% 100% 100% 0.0% 100% 107.1% 7.1%

6 | 141E+00 | 260E-00 5 STCOS 1747.2 17379 99.5% 100% 100% 0.0% 100% 104.0% 4.0%

6 STCO6 24183 2405.5 99.5% 100% 105.0% 5.0% 100% 107.2% 7.2%

7 STCOS 9485 938.6 99.0% 100% 100% 0.0% 100% 101.4% 14%

v L} v v v i} 8 STC00 4330 431.6 99.7% 100% 100% 0.0% 100% 102.1% 2.1%

o -~ o - o o 9 STCI0 9461 9423 99.6% 100% 100% 0.0% 100% 103.3% 3.3%

g © oy © mmw © mww © mmm © mwen © s 10 STC12 9216 9164 994% 100% 100% 0.0% 100% 103.1% 3.1%

11 STC13 372.5 3734 1002% 100% 100% 0.0% 100% 103.9% 3.9%

12 STC14 9265 918.8 992% 100% 100% 0.0% 100% 102.9% 2.9%

STC17 1337.1 1337.7100.0% 100% 100% 0.0% 100% 112.5% 12.5%

+:
s
b

!d" ﬁ.‘ ° 14 sTC18 1563.2 15509 99.2% 100% 100% 0.0% 100% 102.4% 24%

o o 15 sTC19 2608.0 2590.0 99.3% 100% 98.0% 2.0% 100% 104.1% 4.1%

16 STC20 2506.7 2490.0 99.3% 100% 105.9% 5.9% 100% 102.9% 2.9%

e Az e 17 sTC21 8148 816.6 100.2% 100% 102.4%_ 2.4% 100% 103.9% 3.9%

Average | 99.5% 100.0% 100.9% 0.9% 100.0% 104.7% 4.7%

Q)
~=. Korea Atomic Energy S.H. Kim and S.Y. Kim, Feasibility Study on the Optimization of Offsite Consequence Analysis by Particle Size Distribution
R e it e Setting and Multi-Threading, Journal of the Korean Society of Safety, 39(1), pp. 96-103, February 2024.



Particle Size Distribution Setting

" Impact of setting: 6 bins - 1 bins

Population- weighted  Population-weighted
6 Bins (Base case) 3 Bins 2 Bins 1 Bin Soumce Time early fatality risk cancer fatality risk
E'}h vin | Mo g‘“ TR g‘“ o | M ?;;“ Vin | Ve | o o N (0~80Km) (0~80Km)
o (um) | (um) |No| (um) | (um) | No| (um) | (um) | No| (um) | (um) se _ _
165360 | 12101 Catesory I(SECH)\T % Eﬁi I BIN % Egz: I BIN %
2 | L21E01 | 2.23E01 L [E53ER 25001 1 |6.53E-02|4.12E-018 (20
1 STCo1 2217.7 22055 99.5% 100% 100% 0.0% 100% 106.5% 6.5%
3 [2BEOL| 4LE0 || heEor Lesseobeosod 2 STCo2 21704 217491002% 100% 100% 0.0% 100% 110.4% 10.4%
4| 412E01 | 761E01 3 STCo3 1214.0 1218.4100.4% 100% 100% 0.0% 100% 115.1% 15.1%
5| T6IE0L | L4IB00 | | | |2 (B0 GOEH 4 STC04 2439.5 24334 99.8% 100% 100% 0.0% 100% 112.0% 12.0%
6 | L41E+00 | 2.60E+00 5 gTcos 1747217395 99.6% 100% 100% 0.0% 100% 105.3% 5.3%
6 STCOG 24183 2405.6 99.5% 100% 107.5% 7.5% 100% 111.7% 11.7%
7 STCOR 9485 940.0 99.1% 100% 100% 0.0% 100% 104.3% 4.3%
v ‘} v p ;& v 8 STC09 433.0 4295 99.2% 100% 100% 0.0% 100% 102.7% 2.7%
P . - o . i 9 STCI0 9461 941.6 99.5% 100% 100% 0.0% 100% 105.6% 5.6%
el ® e ® e ® wem ® mm © we e 10 sTCI2 9216 919.6 99.8% 100% 100% 0.0% 100% 117.8% 17.8%
11 STC13 3725 3702 994% 100% 100% 0.0% 100% 105.0% 5.0%
= S 12 s7C14 9265 9214 994% 100% 100% 0.0% 100% 109.8% 9.8%
*&M‘».. 13 sTC17 1337.1 13323 99.6% 100% 100% 0.0% 100% 121.3% 21.3%
e W e P "2 14 sTC18 1563.2 1556.6 99.6% 100% 100% 0.0% 100% 102.9% 2.9%
15 gTC1o 2608.0 2597.3 99.6% 100% 97.3% 2.7% 100% 106.7% 6.7%
— 16 STC20 2506.7 24969 99.6% 100% 109.8% 9.8% 100% 104.7% 4.7%
17 STC21 8148 809.8 99.4% 100% 102.6% 2.6% 100% 104.5% 4.5%
Average | 99.6% 101.3% 1.3% 108.6% 8.6%

/’

< Korea Atomic Energy S.H. Kim and S.Y. Kim, Feasibility Study on the Optimization of Offsite Consequence Analysis by Particle Size Distribution
Setting and Multi-Threading, Journal of the Korean Society of Safety, 39(1), pp. 96-103, February 2024.
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Spatial Grid Setting




Various Spatial Grid Settings

= Method to define radial rings .

* Define rings only for important boundaries oo 1 Geometric

g0 | Growth

e Define additional rings
600 1

between important boundaries | Arithmetic Growth

400 \

— Arbitrarily o001

- By mathematical approach 0

mmmmmmmm

— Arithmetic (equal difference)

— Geometric (equal ratio): Exponential or Logarithmic 700
— Fibonacci 600{8
500
= Air concentration profile E 400-
2 300-
* Exponential rather than linear 200
100

* Geometric method is expected to be appropriate

0 1000 2000 3000 4000 5000
x(m)

“<-. Korea Atomic Energy
KAERI Research Institute
|



1200

o ° [ [ e Geometric
Various Spatial Grid Settings . Growh
400 Arithmetic Growth
» This study: Arithmetic growth / Geometric growth / Fibonacci growth ]

=  Further study: Logarithmic and another optimized method

= Comparison of ground level concentration, health effects (early and cancer fatalities), and calculation time

Near-Field (PAZ) Far-Field (NPZ)

Arithmetic Geomefric Arithmetic Geometric
. Growth Growth Fibonacci Growth Growth Fibonacci
G Ll Radius (km) Radius (km)|  Growth Radius (km) Radius (km)| Growth
e w":f_,,ni,,w Common Common (km) Common Commeon
R Difference | 020 | 025 | 050 | 1.00 | Rate 125 | 150 | 175 | 200 Difference | 1.00 | 2.00 | 3.00 | 5.00 | Ratio |[1.25 | 1.50 | 1.75 | 2.00 (lem)
<D e (@) (= (&) =)
= R() -R(-1)
1 = numberof s 1 050 | 050 | 050 | 050 1 050 | 050 | 050 | 050 050 1 0.50 [ 0.50 [ 0.50 [ 0.50 1 0.50 [ 0.50 | 0.50 [ 0.50 0.50
2 0.60 | 0.75 | 1.00 | 1.00 2 067 | 066 | 093 | 125 0.60 2 1.00 [ 2.00 | 3.00 | 5.00 2 0.68 | 0.78 | 1.04 | 0.94 0.60
(a) Arithmetic Growth 3 080 | 100 | 150 | 2.00 3 084 | 099 | 1.63 | 250 0.75 3 2.00 [ 4.00 [ 6.00 [10.00 3 084 [117]1.83]1.88] 075
4 100 | 125 | 200 | 3.00 4 105 | 148 | 286 | 500 090 4 3.00 | 6.00 [ 9.00 [15.00 4 1.06 | 1.76 | 3.20 [ 3.75 0.90
5 120 | 150 | 250 | 400 5 151 | 222 | 500 L15 5 4.00 | 8.00 [12.0020.00 5 1.32 [ 2.63 | 5.60 | 7.50 1.15
6 140 | 175 | 3.00 | 5.00 6 164 | 333 1.55 6 5.00 [10.00[15.00[25.00 6 1.65 [ 3.95 [ 9.80 [15.00] 155
7 160 | 2.00 | 3.50 7 205 | 5.00 220 7 6.00 |12.00 [18.00[30.00 7 2.06 | 5.93 |17.14[30.00] 2.20
8 180 | 225 | 400 8 2.56 325 B 7.00 [14.00[21.00 3 2.58 | 5.89 [30.00 3.25
9 200 [ 2350 [ 430 9 3.20 5.00 9 8.00 [16.00 [24.00 9 3.22 [13.33 4.95
10 220 [ 275 | 5.00 10 4.00 10 9.00 [18.00[27.00 10 4.03 [20.00 7.70
11 240 [ 3.00 11 5.00 11 10.00]20.00 [30.00 11 5.03 [30.00 1215
12 260 325 12 11.00(22.00 6.29 19.35
13 280 | 3350 13 12.00 [24.00 7.86 30.00
14 300 | 373 14 13.00]26.00 9.83
13 320 | 400 15 14.00 ]28.00 12.29
16 340 | 425 16 15.00[30.00 15.36
(b) Geometric Growth 7 360 | 430 17 |16.00 19.20
18 380 | 473 18 17.00 24.00
19 400 | 500 19 18.00 30.00
20 420 20 19.00
21 440 21 20.00
22 460 22 21.00
23 4380 23 22.00
24 5.00 24 23.00
25 24.00
26 25.00
27 26.00
28 27.00
20 28.00
30 29.00
31 30.00

~ (c) Fibonacci Growth

S/ - Korea Atomic Energy S.H. Kim and S.Y. Kim, Influence of Spatial Grids Setting on the Results and Speed of Offsite
! KAERI  Research Institute Consequence Analysis, PSAM17&ASRAM2024, Sendai, Japan, October 7-11, 2024



Effect of Spatial Grid Setting

" Ground-level concentration

* No effect: Just calculated by Gaussian plume model at distances

Ry =R +(1) 20
Where.

R,y= 1 radics i grid
Rym 1 radies

D (common difference)
S Rl R

1 = number of radhis

(a) Arithmetic Growth

(b) Geometric Growth

oo togt ooz Re

< Ry =Ry + R (123)
Whare

Y (c) Fibonacci Growth

“<-. Korea Atomic Energy
KAERI Research Institute
|

Cs-137 Center Air Conc. (Bg-s/m3)

Cs-137 Center Air Conc. (Bg-s/m3

€5-137 Center Air Conc, (Bg-s/m3

Near-Field (Arithmatic Growth)

800 E+09

7,00 €405

500 £109
5.00 £+08
3.00.£208 o
2.00.£:08

O o

100640 Diong
"D @20 om0 @moe o o

0:00.E:00

20 25 20 55 a0 o5 50
Distance (Km)

Near-Field (Geomatric Growth)

8.00£409 S Basecaze [9-03]

O Grid Set (r=1.25)
A Gric Sot

7.00£409

6.00£+08
5.00£409
2008409
3.00E409

2.00.£409 |

© o

L00£109 -
® @ao o
© 0k oimo o o
°

0.00E400
20 25 30 as 40 a5 50
Distance (Km)

Near-Field (Fibonacci Growth)
800Ew00
700k
sooEss
s.00£e0
400£-00
2008408 % PAZ
200809 £

Lo Esn
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1200

1000 i
Geometric

Effect of Spatial Grid Setting ot

600
Arithmetic Growth

400

200

* Health effects (Near-field) RN

* Decreasing number of radial Early Fatality Risk Cancer Fatality Risk

. . I - Basecase (d=0.2) Basecase (d=0.2)
rings - Increasing relative error - =20
e o
aa || L N
5.006-03 '\‘ 1.00€-02 ""-v—.,_,_._._._’_._._'i
0.00E+00 . ‘*lHlas—-—ooo;!v o]o o]osoooo:av -i 0006400 . , , , =
Arithmatic Growth (PAZ-Early) . e Crowth (AL
Number of | Relative cometic o (P ancer)
Radial Rings Error(%) \ -] &
Basecase d=02 24 0.0%
d=0.25 19 0.8%
Arithmetic Growth d=05 10 0.8% .
Earl d=1.0 6 4.6% ! S SRR AT DSOS S| B S P
}I r=1.25 11 1.5% e e e e
Fatality ey 2 5%
Geometric Growth r=1. -07/0 Geometric Growth (PAZ-Early) ' V
r= 1 75 5 61 % Arithmatic Growth (PAZ-Cancer)
. r=2.0 4 9.2%
Near Field - - - -
Fibonacci Growth Fibonacci 9 31%
(PAZ)
Basecase d=0.2 24 0.0%
(0.5~5km) \
d=0.25 19 1.0% 4
Arithmetic Sequence d=0.5 10 5.7% e L T
d=1.0 6 12.2% e
Cancer —
. r= 1 '25 1 1 8.2% . Fibonacci Growth (PAZ-Early)
Fatality
. r=1.5 7 14.9%
Geometric Sequence
r=1.75 5 19.1%
r=2.0 4 21.7%
Fibonacci Growth Fibonacci 9 14.3% )
< Results in PAZ > SR
Q) . .
<. Korea Atomic Energy S.H. Kim and S.Y. Kim, Influence of Spatial Grids Setting on the Results and Speed of Offsite

| S e L Consequence Analysis, PSAM17&ASRAM2024, Sendai, Japan, October 7-11, 2024



Effect of Spatial Grid Setting

= Health effects (Far-field)

* Decreasing number of radial
rings = Increasing relative error

Early Fatality Risk

Basecase (d=1.0)

1.006-01

5.006-02
9.006-02

1200

1000 i
Geometric

800 Growth

600
Arithmetic Growth

400

200

Cancer Fatality Risk

Basecase (d=1.0)

o ||
30002 || 6;55 |
12:2: | 4‘0&!02 ‘|'
e | =)
e | ooz | ey
0.00E+00 RQ—I..r........O.l......l..?.... ODﬁ—wn ‘:‘m.‘-:..._-‘_:_‘...'.'..;:‘"""m
Arithmatic Growth (UPZ-Early) Arithmatic Growth (UPZ-Cancer)
Number of | Relative o e
Radial Rings Error(%)
Basecase d=1.0 31 0.0%
d=2.0 16 18.8%
Arithmetic Sequence d=3.0 11 40.6%
d=5.0 7 66.2% e
Early
: r=1.25 19 31%
Fatality
Geometric Sequence r=1.5 11 3.1% Geometric Growth (UPZ-Early) Geometric Growth (UPZ-Cancer)
q r=1.75 8 4.5%
. =2.0 7 8.8%
Far Field Fib i Growth Fib : i 13 03"/o
(UP2) ibonacci Gro ibonacci 3% Geometric
Basecase d=1.0 31 0.0% s
(0.5~30km) .
d=2.0 16 5.5% .
Arithmetic Sequence d=3.0 11 10.0% e e o o R
d=5.0 7 16.9%
Cancer =125 19 7 5% Fibonacci Growth (UPZ-Early) Fibonacci Growth (UPZ-Cancer)
Fatality - =22
. r=1.5 11 16.2%
Geometric Sequence
r=1.75 8 21.6%
r=2.0 24.5% w\‘ Fibonacci - |
Fibonacci Growth Fibonacci 13 17.1% L‘
. |- \. e B Ot S SO
< Results in UPZ > N Lo TR
~

S.H. Kim and S.Y. Kim, Influence of Spatial Grids Setting on the Results and Speed of Offsite
Consequence Analysis, PSAM17&ASRAM2024, Sendai, Japan, October 7-11, 2024
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Effect of Spatial Grid Setting

=" Number of radial rings and calculation time

100.0%

90.0%

80.0%

70.0%

60.0%

Time Elapsed (%)
g
o
X

40.0%
30.0%
20.0%
10.0%

0.0%

/’
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Number of Radial Ring Vs. Time Elapsed

Basecase Basecase
{d=0.2) d=1.0)
<" R2=0.9999

* Near Field (PAZ)
 Far Field (UP2)

r=1.25"

r=1.25"
d:O,S" Fibc?.n__actfi

Fibona_ecf
K3 r=}.-5'
=15 d=3.0
d=1.0% r=1:75
r=1.75% r52:0
r=2.0% d=5.0
o’

5 10 15 20 25 30 35
Number of Radial Rings

< Number of Radial Rings Vs. Calculation Time >

1200

1000 i
Geometric
800 Growth
600

Arithmetic Growth

400

z0o0
1]
— N m T @ o~ m @ D
Number of .
Time
Radial Rings
Basecase d=0.2 24 100.0%
d=0.25 19 79.1%
Arithmetic Growth d=0.5 10 41.4%
d=1.0 6 24.9%
Early
X r=1.25 11 45.6%
Fatality
. r=1.5 7 29.2%
Geometric Growth
r=1.75 5 20.8%
: r=2.0 4 16.7%
Near Field . . " ,
A7) Fibonacci Growth Fibonacci 9 37.5%
0.5~5km) Basecase d=0.2 24 100.0%
.5~5km
d=0.25 19 79.1%
Arithmetic Sequence d=0.5 10 41.3%
d=1.0 6 24.9%
Cancer
R r=1.25 11 45.9%
Fatality
. r=1.5 7 29.2%
Geometric Sequence
r=1.75 5 20.9%
r=2.0 4 16.9%
Fibonacci Growth Fibonacci 9 37.6%
Number of .
o Time
Radial Rings
Basecase d=1.0 31 100.0%
d=2.0 16 51.9%
Arithmetic Sequence d=3.0 1 35.6%
d=5.0 7 22.8%
Early
. r=1.25 19 62.1%
Fatality
. r=1.5 11 36.1%
Geometric Sequence
r=1.75 8 26.3%
=2l 7 23.19
Far Field Fib i Growth Fib : 0 13 43 6‘;
ibonacci Grow ibonacci .
(PAZ+UPZ) onacci Groy onacc 3
Basecase d=1.0 31 100.0%
(0.5~30km)
d=2.0 16 51.8%
Arithmetic Sequence d=3.0 11 35.5%
d=5.0 7 22.7%
Cancer
R r=1.25 19 62.1%
Fatality
. r=1.5 11 36.0%
Geometric Sequence
r=1.75 8 26.2%
r=2.0 7 23.0%
Fibonacci Growth Fibonacci 13 42.7%

S.H. Kim and S.Y. Kim, Influence of Spatial Grids Setting on the Results and Speed of Offsite
Consequence Analysis, PSAM17&ASRAM2024, Sendai, Japan, October 7-11, 2024



Logarithmic Spacing on Delta Radius

rid elta Radius (km) adius (km)
. .
" An approach to choose radii 2| om onfem om
.15 . .37 .37
4 0.18 0.17 0.55 0.54
* Choose inner (R(1)) and outer (R(N)) radii appropriate | S ] B
7 0.33 0.31 1.38 1.31
for prOblem 8 041 0.38 1.79 1.69
9 0.50 0.47 2.28 2.17
. . . . . 10 0.61 0.58 2.89 2.75
* Use logarithmic spacing on delta radius to define ul  om on| s 34
12 0.91 0.89 4.54 4.36
boundaries in grid w|  im 1m0 eso
15 1.65 1.66 8.65 8.46
R(i) = R(n)*x(+ IR
18 3.01 3.12 16.15 16.16
W h e re 19 3.68 3.85 19.83

20 4.50 4.68 24.33 24.68
R(i): ith radius in grid a| em es| s we
. . . . 23 8.21 8.45 44.76 45.77
n: integer corresponding to inner radius 4| 003 1029|5479 5600
25 12.25 12.52 67.04 68.58
. . . 26 14.97 15.25 82.01 83.83
N: integer corresponding to outer radius o
28 22.35 22.60 122.66 124.99
X- |0ga r|thm|C factor 29 27.31 2751| 14996  152.50
* 30 33.37 33.49 183.33 185.99
31 40.77 40.78 224.10 226.76
* Modify a few of the radii to be at specific boundaries 2| ma s 2men e
. . 34 74.36 73.58 409.14 410.42

of interest (e.g., site boundary) ) ooms  mss

. . Xy 1.221830 1.203000

* Repeat process over multiple intervals . a0

X, 1.217449

~

% Korea Atomic Energy N. Bixler, Brief Review of ATMOS Inputs, AMUG Meeting 2018,
! KAERI Research Institute Tokyo, Japan, August 27-30, 2018



Logarithmic Spacing on Delta Radius

1) Radial rings defined only for important boundaries

2) Radial rings defined by geometric spacing on delta radius method [ [ [

Grid # Delta R (km) Radius (km) Radius (km}-BND Delta R (km)}-MOD R (km}-FIN R (km)-FIN-MOD Remarks 0.06
1 025 0.25 025 025 025 025
2 0.308 0.559 0.320 0570 0.560 Changes (0 0.56 (.6 EAB) 0.16
B 0.382 0.941 0.409 0.079 0979 0.25 0.26
4 0472 1.413 0.523 1.501 1.501 : :
5 0.584 1.997 217 0.669 217 217 EAB + 1 mi (for Early Fatalities) 0.36
[ 0.722 2.719 0.790 2.960 2.960 0 46
7 0.892 3.611 0.935 3.895 3.895 g
] 1.103 4.714 5 1.105 5 5 PAZ Boundary 0 56 O 56 0 56 EAB
9 1.364 6.078 1372 6.372 6.372 : : :
10 1.686 7.763 1.705 8.077 8.077 0.66
11 2.084 9.847 A7 10.194 10 Changes to 10 (for Shadow Evacuation) 0.76
12 2576 12423 630 12.624 12.824 .
13 3.184 15.608 16.09 266 16.09 16 Changes to 16 (for Cancer Fatalities) 0.86
14 3957 19.544 3873 19.963 19.963
15 4.867 24411 4592 24,555 24.555 0.98 0.96
16 6.016 30.427 30 5.445 30 30 UPZ Boundary 1.06
17 7.437 37.864 6.588 36.588 36.588 d
18 9.194 47.058 7.972 44.560 44.560 1.16
19 11.365 58.423 9.646 54.206 54.206
20 14.050 72473 11.671 65.678 65.878 1.26
21 17.369 89.842 80 14.122 80 80 Reporting 1.36
22 21.471 111.314 18.327 98.327 98.327 -
23 26.543 137.857 23.783 122.110 122110 1.5 1.46
24 32.813 170,670 30.864 152.975 152.975
25 40564 211233 40,054 193.029 193.029 1.56
26 50.145 261378 51.979 245.007 245.007 1.66
27 61.990 323.368 67.455 312.462 312462 +
28 76.632 400 400 87.538 400 400 Residual Effect 1.76
1.86
[ sum ] 400.0 DIFF_BND SUM_INT Range 1.96
217 2170 (0~2.17 km)
2.06
283 2.830 (2.17~5 km) )
e T (5-15.00 k) 2.17 2.17 2.17 EAB+1mile
13.91 13.910 (16.09~30 km) 2.96 2.96
50 50.000 (30~80 km) 3.9 3.9
. (B0~400 ki
=3 220000 ¢ il 5 5 5 PAZBoundary
6.37 6.37
Interval Geometric Ratio STD DEV 8.08 8.08
[ x [ 1236207851 X, (1-5) 127882 10 10 10 Shadow Evacuation
% (5-8) THER 12.82 12.82
X, (8-13) 1.24208 0.048 {0~80 km) .
16 16 16 10 miles
Xq (13~16) 1.18573
I T 1996  19.96
X (21-28) 1.29773 0.041 (0~400 km) 24.56 24.56

30 30 30 UPZBoundary

3) 2) with additional rings inside (EAB + 1 mile)
/’

- Korea Atomic Energy S.Y. Kim, N. Bixler, Sensitivity of Offsite Consequences to Spatial Grid Setting, AMUG Meeting 2019,
e Daejeon, Korea, November 4-6, 2019



Logarithmic Spacing on Delta Radius

= Concentration and deposition

m  Grid Set 1 ®  Grid Set 1
® Grid Set 2 — e Grid Set?2
:L A Grid Set 3 | A Grid Set3

— A
®

4 4 A

- i
A "
. [ a

A
A A

! | ! I ! I | | ! I | T T T T T T T 1
0 500 1000 1500 2000 2500 3000 3500 4000 0 500 1000 1500 2000 2500 3000 3500 4000
Distance (m) Distance (m)

Ground-Level Air Concentration
1
o>
Ground Deposition

A

A
Agy 4 e
AdAdoimisiipana . AdAoimasdipana .
T T T | ! | !

* Concentration and deposition results are on the line of exponential decrease

N
- Korea Atomic Energy S.Y. Kim, N. Bixler, Sensitivity of Offsite Consequences to Spatial Grid Setting, AMUG Meeting 2019,
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Logarithmic Spacing on Delta Radius

= Concentration result used to calculate dose and health effects
* For example: Early fatality within (EAB + 1 mile)  Grd et [ Grd set [ Gridset |

m Grid Set 1 g‘l’g
. EAB EAB + 1mile ® Gl‘!d Set 2 0.25 g.;g
- . . A  Grid Set 3 0.6
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Logarithmic Spacing on Delta Radius

m Results of health effects

Early Fatality 0.56-2.17 km -21.88% 0.00% -0.30% Cancer Fatality 0.56-2.17 km 16.33% 0.00% -1.00%
Early Fatality 2.17-5.0 km -100.00% 0.00% 0.00% Cancer Fatality 2.17-5.0 km 0.23% 0.00% 0.00%
Early Fatality 5.0-10.0 km 0.00% 0.00% 0.00% Cancer Fatality 5.0-10.0 km -1.20% 0.00% 0.00%
Early Fatality 10.0-16.0 km 0.00% 0.00% 0.00% Cancer Fatality 10.0-16.0 km 2.18% 0.00% 0.00%
Cancer Fatality 16.0-30.0 km -6.41% 0.00% 0.00%
Population-Weighted Risk Grid Set 1 Grid Set2 Grid Set 3 Population-Weighted Risk Grid Set 1 Grid Set 2 Grid Set 3
Early Fatality 0.56-2.17 km -21.93% 0.00% -0.31% Cancer Fatality 0.56-2.17 km 16.36% 0.00% -0.69%
Early Fatality 0.56-5.0 km -22.35% 0.00% -0.00% Cancer Fatality 0.56-5.0 km 6.84% 0.00% 0.00%
Early Fatality 0.56-10.0 km -22.27% 0.00% -0.24% Cancer Fatality 0.56-10.0 km 3.54% 0.00% -0.25%
Early Fatality 0.56-16.0 km -21.95% 0.00% -0.00% Cancer Fatality 0.56-16.0 km 3.41% 0.00% 0.00%
Early Fatality 0.56-30.0 km -22.06% 0.00% -0.21% Cancer Fatality 0.56-30.0 km 0.63% 0.00% 0.00%
A
[ ]
L-ICRP60OED 0.56-2.2 km -1.06% 0.00% -0.21% H H
L-ICRP60ED  0.56-5.0 km -0.52%  0.00%  -0.10% N = GrdSetil—+ 1 point
L-ICRP60ED 0.56-10.0 km 0.00% 0.00% 0.00% O e Grid Set 2|—+> 3 points
L-ICRP60ED 0.56-16.0 km 0.00% 0.00% 0.00% A‘ A  Grid Set 3 #. Many points
L-ICRP60ED 0.56-30.0 km 0.35% 0.00% 0.00% ?“AA‘““‘“Aé o
T T T

— T T 1 T T
500 1000 1500 2000 2500 3000

e Spatial grid setting can influence both early & cancer fatalities especially in near-field
* Threshold dose for early fatalities and DDREF for cancer fatalities can have an influence

e Logarithmic spacing on delta radius can be a good option
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Summary and Conclusion

= Optimization of Plume Segmentation

* The number of plume segments: Linearly proportional to the calculation time

e Suggested method: Optimization based on the slope of cumulative release
- Reduced analysis time by up to 55% while maintaining the accuracy of the analysis results

= Optimization of Particle Size Distribution Setting
* The number of particle size bin: Not much impact on the calculation speed
- Can affects the results, but the effect on the analysis time is insignificant.

* Suggested method: Set as many particle size bins as possible, as long as data
supports it

= Optimization of Spatial Grid Setting

* The number of spatial grid: Linearly proportional to the calculation time

e Suggested method: Logarithmic spacing on delta radius
- Works quite well in case study

- Setting too many rings in near-field does not necessarily improve the results
— Optimization is necessary.

F : - Korea Atomic Energy
KAERI Research Institute
|



Thank you.

ACKNOW

This work
grant func
(No. RS-2C



